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Angiotensin-converting enzyme inhibitors(ACEls)are effective and safe drugs that have been used for many years to control
high blood pressure. However, a systematic review and meta-analysis have reported the association between long-term
(morethanfiveyears)use of ACEIsandtherisk of lung cancer(LC). Of the 2,400 recordsreviewed, 13,061,226 patients met the
inclusion criteria[1]. Inline with this, it is known that the substance P(SP) peptide, after binding to the neurokinin-1receptor
(NK-1R), is involved in coughing [2], neurogenic inflammation (inflammation SP mediated)[3], and LC [4] and, therefore,
could be considered mechanistically responsible for the risk of LC mediated by prolonged ACEls use for the following
reasons: ACE hydrolyze SP[5], while ACEls can prevent the degradation of SP by blocking ACE[5], ACElsincreases SP levels
and induces cough, in fact, ACEls to cause coughing in 5-10% of patients[2]. SP also induces neurogenic inflammation [ 3]
and LC [4]. ACE or kininase Il is a peptidyl dipeptidase that splits C-terminal dipeptides of a large range of substrates,
including angiotensin |, bradykinin, neurotensin, and SP [5]. It is a fact that ACE transforms the dormant decapeptide
angiotensin | to the octapeptide angiotensin Il. However, an important, lesser-known fact is that ECA also hydrolyzes SP,
increasingits levels. In contrast, SP hydrolysis was completely blocked by the ACEI, captopril, ina concentration-dependent
manner[5]. Thus, ACEltherapyincreases SPlevelsandinduces cough[2]. SP plasmalevels are higherin subjects with cough
[31(including patients with ACEIl treatment)and in patients with cancer compared to healthy subjects[3]. Previous studies
indicate that long-term use of ACEls may increase SP levels in lung tissue and mediate chronic neurogenic inflammation via
SP [3, 6]. In addition, it is well known that chronic inflammation is the hallmark of cancer promotion. In fact, chronic
inflammatory diseases are known to cause cancer (chronic pancreatitis can promote pancreatic cancer, chronic hepatitis
can promote hepatocellular carcinoma, andinflammatory bowel disease can promote colon cancer)[6]. Similarly, persistent
neurogenic inflammation mediated by SP can promote LC[3, 6]. Moreover, LC cells overexpress SP and NK-1R, and SP is a
mitogen in LC cells[4]. In contrast, the drug aprepitant, a specific NK-1R antagonist, has an antitussive effect in patients
with LC and refractory cough [7], as well as anti-inflammatory effects [3], and inhibits LC cell proliferation and induces
apoptosisin LC cells[4]. In conclusion, ACEIls block ACE and increase SP levels, which, after binding to NK-1R, can cause
coughing and neurogenic inflammation. Persistently elevated SP levels would cause chronic neurogenic inflammation,
which, in the long term, could lead to the promotion of LC. Conversely, the use of the specific NK-IR antagonist drug,
aprepitant, counteracts coughing, inflammation, and LC.
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Fractures of the zygomatic bones are quite common injuries. There are several different
surgical methods for fixing zygomatic bone fractures, and there is no universally accepted one.
Objective: To compare the outcomes of one-point and two-point fixation in zygomatic bone
fractures. Methods: This prospective comparative study was carried out on 60 patients
admitted to the Department of Oral and Maxillofacial Surgery at Sharif Medical and Dental
Hospital, Lahore, from September 2023 to August 2024. The patients were divided into two
groups (A/B). Thirty consecutive patients in group A received one-point fixation, and thirty
consecutive patientsin group B received two-point fixation for their zygomatic fracture repair.
The outcomes of procedures were evaluated by assessment of the bone diastasis at the inferior
orbital margin and frontozygomatic suture on postoperative CT scan, and evaluation of malar
height clinically. Results: There was a non-significant association between bone reduction in
the Frontozygomatic suture and method of fixation (p=0.237). The association between bone
reduction in the infraorbital margin and method of fixation was significant (p=0.005). For malar
height, a statistically non-significant difference in the post-operative malar height among the
groups that had undergone one and two-point fixation (p=0.067). Conclusion: The majority of
individuals who had two-point fixation exhibited appropriate reduction at the infra-orbital
margin and frontozygomatic suture. Those who had one-point fixation treatment exhibited
higher post-operative malar height.

INTRODUCTION

Facial bone fractures have been known for a very long
period, and attempts to cure them efficiently continue to
date. Fractures involving the zygomatic complex are the
most common occurrence in the maxillofacial region.
Trauma from attacks, falls, and injuries related to sports,
road traffic accidents, and civilian combat are some of the
types of injuries[1]. Direct trauma can cause damage to the
zygomaticarch, alaterally placed portion of the skull that is
made up of the zygoma as well as the temporal bone.
Approximately 10% of all zygomatic fractures result in
isolated zygomatic arch fractures, which produce a
pronounced depression over the arch fracture area. A
fractured arch tends to apply pressure on the coronoid
process, which impedes mouth opening[2]. Nevertheless,

the prevalence of facial bone fractures is also highly
dependent upon sociodemographic and environmental
factors[3]. ZMC fractures are typically diagnosed clinically.
A CT scan aids in the diagnosis of these fractures
significantly by providing three-dimensional
reconstruction films, axial and coronal planes, which
confirm the diagnosis [4]. ZMC fractures that have no or
very little displacement are managed conservatively
without surgical procedures, whereas fractures that have
functional or aesthetically problematicissues like diplopia,
alimited range of movement in the mouth, or a depression
of the malar eminence need to be managed surgically [5].
To get excellent results, a variety of surgical procedures
have been used, including the Gillies' temporal procedure,
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upper eyelid, lateral brow, subciliary, transconjunctival,
and intraoral routes [6]. Restricted mouth opening, major
arch flattening, as well as diplopia are some of the
important aestheticas wellas functionalissues associated
with displaced zygomatic bone fractures [7]. Stable and
appropriate reduction needs to be accomplished to
reestablish function, along with the appearance of the
face. Since the zygoma can get fractured within a range of
patterns, an extensive range of therapy suggestions have
developed: compared to the minimum reduction
procedures conducted without fixation, to complex kinds
of open reduction. The zygomatic bone can be fixed by
using different types of fixations [8]. The type of post-
fixation segment stability is determined by the fixation
technique, whichis dependent onthe impact of trauma[9].
Several studies have examined the results based on the
variety of fixations, despite earlier research reporting that
one-point fixation using the oral technique is adequate
[10]. On the other hand, two-point and three-point fixation
have been compared in numerous studies. According to
one study that used X-rays to assess one-point and two-
point fixation, two-point fixation was better for bone
stability than one-point fixation [11]. Although three-point
fixation has historically been considered the traditional
method for managing displaced ZMC fractures, recent
literature indicates that comparable stability can often be
achieved with fewer fixation points, especially in non-
comminuted unilateral fractures [7]. Three-point fixation
also requires additional surgical exposure, greater
operative time, and a higher risk of visible scarring, which
makes it less favorable in cases where adequate reduction
canbeachieved with fewer fixation points[12].

Despite the widespread use of one-point and two-point
fixation techniques for isolated unilateral ZMC fractures,
there remains inconsistency in clinical decision-making
regarding the optimal approach to achieve adequate
stability with minimal morbidity. There is a lack of robust
comparative evidence, particularly in similar clinical
settings, evaluating functional and aesthetic outcomes
between one-point and two-point fixation, underscoring
the need for further focused investigation. This study
aimed to focus specifically on comparing one-point and
two-point fixation, as these represent the most commonly
used contemporary approaches forisolated unilateral ZMC
fractures while balancing surgical access, stability, and
aestheticoutcomes.

METHODS

This prospective comparative study was conducted after
attainingethicalapproval fromthe Sharif Medical Research
Center (SMRC) (Ref. no SMDC/SMRC/311-23). The sample
size was calculated using the WHO sample size formula,
taking malar symmetry in one point fixation group as 94.1%
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with 95 % confidence level at 0.06 precision [3]. A total of
60 patients having zygomatic complex fractures, visiting
the Oral and Maxillofacial OPD at Sharif Medical and Dental
Hospital, Lahore, from September 2023 to August 2024,
were included. After informed consent, using a non-
probability convenience sampling technique, patients
were allocatedinto two groups of 30 patients each: group A
and group B. All patients aged > 18 years diagnosed with
isolated unilateral zygomatic bone fracture, diagnosed on
CT scan, were included. Patients with comminuted
zygomatic bone fracture, or having other facial fractures
associated with zygomatic bone fracture, bilateral
fractures, old fractures (>2 weeks), or medically unfit
patients were excluded from this study. Under General
Anesthesia, thirty consecutive patients in Group A
underwent one-point fixation at the zygomaticomaxillary
buttress, and 30 consecutive patients in Group B
underwent two-point fixation at the zygomaticomaxillary
and the frontozygomatic region. Oral and maxillofacial
surgeons carried out a standard procedure for fracture
repair. In the maxillary vestibular region, above the
mucogingival junction, an incision was made;
zygomaticomaxillary and nasomaxillary buttresses were
exposed. The frontozygomatic junction and infraorbital
ridge were palpated to assess correct reduction. The
zygomatic complex fracture was stabilized with a miniplate
and screws at the zygomaticomaxillary buttressin group A.
The frontozygomatic junction was exposed for a second
fixation point through the lateral eyebrow incision, which
was then stabilized by miniplatesingroup B. The sulcus and
the lateral eyebrow incisions were closed using sutures
(Vicryl 3-0) and (Prolene 5-0), respectively. The follow-up
was done on the 7th day and after one month of the
procedure. Clinically, malar height was measured using two
reference points: point A at the intersection of the mid-
sagittal line with the intercanthal line, and point B at the
maximum prominence of the malarregion, viewed from the
vertex perspective. The distance between the two points
was measured with a vernier caliper, and all postoperative
results depended on this measurement. Allmeasurements
were performed by a single calibrated maxillofacial
surgeon to minimize inter-observer variability.
Radiologically, post-operative stability of the zygomatic
segments was evaluated using maxillofacial CT scans
(1-1.25 mm slices). Assessment included alignment of the
frontozygomatic suture, infraorbital rim,
zygomaticomaxillary buttress, and lateral orbital wall
compared with the contralateral side. Displacement was
measured in axial, coronal, and sagittal views (less than
3mm is adequate, and more than 3 mm is inadequate)[13].
Malar projection symmetry and orbital floor continuity were
also reviewed. All radiological measurements were
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performed independently by two surgeons, with
discrepancies resolved by consensus. All data were
analyzed using SPSS version 23.0. Nominal data were
presented as frequencies and percentages, and numeric
data as mean + standard deviation. The Shapiro-Wilk test
was used to assess the normality of continuous variables,
and Levene's test assessed equality of variances. The
independent t-test was used for normally distributed
continuous variables with equal variances, while the Chi-
square test and Fisher's exact test were applied to
categorical variables. No formal adjustment was made for
multiple comparisons due to the limited number of primary
outcomes; p-values were interpreted cautiously, with
p<0.05considered statistically significant.

RESULTS

Among all 60 included patients, the mean age was 30.75 +
11.12 years. Atotal of 95% were males and 5% were females.
Half of the patientsunderwent one-point fixation, while the
remaining half received two-point fixation. A statistically
non-significant association was found between bone
reduction at the frontozygomatic (FZ) suture and the
fixation method (p=0.237). Among patients with adequate
bone reduction, a higher proportion belonged to the two-
point fixationgroup(Table1).

Table 1: Association Between Bone Reduction at the
Frontozygomatic Suture and Method of Fixation

One-Point Two-Point
of the FZ suture Fixation Fixation

Adequate Bone Reduction (<3 mm) | 27(47.4%) [ 30(52.6%) | 57

Inadequate Bone Reduction (>3 mm)| 3(100%) 0(0%) 3

Radiological Assessment

p-

Total ale

0.237

A statistically significant association was identified
between bone reduction at the infra-orbital margin and the
fixation method (p=0.005). Patients with adequate
reduction were predominantly from the two-point fixation
group(Table2).

Table 2: Association Between Bone Reductionat the Infra-Orbital
Marginand Method of Fixation

Radiological Assessment One-Point Two-Point

Fixation Fixation
Adequate Bone Reduction (<3 mm) | 19(40.4%) | 28(59.6%) | 47
Inadequate Bone Reduction (>3 mm)| 11(84.6%) | 2(15.4%) | 13

p-

Total AT

of Infra-Orbital Margin

0.005*

There was a non-significant difference in postoperative
malar height between the two groups (p=0.067). Although
not statistically significant, patients treated with one-
point fixation showed slightly higher postoperative malar
height(Table 3).

Table 3: Post-Operative Malar Height Comparison Between One-
Pointand Two-Point Fixation

Mean +SD p-value
One-Point Fixation 30 63.27 £2.26 0.067
Two-Point Fixation 30 62.30 £1.73 ’
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DISCUSSION

Zygomatic bone fractures are difficult to treat because of
their intricate three-dimensional dynamic structure.
Fixation must be carried out with the right technique and
precise reduction in order to produce good surgical
outcomes, both aesthetically as well as functionally.
Although three-point fixation with the three-point
approaches technique has been the historically
recommended method for zygomatic bone surgery,
research has found that one-point as well as two-point
fixation could produce stability comparable to that of
three-point stabilization[14]. According to one study, one-
point fixation over the zygomatico-frontal suture can help
achieve both functional as well as aesthetic goals [15].
According to other research, one-point fixation by the oral
technique could produce good surgical outcomes.
However, there is still disagreement over how many plates
are necessary for proper fixing[ 16 ]. With parameters taken
at precisely the same fixation pointsasin ourinvestigation,
aprior study compared the surgical outcomes of one-point
versus two-point fixation in zygomatic bone fractures
using X-ray images. According to that study, two-point
fixation produced better bone stabilization outcomes [11].
CT is a better way to assess whether sufficient
postoperative outcomes have been obtained in the facial
bone because itis the gold-standard method for assessing
postoperative outcomes and taking anatomical
assessments of facial bone fractures that constitute a
complicated three-dimensional framework[17]. In current
study, bone loss in the Frontozygomatic suture and fixing
technique was not significantly correlated (p=0.237).
Among those with sufficient bone reduction, it was
observed that a larger proportion belonged to the two-
point fixation group. These results are consistent with a
study that found that one-point fixation of fractures of the
zygomatic bone could yield adequate stability as well as
aesthetic outcomes in 94.1% of instances. Its benefits
include preventing external scarring and plate palpability,
lowering the risk of infection of the wound, and increasing
the overall satisfaction of patients about the procedure
(94.1%)[18]. On the other hand, it has drawbacks, such as
the failure to produce satisfactory outcomes in cases
where the zygomatic buttress was crushed, which
happened in 5.9% of cases. Nonetheless, in 97% of cases,
two-point fixation of the zygomatic bone may result in
acceptable stability alongside aesthetically pleasing
outcomes. Nevertheless, it has drawbacks, including the
possibility of unsightly scarring in 41.2% of cases, palpable
plate in 35.3% of cases, a higher risk of infection from the
wound in 17.6% of cases, and less favorable satisfaction
rates(58.8%)[19]. As far as the malar height is concerned,
according to our study a difference between both groups
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that went through one-point and two-point fixation in
terms of post-operative malar prominence that was
statistically insignificant (p=0.067) [20]. Those that
received one-point fixation had a higher post-operative
malar height than those who had two-point fixation, even
though the disparity was not statistically significant, these
results are contrary to a study stated that they concluded
that the malar height, which demonstrated that two-point
fixation produced better correction outcomes than one-
point fixation. Disparities between these two operative
techniques were statistically significant (p<0.001) [9].
Although two-point fixation provided better radiological
reduction, one-point fixation remains a viable option in
specific clinical scenarios. Patients with isolated, non-
comminuted fractures, minimal displacement, and an
intactzygomaticomaxillary buttress may benefit fromone-
point fixation due to reduced surgical exposure, lower risk
of scarring, and shorter operative time. Additionally, one-
point fixation may be preferred in patients with great
cosmetic concerns orin settings where additional surgical
sites increase morbidity. Present study supports that with
careful patient selection, one-point fixation can achieve
satisfactoryfunctionaland aesthetic outcomes.

A limitation of our study is the relatively short follow-up
period of 1 month, which may not fully reflect long-term
radiologic stability and bone healing. Previous studies
suggest that postoperative assessment of zygomatic
fracture alignment and malar prominence is ideally
conducted at 3-6 months to account for remodeling and
late changes. Future studies with extended follow-up are
warranted to confirm the durability of one-point versus
two-point fixationoutcomes.

CONCLUSIONS

Fixation using two points showed better radiologic results,
with the percentage of patients with sufficient reductionin
both the frontozygomatic suture and the infra-orbital
margin being greater. On the contrary, one-point fixation
led to a very minor increase in postoperative malar height,
which was not statistically significant. Generally, although
two-point fixation was the best in terms of anatomy, one-
point fixation was still acceptable, which suggests that
both methods could be usedin case of fracture patternand
clinical needs.
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The dorsalis pedis artery, the distal continuation of the anterior tibial artery, is a key landmark
for pulse assessment, vascular access, and reconstructive procedures of the foot. Its
anatomical variability, however, may complicate clinical examination and contribute to
diagnostic uncertainty. Objectives: To describe the anatomical configurations and
morphometric features of the DPA and to determine how these variations influence clinical
pulse palpability. Methods: A descriptive cross-sectional study was conducted at Khyber
Medical College, Peshawar, from March 2024 to August 2025, in collaboration with the Radiology
Department at Khyber Teaching Hospital. A total of 103 lower limbs were examined through
standardized palpation followed by colour Doppler ultrasonography using a 7.5-10 MHz linear
transducer. The artery's origin, course, termination, diameter, and length were documented and
classified. Associations between anatomical type and pulse palpability were assessed using
Chi-square testsand Cramer's V. Results: The DPA was presentinall limbs. Type | was the most
common pattern (80.6%). Variant origins (Types II, IV, V) accounted for roughly one-fifth of
cases. A palpable pulse was detected in 88.3% of limbs, with significantly higher palpability in
Type | compared with variant types (p<0.001). Pulse palpability did not differ by sex or limb side.
Conclusions: Although the DPA generally follows a predictable anatomical course, variations
are notuncommon and may reduce clinical pulse detectability. Recognition of these variantsis
importantforaccurate vascularassessment, imaginginterpretation, and surgical planning.

INTRODUCTION

The dorsalis pedis artery (DPA), the distal continuation of
the anterior tibial artery, is an essential vascular landmark
for bedside assessment of peripheral perfusion and
remains one of the routinely examined pedal pulses in
clinical practice [1]. Its superficial position on the dorsum
of the foot makes it easily accessible for pulse palpation,
Dopplerassessment, andarange of diagnosticand surgical
procedures. Beyond routine vascular examination, the DPA
is frequently used for flap planning, grafting, and distal
access in complex limb revascularization. Anatomical
reliability is therefore assumed in daily practice, yet normal

variants may complicate pulse detection or lead to
misinterpretation of vascular status [2, 3]. Although the
Type | configuration direct continuation of the anterior
tibial artery, is the most frequently reported pattern,
multiple studies have described high-origin anterior tibial
divisions, double-origin vessels, and collateral
replacements arising from the peroneal system[4]. These
deviations may produce absent or weak palpable pulses
despite normal perfusion, contributing to diagnostic
uncertainty or unnecessary investigations [5].
Understanding these variations is especially important in
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settings where palpation remains the primary initial
assessment tool [5]. Recent advances in noninvasive
vascular imaging, particularly high-resolution Doppler
ultrasonography and angiographic techniques, have
increased the need for precise anatomical mapping of
pedal arteries. Accurate identification of the DPA supports
safer interventional radiology procedures, optimizes flap
donor-site selection, and assists surgeons in planning
reconstructive, orthopedic, and vascular interventions [6,
7]. Despite the clinical importance of this artery, regional
data documenting its anatomical patterns and their effect
on pulse detectability remain limited, especially in
populations where vascular assessments are frequently
performed by palpation alone. Accordingly, the present
study investigates the anatomical configurations and
morphometric characteristics of the DPA in a local adult
population and examines how these structural variations
influence clinical pulse palpability. Using combined
physical examination and colour Doppler ultrasonography,
the study compares classical and variant arterial patterns
toclarify their clinicalimplications.

In routine clinical practice, absent or diminished dorsalis
pedis pulses are often interpreted as indicators of
peripheral vascular compromise, despite the possibility of
underlying anatomical variations in an otherwise well-
perfused limb. There is limited locally generated, imaging-
correlated evidence assessing dorsalis pedis artery
anatomical variants and their direct impact on clinical
pulse palpability, highlighting the need for population-
specific evaluation.This study aimed to enhance
anatomical understanding, reduce misinterpretation of
absent pedal pulses, and improve accuracy in vascular
assessmentand surgical planning.

METHODS

This descriptive cross-sectional study was conducted
from March 2024 to August 2025 at the Department of
Anatomy, Khyber Medical College, Peshawar, in
collaboration with the Department of Radiology at Khyber
Teaching Hospital. The Institutional Research and Ethical
Review Board (IREB) of Khyber Medical College/Khyber
Teaching Hospital approved the protocol (Certificate No.
167/DME/KMC). The study was conducted in accordance
with the principles of the Declaration of Helsinki (2013
revision), and written informed consent was obtained from
all participants before examination. Participant anonymity
and confidentiality were ensured, and participation was
voluntary with the option to withdraw at any time without
affecting clinical care. Adult volunteers and patients
temporarily attached to the Anatomy Department and
Radiology Unit for teaching ultrasound or minor
musculoskeletal assessments were invited to participate.
A non-probability consecutive sampling approach was

DOI: https://doi.org/10.54393/pjhs.v7i2.3610

used, enrolling all eligible adults during the study period.
Individuals aged 18 years or older with no history of
peripheral vascular disease, major trauma, deformity, or
previous foot surgery, and with normal skin colour and
temperature of the feet, were included. Exclusion criteria
were diabetes mellitus, known vascular disorders, visible
surgical scars over the dorsum of the foot, active infection,
significant oedema, or pregnancy. The sample size was
calculated using the formula for estimating a single
population proportion: n=Z*xp x(1-p)/d? where Z is the
value corresponding to a 95% confidence level (1.96), p is
the expected proportion of anatomical variation, and d is
the allowable error. Previous reports suggested dorsalis
pedis artery (DPA) variations in approximately 20-25% of
individuals, and p was set at 0.22 with d at 0.09[8], yielding
a minimum sample of 95 limbs. To increase precision and
compensate for potential data loss, 103 limbs were finally
included. All examinations were performed in a quiet room
with ambient temperature maintained at approximately
22-24°C. Participants were examined in the supine
position with the ankle slightly dorsiflexed and the feet at
heart level, and were allowed to rest for at least 10 minutes
before assessment. The DPA pulse was first sought by
palpation lateral to the tendon of extensor hallucis longus
and recorded as palpable or not palpable. The same
examiner used light fingertip pressure in a standardized
manner to avoid artificially occluding the artery. When the
feet felt cold, they were gently covered until the skin
temperature normalized before palpation. Following
clinical examination, colour Doppler ultrasonography was
performed using a 7.5-10 MHz linear-array transducer to
confirm the presence and course of the DPA. Because the
DPA is a superficial vessel on the dorsum of the foot, this
frequency range provided sufficient resolution and depth
penetration to delineate its origin, course, and branching
pattern. For participants with greater soft-tissue
thickness, depth, and gain settings were adjusted, and the
probe was gently angled until a clear colour and spectral
Doppler signal was obtained; no limb was excluded
because of inadequate visualization. The origin, course,
termination, external diameter, and total length of the DPA
were documented. Anatomical variations of the DPA were
categorized using the modified classification which
recognizes Types | (continuation of the anterior tibial
artery), Il (high origin), IV (double origin), and V (collateral
replacement). Each morphometric measurement was
taken three times by the same examiner, and the mean
value was used for analysis to minimize intra-observer
variability. Independent reviewers confirmed the palpation
findings, and an experienced radiologist performed all
Doppler examinations. A pilot evaluation of ten limbs
showed complete inter-observer agreement for pulse
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palpability (x = 1.0). All data were analyzed using IBM SPSS
Statistics version 26.0. Continuous variables such as age,
height, weight, and arterial measurements were
summarized as means and standard deviations.
Categorical variables, including sex, side, DPA type, and
pulse palpability, were described as frequencies and
percentages. Because these variables are categorical, X
tests with Cramer's V were used to examine associations
and effect sizes between DPA type and pulse palpability, as
well as between palpability and demographic factors (sex
and side). A p-value of less than 0.05 was considered
statistically significant.

RESULTS

The study evaluated 103 limbs from adult participants with
a mean age of 43.27 £ 11.36 years. Most participants were
male (66.0%), with average anthropometric measures of
165.52 cmin height, 66.23 kg in weight, and a BMl of 24.24 +
3.42 kg/m?. Right limbs accounted for 37.9% of
assessments and left limbs for 62.1%, indicating a well-
distributed sample(Table1).

Table 1: Demographic Characteristics of the Study Population
(n=103)

Variables Category n(%)/Mean+SD
Age (Years) — 43.27 +11.36
Male 68(66.0%)
Sex
Female 35(34.0%)
Height(cm) — 165.52 +6.90
Weight (kg) - 66.23 + 8.68
BMI (kg/m?) - 24,24 +3.42
] ) Right 39(37.9%)
Side Examined
Left 64(62.1%)

Amongthe 103 limbs assessed, most DPAs(87.4%)followed
a normal superficial course, with smaller proportions

DOI: https://doi.org/10.54393/pjhs.v7i2.3610

showing a deep (6.8%) or tortuous (5.8%) trajectory. The
artery most frequently continued as the first dorsal
metatarsal artery (59.2%), followed by the arcuate (23.3%)
and lateral tarsal arteries (17.5%). Mean dimensions were
3.05 £ 0.53 mm in diameter and 8.48 + 1.05 cm in length,
indicating generally uniform anatomy with a minority of
morphologicalvariations(Table 2).

Table 2: Anatomical and Morphometric Findings of the Dorsalis
Pedis Artery(n=103)

Variables Category n(%)/Mean £SD
Presence of DPA Present 103(100.0%)
Type | - Continuation of o
AnteriorTibial Artery 83(80.6%)
Origin of DPA Type Il - High Origin from ATA 15(14.6%)
Type IV - Double Origin 3(2.9%)
Type V - Collateral Replacement 2(1.9%)
Normal (Superficial) 90(87.4%)
Course of DPA Deep Course 7(6.8 %)
Tortuous 6(5.8 %)
First Dorsal Metatarsal Artery 61(59.2%)
Termination S
Pattern Arcuate Artery 24(23.3%)
Lateral Tarsal Artery 18(17.5%)
External
Diameter (mm) — 3.05+0.53(2.02-4.32)
Length(cm) - 8.48 +1.05(6.27-11.25)

The DPA pulse was palpable in 88.3% of limbs, with only
11.7% showing an absent pulse. A strong association was
found between arterial origin and palpability (x* = 28.6,
p<0.001), as Type | arteries had the highest detection rate
(96.4%) while variant types more frequently lacked a
palpable pulse. This moderately strong correlation
(Cramer's V = 0.527) indicates that anatomical variation
significantly affectsclinical pulse detection(Table 3).

Table 3: Association Between Anatomical Variation of the Dorsalis Pedis Artery and Pulse Palpability (n=103)

DPA Types Palpable, n(%) Not Palpable,n(%) Total,n(%) x*(df) p-value Cramer'sV
Type | - Continuation of the anterior Tibial Artery 80(96.4%) 3(3.6%) 83(80.6 %) - - -
Type Il - High Origin from the Ata 9(60.0%) 6(40.0%) 15(14.6 %) - - -
Type IV - Double Origin 1(33.3%) 2(66.7%) 3(2.9%) - - -
Type V - Collateral Replacement 1(50.0%) 1(50.0%) 2(1.9%) - - -
Total 91(88.3%) 12(11.7%) 103(100 %) 28.6(3) <0.0071* 0.527

* Pearson Chi-square = 28.599, df = 3, p < 0.001(significant). Cramer's V = 0.5627 — moderately strong association between DPA type and

pulse palpability

Pulse palpability did not differ significantly by sex or limb side, with both variables showing non-significant x* values. This
demonstrates that demographic and laterality factors do not affect the detectability of the dorsalis pedis artery pulse(Table

4).

Table 4: Association Between Pulse Palpability, Sex, and Side(n=103)

Variables Category Palpable, n (%) Not Palpable, n(%) Total,n(%) x?(df) p-value Cramer'sV
Male 60(88.2%) 8(11.8%) 68(66.0%)
Sex 0.003(1) 0.960 0.005
Female 31(88.6%) 4(M.4%) 35(34.0%)
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Right 35(89.7%)

4(10.3%) 39(37.9%)

Side Examined

Left 56(87.5%)

0.12(1) 0.731 0.034

8(12.56%) 64(62.1%)

*Alltestsare Pearson Chi-square(2 =2 tables); Fisher'sexact p>0.05inboth comparisons.

This study demonstrates that the DPA most commonly
originates as a Type | vessel with a superficial and
consistent course, explaining the high palpability observed
in most limbs. In contrast, variant origins were associated
with reduced pulse detection, as reflected in markedly
lower palpability rates compared with Type | (96.4% vs.
60%, 33.3%, and 50%). This pattern aligns with the
significant association between origin type and palpability
(x* = 28.8, p<0.001; Cramer's V = 0.527), underscoring the
clinical relevance of anatomical variation for vascular
assessment and surgical planning. The X-axis shows the
four anatomical patterns(Types|, II, IV, and V), while the Y-
axis depicts the percentage of limbs with palpable or non-
palpable pulses. The clustered bars highlight the markedly
higher palpability in Type | arteries compared with the
variant types(Figure1).

120
100 96.4
80
60 66.7
60 50 50
40
40 333
20
3.6
0
Type I Type 11 Type IV Type V
W Palpable (%) Not Palpable (%)

Figure 1: Distribution of DPA Origin Types and Their
Corresponding Pulse Palpabilityin103 Limbs

DISCUSSION

In this investigation, the most common type was the DPA,
which continued from the anterior tibial artery (Type 1),
accounting for 80.6% of the limbs, while variants (Types I,
IV, V) made up about 1in 5 limbs. This distribution is
consistent with recent anatomical studies, which report
predominance of the classic pattern while also
acknowledging, albeit a smaller minority, variants. In a
cadaver-based population-level study, Hemamalini and
Manjunatha et al. noted alternative sources and courses,
with origins from 'textbook' locations, which also carry
important implications in the hands of the surgeon [8]. At
the case level, vascular imaging continues to reveal DPA
arising from the peroneal artery and other unusual
configurations, indicating variant anatomy is by no means
rare and also complicates surface examination or planning
access[9]. Clinical implications from your cohort were the
associations in origin type with palpable pulse (x* = 28.6;

Cramer's V=0.527). This aligns with modern teachings that
the absence of a DPA pulse does not equate to pathology;
clinical appreciation involves both the anatomical and
physiological. DPA is identified as a peripheral pulse, and
variation in anatomy and technique is warranted [10].
Additionally, Doppler sonography is one of the most
palpation-equivalent techniques and is increasingly
recommended as afirst-line, non-invasive test for vascular
assessment of the foot and ankle [11]. Current
morphometric values align with established imaging
ranges for the distal anterior tibial/DPA segment,
confirming suitability for Doppler assessment and distal
access procedures. These findings are consistent with
modern CT angiography and Doppler criteria used for
evaluating pedal vessel caliber and hemodynamics[12, 13].
Fromarevascularization standpoint, the DPA continues to
serve asanimportant distal target oraccess point, even as
therapeutic strategies evolve. Recent multicenter studies
have reported favourable outcomes for popliteal-to-distal
and pedal bypasses, as well as newer conduit options that
support limb salvage in critical ischemia. Ultrasound-
guided pedal access, including via the DPA, is now widely
used when antegrade routes are not feasible, with
evidence supporting its safety and expanding indications
[14]. The angiosome concept further highlights that
restoring flow to the DPA and first dorsal metatarsal region
can meaningfully affect wound healing, as shown in
contemporary perfusion-imaging studies [15, 16]. Current
finding that sex and side did not affect palpability fits with
current bedside guidance: examination reliability hinges
on consistent technique and awareness of anatomic
course, with Doppler as a rapid adjunct when edema,
obesity, or variant paths obscure signals [10]. In diabetes
and foot ulcer care settings where DPA assessment is
routine, recent international guidelines emphasize a
combined strategy of clinical pulses, Doppler/duplex, and,
when needed, advanced imaging to direct
revascularization and gauge healing potential [17]. The
anatomically based, reconstructively related conclusions
can be strengthened further. Modern literature continues
to validate the adaptability of the FDMA-based flaps
originating from the DPA system to repair the hallux and
dorsal foot defects. More recent reviews have also pointed
out the utility of briefly described, flow-through, perforator
flaps, which take advantage of the pneumatically flow-
continuous state of the DPA [18, 19]. These multiple,
interconnected strands of anatomy, noninvasive testing,
imaging, endovascular/bypass tactics, and flap design
justify the need and importance of clinical documentation
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of DPA variations and their impact on the palpability
demonstrated in this study [20]. The dataset includes
clinical palpation and Doppler confirmation, exceeding the
calculated minimum sample size and improving internal
validity; however, the single-center design and lack of
universal angiographic mapping may be limitations in
generalizability. Future multicenter studies using
standardized duplex ultrasound, CT angiography (CTA), or
dual-energy CT(DECT)protocols may improve estimates of
prevalence and also clarify the hemodynamic and clinical
implications of each anatomical variant. Additionally, the
use of consecutive participants from the Anatomy and
Radiology Departments introduces an element of
convenience sampling, which may limit the
representativeness of the study population. This study
confirms that while the DPA typically continues from the
anterior tibial artery, clinically relevant variants occur in
about one-fifth of limbs and are associated with reduced
pulse palpability. These anatomical differences help
explaininstances of absent pedal pulses despite otherwise
normal perfusion. The findings support current
recommendations to integrate palpation with Doppler or
advanced imaging when needed, and they provide useful
anatomical guidance for decisions involving pedal access,
distal bypass, and flap planning.

The single-center design and use of convenience sampling
from Anatomy and Radiology departments may limit the
representativeness of DPA variant prevalence.
Additionally, the absence of routine angiographic mapping
restricted detailed hemodynamic correlation for each
anatomical variant. Multicenter studies using standardized
duplex ultrasound and CT angiography protocols are
recommended to better define the prevalence and clinical
impact of dorsalis pedisarteryvariants.

CONCLUSIONS

This study confirms that the DPA most commonly arises as
adirect continuation of the anteriortibialartery, withabout
one-fifth of limbs showing anatomical variants. These
variants were strongly linked to reduced pulse palpability,
while sex and limb laterality had no meaningful influence.
Recognizing such variations is essential for accurate
vascular examination and for interpreting Doppler or
imaging findings. A clear understanding of DPA anatomy
can help avoid misinterpreting absent pulses and support
safer planning in reconstructive and vascular procedures
of thefootandankle.
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Platelet-rich plasma (PRP) has emerged as a promising modality in wound healing due to its
concentration of platelets and growth factors that stimulate tissue repair, angiogenesis, and
epithelialization. Objectives: To compare the efficacy of PRP dressings with normal saline
dressings in the management of chronic diabetic ulcers. Methods: This randomized controlled
trial was conducted at the Department of Surgery, Gulab Devi Hospital, Lahore, from January
2025 to June 2025. After ethical approval, 156 patients with chronic diabetic wounds were
recruited using consecutive sampling and randomly allocated into PRP and NS dressing groups
(1:1). Interventions were administered over six weeks. Baseline and weekly wound area and
healing status were assessed. Data were analyzed using SPSS version 26. A confidence level of
95% was used for all statistical analyses. Results were considered statistically significant ata p-
value <0.05. Results: Atotal of 156 patients were enrolled, withamean age of 39.05+9.75 years
and mean BMI of 25.85 + 2.30 kg/m”. Males comprised 63.5% of the participants, and 53.2% were
aged 41-60years. Complete healingwas achievedin 92.3% of PRP patients compared to 61.5% in
the NS group (p<0.001). PRP significantly reduced healing time (3.62 +1.25 vs. 4.85 +1.27 weeks;
p<0.001) and post-treatment infections (7.7% vs. 23.1%; p=0.008), with no amputations in the
PRP group. Conclusions: PRP dressing offers a more effective and safer alternative to
conventional care in managing chronic diabetic wounds, promoting timely healing and
supportingitsinclusionin clinicalwound care strategies.

INTRODUCTION

Chronic diabetic wounds, particularly diabetic foot ulcers,
are an important and growing global health problem, with
especially high prevalence in countries like Pakistan [1].
Globally, approximately 15% of diabetic individuals will
develop foot ulcers in their life, and up to 25% of these
cases may progress to lower limb amputation if not
effectively managed [2]. The prevalence of diabetic foot
ulcersin Pakistanis12.16%, rising to 19.54 % in studies from
2011-2022[3]. InPunjab, the prevalence is 16.83%, higherin
urban (17.96%) than rural (13.91%) areas, and peaks at
66.67% inindividuals aged 75 and above [4]. These wounds
are featured by impaired healing due to presence of

neuropathy, ischemia, and immune dysfunction, leading to
persistent inflammation and deficient tissue regeneration
[5]. Standard wound care in DFUs generally comprises
debridement, infection control, pressure offloading, and
moisture-retaining dressings, with normal saline (NS)
being one of the most commonly used solutions. Although
NS is safe, affordable, and facilitates autolytic
debridement, it lacks intrinsic biological activity and does
not directly contribute to the wound healing cascade. This
limitation often results in delayed granulation and
epithelialization, particularly in patients with extensive or
ischemic wounds. Inrecent years, autologous platelet-rich
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plasma (PRP) has originated as an adjunctive treatment in
wound management. PRP is a plasma fraction enriched
with platelets and their associated growth factors [6, 7].
These molecules playanimportant role in wound healing by
promoting angiogenesis, fibroblast migration, matrix
remodeling, and epithelial regeneration. In addition, PRP
may exert antimicrobial and anti-inflammatory effects,
which further enhance its therapeutic utility [8, 9]. Multiple
randomized controlled trials and systematic reviews have
reported favorable outcomes with PRP application in
chronic wound settings. Healing rates, time to
epithelialization, and wound contraction have all shown
statistically significant improvements with PRP compared
to NS dressing. For instance, Elsaid et al. demonstrated a
mean healing time of 10.9 = 3.4 weeks in the PRP group
versus 13.5 + 3.4 weeks in the saline group (p=0.01), and
Narayanan et al. noted that the PRP group demonstrated an
average healingduration of 3.17weeks versus 4.56 weeks in
the NS group (p < 0.001)[10, 11]. A study by Afzal Ali et al.
documented a decrease in wound area and faster
granulation tissue formation in PRP-treated ulcers
compared to saline dressings [12]. Furthermore, a meta-
analysis by Li et al. noted that PRP was linked with higher
odds of complete healing at 8 and 12 weeks, without
increasing the incidence of adverse events [13]. Pakistan
carries one of the highest global burdens of diabetes, with
foot ulcers. Patients frequently present with poorly
controlled disease, recurrent infections, and high
amputation risk, while access to advanced wound care
remainslimited[14,15].

Although PRP has shown favorable outcomes in
international studies, evidence from South Asia is scarce
and not readily generalizable due to differences in
healthcare systems and patient profiles. This trial was
therefore designed to provide region-specific data to
support cost-effective management of chronic diabetic
wounds. Thisresearch seeksto contribute robustevidence
to support optimized and individualized wound care
strategiesfordiabetic patients.This studyaimsto compare
the wound healing efficacy of PRP dressing versus NS
dressing in patients with chronic diabetic wounds and to
assesstime tocomplete healingand evaluate complication
rates(infection, amputation, failed healing).

METHODS

A randomized controlled trial (ID: NCT06867328) was
carried out at the Department of Surgery, Gulab Devi
Hospital, Lahore, from January 2025 to June 2025. Ethical
approval was taken from the Institutional Ethical Review
Board of Gulab Devi Hospital, Lahore (Ref. No.
AAMC/IRB/EA/18/2025). A non-probability consecutive
sampling technique was used to enroll eligible patients
presenting with chronic diabetic wounds. The sample size
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was measured by assuming a 5% level of significance, 90%
power, an anticipated wound healing rate of 86.11% in the
PRP group and 63.89% in the normal saline group [16]. A
total of 170 patients were initially recruited. Fourteen
patients did not complete the study due to withdrawal of
consent or missed follow-up visits and were excluded from
analysis. Thus, 156 patients who completed all planned
follow-up visits were included in the final analysis. Patients
aged 18 to 60 years of either gender with DM and a chronic
diabetic foot ulcer of at least 6 weeks' duration, measuring
2-10cm?post-debridementand classified as Wagner grade
[l to IV, were included. Patients with ulcer-site infection or
gangrene, prior PRP or grafting on the same ulcer,
uncontrolled comorbidities (heart failure, dialysis-
dependent renal disease, hepatic dysfunction), recent
immunosuppressive use, bleeding disorders, tendon or
bone involvement, malignancy, or autoimmune disease
were excluded. After obtaining informed consent, all
participants were assigned to one of two groups using a
computer-generated simple randomization technique: the
PRP dressing group or the normal saline (NS) dressing
group. Allocation concealment was ensured using sealed,
opaque envelopes opened at the time of intervention.
Baseline demographic and clinical variables, including age,
gender, duration of diabetes, HbAlc, BMI, ulcer type, co-
morbidities, wound duration, wound area, and Wagner
grade, were documented before initiating treatment. Inthe
PRP group, autologous PRP was prepared using a
standardized two-step centrifugation technique to reduce
variability observed in previous studies. Venous blood (20
mL) was drawn from each patient into tubes containing
acid citrate dextrose anticoagulant in a 9:1ratio. The first
centrifugation was performed at 1,500 rpm for 10 minutes
to separate the plasma from red cells. The supernatant
plasma was then subjected to a second centrifugation at
3,500 rpm for 15 minutes to concentrate the platelets. The
upper platelet-poor fraction was discarded, and the lower
one-third containing the platelet-rich plasma was
collected. The obtained PRP was applied without the use of
exogenous activators: approximately half was infiltrated
around the wound margins, while the remainder was
spreadevenly over the wound bed, followed by sterile gauze
placement. This double-spin protocol was consistently
applied for all PRP-treated patients to ensure
standardization and reproducibility. The PRP dressing was
repeated twice weekly for a total of six weeks, provided
there was no sign of infection or adverse reaction. In the
NS group, sterile gauze soakedinnormal saline was applied
to the wound, ensuring full coverage of the wound bed.
Dressings were changed daily or as needed based on
wound exudate. In both groups, wounds were cleaned and
debrided under aseptic technique before dressing
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application. All patients received standard offloading
measures appropriate to their ulcer location and regular
monitoring of glycemic control as part of routine care.
Wound healing progress was monitored weekly for six
consecutive weeks. At each follow-up visit, the wound was
cleaned, assessed, and the area was measured using a
sterile disposable ruler. Healing status was documented as
either "Healed” (formation of pinkish granulation tissue
completely over the wound, declared by the consultant
surgeon through visual inspection) or “Not Healed". The
duration required to achieve complete healing and
complications, including signs of local infection (increased
discharge, redness, foul odor), need for amputation, and
failure to heal (no significant reduction in wound area by
week six), were also monitored. Statistical analysis was
conducted using SPSS 26.0. Continuous variables were
expressed as mean and standard deviation and compared
using an independent samples t-test, while categorical
variables were summarized as frequencies and
percentages and analyzed by chi-square test. Effect sizes
werereported as meandifferencesforcontinuousdataand
odds ratios (OR) with 95% confidence intervals (Cl) for
categorical outcomes. Healing status and wound area over
six weeks were analyzed using repeated measures ANOVA
and chi-square tests. A p-value <0.05 was considered
significant(Figure1).
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Figure1: CONSORT-Style Flow Diagram

RESULTS

In this study, 156 patients were included with an average
age of 38.55+10.74 yearsin the PRP group and 39.56 + 8.60
years in the NS group (p=0.517). A greater proportion of
participantsin the NS group were aged 18-40 years(65.4%
vs. 46.2%, p = 0.016), whereas the PRP group had more
individuals aged 41-60 years(53.8% vs. 34.6%). The average
duration of diabetes was lower inthe PRP group(8.27+2.06
years) compared to the NS group (9.50+2.65 years;
p=0.001), and the PRP group also demonstrated better

glycemic control with a lower mean HbAlc(7.84 + 0.41vs. 8.03 + 0.45; p=0.006). Wound duration was significantly shorter in
the PRP group(7.44+1.59 weeks)comparedtothe NS group(8.33+1.76 weeks; p=0.001)(Table 1).
Table 1: Comparison of Baseline Characteristics Between PRPand Normal Saline Groups

Variables Subgroup PRP Group

Test Statistic Effect Size (OR / Mean

NS Group

p-value

(x2/t) Diff. [95% CI])

Age Group (years) 1040 soue.2n) es.A%) 1°=5.847 OR=0.454[0.238-0.865] 0.016
41-60 42(53.8%) 27(34.6%) ’
Gender Hale il es.A%) 1°=0.249 OR=0.847[0.441-1.627] 0.618
Female 30(38.5%) 27(34.6%) ’
Neuropathic 54(69.2%) 57(73.1%)
Type of Ulcer Non-neuropathic 24(30.8%) 21(26.9%) %*=0.281 OR=0.829[0.414-1.6591] 0.596
Hypertension Yes 33(42.3%) 27(34.6%) ¥%=0.975 OR=1.385[0.725-2.647] 0.323
Ischemic Heart Disease Yes 24(30.8%) 15(19.2%) %%=2.769 OR=1.867[0.890-3.914] 0.096
Smoking Yes 21(26.9%) 26(33.3%) X?=0.761 0OR=0.737[0.371-1.465] 0.383
Il 45(57.7%) 48(61.5%)
Wagner Grade 11 21(26.9%) 15(19.2%) 1=1.430 - 0.489
\% 12(15.4%) 15(19.2%)
Age (years) - 38.55 +10.74 39.56 +8.60 t=-0.650 -1.013[-4.090-2.064] 0.517
Duration of Diabetes (years) - 8.27+2.06 9.50 £2.65 t=-3.236 -1.231[-1.982--0.479] 0.001
BMI (kg/m?) - 25.89+2.16 25.81+£2.43 t=0.192 0.071[-0.656-0.797] 0.848
HbAlc (%) - 7.84 0.4 8.03+0.45 t=-2.801 -0.191[-0.325--0.056] 0.006
Wound Duration (weeks) - 7.44 +1.59 8.33+1.76 t=-3.337 -0.897[-1.429--0.366] 0.001
Wound Area (cm?) - 6.67+2.52 7.09+2.57 t=-1.038 -0.423[-1.228-0.382] 0.301

Chi-square test was used for dichotomous variables, and the Independent Samples t-test was applied for continuous variables. A p-value

<0.05wasconsidered statistically significant

Repeated measures ANOVA showed a significant effect of time on wound areareduction(F4.003, 616.529=364.275, p<0.001,
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n?=0.703), indicating progressive healing in both groups. A
significant group effect (F1,1541=14.734, p<0.001, 1?=0.087)
and a group x time interaction (F4.003,616.529=6.621,
p<0.001, 1?=0.041) confirmed that PRP-treated wounds
healed fasterthan NS-treated wounds(Table 2).

Table 2: Results of Repeated Measures ANOVA for Wound Area
Over Six Weeks

Effects DF F p- Partial

value n? Interpretation

Wound area decreased
significantly across weeks

Time (Week| 4.003,
effect) |616.529 364.275(<0.001| 0.703

PRP wounds were

G“\’/g‘,’\‘(g)RP 1,154 | 14.734 |<0.001| 0.087 |consistently smaller than
NS wounds
Time x 4.003, PRP showed a

Group  |616.529 6.621 [<0.001| 0.041 | faster healing trajectory

compared with NS

The PRP group consistently demonstrated higher healing
rates across all weeks, with statistically significant
differences emerging from Week 3 onward. In Week 1,
healing was observed in 7.7% (PRP) versus 3.8% (NS)
(p=0.303). Week 2 showed a non-significant trend favoring
PRP (23.1% vs. 11.5%, p=0.057). From Week 3, healing was
higher in PRP group: 46.2% vs. 23.1% (p=0.002), 69.2% vs.
38.5% in Week 4 (p<0.001), 84.6% vs. 53.8% in Week 5
(p<0.001), and 92.3% vs. 61.5% in Week 6 (p<0.001),
confirming superior efficacy of PRP(Figure 2).

Healed Patient Over 6 weeks
80
70
60
50

30
20
10

0

Number of Healed Patients
N
o

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Week
@=@==PRP Group e=@==NS Group

Figure 2: Comparison of Healing Status (Healed/Not Healed)
Between PRPand NS Groups Over 6 Weeks

At final follow-up, complete healing was achieved in 92.3%
of patients in the PRP group versus 61.5% in the NS group
(x*=20.800, OR=7.500 [95% ClI: 2.902-19.384], p<0.001).
The average time to wound healing was shorter in the PRP
groupat3.62 +1.25 weekscomparedto 4.85 +1.27weeksin
the NS group (t=-6.099, MD=-1.231[95% CI: -1.629 to
-0.832], p<0.001)(Table 3).

Table 3: Comparison of Final Healing Status and Duration to
Wound Healing Between PRPand NS Groups

. PRP NS ¥2/ EffectSize[95% p-
Variables Group Group t-value 1] value
Complete healing, 72 48 ¥’= | OR=7.500[2.902 0.001
n(%)(yes) (92.3%)| (61.5%) | 20.800 -19.384] <b-
Mean healing 3.62+ | 4.85% | t= |MD=-1231[-1.629| oo
duration (weeks) | 1.25 1.27 | -6.099 t0-0.832] |<%
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Chi-square test was used for dichotomous variables, and the
Independent Samplest-test wasapplied for continuousvariables.
Ap-value <0.05was considered statistically significant
Post-treatment complications were lowerin the PRP group
than in the NS group. Infection occurred in 6 (7.7%) PRP-
treated patients versus 18 (23.1%) in the NS group
(p=0.008). Amputations were reported in 6 (7.7%) patients
from the NS group, with no cases observed in the PRP
group (p=0.012). Failed healing was markedly more
prevalentinthe NS group(30; 38.5%)thaninthe PRP group
(8;7.7%)(p<0.001)(Figure 3).

Comparison of Post-Treatment Complications
35
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25
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, 1 ]
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Failed Healing

No. of Patients with Complications

Infection Amputation
Complications
HWPRP NS

Figure 3: Comparison of Post-Treatment Complications Between
PRPandNormal Saline Groups

DISCUSSION

This study of 156 patients demonstrates a significantly
higher rate and earlier onset of wound healing, reduced
complications, and shorter healing time associated with
PRP dressing, reinforcing its therapeutic superiority. Age
distribution differed significantly (p=0.016), with more
younger patients in the NS group, aligning with previous
studies [10]. Gender distribution was balanced (p=0.618),
consistent with earlier reports [17]. In terms of wound
progression, PRP demonstrated a consistent and
significantly greater reduction in wound area beginning
from Week 4 onwards, culminating in a mean wound size of
0.85+0.67 cm”at Week 6 comparedto 1.65+0.88 cm?inthe
NS group. This progressive decline in wound dimensions
parallels findings from previous studies [12, 18, 19].
Complete healing by Week 6 was observedin 92.3% of PRP-
treated participants versus 61.5% in the NS group, with an
odds ratio of 7.5 (p<0.001). These outcomes align with
meta-analytical data reporting higher odds of complete
healing with PRP [13, 20]. The mean healing duration was
significantly shorter in the PRP group (3.62 + 1.25 weeks)
comparedto 4.85+1.27weeksinthe NSgroup[11, 21]. Post-
treatment complications were markedly lower in the PRP
group. Infections occurred in only 7.7% of PRP patients
versus 23.1% in the NS group (p=0.008), with zero
amputations in PRP versus 7.7% in NS (p=0.012). Failed
healing was significantly more frequent in NS(38.5%) than
PRP (7.7%), indicating a protective role of PRP not only in
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promoting healing but also in preventing adverse
outcomes [12, 20]. The trajectory of weekly healing rate
and cumulative healed cases throughout the 6-week
follow-up further supports the superior regenerative
effect of PRP. Healing rates were significantly higher from
Week 3 onwards, with statistically significant odds ratios
ranging from 2.857 to 7.500 [19]. This study's strengths
include itsrandomized controlled design, adequate sample
size, and weekly follow-up assessments, enabling precise
evaluation of wound healing progression.

Limitations include the single-center setting, restricting
generalizability, and alack of blinding, which may introduce
observer bias. Additionally, histological assessment of
wound tissue and long-term follow-up were not performed.
Future studies should incorporate multicenter designs,
larger populations, and explore cellular mechanisms of
PRP. Comparative evaluations with other advanced
dressings and extended outcome tracking would further
substantiate the clinical utility and cost-effectiveness of
PRP therapy.

CONCLUSIONS

In conclusion, platelet-rich plasma (PRP) dressings were
more effective than normal saline (NS) dressings in the
management of chronic diabetic wounds. PRP accelerated
wound area reduction, shortened healing time, and
lowered complication rates compared with NS. These
findings support the clinical utility of PRP as a superior
dressing method for chronic diabetic ulcers and highlight
its potential integration into standard wound care
protocols.
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Due to sympathetic stimulation, laryngoscopy and endotracheal intubation are known to cause
brief but noticeable elevations in blood pressure and heart rate, which can be dangerous for
hypertensive individuals. It has been demonstrated that the specific a2-adrenergic agonist
dexmedetomidine reduces these reactions. Objectives: To evaluate whether intravenous
dexmedetomidine could effectively reduce hemodynamic reactions to laryngoscopy and
intubation in patients with controlled hypertension. Methods: This prospective cohort study
was carried out at Sindh Institute of Urology and Transplantation (SIUT) and used a non-
probability consecutive sampling technique for six months from January 1, 2025, to June 30,
2025. Eligible were ASA Il patients with high blood pressure who had been planned for elective
surgery while under the influence of general anesthesia. Individuals were randomly assigned to
receive either a placebo (20 mL normal saline) or dexmedetomidine (0.5 pg/kg diluted to 20 mL
in saline) ten minutes before induction. Repeated-measures ANOVA and the Student's t-test
were used to examine the data; p <0.05 was deemed significant. Results: The groups'baseline
characteristics were similar. When compared to control, dexmedetomidine significantly
reduced the increase in HR and SBP following laryngoscopy and intubation(p < 0.001 at all post-
intubation intervals). Bradycardia (5.7%) and hypotension (2.9%) were rare but clinically
treatable adverse effects. Conclusions: In hypertensive patients, intravenous
dexmedetomidine (0.5 pg/kg) administered as a single pre-induction dosage is safe and
efficient in reducing the hemodynamics of laryngoscopy and intubation while also enhancing
cardiovascular stability throughoutinduction.

INTRODUCTION

Laryngoscopy and tracheal intubation are the tests that
should also be conducted during general anesthesia, but
which are alsorelated to the extreme sympathetic reaction
[1,2]. The consequent outcome of such areflex surge isan
acute rise in heart rate (HR), systolic and diastolic blood
pressure (SBP, DBP), as well as an increase in circulating
catecholamine. Although these hemodynamic changes are
tolerated by most healthy people, they expose patients
with underlying cardiovascular or hypertension to the risk

of myocardial ischemia, arrhythmias, left ventricular
failure, or cerebrovascularaccidents. The primary concern
in the practice of anesthetics that must be attained to
maintain cardiovascular stability in airway manipulation is
the attenuation of these pressor reflexes [3]. There are
various pharmacologicalinterventions that have beentried
over the years, and these are opioids, beta-blockers,
calcium channel blockers, vasodilators, and local
anesthetics [4-6]. Nevertheless, these drugs are not
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always effective, and the majority of them have dose
effects, including bradycardia, hypotension, or slow
recuperation. A new drug, dexmedetomidine, a robust
selective agonistthatactsonthe2adrenergicreceptors, is
one of the most promisingdrugs due toits dose-dependent
sedation, anxiolysis, sympatholytic effects, and minimal
respiratory depression [7, 8]. Dexmedetomidine has a
central locus coeruleus in the brainstem to counter
sympathetic discharge and norepinephrine discharge,
which results in arequlated drop in HR and blood pressure
[9, 10]. Several randomized controlled trials and meta-
analyses that have been performed over the recent decade
have found that the pre-induction routine of
dexmedetomidine is effective in counteracting the
tachycardic and hypertensive effects of intubation[11,12].
Nonetheless, their application can sometimes lead to
bradycardia or hypotension, and there are still
inconsistenciesinthe best dosage schedule, particularlyin
patients with requlated hypertension, a category that is
especially susceptible to the exaggeration of pressor
reactionsduringlaryngoscopy[13,14].

Although extensive data have been collected in
normotensive or mixed patients, large-scale studiesonthe
target population, namely controlled hypertensive people,
are quite scarce. Since there is the possibility of
overstimulation of sympathetic activity in such patients,
the effectiveness of dexmedetomidine and its safety
profile in this patient group need to be evaluated further.
Controlled hypertension patients are a high-risk
population in which peri-intubation hemodynamic surges
may have severe clinical implications. The sympatholytic
and cardioprotective properties of dexmedetomidine
could provide a middle ground between these responses
without affecting respiratory activity or hemodynamic
stability. Nevertheless, the best dose and infusion rate for
hypertensive patientsisunclear. The current research was
conducted to compare the effect of intravenous
dexmedetomidine on the hemodynamic response to
laryngoscopy and endotracheal intubation in patients with
controlled hypertension.

METHODS

A prospective cohort study was conducted at the
Department of Anesthesiology in the Sindh Institute of
Urology and Transplantation (SIUT) from January 1%, 2025,
to June 30", 2025. The SIUT Ethical Review Committee
(ERC)granted ethical approval, with approval number SIUT-
ERC-2024/A-488. Before their involvement in the study, all
individuals provided written informed consent. The sample
size was calculated using Open Epi Version 3.01 for
comparing two means, with an expected heart rate
reduction of 7.04 %, an estimated SD of 8 beats/min, alpha=
0.05, and power = 80%, assuming equal group sizes [15].
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The formula used was n=((Z1_,+Z _,’x2xSD*)/A’, where A
represents the expected group difference. To account for
potential dropouts, 35 participants per group were
recruited, totaling 70 participants. The method of non-
probability consecutive sampling was utilized to select the
eligible participants until the necessary sample size was
obtained. The patients who were aged 20-70 years, who
had controlled hypertension under the antihypertensive
therapy, and who were ASA Il were included [14].
Hypertensionwasrecognized asameasurement of systolic
blood pressure surpassing 140 mmHg or diastolic blood
pressure over 90 mmHg, which was sufficiently controlled
with medication. The exclusion criteria were severe
cardiac arrhythmias, a history of myocardial infarction,
severe valvular heart disease, uncontrolled diabetes,
severe hepatic or renal dysfunction, use of beta-blockers,
pregnancy, known allergy to study drugs, and an expected
difficult airway. Baseline monitoring included non-invasive
blood pressure, b-lead ECG, pulse oximetry, end-tidal C02,
and capnography of all the participants. In 10 minutes,
0.5mg/kg dexmedetomidine in 20 mL 0.9per cent saline
was given to the dexmedetomidine group, and 20 mL
0.9per cent saline was given to the control group. Infusions
were made and administered by an anesthesiologist not
involved in the care and data collection of the patients.
Anesthesiainduction was done with three minutes of mask
ventilation of lignocaine. Laryngoscopy and tracheal
intubation were done by experienced anesthesiologists
directly, and the duration of the laryngoscopy was
documented. Airoxygen mixture of isoflurane and
mechanical ventilation was used to sustainanesthesiawith
an EtCO2 target of 35-40mmHg. Atropine 0.5 mg IV was
given to control bradycardia (HR less than 50 bpm), and
ephedrine 5mg IV was given to control hypotension (MAP
less than 60 mmHg or more than 20% vs baseline). The
parameters in the hemodynamic measurements were
recorded at the baseline(TQ), after the infusion(T1), before
the intubation (T2), and 1, 3, and 5minutes following the
intubation (T3, T4, and T5). The primary outcome was the
change in HR one minute following intubation, and the
secondary outcomes were the change in SBP and the
adverse events or the necessity of vasoactivity
interventions. The data were analyzed with SPSS version
26.0 (IBM Corp., Armonk, NY, USA). The Shapiro-Wilk test
was usedtotestthenormality of the data. Thereportonthe
continuous variables indicated the mean with standard
deviation (SD), and the group difference was determined
with the independent-samples t-test when the data were
normally distributed. ANOVA was applied repeatedly in the
study of heart rate and systolic blood pressure with the
passage of time. The assumption of sphericity was tested
using the Mauchly test, and when the assumption of
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sphericity was violated, the test applied was the
Greenhouse-Geisser correction. The intergroup difference
andtimexgroupinteraction were assessed, and significant
p-values of interaction demonstrated that attenuation of
hemodynamic responses took place with time in the
dexmedetomidine group. To adjust Type, | error caused by
the multiple comparisons over six time points, Bonferroni
post-hoc corrections were applied in all the pair-wise
comparisons. The Chi-square and Fisher's exact test were
used to analyse categorical data, which were later
presented as frequencies and percentages. A p-value of
lessthan 0.05wasusedasastatistically significant value.

RESULTS

The dexmedetomidine group's mean age was 57.8 + 7.9
years, while the non-dexmedetomidine groups was 56.9 +
8.3 years (p=0.620). The baseline characteristics of both
groups were comparable, indicating baseline
comparability between groups. The p-values for age, sex
distribution, body mass index (BMI), duration of
laryngoscopy, baseline heart rate (HR), and baseline
systolic blood pressure (SBP) were 0.620, 0.620, 0.660,
0.420,0.680,and 0.630respectively(Table1).
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Table 1: Demographic Characteristics of the Study Population
(n=103)

Dexmedetomidine
Group (n=35)

Control p-

Variables Group (n=35) value

Age (Years) 57.8+7.9 56.9+8.3 | 0.620

Male 23(65.7%) 21(60.0%)
0.620

Female 12(34.3%) 14(40.0%)
BMI (kg/m?) 27.2+3.8 276+4.1 | 0.660
Duration of Laryngoscopy (s) 12.2+1.8 125+1.9 0.420
Baseline HR (beats/min) 78.6+7.9 79.4+8.1 | 0.680
Baseline SBP (mmHg) 138.0+11.8 139.2+12.1 | 0.630

At baseline, there was no difference in heart rate and
systolic blood pressure between the groups. The
dexmedetomidine group had a significantly lower heart
rate and systolic blood pressure than the control group
during infusion and the peri-intubation period (T1-T5)
(p<0.001). Repeated-measures ANOVA demonstrated both
variables to have a significant time x group interaction
(p<0.001), indicating that there was a steady attenuation of
hemodynamic responses over time in dexmedetomidine-
treated patients(Table 2).

Table 2: Comparison of Hemodynamic Parameters Over Time among Study Participants

p-value " p-value  Time x Group
TimePoint  (peato/min) (beatoimin) (2etWeen Moo e N nmig) | (mmig)  (BetWeen interaction p-
TO - Baseline 78.6+7.9 79.4+8.1 0.68 0.8(-2.7t0 4.3) 138.0£11.8 139.2+12.1 0.630 -

T1- Post-Infusion 72.4+7.3 80.1£8.2 <0.001 7.7(4.1t0 1.3) 133.5+£11.2 140.0£12.0 0.010 <0.001
T2 - Pre-Intubation 70.8+7.0 81.5+8.6 <0.001 10.7(6.8 to 14.6) 131.8+£10.8 142.0+£12.5 <0.001 <0.001
T3 -1Min Post-Intubation 772+9.0 95.2+10.1 <0.001 17.9(13.2t022.8) | 138.6+12.9 165.3+15.8 <0.001 <0.001
T4 -3 Min Post-Intubation 74.1+8.2 88.6+9.5 <0.001 14.5(10.5t0 18.5) 135.0+12.1 153.7+£14.2 <0.001 <0.001
T5 -5 Min Post-Intubation 72.9+78 83.5+8.9 <0.001 10.6(6.8 to 14.4) 133.2 £11.6 1475+13.7 <0.001 <0.001

DISCUSSION

The hemodynamic reaction to laryngoscopy and
endotracheal intubation was significantly and clinically
reduced by a single pre-induction infusion of
dexmedetomidine ata dose of 0.5 pg/kg in this prospective
cohort study of 70 ASA Il patients with controlled
hypertension. Heart rate and systolic blood pressure were
considerably lower in the dexmedetomidine group from
immediately following infusion to five minutes post-
intubation, but initial findings were similar in both groups.
These results demonstrate that a modest dose of

The incidence of adverse events was low and comparable
between the two groups, with no major complications
reported. Bradycardia occurred in 5.7% of patients in the
dexmedetomidine group and none in the control group
(p=0.150), while hypotension was observed in 2.9% versus
none (p=0.310). The requirement for atropine was slightly
higher in the dexmedetomidine group (5.7%) compared to
the control (0%)(p=0.150). Similarly, vasopressor use was
noted in 2.9% of dexmedetomidine patients and 8.6% of
controls(p=0.300)(Table 3).

Table 3: Incidence of Adverse Events among Study Participants

(n=70) dexmedetomidine reliably blunts peri-intubation
F— G'::_ﬁ’l‘l':f:_ 95% CI G‘r:gs;"(‘::_ osocl P sympathetic surges in patients with controlled
35) ' 35) ° 7 value hypertension, with a low incidence of major adverse

events.[16,17]. Current findings are consistent with several
randomized trials and systematic reviews showing that
dexmedetomidine reduces the tachycardic and
hypertensive responses associated with airway
manipulation. Misraetal.reported reduced HRand BP after
nebulized dexmedetomidine compared with placebo
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Bradycardia(HR <50 bpm) | 2(5.7%) [0-13.4%| 0(0%) | 0-0% |0.150

Hypotension (MAP <60
mmHg)

Atropine Use 2(5.7%) [0-13.4%| 0(0%) | 0-0% |[0.150
Vasopressor Use 1(2.9%) |0-8.4%| 3(8.6%) |0-17.8%/0.300
Major Adverse Events 0(0%) 0-0% 0(0%) 0-0% -

1(2.9%) |0-8.4%| 0(0%) | 0-0% |0.310
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during laryngoscopy and intubation, supporting the
concept that dexmedetomidine, administered by different
routes, attenuates the pressor response. Xiong and
colleagues similarly found that dexmedetomidine
premedication increased sedation and inhibited
intubation-related stressinadults. Astudy by Jainetal.and
other randomized trials have likewise reported significant
reductions in peri-intubation HR and BP with doses in the
0.5-1.0 yg/kgrange, corroborating our observation that 0.5
ug/kg is effective in the peri-intubation window [16, 18].
Several dose-comparison studies and meta-analyses have
addressed the dose-response relationship of
dexmedetomidine for attenuating intubation responses.
While our study used 0.5 pg/kg, some trials found greater
suppression with higher doses, suggesting a dose-
dependent effect. Nevertheless, higher doses are also
more likely to produce clinically relevant bradycardia or
hypotension. The balance between efficacy and safety,
therefore, supports use of moderate dosing (0.5 pg/kg) in
many elective settings, especially when treating patients
with controlled hypertension where excessive hypotension
or bradycardia is undesirable. Our low rates of bradycardia
(2/35) and hypotension (1/35), none of which led to major
complications, echo the safety signals reported in other
moderate-dose trials[19, 20]. Comparative and alternative
strategies have also been evaluated in recent years. Trials
comparing dexmedetomidine to other agents such as
fentanyl, magnesium sulfate, esmolol, or labetalol have
produced mixedresults: some studies show comparable or
superior attenuation with dexmedetomidine, whereas
others found similar efficacy with shorter-acting agents
but with different side-effect profiles. For example, head-
to-head comparisons with beta-blockers or esmololreport
that these drugs can blunt HR peaks rapidly but may be less
effective on blood pressure or have different
cardiovascular safety considerations. These different
findings show that agent selection can also be tailored to
each individual based on patient comorbidity, desired
duration of effect, and clinician tolerance for
bradycardia/hypotension. For example, in our cohort of
hypertensive patients, dexmedetomidine afforded a
sustained sympatholytic effect throughout the critical
five-minute period post-intubation, which may be
advantageous for patients at risk for acute hypertensive
surges[21-23]. The route and timing of administration also
affect outcomes. Studies examining pre-induction
infusions of dexmedetomidine via IV (like the pre-induction
of dexmedetomidine in the present trial) and alternative
routes, such as nebulized or intranasal dexmedetomidine,
have shown consistent benefit, but onset and peak effects
differ. For example, nebulized or intranasal
dexmedetomidine may be useful in situations where IV
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access or timing of administration is a concern. However,
aninfusionviaan|Vroute provides precise titration, time to
onset of action before laryngoscopy, and eliminates any
concern for patient compliance or patient safety. The
protocol we used, which involved an infusion of
dexmedetomidine over ten minutes immediately before
induction of anesthesia, was similar to other protocols, and
the results were consistent with several randomized trials
that demonstrated attainment of optimal attenuation of
response without exaggerated sedation or respiratory
depression [18, 24]. Safety is an essential consideration
whenusing a2-agonistsin hypertensive patients. Although
dexmedetomidine reliably reduced HR and SBP, it can also
precipitate bradycardia and hypotension. In our cohort,
these events were infrequent and manageable with
standard interventions (atropine for bradycardia,
ephedrine for hypotension). This tolerability mirrors
findings from other contemporary trials that report low but
non-negligible rates of bradycardia/hypotension, typically
dose dependent, and reinforces the need for appropriate
patient selection, monitoring, and rescue protocols when
employing dexmedetomidine perioperatively [16, 25]. The
findings of our study are new since earlier literature has
failed to adequately represent the higher-risk group of
patients with controlled hypertension. The majority of
previousinvestigationsonthe effects of dexmedetomidine
on hemodynamic changes during laryngoscopy and
intubation have incorporated mixed or normotensive
cohorts. Through observation of a cohort with
hypertension, we establish that even a moderate dose of
dexmedetomidine (0.5 pg/kg) given before induction can
help in attenuating the increase in heart rate and systolic
blood pressure during airway manipulation without
significantly increasingthe number of adverse events. This
clinical, empirical evidence justifies the implementation of
this intervention in other patients, and this offers real-life
advice on the peri-intubation hemodynamic support. The
increased dosage may provide stronger attenuation, but it
may also raise the chances of bradycardia or hypotension,
and this is why efficacy and safety balance are of great
importance. Recent clinical trials and registry data have
demonstrated a growing interest in the use of
dexmedetomidine among hypertensive patients, yet there
is still a lack of high-quality data. Our future population
contributes to this information, as it proves the
hemodynamic advantage and safety of a moderate dose
pre-induction regimen in a controlled population with
hypertension. This prospective cohort study found that
one pre-induction dexmedetomidine, 0.5 pg/kg, infusion
was a strong suppressor of heart rate and systolic blood
pressure responses to laryngoscopy and intubation in
patients with controlled hypertension with an excellent
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short-term safety profile. These results advocate
moderate dose of dexmedetomidine and its application as
a practical and effective peri-intubation hemodynamic
adjunctinhigh-risk patients with hypertensionand provide
significant evidence to an underrepresented population in
paststudies.

This was a single-center prospective cohort study with a
relatively small sample size and absence of randomization,
which may limit causal inference and external validity.
Hemodynamic outcomes were assessed only in the
immediate peri-intubation period, without evaluation of
longer intraoperative or postoperative cardiovascular
effects. Larger randomized controlled trials comparing
dexmedetomidine with alternative agents in hypertensive
patients are needed to define optimal dosing and long-
termsafetyacrossdifferent surgical settings.

CONCLUSIONS

In individuals who have controlled hypertension, pre-
induction intravenous infusion of dexmedetomidine safely
and efficiently reduces the hemodynamic response to
intubation of the endotracheal tube and laryngoscopy. The
medication had very minor, tolerable side effects and
significantly reduced increases in heart rate and systolic
blood pressure at all post-intubation time periods as
compared to a placebo. The results validate the strong
sympatholytic and cardioprotective effects of
dexmedetomidine and show its clinical use as an addition
to anesthesiaforindividuals susceptible to stress-induced
increasesinheartrateandblood pressure.
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Atrial fibrillation (AF) is an important but often hidden cause of recurrent ischemic stroke,
requiring early detection for timely anticoagulation. This study assessed the effectiveness of
72-hour Holter monitoring in identifying previously undiagnosed AF in acute ischemic stroke
patients, particularly in resource-limited settings. Objectives: To determine the effectiveness
of 72-hour Holter monitoring in identifying previously undiagnosed AF in acute ischemic stroke
patients. Methods: This analytical cross-sectional study was conducted at the Department of
Neurology, Pak Emirates Military Hospital, Rawalpindi, from May to September 2025, enrolling
256 patients with neuroimaging-confirmed ischemic stroke. Holter monitoring was initiated
within 2 hours of admission and continued for 72-hours, accompanied by 8-hourly pulse checks
and symptom logs to identify AF episodes lasting 230 seconds. Chi-square or Fisher's exact
tests were used, keeping p<0.05 statistically significant. Results: The mean age was 65.4+11.2
years; 59.4% were male. AF was detected in 17 patients (6.6%), with 72-hour Holter yielding
significantly higher detection than baseline ECG (17(6.6%) vs.5(2.0%), p=0.002, with diagnostic
accuracy of 95.3%. Cumulative detectionincreased over time: 29.4% within 24 hours, 70.6% by
48 hours, and 100% by 72 hours. AF was significantly associated with age =65 years (p=0.008),
hypertension (p=0.047), and diabetes (p=0.029). Conclusions: 72-hour Holter monitoring is a
useful non-invasive method of correctly detecting occult AF in patients after acute ischemic
stroke, with superior diagnostic yield over baseline ECG. These results favor routine use of 72-
hourHolter monitoringas part of post-stroke protocols.

INTRODUCTION

Ischemic stroke continues to be a major cause of morbidity
and mortality globally, with atrial fibrillation (AF)
recognized as an important modifiable risk factor in about
20-30% of cases [1]. AF, particularly paroxysmal forms,
often goes undetected prior to stroke events,
underscoring the need for effective post-stroke cardiac
rhythm monitoring to guide anticoagulant therapy and
prevent recurrence [2]. Holter monitoring, an ambulatory
electrocardiography thatisnotinvasive, hasbecome avital
diagnostic tool for occult AF detection in this group, with
longer durations having the potential to increase yield
compared to standard 24-hour monitoring [3]. The AF
detection background after ischemic stroke outlines how

difficult subclinical or paroxysmal occurrence is to detect,
sometimes not shown on routine electrocardiograms
(ECGs) [4]. Current European Stroke Organization
guidelines suggest monitoring of at least 48-72 hours in
selected patients, but optimal duration and timing are
controversial[5]. Detection rates have been shown to vary
according to the length of monitoring and the
characteristics of the patient in studies. For example, 7-
day outpatient cardiac rhythm monitoring has identified
new AF in 6.4 % of patients with ischemic stroke or
transient ischemic attack (TIA) of undetermined etiology,
with increased yield in diabetic or older patients [6]. In a
similar way, 7-day wearable devices revealed an 8.7%
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detection rate in AF patients without a previous history of
AF, beating traditional 7-day Holter in certain cohorts by
facilitating earlier detection and treatment [7]. Long-term
strategies, including insertable cardiac monitors, achieve
better long-term detection versus short-term Holter (e.qg.,
24-48 hours), reducing stroke recurrence with timely
anticoagulation, though at greaterinvasiveness[8]. Timing
also matters; early inpatient 48-hour Holter recordings in
patients with embolic stroke of undetermined source
(ESUS) identify a 20% detection rate for previously
undiagnosed AF, much higher than with delayed outpatient
monitoring (5%), emphasizing the importance of early
evaluation[9]. This study favors the use of extended Holter
but underlines the necessity for context-dependent data,
especially in resource-poor environments. This study
addresses the critical gap in detecting AF, a major
modifiable risk factor for ischemic stroke, which is often
missed on routine ECG. Extended 72-hour Holter
monitoring has shown superior diagnostic yield
internationally, but local data are lacking, particularly in
resource-limited hospital settings.

Despite guideline recommendations and growing evidence
supporting extended cardiac rhythm monitoring, a
substantial proportion of atrial fibrillation cases after
ischemic stroke remain undetected when relying on
routine ECG or short-duration Holter monitoring. Thereisa
paucity of local, context-specific evidence evaluating the
diagnostic yield of prolonged (72-hour) Holter monitoring
for AF detectionin post-stroke patients, particularly within
resource-limited hospital settings. This study aimed to
evaluate the diagnostic yield of prolonged Holter
monitoring in detecting previously unrecognized AF after
ischemic stroke, providing critical data to guide clinical
decision-making and reduce recurrent stroke risk in the
local population.

METHODS

This analytical cross-sectional study was carried out at the
Department of Neurology, Pak Emirates Military Hospital,
Rawalpindi, Pakistan, from May to September 2025. Ethical
approval was obtained from the hospital under reference
number A/28/ERC/03/2025. The Sample size was
determined to be 256 patients, through OpenEpi sample
size software as n = DFFF.N.p(1-p) / d°/Z’,,,.. (N-1) + p(1-p),
keeping anticipated frequency of AF among ischemic
stroke patients as 6.4% [6], confidence level of 95%, and
3% margin of error. The inclusion criteria were patients
aged 18-85 years of either gender diagnosed with acute
ischemic stroke through clinical evaluation and
neuroimaging (computed tomography or magnetic
resonance imaging)and no previously known history of AF.
Patients with contraindications for Holter monitoring(e.g.,
skin conditions prohibiting electrode application), patients
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with severe comorbidities that would interfere with study
participation(e.g., advanced cancers or terminal diseases),
and patients with established pre-existing AF were
excluded. All eligible patients after written consent
underwent a standard 12-lead electrocardiogram (ECG) on
admission, within 2 hours of hospital presentation, using a
GE MAC 5500 ECG system (GE Healthcare, USA). ECGs were
recorded at a paper speed of 25 mm/s and an amplitude of
10 mm/mV. A cardiologist interpreted all baseline ECGs for
the presence of AF or other arrhythmias. Baseline ECG
parameters, including rhythm classification (sinus rhythm
or AF) and heart rate, were documented for each patient.
Following baseline ECG, patients underwent continuous
72-hour Holter monitoring (initiated within 2 hours of
admission) using the GE SEER 12 Holter system (GE
Healthcare, USA). Recordings were obtained with three-
channel ECG leads (V1, V3, V5) placed according to the
modified Mason-Likar configuration, at a sampling rate of
200 Hz. AF episodes were defined asirregular R-Rintervals
without distinct P waves lasting =30 seconds, consistent
with established guidelines [10]. All recordings were
analyzed with GE MARS 8.1 Holter analysis software, with
automatic detection confirmed by a cardiologist. Standard
artifact rejection, filtering, and detection thresholds were
applied according to manufacturer guidelines to ensure
data reproducibility. During the monitoring interval, pulse
rhythm was manually checked every 8 hours by neurology
residents, and patients recorded any cardiac complaints
(e.g., palpitations, presyncope) or hemodynamic instability
(e.g., systolic BP variations >40 mmHg) in hourly symptom
logs. All clinical observations were time-stamped and
correlated with Holter recordings. The effectiveness of 72-
hour Holter monitoring was defined as its ability to detect
previously unrecognized AF compared to baseline ECG and
clinical monitoring. Effectiveness was quantified by the
number of newly detected AF cases or additional AF cases
identified beyond baseline ECG, and diagnostic accuracy.
Demographic and clinical data, including age, gender, and
comorbidities (diabetes mellitus, hypertension, and
ischemic heart disease), were collected through
structured interviews and clinical records. Data were
analyzed using IBM SPSSversion 27.0. Continuous data like
age and monitoring time were reported as mean + standard
deviation after normality was checked by the Shapiro-Wilk
test. Categorical data like gender, comorbidities, Holter
initiation delay, and AF detection rate were reported as
frequenciesand percentages. Potential modifiers of effect
(gender, age, comorbidities, and delay in Holter monitoring)
were adjusted by stratification. Post-stratification was
compared by the Chi-square test or Fisher's exact test as
deemed appropriate, with a p-value <0.05 being
statistically significant.
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RESULTS

This study included 256 ischemic stroke patients with a
mean age of 65.4 + 11.2 years (range: 32-85), of whom 152
(59.4%) were male. Hypertension was the most common
comorbidity (70.3%, n=180), followed by diabetes mellitus
(39.8%, n=102) and ischemic heart disease (25.0%, n=64).
The mean time from presentation to Holter initiation was
2.8+0.9hours(Table1).

Table1: Baseline Characteristics of Study Participants(n=256)

Variables Mean £ SD, n(%)
Age Years 65.4+11.2
Male 152(59.4%)
Gender
Female 104 (40.6%)
Hypertension 180(70.3%)
Comorbidities Diabetes 102(39.8%)
Ischemic Heart Disease 64(25.0%)
Time to Holter Initiation Hours 2.8+0.9

The effectiveness of 72-hour Holter monitoring was
evaluated by its ability to detect previously unrecognized
AF in acute ischemic stroke patients. Baseline ECG
identified AF in 5(2.0%) patients, whereas 72-hour Holter
monitoring detected AF in17(6.6%) patients, uncovering 12
(4.7%) additional cases that were missed initially.
McNemar's test showed a statistically significant
difference between the two diagnostic methods (p =
0.002), confirming that extended Holter monitoring has a
superior diagnostic yield for detecting previously
unrecognized AF. Most AF episodes(82.4%, n=14)lasted 30
seconds to b minutes, while 3 exceeded 5 minutes. The
diagnostic accuracy of the 72-hour Holter was 95.3%,
indicating that prolonged monitoring is a reliable tool for
identifying new-onset AF inacute ischemic stroke patients
(Table?2).

Table 2: Newly Diagnosed Atrial Fibrillation on Baseline ECG vs 72-
Hour Holter Monitoring(n=256)

p-value
AF Detection Method n(%) (McNemar Test)
for ECG vs Holter
Baseline ECG 5(2.0%)
— 0.002*
72-Hour Holter Monitoring 17(6.6%)

Additional AF Cases Identified by Holter [ 12(4.7%) -

Diagnostic Accuracy of 72-Hour Holter
Monitoring

85.3% -

*p-value= 0.002<0.05 is significant, calculated through the
McNemartest

5(29.4%)AF cases were detected within 24 hours, 7(41.2%)
between 24-48 hours, and 5(29.4%) between 48-72 hours.
Nearly 70% of AF cases would have been missed with only
24-hour monitoring, highlighting the value of prolonged
assessment(Figure1).
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Figure 1: Percentage of Detection of Atrial Fibrillation Over 72-
HourHolter Monitoring

AF was significantly associated with patients aged 265
years, 14/120 (11.7%) (p=0.008). Hypertensive patients
15/180 (8.3%), and diabetic patients AF detection (6/64,
9.4% vs 11/192, 5.7%, p=0.029). No significant associations
were observed with gender (p=0.661), ischemic heart
disease (p=0.299), or delay in Holter initiation >2 hours
(p=0.802)(Table 3).

Table 3: Association of Atrial Fibrillation Detection with Clinical
and Demographic Characteristics(n=256)

Stratification Variables AF [:‘e(t%;ted, r:&%';’ va?l:le
<65 Years(n=136) | 3(2.2%) |[133(97.8%) .
Age - — 0.008°
>65 Years (n=120) 14(1.7%) |106(88.3%)
Gend Male (n=152) 1M(7.%2) | 141(92.8%) 0.667
enaer N
Female (n=104) 6(5.8%) 98(94.2%)
) Yes(n=180) 15(8.3%) | 165(91.7%) )
Hypertension 0.047"
No (n=76) 2(2.6%) | 74(97.4%)
Diabetes Yes (n=64) 6(9.4%) | 58(90.6%) 0,029
Mellitus No (n=192) M(65.7%) | 181(94.3%) |
Ischemic Heart Yes (n=64) 6(9.4%) | 58(90.6%) 0299
Disease No (n=192) M(65.7%) | 181(94.3%) |
Delay in Holter Yes (n=112) 8(7.1%)  |104(92.9%) .
( 0.802
>2 Hours) No (n=144) 9(6.3%) | 135(93.7%)

‘Chi-square test, "Fisher's exact test, as appropriate; * p-value
<0.05 consideredstatistically significant

DISCUSSION

This study demonstrated that 72-hour Holter monitoring is
an effective tool for detecting AF in patients with acute
ischemic stroke (6.6% of cases). This detection rate is
consistent with prior studies, such as a systematic review
reportinga6.27% prevalence of AF among stroke patients,
with higher yields linked to prolonged monitoring [11].
Similarly, Bisson et al. observed new-onset AF in 5.9% of
patients without prior AF after stroke, underscoring the
importance of early cardiac rhythm evaluation [12]. Our
higher detection rate compared to certain cohorts may
relate to the early initiation of Holter monitoring within 4
hours of admission. The incremental diagnostic advantage
of prolonged Holter monitoring over baseline ECG in our
study (6.6% vs. 2.0%, p=0.002) highlights the value of
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extended surveillance for paroxysmal AF episodes.
Comparable evidence shows that extending monitoring
beyond 24 hours substantially improves detection rates.
Forinstance, AF was identified in 4.5% of patients after 48
hours of Holter monitoring, while smartphone-based
monitoring yielded even higher rates of 8.3% [13]. Dussault
et al. similarly reported a three-fold increase in AF
detection with extended monitoring compared to routine
24-hour assessment. Meta-analytic evidence also
supports this, showing AF detection of 5.1% with <72 hours
monitoring compared to 15% with >7 days[14]. Our findings
align with this growing body of evidence that short-term
ECG alone is insufficient and prolonged monitoring
strategies are warranted. The temporal pattern of AF
detection in our cohort further underscores the
shortcomings of 24-hour monitoring. Only 29.4% of AF
cases were detected in the first 24 hours, while 70.6%
required the full 72 hours, consistent with prior work
highlighting the incremental benefit of prolonged
observation [15]. Enhanced monitoring approaches, such
as 10-day Holter ECG or patch-type devices, have been
shown to increase detection rates to 13.5% within six
months [16]. Kwon et al. also reported that 72-hour
adhesive patch monitoring increased AF detection by 1.6-
fold compared with 24-hour Holter, particularly improving
paroxysmal AF detection [17]. This study also identified
significant associations between AF detection and clinical
risk factors. Older age, hypertension, and diabetes mellitus
were strongly linked to higher AF prevalence, in line with
prior studies. For instance, Uhe et al. reported that AF
detection rates rose from 6% in patients under 60 years to
as high as 65% in those over 80 years using implantable
monitors [18]. Similarly, Halimi et al. demonstrated that
older age and hypertension were significantly associated
with AF during 14-day continuous monitoring[19]. Diabetes
and increasing comorbidity burden have also been
identified as independent predictors of AF[6]. The clinical
implications of these findings are significant. Continuous
monitoring strategies, including wearable patches and
implantable cardiac monitors, have demonstrated
meaningful impacts on patient management, including the
initiation of anticoagulation therapy and reductions in
recurrent stroke risk [20]. These study findings support
the incorporation of routine 72-hour Holter monitoringinto
post-stroke care, particularly in resource-constrained
settings where longer-term or invasive monitoring is less
feasible. Evidence also suggests that quality improvement
initiatives using prolonged monitoring can increase AF
detectionandlead tomoretimelyinterventions[21].

Despite these strengths, our study has limitations. Beinga
single-center, and cross-sectional study limited its
generalizability. The absence of long-term follow-up
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precludes assessment of recurrent stroke or the
effectiveness of anticoagulation therapy. Furthermore,
although 72-hour monitoring improves detection, very
brief orlate paroxysmal AF episodes may still be missed, as
longer-term monitoring or implantable devices provide
higheryields.

CONCLUSIONS

Seventy-two-hour Holter monitoring is a useful non-
invasive method of correctly detecting occult AF in
patients after acute ischemic stroke, with superior
diagnostic yield over baseline ECG. These results favor
routine use of 72-hour Holter monitoring as part of post-
stroke protocols, especially in settings with limited
resources, for early anticoagulant therapy initiation and
preventionof recurrent stroke.
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Bluntabdominal traumais one of the major causes of morbidity and mortality around the world.
The promptidentification of visceral damage is crucial for effective management, and FAST isa
proven, widely adopted first-lineimaging tool. Objectives: To investigate the diagnostic value of
FAST for ascertaining the presence of visceral injuries after blunt abdominal injury, keeping the
CT scan as the reference measure. Methods: A cross-sectional study was implemented at the
Department of Radiology, Aga Khan University Hospital, Karachi, from June 2025 to September
2025. A population of 103 patients meeting eligibility criteria with blunt abdominal trauma was
selected by non-probability consecutive sampling. FAST was performed on all patients, with the
findings subsequently correlated with subsequent CT scans. A 2x2 contingency table in which
the CT scan served as the gold standard was used to estimate sensitivity, specificity, positive
and negative predictive values of FAST, and its diagnosticaccuracy. SPSSversion 26.0 was used
to analyze data using the Shapiro-Wilk test. Results: FAST had a sensitivity of 88.24% and a
specificity of 81.16%. Total diagnostic accuracy was 83.50%. The PPV was 69.77% and the NPV
93.33%. FAST was noted to be highly efficient for detecting intra-abdominal injuries; however,
some false positives were also reported. Conclusions: FAST is a non-invasive, diagnostic
measure as a preliminary assessment of blunt abdominal trauma with a good sensitivity and
NPV, and hence turns out to be a useful screening test, particularly in resource-limited and
emergency settings.

INTRODUCTION

Traumaticinjury is one of the major causes of deathamong
people under the age of 45 years and plays a substantial
role in disease burden worldwide. Trauma is mostly bluntin
nature, with about 80% mortality resulting from
hypovolemic shock. Accurate and timely detection of
internal bleedingis therefore critical; however, it remains a
challenge, giving rise to one of the most important gaps in
knowledge in resource-limited environments, where the
optimized imaging strategies are not yet developed.
Computed tomography (CT) is considered to be the gold

standard for evaluating abdominal visceral injury in blunt
trauma [1]. It is sensitive in the detection of solid organ
parenchymallaceration, intraparenchymal hematoma, and
hollow viscus injuries. In addition, CT can be used to obtain
gradesofinjury, provide treatment guidance for associated
thoracic or pelvic trauma, and aid in surgical or
interventional planning [2]. Its multiplanar and contrast-
enhanced functions offer important anatomical details,
which are cardinal for trauma assessments [3].
Nevertheless, CT has shortcomings in acute trauma
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settings. Forinstance, the transportation of patientsto the
CT suite can delay resuscitation in unstable patients,
leading to deterioration of outcomes. Other issues include
exposure to ionizing radiation and the necessity of using
iodinated contrast media, especially in children, pregnant
patients, and those affected by renalissues[ 4 ]. Inaddition,
CT is quite costly, involves heavy infrastructure, and
requires human resources. Hence, the use of CT as a first-
line imaging modality for all patients with blunt trauma,
particularly those with hemodynamic instability, is
clinically debatable [5]. On the other hand, ultrasound has
logistical and safety benefits as it is easy to carry around,
repeatable, non-ionizing, and can be performed without
disrupting resuscitation efforts [6]. The current
ultrasound technology allows real-time evaluation of the
dynamic movement of intraperitoneal or pericardial fluid.
These qualities have contributed to the high rates of the
implementation of Focused Assessment with Sonography
in Trauma (FAST) in pre-hospital and emergency
department settings. FAST is primarily aimed at identifying
free intraperitoneal or pericardial fluid that is a sign of
internal hemorrhage. In the setting of blunt abdominal
trauma, this indicates hemoperitoneum resulting from
solid visceral injury, hollow viscus perforation, or both [7].
The presence of such fluids can be detected to institute
timely triage, such as emergency laparotomy,
interventional radiological procedures, or additional
imaging. In view of these, FAST is often criticized over
diagnostic performance, as it is operator-specific and is
dependentonthe education, experience, and knowledge of
the sonographer about the trauma protocols [8]. FAST is
sensitive in the detection of moderate to large fluid
accumulation but is insensitive to small-volume
hemoperitoneum or isolated parenchymal injury in the
absenceoffreefluid[9].

In acute blunt abdominal trauma, reliance on computed
tomography as the primary diagnostic modality is often
impractical in hemodynamically unstable patients and
resource-limited settings, while the true diagnostic
reliability of FAST remains uncertain. There is limited local
evidence directly correlating positive FAST findings with
CT-confirmed visceral injuries, highlighting the need for
context-specific validation of FAST accuracy in blunt
abdominal trauma. This study aimed to establish the
accuracy of positive FAST as a method of identifying
visceralinjuryinbluntabdominal trauma, keeping CT as the
goldstandard.

METHODS

This was a cross-sectional diagnostic accuracy study
designed to determine the sensitivity of FAST in visceral
damage following blunt abdominal trauma, using CT as a
reference tool [10]. The study was conducted in the
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Department of Radiology, Aga Khan University Hospital,
Karachi, Pakistan, a tertiary care hospital that manages a
high volume of emergency patients and is equipped with
advanced diagnostic imaging facilities. Clearance was
obtained from IRB(ID 2025-11517-35095) with an exemption
of informed consent as per protocol following approval of
synopsis by the CPSP (Ref no: CPSP/REU/RAD-2021-175-
3541). The duration of this study was sixmonths(June 2025
to September 2025). Ultrasound examinations were
performed by sonographers and residents with at least 1
year of experience. CT scans were conducted using a
Toshiba Aquilion 640 scanner. Sensitivity and specificity
with sample size (103) were calculated with the help of the
WHO sample size calculatoras shown in the population
pyramid(Figure1).

Population Pyramid of Trauma Patients
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6574

5564

45-54

35-44

25-34

1524
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Number of Patients

Figure1: Population Pyramid of Trauma Patients

Prevalence of visceral injury in the study population was
expected to be 20-40%, depending on the reported
prevalence in general cohorts of blunt abdominal trauma.
This is important because prevalence must be taken into
account in estimating the numbers of diseased and non-
diseasedsubjects. Afewimportant terminologiesand their
definitions related to the study include diagnostic
accuracy, which is the proportion of subjects correctly
classified as having or not having the target condition. It is
calculatedas{TP+TN}/{TP+TN+FP+FN}. Thismeasureis
influenced by disease prevalence andisnotindependent of
sensitivity and specificity. Blunt abdominal trauma is a
non-penetratinginjury of forcefulimpact, e.qg., falls, vehicle
accidents, or striking an object affecting the abdomen of a
person. Positive CT refers to observations that confirm or
validate positive FAST findings, i.e., presence of intra-
abdominal injuries. Here, the outcomes can be segregated
as: Sensitivity = TP /(TP + FN), Specificity =TN /(TN + FP),
Positive Predictive Value (PPV)= TP /(TP + FP), Negative
Predictive Value (NPV)=TN /(TN + FN). Patients who have
had a history of blunt abdominal injuries and presented to
the Emergency Room within one week of the insult,
abdominal pain that persisted after blunt trauma, and all
agesandgenders of patientswereincluded. Patientswitha
history of abdominal trauma, having known/pre-existing
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ascites(that could invert the results of FAST), and patients
who were positive in FAST examination but failed toreceive
further evaluation in CT in AKUH were excluded. The major
guantitative information was collected by means of
observation(FAST examination, CTimaging)and analysis of
the medical records. For secondary data, demographics
were collected from hospital records following the
Declaration of Helsinki research [11]. The safety of the
patients was assured by the administration of masked
identification codes rather than IDs to patients [12]. A
consultant radiologist applied the standard FAST protocol,
and records of data were recorded in a pre-designed
proforma, which included Demographics: age, gender,
mechanism of injury, location of impact point, use of other
conditions that may alter the interpretation of ultrasound,
FAST results, and CT results. The categorical variables
(gender, mechanism of impact, site of impact, FAST
results, CT findings) were illustrated in the form of
frequencies and percentages. Continuous variables (age)
were tested according to Shapiro Wilk whether they follow
a normal distribution or not [13]. FAST sensitivity was
estimated by the use of the 95% intervals of the study
population. Similarly, specificity, PPV, NPV, and diagnostic
accuracy were defined with 95% CI| to estimate the
parameters of the population [14]. SPSS version 26.0 was
used to conduct the statistical analysis. Shapiro-Wilk was
used for testing the normality of quantitative variables[15-
171.

RESULTS

Out of the 155 patients who were first enrolled under blunt
abdominal trauma, 52 patients were dropped, and this left
103 patients to be analyzed. The final sample consisted of
69 male (67%) and 34 female (33%) whose ages were
between 18 and 80 years (mean age 42.6 + 16.3 years). All
participants had undergone FAST and abdominal/pelvic CT
during a hospital admission. Spleen (n=12) and liver (n=8)
were the most commonly injured organs among the 34 CT-
positive cases, followed by combined liver/spleen (n=6),
kidney (n=4), pancreas (n=2), duodenum (n=1), and colon
(n=1). FAST detected splenic (91.7%) and liver injuries
(90.9%) more often than kidney injuries (71.4%, p=0.038),
because retroperitoneal bleeding occurs in the
retroperitoneal space, which is harder to see on standard
FAST scans compared to intraperitoneal hemorrhage
(Figure 2).
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Figure 2: Distribution of Visceral Injuries in Blunt Abdominal
Trauma

Diagnostic CT scan identified visceral injuries in 34
patients(33.0%)and noinjuriesin 69 patients(67.0%). FAST
was positive in 43 patients (41.7%) and negative in 60
patients(58.3%). Using CT asthe reference standard, FAST
demonstrated 30 true positives, 56 true negatives, 13 false
positives, and 4 false negatives. Figure 3 shows the
breakdown of these diagnostic outcomes(Figure 3).

3.9

54.4

False Negative (FN) B False Positive (FP)

True Negative (TN) M True Positive (TP)
Figure 3: FAST Diagnostic Performance Breakdown
Diagnostic indices of FAST in the diagnosis of visceral
injury were as follows: Sensitivity was 88.24% (395% Cl:
74.2-95.8%), specificity was 81.16% (95% Cl: ~70-89%),
Positive Predictive Value (PPV) was 69.77%, Negative
Predictive Value (NPV) was 93.33%, overall diagnostic
accuracy was 83.50%, and F1 score was 77.78%. These
findings suggest that FAST was sensitive in identifying
most patients with CT-documented visceral injury and
specific(excludinginjury)(Table1).
Table 1: Contingency Table for Diagnostic Performance of FAST in

Detecting Visceral Injury Secondary to Blunt Abdominal Trauma,
Using CT as Gold Standard(n=103)

Variables  Fraquoncy (%) Frequency (%) Number
FAST Positive 30/43(9.7%) TP | 13/43(30.3%)FP | 43
FAST Negative 4/60(6.7%)FN | 56/60(93.3%)T | 60
Total Number 34 69 103
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The high NPV indicates that a negative FAST result was
unlikely to miss important visceral injury in this population.
FP (n=13) were found mainly in the presence of minimal
peritoneal fluid of non-traumatic origin. In the 13 FPs,
84.6% had peritoneal fluid (less than 50 mL). This fluid was
subsequently found to be non-traumatic, like normal pelvic
fluid, fluid that was already present as ascites (incidental
and not known to the patient), or fluid that developed as a
result of inflammation. A Fisher's exact test validated the
existence of a close association between small fluid
volume and FP outcomes (p=0.001, odds ratio=12.4, 95%
Cl=3.2-48.1). FN (n=4) was common in isolated and solitary
solid organ injuries in the absence of massive
hemoperitoneum or bleeding volumes, too small to be
detectable by FAST. All FNs (n=4, 100%) were caused by
isolated solid-organ injuries in the presence of low-volume
hemoperitoneum (<200 mL). Chi-square test was done to
show that the factor of no moderate-large free fluid in
isolated injury showed a significant FN (p=0.012). It also
demonstrated that FAST failure was closely associated
withlow-volume hemoperitoneum(p=0.003). Sensitivity of
88.24% means that FAST missed approximately 12% of
cases with visceral injury, while the specificity of 81.16%
indicatesamoderate rate of FP(Figure 4).

FAST Diagnostic Performance in Blunt Abdominal Trauma

Specificity

Sensitivity

Accuracy

Figure 4: FAST Diagnostic Performance in Blunt Abdominal
Trauma

Out of significanceisthe NPV 93.33%(95% Cl: 84.2-97.4%),
which meant that a negative FAST essentially eliminated
any significant visceral injury in over 9 out of 10 cases. This
large NPV favors the clinical utility of FAST as a high-speed
screening tool in unstable trauma patients in the absence
of urgent CT. However, the moderate PPV of 69.77% (95%
Cl: 55.2-81.3%), in turn, highlights the importance of
confirmatory CT with positive FAST results to avoid
unnecessary surgery or intervention. The sensitivity of
88.24% observed is higher than the benchmark of 80%. No
statistically significant difference was detected in one-
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sample proportion testing (p=0.089), which may be
because of the lack of sufficient data(n=34 true positives).
However, the statistics validate that FAST has the lowest
acceptable sensitivity limits, which means it can be used
clinically.

DISCUSSION

This study presented a sensitivity of 88.24%(95%, Cl: 73.4-
95.4%), specificity of 81.16% (95%, Cl: 70.4-88.7%), which
demonstrates that FAST proves effective in the detection
of visceral injuries and can be considered a valid triage
assessment in resource-constrained environments where
CT is not available. High sensitivity provides a high-level of
detection of most patients with visceral injuries, which can
be addressed by a timely surgical or interventional
response. The study has a good range of sensitivity and
specificity in relation to recent studies. Glia and Hamir and
Rofananda et al. had greater sensitivity (98.3%)as they had
highly trained operators and controlled conditions, though
it appears that their specificity is low, indicating they over-
interpret some results [18, 19]. Conversely, Jabbar et al.
attained greater specificity (97.8%) due to optimized
protocols in fixed cohorts [20]. Current findings are
mirroredinstudies by Gliaand Hamirand Rashid et al. which
indicate moderate-to-high performance that can be
replicated in other similar clinical settings [18, 21]. The
negative predictive value of 93.33% (95%, Cl:84.1-97.4%)
means that negative FAST predicts the absence of any
significant visceral injury with a high degree of reliability in
over 93% of patients. This large NPV is comparable to
Rofanandaetal.(91.2%)and higher than Salah et al.(88.5%),
which confirmsthe validity of FAST in the emergency triage
[19,17]. Observation protocols are safe in hemodynamically
stable patients with a negative FAST, without unnecessary
radiation and costs, in case of the unavailability of urgent
CT. The high NPV 93.33% (95% ClI: 84.1-97.4%) indicates
that clinicians can be sure that there is no serious visceral
injury in hemodynamically unstable patients with a
negative FAST, allowing clinicians to promptly focus on
extra-abdominal sources of hemorrhage or to begin
observation protocol even before a CT scan. Nevertheless,
the FN rate was 6.7%, which requires serial tests and
constant clinical follow-up. The positive predictive value of
69.77% implies that nearly 30% of positive FAST outcomes
could be false. Our PPV is similar to Jabbar et al. [20](72.4
%), but lower than Rashid et al. (85.3%)[21]. The FP (n=13)
was primarily because of non-traumatic peritoneal fluid,
like physiologic ascites or pelvic fluid, and this is why
confirmatory CT of a stable patient with positive FAST is
necessary to help avoid unnecessary surgery. FN (12% of
real injuries) were primarily due to isolated solid organ
injuries that did not have extensive hemoperitoneum.
These instances illustrate that FAST is not able to detect
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smaller volumes of bleeding or lack of free fluid
parenchymal injuries. This has clinical implications for
serial FAST examination and close observation for trauma
patients who are persistently abdominally tender even
after the early negative FAST. The strengths of the study
included prospective data collection, standardization of
FAST protocols, and CT confirmation in each and every
case, which gave high diagnostic accuracy. The clinical
practice environment of the emergency departmentin the
real-world setting increases the applicability of the results
to other tertiary hospitals with resource constraintsin the
samearea.

There are certain limitations, such as the variability of
operators, since FAST exams were conducted by different
radiologists and emergency physicians without
standardized proficiency evaluation. Omission of
penetratinginjuriesand cases without follow-up CTisarisk
of biasing the sample to the hemodynamically stable cases.
The sample size (n=103) is small for estimates with high
accuracy, particularly in subgroups. Future studies should
test longer FAST (E-FAST) protocols to diagnose
pneumothorax and retroperitoneal trauma, adopt
standardized operator training, and consider artificially
intelligent assisted estimations as reported by computer
scientists to lessen variability introduced by operators and
enhance the accuracy of diagnosis in the Emergency
Department.

CONCLUSIONS

FAST is a valid and quick screening method for identifying
bluntintra-abdominal visceral injuries. The study supports
its application in emergency and resource-constrained
environments. Confirmatory CT is necessary for detailed
assessment and characterization of injuries to guide
subsequent management. FAST and CT are
complementary methods that maximize the diagnostic
accuracy, patientoutcomes, andresource usage.
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Preterm labor remains a major contributor to perinatal morbidity and mortality, particularly in
low- and middle-income countries. Identification of maternal risk factors is essential for
prevention, timely intervention, and improved pregnancy outcomes. Objectives: To determine
the frequency of maternal risk factors associated with preterm labor in a tertiary care setting.
Methods: A descriptive cross-sectional study was conducted at the Department of Obstetrics
and Gynaecology, University of Lahore Teaching Hospital, from May 3, 2025, to August 2, 2025. A
total of 155 multigravida women aged 20-40 years with gestational age <37 weeks, diagnosed
with preterm labor, were included through non-probability consecutive sampling. Data were
collected using a structured proforma and analyzed in SPSS version 25.0. Descriptive statistics
were calculated, and stratification was done with the chi-square test, considering p<0.05 as
significant. Results: The mean maternalage was 31.03+5.89 years, and mean gestational age at
delivery was 33.88+1.43 weeks. The most frequent maternal risk factors were vaginal discharge
(46.5%), urinary tract infection (45.2%), anemia in pregnancy (39.4%), previous cesarean
section (23.9%), and gestational hypertension (18.1%). A history of previous preterm birth was
present in 12.9% of women, leaking per vagina in 11.6%, and placental abruption in 2.6%.
Conclusions: Infections, particularly vaginal discharge and urinary tract infection, were the
leading maternal risk factors associated with preterm labor in this population. Routine
screening and prompt management of maternal infections, alongside targeted antenatal
interventions, may helpreduce the burden of pretermbirths.

INTRODUCTION

Preterm labor, characterized as the commencement of
labor before 37 weeks of gestation, represents a critical
public health concern on a global scale and is a
predominant contributor to neonatal morbidity and
mortality [1]. Annually, there are approximately 15 million
(11.1%) preterm births out of all births worldwide, with 13.3%
of these occurrences taking place in South Asia exclusively
[2]. A multitude of elements have been recognized as
contributing factors to the occurrence of preterm birth.
Socio-demographic variables, including maternal

ethnicity, advanced maternal age, and tobacco use, have
been documented as significant risk factors for preterm
delivery [3]. Several studies have consistently
demonstrated associations between maternal
characteristics and the risk of preterm birth. Factors such
as low educational attainment, poor nutritional status, and
limited access to antenatal care services have been shown
to elevate the likelihood of preterm delivery [4]. Similarly,
obstetric determinants, including primigravity, prior
preterm birth, and a history of cesarean section, have been
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linked with increased susceptibility [5]. However, the
relative importance of these factors can vary according to
regional disparities in healthcare access, socioeconomic
conditions, and infection prevalence, which underscores
the necessity of context-specific investigations. The
scarcity of multicenter or hospital-based studies in
Pakistan that quantify these associations using robust
data limits the translation of findings into targeted clinical
or preventive strategies[6]. In addition, infections such as
urinary tract infection and bacterial vaginosis have been
implicated as key contributors to preterm labor, with
evidence suggesting that untreated genital or urinary
infections may account for nearly 40% of spontaneous
preterm deliveries in low- and middle-income countries
[7]. In Pakistan, limited research has systematically
evaluated the combined contribution of maternal
infections and metabolic conditions to preterm labor
outcomes. A cross-sectional study from Karachi reported
that urinary tract infections and anemia were among the
top predictors of spontaneous preterm birth, emphasizing
the preventable nature of these factors in low-resource
hospital settings [8]. Similarly, a study from Peshawar
found that socioeconomic status and antenatal care
access strongly influenced preterm birth rates,
underscoring the multifactorial nature of the condition in
Pakistaniwomen[9].

Despite the known global and regional risk factors, preterm
labor remains a leading cause of neonatal morbidity and
mortality in Pakistan, with limited data to inform context-
specific preventionand management strategies. Thereisa
scarcity of systematic, hospital-based studies in Pakistan
that comprehensively evaluate maternal
sociodemographic, obstetric, and infectious risk factors,
highlighting the need for localized evidence to guide
clinical and public health interventions. To identify and
quantify maternal risk factors associated with preterm
laborinatertiary care hospital settingin Pakistan.

METHODS

This descriptive cross-sectional study was conducted at
the Department of Obstetrics and Gynaecology, University
of Lahore Teaching Hospital, from May 3, 2025, to August 2,
2025. A total of 155 pregnant women were included in the
study, with the sample size calculated using a 95%
confidence level, 5% margin of error, and an estimated
frequency of prior preterm birth at 11.14% [8]. The ethical
approval of the research was obtained from the
Institutional Review Board of University College of
Medicine and Dentistry (UCMD), Lahore (ERC/91/23/08).
Informed written consent was obtained from all
participants after fully explaining the purpose, procedures,
voluntary nature of participation, the right to withdraw, and
measures taken to ensure confidentiality. Data were
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collected prospectively using a structured proforma
designed to capture all relevant variables. Information was
obtained through direct interviews and review of antenatal
and deliveryrecords. Participants were followed from their
first antenatal visit until delivery. Follow-ups were
scheduled reqularly to track antenatal care utilization,
maternal health conditions, and pregnancy outcomes. A
non-probability consecutive sampling technique was
employed. Women aged 20 to 40 years, who were
multigravida with parity of one or more and a gestational
age of less than 37 weeks, were included if diagnosed with
preterm labor based on clinical signs such as regular
uterine contractions, vaginal discharge of mucus plug or
bloody show, cervical changes on examination, or
transvaginal ultrasound(Mindray DC-30(Shenzhen Mindray
Bio-Medical Electronics Co., Ltd. China) measurement of
cervical length. Women with multiple pregnancies, pre-
existing maternal comorbidities, known fetal
abnormalities, or those who declined to give consent were
excluded. Maternal age, education level, socioeconomic
status, area of residence, and smoking status were
recorded. The body mass index (BMI) was calculated using
pre-pregnancy or early pregnancy measurements of
weight and height. Besides documenting current
pregnancy risk factors, the obstetric history was also
documented, including prior preterm birth(delivery before
37weeks)and previous cesarean section, based on medical
records and patient history. The number of antenatal care
(ANC) visits was also recorded to assess care utilization.
Maternal hemoglobin readings were taken as part of the
routine laboratory tests, as documented in the patient
files. The cases of gestational hypertension were
determined by checking the antenatal and admission blood
pressure values. The diagnosis was presumed when
women had new-onset hypertension after 20 weeks of
gestational age, which was systolic blood pressure of 140
mmHg and/or diastolic blood pressure of 90mmHg,
measured on two or more occasions. Cases that had
documented hypertension and had neither proteinuria nor
systemic features indicating preeclampsia were
characterized as gestational hypertension. The
measurements of blood pressure were taken with standard
sphygmomanometers during routine antenatal visits or
hospitalization. Primary data on vaginal discharge were
measured via patient-reported symptoms and clinical
examination outcomes that were made available by the
attendingobstetrician. The diagnosis of UTIhasbeen made
according to the regular findings of antenatal or admission
urinalysis, which can be found in the medical record of the
patient. The procedure of collectingand testingmidstream
urine was conducted in an aseptic manner and through the
conventional hospital laboratory tests, such as urine
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dipstick and urine microscopes. Descriptive statistical
methods were employed using SPSS version 25.0. For
continuous variables like maternal age, gestational age at
delivery, and number of antenatal care (ANC) visits, the
mean and standard deviation were computed. Categorical
variables, including previous preterm birth history,
presence of urinary tract infection (UTI), anemia,
hypertensive disorders, and vaginal leakage, were
presented as frequencies and proportions. Data
stratification was performed based on maternal age,
parity, body mass index (BMI), smoking behavior,
educational attainment, socioeconomic standing, and
residential location. Post-stratification analysis was
carried out using the chi-square test. Statistical
significance was determinedatathreshold of p<0.05.

RESULTS

Alittle over half were aged 31-40 years (83 women, 53.5%),
while 72 women (46.5%)were 20-30 years, with a mean age
of 31.03 +5.89 years. Regarding BMI, 84 women (54.2%)had
a normal BMI, 51(32.9%) were overweight, and 20 (12.9%)
were obese, givingamean BMI of 25.31+3.38 kg/m?. Slightly
more participants were multiparous (82, 52.9%) than
nulliparous/primiparous (73, 47.1%). Education levels
varied: 51(32.9%) had secondary, 50 (32.2%) primary, 39
(25.2%) tertiary, and 15 (9.7%) no formal schooling.
Socioeconomic status was predominantly low (80, 51.6%),
followed by middle (52, 33.5%) and high (23, 14.9%).
Residence was evenly distributed between urban (80,
51.6%)and rural (75, 48.4%). Only 1Twoman (0.6 %) reported
smoking, while 154 (99.4%) were non-smokers. The
average number of antenatal care (ANC) visits was 4.55 +
2.27, and the mean gestational age at delivery was 33.88 +
1.43 weeks, confirming the preterm status. All participants
delivered preterm, confirming that the study population
exclusively comprised women with pretermlabor(Table1).
Table1: Frequency Distribution of Different Variables(n=155)
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Secondary 51(32.9%)
Tertiary 39(25.2%)
Low 80(51.6%)
Socio-Economic Status Middle 52(33.5%)
High 23(14.9%)
) Rural 75(48.4%)
Residence
Urban 80(51.6%)
Smoking Yes 1(0.6%)
No 154(99.4%)
Mean Number of ANC Visits 4.55+2.27
Gestational Age on Delivery / Preterm Labor
(<37 Completed Weeks) 33.88£1.43

The most prevalent issues were vaginal discharge in 72
women (46.5%) and urinary tract infection (UTI) in 70
women (45.2%). Anemia was also common, affecting 61
women(39.4%). Ahistory of cesarean section wasreported
in 37 women (23.9%), and gestational hypertension in 28
(18.1%). Fewer women had a history of preterm birth (20,
12.9%), leaking pervagina(18,11.6 %), or placental abruption
(4, 2.6%). These values suggest that infectious and
hematological conditions were more frequent contributors
topretermlaborthan obstetric complications(Table 2).

Table 2: Frequency Distribution of Maternal Risk Factors in
Preterm Labor

Maternal Risk Factors in Preterm Labor Frequency (%)
Previous Preterm Birth 20(12.9%)
Previous C-Section 37(23.9%)
Gestational Hypertension 28(18.1%)
Urinary Tract Infection 70(45.2%)
Vaginal Discharge 72 (46.5%)
Leaking Per Vagina 18(11.6%)
Anemia In Pregnancy 61(39.4%)
Placental Abruption 4(2.6%)

. Frequency (%),
Variables Mean + SD
20-30 Years 72 (46.5%)
Age Groups 31-40 Years 83(53.5%)
Mean Age (Years) 31.03+5.89
Normal 84(54.2%)
Overweight 51(32.9%)
BMI Obese 20(12.9%)
Mean Weight (kg) 16.30 £ 6.85
Mean Height (cm) 161.02 +5.77
Mean BMI (kg/m’) 25.31+3.38
. Nulliparous/Primiparous 73(47.1%)
Parity -
Multiparous 82(52.9%)
. No Formal Education 15(9.7%)
Educational Level -
Primary 50(32.2%)

The analysis demonstrated that maternal risk factors for
preterm labor—such as previous preterm birth, gestational
hypertension, urinary tract infection, vaginal discharge,
and anemia were evenly distributed across demographic
and socio-environmental groups, with no statistically
significant associations (all p>0.05). Demographically,
older, multiparous, and obese women showed slightly
higher frequencies of anemia and previous preterm birth,
though these differences were not meaningful. Socio-
environmental comparisons revealed marginally higher
infection-related risks (UTI and vaginal discharge) among
women of low socioeconomic status and rural residence,
while gestational hypertension and anemia appeared more
commoninruralareas(Table 3).
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Table 3: Stratification of Maternal Risk Factorsin Preterm Labor by Demographic Characteristics

Variables Age (20-30 Years) Age (31-40 Years) Normal BMI Overweight Obese Nulli/Primiparous Multiparous p-value
Previous Preterm Birth n1% 14.5% 14.3% 5.9% 25.0% 9.6% 15.9% 0.083-0.535
Gestational Hypertension 20.8% 15.7% 16.7% 21.6% 15.0% 21.9% 14.6% 0.239-0.719
Urinary Tract Infection 45.8% 44.8% 50.0% 37.3% 45.0% 46.6% 43.9% 0.353-0.876
Vaginal Discharge 47.2% 45.8% 50.0% 43.1% 40.0% 46.6% 46.3% 0.611-0.977
Anaemia In Pregnancy 33.3% 44.8% 38.1% 37.3% 50.0% 31.5% 46.3% 0.089-0.577

The relationship between maternal risk factors for preterm labor and socio-environmental characteristics, including
socioeconomic status, residential setting, and smoking habits, has also been presented. Although none of the associations
reached statistical significance (p>0.05), distinct patterns were evident. Women from low socioeconomic backgrounds and
ruralareas demonstrated slightly higher rates of urinary tractinfections, vaginal discharge, and anemia, suggesting possible
links to limited healthcare access, hygiene disparities, and nutritional deficiencies. Gestational hypertension was also more
prevalent among rural women, indicating potential environmental or lifestyle influences. Due to the very small number of
smokersinthe sample, resultsrelated to smoking could not be generalized(Table 4).

Table 4: Stratification of Maternal Risk Factorsin Preterm Labor by Socio-Environmental Characteristics

Variables LowSES MiddleSES High SES Smokers  Non-Smokers p-value
Previous Preterm Birth 12.5% 1N.5% 17.4% 14.7% 1.3% 100.0% 12.3% 0.129-0.775
Gestational Hypertension 17.5% 21.2% 13.0% 25.3% 1.3% 100.0% 17.5% 0.085-0.689
Urinary Tract Infection 51.2% 40.4% 34.8% 45.3% 45.0% 100.0% 44.8% 0.262-0.967
Vaginal Discharge 50.0% 44.2% 39.1% 48.0% 45.0% 0.0% 46.8% 0.350-0.708
Anaemia In Pregnancy 36.3% 40.4% 47.8% 49.3% 30.0% 0.0% 39.6% 0.084-0.595

DISCUSSION

Preterm labor is a multifactorial condition with complex
interactions between maternal, fetal, and environmental
factors, and remains a leading cause of neonatal morbidity
and mortality worldwide. In the present study, the most
frequent maternal risk factors were vaginal discharge
(46.5%), urinary tract infection (45.2%), anemia in
pregnancy (39.4%), previous cesarean section (23.9%),
gestational hypertension (18.1%), and previous preterm
birth (12.9%), with less common findings including leaking
per vagina (11.6%) and placental abruption (2.6%). These
findings align with the consensus that infectious etiologies
and maternal comorbidities play a major role in the
pathophysiology of pretermlabor. Vaginal discharge, which
in this study was reported in nearly half of the cases, has
been previously documented as a strong indicator of
genital tract infections leading to inflammatory cascades
that precipitate uterine activity. A study conducted in Sub-
Saharan Africareported abnormalvaginal discharge in 38%
of women presenting with preterm labor, which is slightly
lowerthanthe proportioninthe present study, possibly due
toregional variationsin microbiological floraand access to
early antenatal screening [10]. Similarly, Etil et al.
documented a prevalence of 41%, which is also
comparable, supporting the argument that untreated
vaginal infections remain a persistent problem in low-
resource settings despite antenatal care programs [11].
Urinary tract infection was present in 45.2% of the current
cohort, reinforcing its status as a significant preventable

risk factor for preterm birth. Several studies have reported
similar associations, with prevalence rates ranging from
25% to 50%. For instance, a tertiary care hospital study in
Nigeria found UTls in 42% of preterm labor cases, while a
South African study reported a prevalence of 36% [10, 12].
This consistency suggests that asymptomatic bacteriuria
screening should be emphasized as part of routine
antenatal visits, especially given that timely treatment can
significantly reduce preterm birth risk. Anemia in
pregnancy, observed in 39.4% of our participants, mirrors
the burden reported in other South Asian populations,
where nutritional deficiencies and limited access to
supplementation remain challenges. In a study from rural
Pakistan, anemia was found in 34% of preterm deliveries
[13], while an Ethiopian study reported a higher prevalence
of 46% [14]. The slightly higher rate in Ethiopia may be due
to concurrent high rates of malaria and hookworm
infections, which exacerbate iron deficiency. The
association between anemia and preterm labor is
biologically plausible through mechanisms of impaired
oxygen delivery to the placenta and altered maternal
immune response, further justifying aggressive nutritional
interventions in antenatal care protocols. A history of
previous cesarean section was noted in 23.9% of
participants. This is comparable to the 21% reported in a
SaudiArabian cohort, though higherthanthe 15% observed
in a Ugandan study in a systematic review [15]. Scar tissue
from prior cesarean deliveries can alter uterine
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contractility and cervical competence, predisposing to
preterm labor. Given rising cesarean rates globally, this
factor warrants careful risk stratification in subsequent
pregnancies. Gestational hypertension was reported in
18.1% of our cases, aligning with prevalence rates of 16 % to
20% in studies from China and India [16, 17]. Hypertensive
disorders in pregnancy can trigger early delivery through
iatrogenic intervention or spontaneous onset due to
placental dysfunction. The similarity in rates across
diverse populations highlights the universality of this risk
and the need for robust antenatal blood pressure
monitoring programs. Previous preterm birth, present in
12.9% of participants, is a well-established predictor of
recurrence. Studies in Rwanda and Ethiopia have reported
similar proportions, ranging from 10% to 15% [18, 19]. This
reinforces the need for heightened surveillance and
targeted preventive measures, such as progesterone
supplementationand cervical length monitoring, inwomen
with suchahistory. Leaking pervagina, recordedin11.6 % of
cases, is a marker of preterm pre-labor rupture of
membranes (PPROM). This finding is consistent with a
Tanzanian study reporting PPROM in 13% of preterm cases.
Prompt diagnosis and antibiotic prophylaxis in such cases
can reduce neonatal morbidity by mitigating the risk of
ascending infection [20]. Placental abruption was rare in
this cohort(2.6%), similar to the 2-4% prevalence reported
in large multicenter studies. Although infrequent, its
occurrence carriesahighrisk of adverse maternal and fetal
outcomes, often necessitating urgent delivery [21].
Comparable rates have been documented in regional
studies; for instance, a tertiary hospital study in Karachi
found placental abruption in 2.8% of preterm deliveries,
primarily associated with hypertensive disorders and
maternal anemia [22]. Likewise, a study from Dubai
reported a 3.1% prevalence, with similar associations
between abruption, preeclampsia, and poor antenatal care
utilization [23]. These findings highlight that even though
placental abruption is uncommon, its impact on perinatal
morbidity and mortality remains substantial.

This study was conducted at a single center with a limited
sample size, which may affect the generalizability of the
findings. Additionally, it relies on retrospective data and
self-reported history, which may introduce reporting or
selectionbias. Prospective multicenter studiesare needed
to validate risk factors and develop targeted interventions
for preventing pretermlaborinhigh-risk populations.

CONCLUSIONS

This study identified vaginal discharge (46.5%), urinary
tract infection (45.2%), and anemia (39.4%) as the leading
maternal risk factors associated with preterm labor,
followed by previous cesarean section, gestational
hypertension, and prior preterm birth. A large share of
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preterm births in Pakistan could be prevented through
routine antenatal screening and management of maternal
infections, anemia, and hypertension.
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Cardiovascular disease is a major health burden in Pakistan, where access to cardiac surgery is
limited. Understanding disease patterns and cardiac surgical procedures in high-burden
societies can guide resource allocation to improve patient outcomes. Objectives: To evaluate
retrospectively the pattern of adult cardiac surgical procedures and their outcomes performed
by asingle surgeonat atertiary hospital in Pakistan. Methods: This retrospective observational
study included 1,404 consecutive adult patients operated on by a single surgeon at CPEIC,
Multan. Data were collected from all consecutive adult patients (>15 years), of either sex, who
underwent surgery by a single cardiac surgeon between May 2018 and July 2025. The data were
obtained from a prospectively maintained surgeon's database. Fisher's exact test was used for
small group comparisons. Results: A total of 1,404 patients underwent cardiac surgery.
Coronary artery bypass grafting comprised 70.0% (on-pump 55.9%, off-pump 11.3%), valvular
surgery 21.6 %, congenitalrepairs 2.3%, aorticroot 1.0%, and post-MIVSRrepair 1.5%. Inisolated
CABG, the internal mammary artery was used in 92.4%, with a mean of 2.96 + 0.93 grafts.
Complicationsoccurredin 20.4%. Early mortality was 3.1%, with the lowest rates in CABG(1.9%)
and the highest in VSR repair (23.8%). Ventilation time and hospital stay were significantly
longer in aortic root and redo procedures (p<0.05). Conclusions: Over seven years, CABG and
valvular procedures predominated, with overall mortality and complication rates comparable to
regional benchmarks. On-pump CABG provided more complete revascularization, while
complexsurgeries carriedahigherrisk.

INTRODUCTION

Cardiovascular disease (CVD)is the leading cause of death
worldwide. More than half a billion people around the world
are affected by cardiac diseases[1, 2]. In South Asia, there
is an increasing trend of mortality among patients with
ischemic heart disease, resulting in 0.16 years of loss of
healthy life expectancy [3]. In South Asia, including
Pakistan, rheumatic heart diseaseismore prevalentthanin
developed countries, resulting in a significantly increased
need for mitral and aortic valve procedures. [4] However,
contemporaryinstitutional datadescribing the fullrange of
cardiac procedures and associated early outcomes in
Pakistan remain limited, with most published studies

focusing onisolated procedures or small cohorts. Pakistan
has a massive cardiovascular disease burden, with both
incidence and mortality exceeding global averages. The
Global Burden of Disease 2019 estimated the age-
standardized incidence of CVD at 918 per 100,000 and the
mortality rate at 358 per 100,000, which is significantly
higher than the worldwide rates [3]. A multicenter cohort
reported a 34.9% prevalence of coronary artery disease
(CAD), with hypertension, diabetes, obesity, and smoking
as major risk factors. [5] Local case-control data from
Nawabshah further highlight obesity, hyperlipidemia,
diabetes, and smoking as strongly associated with CAD[6].
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Cardiac surgery in Pakistan began in the late 1950s with
closed-heart procedures, followed by the country's first
open-heart surgery in 1967-68 at United Christian Hospital,
Lahore [7, 8]. Postoperative morbidity after cardiac
surgery is a key determinant of survival and resource
utilization. Reporting outcomes is crucial for enhancing
care and informing policy in resource-constrained
settings. This study hypothesized that, despite a diverse
and high-risk population, early morbidity and mortality at
our center would be comparable to international
standards.

Despite the high burden of cardiovascular disease and the
growing need for diverse cardiac procedures in Pakistan,
comprehensive institutional data on the full spectrum of
adult cardiac surgeries and their early outcomes remain
limited. Most available studies focus on isolated
procedures or small cohorts, highlighting the need for
single-center, longitudinal data to inform clinical practice,
resource allocation, and policy in resource-constrained
settings.

METHODS

The retrospective observational study was conducted at
the Department of Cardiac Surgery, Chaudhry Pervaiz Elahi
Institute of Cardiology, Multan, Pakistan. Data included all
consecutive adult patients (>15 years) of either sex
operated on by a single cardiac surgeon between May 2018
and July 2025, and the study was conducted from July to
oct 2025. Before data collection commenced, institutional
ethical approval was obtained (No. 238). Cardiovascular
procedures like coronary artery bypass grafting, cardiac
valve replacement or repair, aortic surgery, surgery on the
pericardium, and adult congenital repairs were included.
Patients operated on by other surgeons and minor vascular
or cardiac procedures, e.qg., arterial embolectomy, carotid
endarterectomy, and pericardial effusion drainage, were
excluded from the study. The study utilized a prospectively
maintained surgeon's database, in which data were
recorded in Microsoft Excel. Patients' preoperative,
intraoperative, and postoperative characteristics were
recorded. All procedures were carried out by a single
experienced cardiac surgeon following standardized
institutional protocols for anesthesia, myocardial
protection, and postoperative management. For coronary
artery bypass grafting (CABG), a median sternotomy was
performed with cardiopulmonary bypass(CPB)established
via aortic and right atrial cannulation; myocardial
protection was provided with cold blood cardioplegia. In
off-pump cases, mechanical stabilizers and intracoronary
shunts were used. The left internal mammary artery (LIMA)
was the preferred conduit for the left anterior descending
artery, with additional venous or radial grafts used as
needed. Valvular surgeries were conducted under CPB with
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aortic cross-clamping, utilizing mechanical or
bioprosthetic valves as appropriate, and repairs were
attempted when feasible. Procedures involving the aortic
rootandascendingaortaemployed Composite tube grafts,
while pericardiectomy was performed via median
sternotomy. Adult congenital defects such as ASD and VSD
were repaired under CPB with patch closure. Early
mortality was defined as death during the initial
hospitalization or within 30 days post-surgery, whereas
late mortality referred to any death occurring after
discharge but within six months of the operation. The
collected variables comprise age, sex, and comorbidities
like diabetes, hypertension, and smoking. Preoperative
assessment included echocardiography (left ventricular
ejection fraction, chamber dimensions, valvular
morphology and severity, and pulmonary pressures) and
coronary angiography (extent and severity of coronary
artery disease). Additional variables recorded were HbAlc,
serum creatinine, severity of carotid disease on carotid
Doppler, abdominal ultrasonographic findings, priority
status, operative details including type of procedure, use
of cardiopulmonary bypass (CPB), use of left internal
mammary artery (LIMA), coronary endarterectomy, cross-
clamp and bypass durations, need of intraaortic balloon,
and conversions from off-pump to on-pump techniques.
Postoperative outcomes assessed were early mortality,
defined as death during the index hospitalization or within
30 days of surgery; The primary morbidity outcome was
defined as “any postoperative complication,” referring to
the occurrence of at least one adverse event following
surgery. This composite measure included perioperative
myocardial infarction (postoperative peak CK-MB >bx
baseline), atrial or other arrhythmias, stroke, renal
dysfunction (a >2-fold rise in serum creatinine from
preoperative levels), re-exploration for bleeding or
tamponade, pleural effusion requiring intervention,
prolonged mechanical ventilation, and extended hospital
stay. Patients who experienced more than one
complication were counted only once in this composite
outcome. Patients' contact information was documented,
and postoperative follow-up was advised. Writteninformed
consent was taken. The initial follow-up visit occurred two
weeks after discharge in the Surgical Outpatient
Department, followed by subsequent monthly visits for
ongoing evaluation for 6 months after discharge. Data were
analyzed using IBM SPSS Statistics version 26.0(IBM Corp.,
Armonk, NY, USA). Continuous variables were presented as
mean * standard deviation, while categorical variables
were presented as frequencies and percentages.
Comparisons between categorical variables were made
using the Chi-square test or Fisher's Exact test, as
appropriate, depending on expected cell frequencies.
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Where subgroup counts were small(<5), Fisher's Exact test
Monte Carlo correctionwasapplied.

RESULTS

Between May 2018 and July 2025, a total of 1,404 patients
underwent cardiac surgery at Chaudhry Pervaiz Elahi
Institute of Cardiology (CPEIC), Multan. The mean age was
49.2 + 13.7 years (range 15-82), and 76.9% were male.
Diabetes mellitus was present in 31.7%, hypertension in
37.2%, and smoking in 14.9% of the cohort. Carotid duplex
revealed normal carotid arteries in 871 (62.0%) patients,
mild disease in 495(35.3%), moderate disease in 26 (1.9%),
and Severe stenosis(=50% internal carotid artery stenosis)
in 12 (0.9%). Abdominal ultrasound was normal in 64% of
cases, whereas 15.6 % had fatty liver, 7.5% congested liver,
3.5% renal cysts, and 2.6% gallstones. The mean ejection
fraction was 51.3 + 9.6%, with corresponding mean left
ventricular internal diameters of 48.1+ 8.0 mm in diastole
and 33.9 + 7.0 mm in systole. Mean serum creatinine
(n=1382) was 0.99 + 0.29 mg/dL, and HbAlc (n=1278) was
6.58 + 1.50%. Most operations were elective (91.6%), with
8.1% performed urgently and 0.3% emergently. Coronary
artery bypass grafting (CABG) was the most commonly
performed procedure (n=983, 70%). Isolated valvular heart
disease constituted 21.0% of the operative workload,
simple congenital surgery accounted for 2.9%, and
ruptured sinus of Valsalva(RSOV)repair was performedin7
cases (0.5%). Other operations included Aortic root
surgery (n=15, 1.0%), post-MI VSR repair (n=21, 1.5%),
minimally invasive cardiac surgery (n=8, 0.6%), left atrial
myxoma excision (n=7, 0.5%), redo operations (n=6, 0.4%),
and pericardiectomy(n=6, 0.4%)(Tablel).

Table1: Spectrum of Procedures Performed

Operations Fret(];:e)ncy Operations Fre?;,e)ncy
OFF Pump CABG 158(11.3%) On Pump CABG 785(55.9%)
On-Pump Beating 7(0.5%) AVR 63(4.5%)

MVR 12(8.0%) DVR 50(3.6%)
ASD Prim 1(0.1%) ASD Sec 231.6%)
ASD SV 7(0.5%) RSOV 6(0.4%)
Redo Surgery 6(0.4%) VSR Repair 21(1.5%)
Aortic Root Surgery 15(1.1%) MV Repair 3(0.2%)
MICs 8(0.6%) LA Myxoma Excision 9(0.6%)
Miscellaneous 6(0.4%) Pericardiectomy 6(0.4%)
SAM 2(0.1%) RVOT 2(0.1%)
CABG +MVR 7(0.5%) CABG+DVR 1(0.1%)
CABG + ASD Repair 1(0.1%) TVR 1(0.1%)
CABG +AVR 16(1.1%) MVR +TVR 52(3.7%)
DVR+TVR 17(1.2%) ASD +MVR 4(0.3%)
VSD 2(0.1%) AVR +VSD Repair 5(0.4%)
CABG + Mv Repair 8(0.6%) - -

Abbreviations: CABG, coronary artery bypass grafting; OPCAB,
off-pump coronary artery bypass grafting; AVR, aortic valve
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replacement; MVR, mitral valve replacement; DVR, double valve
replacement; TVR, tricuspid valve replacement; MV repair, mitral
valve repair; ASD, atrial septal defect (Prim = primum type; Sec =
secundum type; SV =sinus venosus type); VSD, ventricular septal
defect; RSOV, ruptured sinus of Valsalva; VSR, ventricular septal
rupture (post-myocardial infarction); MICs, minimally invasive
cardiac surgery; LA Myxoma, left atrial myxoma excision; SAM,
subaortic membrane resection; RVOT, right ventricular outflow
tractrepair.

The left internal mammary artery (LIMA) was utilized in
92.4% ofiisolated CABG cases. In1.7% of patients(n=16), the
LIMA was harvested after establishing cardiopulmonary
bypass (CPB) because of hemodynamic instability. In 7.3%
of CABG cases, IMA was not used—either it was damaged
during harvesting, had inadequate flow, or was not
harvested due to technical difficulties, a poor-quality LAD
targetvessel, and adilated left ventricle with poor function.
Coronary endarterectomy was required in 4.6% of CABG
cases. Intra-aortic balloon pump (IABP) support was used
in 10 patients (0.7%). Among 158 patients undergoing
OPCAB, 6(3.8%) required conversion to on-pump surgery
due to hemodynamic instability or technical difficulty.
Comparative analysis revealed no statistically significant
differences between on-pump and off-pump CABG in
terms of early mortality (1.8% vs 1.9%), overall
complications (20.4% vs 19.8%), ventilation time (5.4 + 1.9
vs 5.2 + 1.8, p=0.27), and hospital stay (6.3 + 7.1vs 6.1+ 6.8,
p=0.589). However, on-pump CABG was associated with a
significantly greater mean graft per patient (3.21+ 0.76 vs
2.14 +0.886, p<0.001). A total of 1,117 patients(79.6%) had an
uneventful postoperative course, while 287 (20.4%)
developed one or more complications. The most frequent
were atrial fibrillation(3.5%), re-exploration(2.7%), rhythm
disturbances (2.4%), and renal dysfunction (1.4%). When
stratified by procedure type, the highest complication
rates occurred in post-Ml VSR repair (33.3%) and redo
surgeries (16.7%), reflecting the greater complexity and
hemodynamic instability in these patients. The association
between operation type and occurrence of postoperative
complications was analyzed using the
Fisher-Freeman-Halton Exact Test with Monte Carlo
simulation (10,000 sampled tables, 99% confidence
interval). Given that over 90% of expected cell frequencies
were less than 5, this approach was preferred over the
Pearson Chi-square test. The result showed a statistically
significant relationship between procedure type and
complications(Monte Carlo p=0.003, 99% Cl: 0.001-0.004)
(Table2).
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Table 2: Distribution of Major Postoperative Complications According to Surgery Groups(%)

Complications CABG Only L ;ﬁ:::&mitant Valvular Congenital A%ﬁ:;:&ot Post-MI VSR MICS Redo

No Complication 79.8% 75.8% 80.0% 80.6% 66.7% 100.0% 83.3%
Re-exploration (Reopening) 2.6% 0.0% 3.0% 4.5% 7.1% 0.0% 0.0% 0.0%
Atrial Fibrillation 3.6% 6.1% 4.3% 0.0% 0.0% 0.0% 0.0% 0.0%
Raised Creatinine 1.7% 6.1% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0%
Rhythm Disturbances 2.2% 0.0% 2.3% 45% 71% 4.8% 0.0% 0.0%
Pleural Effusion 0.7% 0.0% 0.3% 3.0% 0.0% 0.0% 0.0% 0.0%
Stroke 0.4% 0.0% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0%

Overall Complication 20.2% 24.2% 20.0% 19.4% 35.7% 33.3% 0.0% 16.7%

FisherExact Test(Monte Carlo simulationbased on 10,000 samples, 99% C10.001-0.004): p=0.003.

Early mortality occurred in 43 patients (3.1%), while 12 patients
(0.9%) died later within 8 months after surgery. Conventional
CABG had the lowest early mortality (1.8%), whereas post-MI VSR
repair (23.8%), aortic root surgery (8.3%), and combined CABG +
AVR (12.5%) had the highest rates of early mortality. The
association between operation type and postoperative mortality
was analyzed using the Fisher Exact Test with Monte Carlo
simulation (10 000 iterations, 99 % confidence interval
0.000-0.000). Given that over 75 % of expected cell counts were <
5, this approach was preferred over the Pearson Chi-square test.
The relationship remained statistically significant (p<0.001).
Includes all operations with >1death. Percentagesare within each
operationtype(denominator=N forthat operation)(Table 3).

Table 3: Procedures with Mortality: Early, Late, and Total by
Operation

Operations n DE::ES, Dle-::ﬁs, D:::zls, Survjval,
n(%) (%) n%) "M%
OPCAB 158 | 3(1.9%) | 0(0.0%) | 3(1.9%) |155(98.1%)
CABG 785| 14(1.8%) | 3(0.4%) | 17(2.2%) |768(97.8%)
On-Pump Beating | 7 | 1(14.3%) | 0(0.0%) | 1(14.3%) | 6(85.7%)
AVR 83| 101.6%) | 3(4.8%) | 4(6.3%) |59(93.7%)
MVR N2 | 3(2.7%) | 10.9%) | 4(3.6%) [109(96.4%)
ASD Prim 1 | 0(0.0%) |1(100.0%) | 1(100.0%) | 0(0.0%)
Redo Surgery 6 | 2(33.3%) | 1(16.7%) | 3(50.0%) | 3(50.0%)
VSR Repair 21| 5(23.8%) | 2(9.5%) | 7(33.3%) | 14(66.7%)
Aortic Root Surgery | 15 | 3(20.0%) | 0(0.0%) | 3(20.0%) | 12(80.0%)
Miscellaneous 6 | 1018.7%) | 0(0.0%) | 1(16.7%) | 5(83.3%)
Pericardiectomy 6 | 1(16.7%) | 0(0.0%) | 1(16.7%) | 5(83.3%)
SAM 2 | 1(50.0%) | 0(0.0%) | 1(50.0%) | 1(50.0%)
CABG +MVR 7 | 1014.3%) | 0(0.0%) | 1(14.3%) | 6(85.7%)
CABG +AVR 16 | 2(12.5%) | 0(0.0%) | 2(12.5%) | 14(87.5%)
MVR +TVR 52 | 2(3.8%) | 0(0.0%) | 2(3.8%) [50(96.2%)
DVR+TVR 17 | 2(11.8%) | 0(0.0%) | 2(11.8%) | 15(88.2%)
CABG + Mvr 8 | 0(0.0%) | 1(12.5%) | 1012.56%) | 7(87.5%)
AVR +VSDRepair | 5 | 1(20.0%) | 0(0.0%) | 1(20.0%) | 4(80.0%)

Fisher-Freeman-Halton Exact Test (Monte Carlo simulation
basedon 10,000 samples, 99 % C10.000-0.000): p<0.001.

The meanventilationtimewas6.4+7.5hours, andthe mean
hospital stay was 5.4 + 1.9 days. Aortic surgery and DVR
cases had the most extended CPB durations(p<0.001), and
both ventilation time and hospital stay were significantly
prolonged in Aortic Root surgery and redo surgeries

(p<0.001and p=0.032, respectively).

DISCUSSION

Overthe past sevenyearsat CPEIC in Multan, our results for
coronary artery bypass grafting (CABG) align closely with
both regional and global data. The in-hospital mortality for
isolated CABG (1.8%) was slightly lower than the 2.5-4%
reported in other Pakistani series, reflecting consistent
surgical performance [9]. These results also align with
large international registries, where early mortality
typically ranges between 1-2% [10]. Patients who needed
coronary endarterectomy (CE) during CABG surgery
experienced higher perioperative complications,
consistent with global literature [11]. However, in patients
with diffuse coronary artery disease (CAD), CE remains a
valuable operative strategy, particularly in settings where
hybrid or advanced percutaneous interventions (e.qg.,
rotational/orbital atherectomy or intravascular lithotripsy)
arenotwidely available[12]. Current findings reinforce that
CE is a safe technique to achieve complete
revascularization in diffuse CAD. A notable point in our
study cohort is the relatively young age of patients (mean
49 years) compared with Western populations, where
CABG is typically performed in the sixth or seventh decade
of life [13]. This age disparity reflects the earlier onset and
rapid progression of CAD among South Asians,
emphasizing the urgent need for primary prevention and
early screeningprogramstoreduce cardiovasculardisease
in the region. High-risk subgroups, including patients
undergoing repair of post-myocardial infarction
ventricular septal rupture (VSR) or aortic root surgery,
demonstrated predictably higher operative mortality. This
is consistent with global experience [14]. Conversely, the
reasonable outcomes of our limited aortic root cases
suggest growing institutional expertise in complex aortic
surgery, which is encouraging for capacity development in
resource-limited centers. When comparing on-pump and
off-pump CABG in our series, the data showed that
although both operative armamentaria are safe, more
complete revascularization is achieved during on-pump
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CABG. These findings are comparable with large
international trials [15]. The overall postoperative
complicationrate was 20.4 %, which matchesregional data
reporting 18-25% complications after heart surgery [16].
Atrial fibrillation was the most common complication at
3.5%, consistent with international studies showing rates
between 2% and 5% [17]. The significant link between the
type of surgery and complication rates (x* = 322.5, p<0.001)
shows that more complex procedures, like redo surgeries
and VSR repair, carry higher risks. Valvular procedures
accounted for over one-fifth of our total cardiac
procedures. The 6-month mortality ranged from 3.6% for
mitral valve replacement (MVR) to 6.3% for aortic valve
replacement (AVR), and corresponded closely with both
national reports [18] and international benchmarks (2-7%)
[19]. The intra-aortic balloon pump (IABP) support was
used in only 0.7% of cases—lower than the international
average of 2-4%—which points to a low-risk patient
population, stable intraoperative conditions, and effective
heart protection[20]. The short ventilation time (mean 6.4
hours)and hospital stay (mean 5.4 days) compare favorably
with other regional centers [21], reflecting efficient
postoperative recovery protocols. Predictably, longer
ventilation and hospital stays were observed among aortic
root and redo cases, consistent with their higher
complexity. Preoperative imaging showed that over 97% of
patients had normal or only mild carotid artery disease.
This likely explains the low rate of stroke during surgery
(0.4%). While coronary artery bypass grafting and valve
replacements predominated, the overall spectrum also
revealed relatively few cases of total arterial
revascularization, mitral valve repair, and minimally
invasive cardiac surgery (MICS). This reflects both patient
selection and institutional practice patterns in a
developingcountry setting, where resource constraints,
late presentation, and limited expertise in advanced
techniques may restrict their wider adoption. The low
frequency of mitral valve repair highlights the ongoing
challenge of rheumatic pathology, which often
necessitates replacement rather than repair. Similarly, the
limited use of total arterial grafting and MICS underscores
the need for training and capacity building to expand these
approachestoalignwithinternational standards.

The study's observational design may be prone to selection
bias, as patient allocation to on-pump vs off-pump or
complex procedures was not randomized. Additionally,
variations in surgeon experience and perioperative
management protocols could have influenced outcomes,
limiting the ability to attribute results solely to the surgical
approach. Future multicenter prospective studies with
extended follow-up are needed to evaluate long-term
outcomes and optimize surgical strategies in South Asian
populations.
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CONCLUSIONS

This seven-year retrospective study from a tertiary
hospital in Pakistan demonstrates that CABG and valve
surgeries predominated, with outcomes comparable to
regional benchmarks. On-pump CABG achieved more
complete revascularization, while complex procedures
carried higher morbidity and mortality. Very few patients
underwent mitral valve repair, total arterial bypass
grafting, or minimally invasive surgery, underscoring the
need for specialized training and adoption of advanced
surgical strategies to improve outcomes in these
subgroups.
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Infertility represents a major reproductive health issue, affecting between 8-12% couples
worldwide. Objectives: To determine the natural conception rate in sub-fertile couples
following laparoscopy and dye test (LDT). Methods: This single-center, prospective,
observational, cohort study was performed at the Department of Obstetrics and Gynecology,
Liaguat National Hospital, Karachi, Pakistan, during May 2024 to August 2025. A total of 131
couples with sub-fertility were consecutively enrolled if the female partner was scheduled for
LDT. Baseline demographic and clinical data were recorded from both partners. All procedures
were performed by experienced gynecologic surgeons. Participants were followed for six
months to assess natural conception, confirmed clinically and by ultrasound. Statistical
analyses included chi-square, t-test, or independent sample t-test, with p<0.05 considered
significant. Results: Out of the 131women, the meanage was 30.1+ 6.0 years. The mean duration
of subfertility was 25.6 + 9.2 months. On laparoscopy, 69.5% had normal tubes, while unilateral
and bilateral tubal abnormalities were seen in 16.0% and 8.4%. Natural conception within six
months occurred in 76 (58.0%) women, with a mean interval to conception of 4.8 + 1.1 months.
Women who conceived were significantly younger(p=0.035), had lower BMI(p=0.003), and were
more often nulligravid (p=0.001). Hypothyroidism was more prevalent among those who did not
conceive (p=0.004). Conclusions: The study provides evidence supporting LDT as a valuable
diagnostic and therapeutic modality in the management of sub-fertile couples. Younger age,
lower BMI, and absence of hypothyroidism were associated with successful natural conception
following LDT.

INTRODUCTION

Infertility represents a major reproductive health issue,
affecting between 8-12% couples worldwide [1]. Infertility
canlead to significant emotional, psychological, and social
stress for those hoping to achieve parenthood [2, 3].
Structural abnormalities play a prominent role in
subfertility [4]. Tubal factor infertility is estimated to
account for almost one-third of female infertility cases
across the globe [4]. Early and accurate diagnosis is vital
for guiding appropriate management in infertility-affected
couples [5]. In Pakistan, the prevalence of infertility is
around 33%, with primary infertility at 5% and secondary
infertility at 18% [6]. Laparoscopy with dye test (LDT) has
become a leading diagnostic method in the evaluation of

subfertility among women [7]. LDT is a minimally invasive
procedure that allows direct visualization of the uterus,
fallopian tubes, and ovaries, while also assessing whether
the fallopian tubes are open or blocked through the
injection of a colored dye. An additional advantage of
laparoscopyisthe ability to treat certain pelvic pathologies
during the same procedure, which may restore natural
fertility and reduce the need for advanced assisted
reproductive techniques [8]. Despite its routine use in
clinical practice, there is considerable variation in the
reported rates of natural conception after LDT. Ikechebelu
and colleagues reported a natural conception rate of 25%
following the procedure [9]. Verhoeve et al. described a
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rate of 9.4%, whereas Mahtab et al. documented
substantially higher conception rates of 62.9% in women
with primary infertility[10,11].

Data regarding the factors that may influence the chances
of natural conceptionafter LDT remain limited and diverse.
Identifying these factors is essential for clinicians to
provide accurate counseling, set realistic expectations,
and design individualized treatment plans for sub-fertile
couples. The findings of this study can help clarify the role
of laparoscopy and dye test in the management of sub-
fertility and may support clinicians in their decision-
making process. Due to the wide variation in reported
conception rates and limited data on influencing factors,
this study aims to determine the natural conceptionratein
sub-fertile couplesfollowing LDT in our population.

METHODS

This single-centre, prospective, observational, cohort
study was conducted at the Department of Obstetrics and
Gynecology, Liaquat National Hospital, Karachi, Pakistan,
during May 2024 to August 2025. Written informed consent
was obtained fromall participants, and institutional ethical
approval was secured before study initiation (Ref: App #
1033-2024-LNH-ERC). Eligibility criteria included couples
diagnosed with sub-fertility, where the female partner was
scheduled to undergo a laparoscopy and dye test for
diagnostic or therapeutic evaluation. Couples were
excluded if the female partner had active genital infection,
tuberculosis, overt tubal pathology such as hydrosalpinx,
significant pelvic adhesions (American Fertility Society
adhesionscore>10)[12], markedly distorted tubal anatomy
(gross anatomical distortion) due to multiple uterine
myomas, or distal tubal occlusion, as identified by
preoperative assessment or intraoperative findings.
Couples already pursuing fertility treatment or those with
male partners having severely impaired semen parameters
requiring IVF-ICSI were also excluded. All participants were
recruited consecutively from couples presenting with
subfertility. Sub-fertility was defined as failure to achieve
conception after at least twelve months of regular,
unprotected intercourse. Sample size calculation was
performed using the Open-Epi online software, based on a
95% confidence level, with a 5% margin of error, and an
estimated post-procedural natural conception rate of
9.4% [10], resulting in a required sample of 131 couples.
Sample size was calculated using the formula: n=72(1-a/2)
*p *(1-p)/e2. At enroliment, demographic and baseline
clinical data were collected for both partners, including
age, weight, and height. Female reproductive history,
including parity and duration since attempting conception,
was recorded. Both the pattern of menstrual cycles before
and after laparoscopy (regular or irregular) and the
presence of any comorbidities, specifically diabetes,
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hypertension, or hypothyroidism (as per history and
medical record), were documented for both partners.
Patterns of menstrual cycles, both before and after the
laparoscopy, were classified as reqular if menses occurred
at predictable intervals of 21to 35 days and as irregular if
cycles fell outside this range or varied unpredictably.
Information on previously diagnosed medical conditions,
suchasendometriosis or polycystic ovarian syndrome, was
also collected. The reasons for laparoscopy with dye test
were recorded. Allenrolled women underwent laparoscopy
with a dye test performed by experienced gynecologic
surgeons (post-fellowship experience > 5 years) under
standard protocols. Laparoscopy with dye testreferredtoa
minimally invasive surgical procedure in which a
laparoscope is used to visualize the pelvic organs, and a
colored dye (methylene blue dye 0.1% solution)is injected
through the cervix to assess the patency of the fallopian
tubes and the overall anatomy of the uterine cavity. The
successful passage of dye through one or both fallopian
tubes, confirmed by its visual spill into the pelvic cavity,
was considered evidence of tubal patency. Intraoperative
findings, including tubal patency (normal, unilateral, or
bilateral abnormalities), presence of pelvic adhesions, or
other significant pelvic pathology, were meticulously
documented. All procedures were performed using a Karl
Storz 10-mm high-definition laparoscopic system
(Germany) equipped with a xenon light source and HD
camera unit. Dye testing was carried out using methylene
blue 0.1% solution delivered transcervically through a
Rubin's cannula under low-pressure infusion. Standard
reusable laparoscopic instruments were employed, and all
procedures were performed by consultants with over five
years of post-fellowship experience. After the procedure,
participants were followed for a period of six months to
assess for natural conception, defined as a viable
pregnancy achieved without assisted reproductive
technologies. Pregnancy was confirmed through
participant report, clinical evaluation, and ultrasound
evidence of gestational sac development. For those who
conceived, the interval from laparoscopy to conception in
months was recorded. Follow-up assessments were
conducted monthly, during which women were contacted
through in-person visits or telephone interviews to
document menstrual regularity, symptoms, and potential
conception. Clinical evaluation and ultrasound were
performed whenever pregnancy was suspected.
Conception was defined as a clinically and
ultrasonographically confirmed intrauterine pregnancy
within six months of the procedure. Confirmation required
visualization of a gestational sac on transvaginal
ultrasound. The GE Voluson E8 ultrasound system was used
with a 5-9 MHz transvaginal transducer, ensuring
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reproducibility and standardization of measurements.
Women who did not achieve conception within six months
of follow-up were recorded as having no conception. The
conception rate was defined as the proportion of women
who achieved clinically confirmed natural conception
within six months following laparoscopy and dye test. The
conception rate was calculated using the formula:
Conception rate (%) = (Number of women with clinically
confirmed natural conception / Total number of women
undergoing LDT) X 100. All study data were maintained with
strict confidentiality. Statistical analysis was conducted
using IBM SPSS Statistics version 26.0. The primary
outcome, natural conception within six months post-
laparoscopy, was calculated as a proportion. Associations
between baseline characteristics, intraoperative findings,
and conception outcomes were evaluated using
appropriate comparative statistical tests, including chi-
square or Fisher's exact test for categorical variables, and
t-test or Mann-Whitney U test for continuous variables (as
per normal distribution of data checked by the Shapiro-
Wilk test). Time to natural conception was analyzed using
Kaplan-Meier survival curves, and the equality of
distributions among subgroups was compared using the
Log-Rank (Mantel-Cox) test. Statistical significance was
setat p<0.05.

RESULTS

Inatotal of 131women, the meanage and BMIwere 30.1+6.0
years and 28.0 + 4.4 kg/m% There were 99 (75.6%) women
who had reqular menstrual cycles before laparoscopy. The
mean duration since attempting to conceive naturally was
25.61 £ 9.19 months. Hypothyroidism, diabetes, and
hypertension were the commonest comorbid conditions,
documented among 37(28.2%), 30(22.9%), and 20 (15.3%)
women, respectively. The primary indication for LDT was
suspected tubal blockage, noted in 110 (84.0%) women,
followed by pelvic pain investigation, reported in 5(3.8%)
women. On laparoscopy, the most common findings were
normal tubes, noted in 91 (69.5%), unilateral tubal
abnormalities in 21(16.0%), bilateral tubal abnormalities in
11(8.4%), and pelvic adhesions in 8 (6.1%). After LDT, 76
(58.0%)women conceived naturally within 6 months, while
55 (42.0%) did not. The mean duration required to
conception was 4.79 = 1.12 months among women who
successfully achieved conception. Women who conceived
were significantly younger (29.1 + 7.1 vs. 31.4 + 3.6 years,
p=0.035), and had a significantly lower BMI (27.1 + 3.9 vs.
29.4 + 4.7 kg/m? p=0.003). Nulligravid status (9.5% vs.
3.6%, p=0.001) was more common among those who
conceived. Hypothyroidism was significantly more
prevalent among women who did not conceive (40.0% vs.
19.7%, p=0.004), whereas no significant differences were
found for comorbid conditions like diabetes (p=0.415) or
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hypertension (p=0.214). There was no statistically
significant difference in menstrual cycle reqularity before
or afterlaparoscopy, duration of attempting conception, or
presence of polycystic ovarian syndrome between women
who conceived or not. Among 76 women who conceived
naturally, 42 (55.3%) had normal laparoscopic findings,
while 19(25.0%)had unilateral tubal abnormalities, 9(11.8%)
had bilateral abnormalities, and 6 (7.9%) had pelvic
adhesions (p<0.001). Among 55 women who did not
conceive, 49(89.1%) had normal findings, and only 2(3.6%)
each showed unilateral, bilateral, or pelvic adhesions
(p<0.001). Results showing the association of
demographical and clinical characteristics of women
undergoing laparoscopy and dye test with successful
conception(Table1).

Table 1: Association of Demographical and Clinical

Characteristics of Women Undergoing Laparoscopy and Dye Test
with Successful ConceptionRate(n=131)

Conception,

No
- tion,
Characteristics n(%) Conception

n(%)

Age Years 29.13+7.07 | 31.35+ 3.62 [ 0.035*
Body Mass Index | kg/m’, Mean + SD | 27.08 + 3.90 | 29.36 + 4.70 | 0.003*
0 7(9.5%) 2(3.6%)

p-
value

- 1 40(54.1%) | 13(23.6%)
Gravidity 0.001*

2 22(29.7%) | 29(52.7%)

3 5(6.8%) | 11(20.0%)
Parity 0 72(97.3%) | 55(100%) 0.219

2 2(2.7%) -

Menstrual Regular 60(78.9%) | 39(70.9%)
Cycle Before 0.291

Laparoscopy Irregular 16(21.1%) | 16(29.1%)
Diabetes 14(18.4%) | 16(29.1%) | 0.415
Comorbidities Hypertension | 20(26.3%) - 0.214

Hypothyrodism | 15(19.7%) | 22(40.0%) |0.004*

Time Since
Trying to Conceive) Mean + SD 25.03+9.43|26.46 +8.84| 0.388
(Months)
. Endometriosis - 2(3.6%) | 0.098
Med.l(;al Polycystic Ovarian
Conditions Syndrome 15(19.7%) | 14(25.5%) | 0.485
Suspected o o
Reasons Blockage 65(85.5%) | 45(81.8%)
for Undergoing ¢ gometriosis - 2(3.6%) | 0.419
Laparoscopy - - - - ’
and Dye Test Pelvic Pain 3(3.9%) 2(3.6%)
Others 8(10.56%) | 6(10.9%)
Normal 42(55.3%) | 49(89.1%)
Findings | apaceral 1ubal 11925 09) | 2(3.6%)
of Laparoscopy - Tobal <0.001*
d Dye Test ilateral Tuba o °
andtye tes Abnormalities 9(1.8%) 2(3.6%)
Pelvic Adhesions | 6(7.9%) 2(3.6%)
Menstrual Cycle Regular 62(81.6%) | 37(67.3%) 0.060
after Laparoscopy Irreqular 14(18.4%) | 18(32.7%) |

Chi-square test/Fisher's exact test applied for the comparison of
categorical data; Numeric data compared using an independent
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sample t-test. * Indicates statistically significant p-values (<
0.05).

Partners of women who conceived were significantly
younger (30.6 + 4.0 vs. 33.2 + 3.8 years, p<0.001), and had
significantly lower BMI (25.6+3.4 vs. 28.6 + 3.4 kg/m?,
p<0.001). There were no significant differences in partner
comorbidities, including diabetes (25.0% vs. 30.9%,
p=0.512), hypertension (32.9% vs. 29.1%, p=0.571), or
hypothyroidism(n=3, 3.9% vs.n=0; p=0.131)(Table 2).

Table 2: Association of Demographical and Clinical
Characteristics of Partners with Natural Conception Rate(n=131)

: No
Conception, Conception,

_ p-
Characteristics n(%) (%) value
Age Years, Mean + SD [30.58 + 4.02 | 33.18 + 3.80 | <0.001*

Body Mass Index | kg/m’, Mean + SD [25.59 + 3.36 | 28.60 + 3.36 | <0.001*

Diabetes 19(25.0%) | 17(30.9%) | 0.512
Comorbidities Hypertension | 25(32.9%) | 16(29.1%) | 0.57
Hypothyroidism | 3(3.9%) - 0.131

Chi-square test/Fisher's exact test applied for the comparison of
categorical data; Numeric data compared using an independent
sample t-test. *Indicates statistically significant p-values(<0.05).
The mean time required for conception among cases with
success was 4.79 months (standard error [SE]: 0.13; 95%
confidenceinterval[Cl]: 4.54-5.04). When stratified by the
reason for undergoing LDT, women with suspected tubal
blockage had ameantime of 4.82 months(SE: 0.13; 95% Cl:
4.56-5.07). Those evaluated for pelvic pain investigation
exhibited a mean time of 3.67 months (SE: 0.33; 95% Cl:
3.01-4.32). A comparison of successful conception
distributionsamongthe threeindication groups performed
using the Log Rank (Mantel-Cox) test demonstrated a p-
value of 0.028 across the different reasons for undergoing
LDT, indicating that the reason for LDT was significantly
associated with variations in time required to successful
conception among the study population with the shortest
mean time observed in the pelvic pain investigation group
(Figure1).
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T
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08 “biockage
Pelvic_pain_

'nin veﬂTs’iﬂion

= 10ther

06

Cum Success
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0.2

00

o 1 2 3 4 5 &

Duration taken to conception after laparoscopy and dye test (months)
Figure 1: Kaplan-Meier Survival Curves by Time to Successful
Conception Following Laparoscopy and Dye Test as Per
Indications
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Analysis of time to successful conception according to the
findings of LDT revealed that the overall mean time to
conception was 4.79 months (SE: 0.13; 95% confidence
interval [Cl]: 4.54-5.04). Among the subgroups, women
with normal LDT findings had a mean time to conception of
4.67 months (SE: 0.17; 95% Cl: 4.33-5.01), unilateral tubal
abnormalities had a mean time to conception of 4.84
months (SE: 0.30; 95% Cl: 4.26-5.43), bilateral tubal
abnormalities had a mean time to conception of 5.33
months(SE: 0.17; 95% Cl: 5.01-5.66), while those with pelvic
adhesions, the mean time was 4.67 months(SE: 0.49; 95%
Cl: 3.70-5.64). Comparison of conception times among the
LDT finding groups using the Log Rank (Mantel-Cox) test
showed no statistically significant difference in time to
conception(p=0.609)(Figure 2).

Findings_of_LDT
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tof I
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| 2 a 4 3 &
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Figure 2: Kaplan-Meier Survival Curves by Time to Successful
Conception Following Laparoscopy and Dye Test as Per
Laparoscopyand Dye Test Findings

DISCUSSION

The present study explored the natural conception rate
following LDT in sub-fertile couples and found a natural
conception rate of 58% within six months. These findings
position LDT as a potentially valuable tool in the fertility
management algorithm for couples with unexplained or
tubal-factor subfertility. Lee et al. documented a
pregnancy rate of 41.9% over twelve months in infertile
women with endometriosis, with nearly all conceptions
occurring within six months postoperatively [13]. This
timing reinforces the hypothesis that mechanical or
physiological restoration effected by laparoscopy may
facilitate early spontaneous conception in selected
populations. In contrast, Younas et al. reported a slightly
lower conception rate of 37.5% following LDT in women
with minimal to mild endometriosis and pelvic adhesions,
yet still found that 80% who conceived did so within
eighteen months[14]. Differences in patient selection, the
underlying cause of subfertility, and follow-up duration may
explain variability in conception rates across these
cohorts. The importance of patient selection and
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preoperative characteristics in predicting conception
outcomes emerged in this study. Younger age among
women and their partners was strongly associated with
significantly higher conception rates following LDT. Zhang
etal.identified patientage over 35 yearsasanindependent
risk factorforpoor pregnancy outcomes afterlaparoscopic
treatmentinwomen with tubalinfertility, afinding mirrored
by a decline in conception rates with age in the current
study population[15]. The effect of ageis likely mediated by
both oocyte quality and the cumulative impact of
reproductive tract pathology, underscoring the urgency of
timely intervention in younger women [16]. Another
significant finding of this study was the association of BMI
with successful natural conception following LDT, as both
female, and their partners had significantly lower BMI who
achieved natural conception post-LDT. Fataftah et al. also
found a higher spontaneous pregnancy rate among non-
obese women with unilateral proximal tubal obstruction
following transcervical fallopian tube recanalization [17].
Elevated BMlis linked to multiple mechanisms detrimental
to fertility, including ovulatory dysfunction, metabolic
disturbances, and suboptimal endometrial receptivity,
potentially diminishing the effectiveness of surgical
intervention [18]. The duration of subfertility before LDT
did not significantly differ between those who conceived
and those who did not. This contrasts with findings from
Zhang et al. where a longer duration of subfertility
predicted poorer pregnancy outcomes[15]. Intraoperative
findings remain critical for both prognosis and
management. The highest conceptionrates wererecorded
among those with normal or unilateral tubal pathology,
while those with bilateral tubal abnormalities or pelvic
adhesions had lower, but not statistically different, rates.
This trend resonates with the literature showing ongoing
conception potential in women with proximal tubal
blockage after selective salpingography and tubal
catheterization [19, 20]. The diagnostic and therapeutic
value of LDT isfurther supported by studies such as Mahtab
et al. and Wankhede et al. which underscore the role of
minimally invasive evaluation in identifying and correcting
pelvic pathology [11, 20]. The finding that more than half
(55.3%) of women who conceived had normal laparoscopy
results, while 89.1% of those who failed to conceive also
had normal findings, suggests that tubal patency alone
does not guarantee successful conception. Unexplained
subfertility often persists despite normal tubalmorphology
and spill, possibly due to subtle peritubal adhesions,
impaired ciliary function, ovulatory or luteal phase defects,
or unmeasured male factors. It may indicate that normal
dye test results should be interpreted as a favourable but
not definitive predictor of fertility potential. In the present
study, nearly one-third of women were found to have
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comorbidities. The association between thyroid
dysfunction and subfertility has been reported in the past,
with thyroid hormone playing a crucial role in ovulation and
endometrial receptivity [21]. Effective management of
thyroid disorders may improve spontaneous conception
rates following surgical intervention[22]. The presence of
diabetes or hypertension did not show a significant
association with conception outcomes in this study. This
may reflect the multifactorial nature of sub-fertility, where
metabolic and vascular comorbidities may influence
fertility through indirect pathways or in conjunction with
other risk factors[23]. In the current cohort, 1.5% women
had a pre-existing diagnosis of endometriosis. Lee et al.
reported that the severity of endometriosis and the type of
laparoscopic intervention were not significantly
associated with conception rate postoperatively [13].
Sharma et al. highlighted a high prevalence of
endometriosis among women undergoing diagnostic
laparoscopy, with no significant difference in demographic
characteristics or BMI between those with and without the
disease [24]. The study's strengths include prospective
data collection, rigorous documentation of intraoperative
findings, and systematic follow-up.

Several limitations merit consideration in interpreting
these findings. The single-center nature of the study and
relatively modest sample size may limit the generalizability
of the results to other populations or settings. Selection
bias may have been introduced by the exclusion of women
with overt pelvic disease or those already pursuing
assisted reproductive technologies. Outcome assessment
relied on participant report, clinical evaluation, and
ultrasound evidence, but potential for under-reporting of
early pregnancy losses remains. Six-month of follow-up
may have precluded identification of conceptions
occurringlater.

CONCLUSIONS

The study provides evidence supporting laparoscopy and
dye test as a valuable diagnostic and therapeutic modality
in the management of sub-fertile couples. Early
conception post-procedure is facilitated by younger age,
lower BMI, and absence of hypothyroidism, with favorable
findings onlaparoscopy further enhancing the likelihood of
success.
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Emerging research suggests that pain perception, tolerance, and response to treatment may
differ between males and females due to a complex interplay of biological, psychological and
sociocultural factors. Objective: To determine gender differences in pain intensity, anxiety,
depression, and disability outcomes following epidural steroid injection in patients with chronic
low back pain. Methods: This comparative cross-sectional study was conducted from July 2024
toJanuary 2025 after takingapproval fromthe IRB of Evercare Hospital Lahore. Total 9 male and
9 female patients with low back pain were enrolled from the Anesthesia and Pain Medicine
Department. Fluoroscopy-guided epidural injection was performed in all patients. Patients
were followed at 3 and 6 weeks to assess pain, anxiety, depression, and disability. Data were
analyzed using SPSS v26. Results: At both 3 and 6 weeks, females reported significantly lower
mean Visual analogue scores(2.44 +0.53 and 2.11+1.06, p=0.007) compared to males(5.11+ 2.52
and 5.11 + 2.26; p=0.002). Oswestry Disability scores were considerably lower in females at 3
weeks and 6 weeks; p=0.04. However, no significant gender differences were observed in HADS
anxiety and depression scores at any follow-up point (p>0.05). Conclusions: The current study
suggests that female patients demonstrated greater reductions in pain and disability scores
than male patients following fluoroscopy-quided epidural steroid injection, whereas changesin
anxiety and depression scores were comparable between genders. These findings indicate that
gendermayinfluence physical, but not psychological, recovery outcomesafter the procedure.

INTRODUCTION

Chronic low back pain (LBP) is a prevalent medical
conditionandthe leading cause of work-related limitations
worldwide [1]. It is the second most frequently reported
symptom prompting visits to primary healthcare [2].
Epidemiological data show that it affects up to 23% adults
worldwide, with 24%-80% recurrence rates within one
year. In Pakistan, through a telephonic survey conductedin
2021, its prevalence was found to be 15.75% [3].
LBP is characterized by discomfort lasting longer than 12
weeks, situated between the lower ribs and gluteal crease,
and may or may not be accompanied by painradiatingto the

legs [4]. The source of pain may include intervertebral
discs, vertebral bones, spinal ligaments, or paraspinal
muscles [5]. Multiple predisposing factors, genetic,
environmental, social, neurological, and mechanical,
contribute to its development. Notably, 85% of low back
pain cases have no identifiable underlying etiology, while
97% are attributed to musculoskeletal causes [6, 7].
Diagnosis is primarily clinical, supplemented by imaging
modalitieswhenindicated[7]. Management of chronic LBP
includes both non-pharmacological and pharmacological
strategies. Pharmacological treatment may involve oral,
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topical, or injectable medications [8]. For patients not
responding to conservative treatment, invasive
procedures such as epidural steroid injections (ESIs)
administered via transforaminal, interlaminar, or caudal
routes serve as valuable non-surgical options for symptom
relief and functional improvement [9]. Emerging research
suggests that pain perception, tolerance, and response to
treatment may differ between males and females due to
the complex interplay of biological, psychological, and
sociocultural factors[10].

However, literature specifically comparing gender-based
responses to epidural steroid injections remains limited.
Moreover, there is a paucity of local studies evaluating
gender-based differences in response to epidural steroid
injections in terms of pain relief, anxiety reduction, and
disability improvement. This study aims to determine
gender differences in pain intensity, anxiety, depression,
and disability outcomes following epidural steroid injection
in patientswith chronic low back pain.

METHODS

This comparative cross-sectional study was conducted at
the Department of Anesthesiaand Pain Medicine, Evercare
Hospital, Lahore, Pakistan. This study included 18 patients
presenting to the pain clinic between July 2024 and
January 2025 with complaints of low back pain (with or
without radiculopathy). After institutional research and
ethics committee approval, IRC/24/06/001, participants
were recruited using a non-probability consecutive
purposive sampling technique. Informed written consent
was obtained fromall patients beforeinclusionin the study.
Forsample size; WHO sample size calculator was used, and
the formula applied was n=202(Z1-a + Z1-8)2/(u1-u2)2. The
estimated sample size was 18[9 in each group], using 20%
level of significance, 80% power of the test, and an
expected mean of painamongmale takenas7.3+2.3andin
female as 6.1 + 3.0 [11]. Patients of either gender aged
between 30 and 80 years, classified as ASA I-Ill, with MRI-
confirmed degenerative disc disease or herniated disc
disease [with or without radiculopathy] and with a history
of failed pharmacological and physical therapy, were
eligible for inclusion. ASA |: normal healthy patient, ASA Il:
patient with mild systemic disease, and ASA lll is defined as
a patient with severe systemic disease that limits activity
butisnotincapacitating. This classificationis based on the
standard American Society of Anesthesiologists Physical
Status Classification System [12]. Patients were excluded
if they had contraindications to the procedure (local
infection, bleeding disorders), allergy to any drugs used
[contrast, steroids, local anesthetic], prior lumbar epidural
injection within the past 6 months, history of psychiatric
illness or opioid addiction, or diagnosis of fibromyalgia.
Demographic details, including age, gender, ASA
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classification, and clinical history, were documented.
Baseline assessment was conducted using the Visual
Analog Scale (VAS) for pain [13], Hospital Anxiety and
Depression Scale (HADS)[14], and the Oswestry Low Back
Disability Questionnaire (ODI) [15]. The VAS for pain [13]
consists of a10-cmline ranging from 0(no pain)to 10(worst
imaginable pain); higher scores indicate greater pain
intensity. The Hospital Anxiety and Depression Scale
(HADS) [14] include 14 items—7 for anxiety and 7 for
depression—each scored from 0 to 3, giving subscale
scores from 0 to 21. Scores of 0-7 are considered normal,
8-10 borderline, and 11-21 abnormal. The Oswestry
Disability Index (ODI) [15] assesses functional disability
related tolow back pain through 10items, each scored from
0 to 5, with a total score converted to a percentage
(0-100%). Scores of 0-20% indicate minimal disability,
21-40% moderate, 41-60% severe, 61-80% crippled, and
81-100% bed-bound. Patients were divided into two equal
groups based on gender (male and female). All patients
underwent fluoroscopy-quided lumbar epidural steroid
injection (interlaminar, transforaminal, or caudal) using
triamcinolone 80 mg. The procedure was performed in the
prone position after confirming needle placement by the
spread of contrast. Post-procedure, patients were
monitored in the post-anesthesia recovery unit for two
hours using electrocardiography, pulse oximetry, and non-
invasive blood pressure monitoring. Discharge was based
on standard institutional criteria. Follow-up assessments
were conducted at 3 weeks and 6 weeks post-procedure,
using the same tools (VAS, HADS, ODI)to evaluate changes
in pain, anxiety, depression, and disability levels. Data were
analyzed using SPSS version 26. Quantitative variables
were expressed as mean * standard deviation for normally
distributed data or as median (interquartile range) for non-
normal data. Categorical variables were presented as
frequencies and percentages. The independent sample t-
test was used for normally distributed continuous
variables, while the Mann-Whitney U test was used for non-
normally distributed data. Chi-square was applied to
compare qualitative variables. A p-value<0.05 was
considered statistically significant.

RESULTS

A total of 18 patients were included; the mean age noted
was higherinfemale(57.22 +12.60 years)compared to male
(49.11 + 14.24 years), though this variance was not
statistically significant (p=0.219). ASA physical status was
similar between groups, with the majority classified as ASA
ll. Radiculopathy was more common among female(88.9%)
than male (55.6%), but this difference did not reach
statistical significance (p=0.114). Both groups had an equal
proportion of patients (88.9%) using NSAIDs pre-surgery
(p=1.000). At baseline, there were no significant
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differences between male and female in terms of pain
scores (VAS), disability (ODI), or psychological status
(HADS-D and HADS-A). The mean baseline VAS was 8.00 +
1.87 in female and 7.77 + 1.98 in male (p=0.810). The mean
baseline ODI was 21.33 + 8.68 in female and 24.22 + 9.48 in
male (p=0.510). Mean HADS depression scores were 7.55 +
4.61in females and 10.22 + 9.90 in males (p=0.475), while
HADS anxiety scores were 9.25 +5.38 in female and 7.33 +
5.40inmale(p=0.468)(Table1).

Table 1: Comparison of Demographic Characteristics of Both
Groups

Female (n=9), p-
n(%),MeantSD n(%), Mean+SD Value

Male (n=9),

Variables

Age (Years) 49.M+14.24 57.22 £12.60 0.219

ASA Status(l) 1(11.1%) 2(22.2%)
ASA Status (ll) 7(77.8%) 7(77.8%) 0.513

ASA Status (ll1) 1(11.1%) 0(0%)

Radiculopathy (Yes) 5(55.6%) 8(88.9%)
Radiculopathy (No) 4(44.4%) 1(11.1%) 014

NSAIDS Pre Surgery (Yes) 8(88.9%) 8(88.9%)
NSAIDS Pre Surgery (No) 1(11.1%) 1(11.1%) 1000
Baseline VAS 7.77+1.98 8.00 £1.87 0.810
Baseline HADS Depression | - 19,29+ 9.90 756+4.61  |0.475
Baseline HADS Anxiety score 7.33+5.40 9.25+5.38 0.468
Baseline ODI 24.22 +9.48 21.33 +8.68 0.510

Female exhibited significantly greater reduction in pain
intensity as measured by VAS at both 3 weeks (2.44 + 0.53)
and 6 weeks (2.11+ 1.06) compared to male (5.11+ 2.52 at 3
weeks and 5.11+ 2.26 at 6 weeks), with p-values 0.007 and
0.002, respectively. Disability scores, as assessed by 0DI,
were also significantly lower in females at both 3 weeks
(5.88+2.14vs.17.33 +£15.23; p=0.04)and 6 weeks(3.55+1.23
vs. 14.44 +14.95; p=0.04) compared to males. However, no
statistically significant differences were observed
between genders in HADS scores for either depression or
anxietyat 3or6weeks(p>0.05)(Table 2).

Table 2: Comparison of Outcome Variables among Male and
Female Gender

Variables Male(n=9) Female(n=9) p-value
VAS 3Weeks | 5.11+2.52 2.44+0.53 | 0.007*
6Weeks | 5.11+2.26 2.11+1.06 0.002*
HADS Depression 3 Weeks 6.88 +6.62 3.55+2.24 0.172
Score 6 Weeks | 5.33+3.97 5.66+4.89 | 0.867
HADS Anxiety Score 3 Weeks 5.11+4.31 455+3.28 | 0.762
6 Weeks | 4.88+4.72 4.55+3.71 0.870
- 3Weeks | 17.33+15.23 5.88+2.14 | 0.040*
6 Weeks | 14.44+1495 | 3.55+1.23 | 0.040*

*Statistically significant at p<0.05.
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DISCUSSION

The gender-related differences observed in our study are
partly consistent with previous research. Several studies
suggest that females may respond more favorably to
epidural steroid injections (ESI), potentially due to
biological or pain-processing differences. Davison et al.
reported that male patients were more likely to fail non-
surgical management for low back pain compared to
female[17], and Sencan et al. also noted higher ESIsuccess
rates among women, though the difference did not reach
significance [18]. Pericot-Mozo et al. in contrast to our
psychological findings, found lower median HADS scoresin
females than males at follow-up [16]. However, other
studies, including Monzon et al. [19], Raak et al. [20], and
Ross[21], found no meaningful gender-related differences
in ESI outcomes, suggesting that the influence of gender
may vary across populations and clinical settings. Chronic
lumbar painis closely linked with psychosocial factors such
as anxiety, depression, maladaptive coping, and fear-
avoidant behaviors that can intensify pain perception and
hinder functional recovery [22, 23]. These variables may
contribute to inconsistencies in the literature, as
psychological status can affect treatment response
regardless of gender. Supporting this, Inman et al.
emphasized the roles of coping mechanisms,
expectations, and anxiety when evaluating sex-related
differences in ESI response [11]. Overall, while some
evidence suggests that gender may influence physical
recovery following ESI, psychological outcomes appear
more strongly shaped by individual psychosocial profiles
thanbygenderalone.

This study has several limitations. Firstly, the small sample
size limits the statistical power and generalizability of our
findings. Secondly, follow-up period of only 6 weeks may
not fully capture long-term effects of ESI on pain relief,
disability, or psychosocial outcomes. Thirdly, although
baseline characteristics were comparable, residual
confounding factors such as physical activity level,
socioeconomic status, or comorbidities may have
influenced the outcomes. Future research should use
larger, multicenter cohorts with longer follow-up to clarify
the interplay of gender and psychosocial factors in ESI
outcomes.

CONCLUSIONS

The current study suggests that female patients
demonstrated greater reductions in pain (VAS) and
disability (ODI) scores than male patients following
fluoroscopy-guided epidural steroid injection, whereas
changes in anxiety and depression (HADS) scores were
comparable between genders. These findingsindicate that
gender may influence physical, but not psychological,
recovery outcomesafterthe procedure.
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Laryngoscopy and tracheal intubation during general anesthesia provoke a sympathetic stress
reaction that has significant hemodynamic changes. This can be risky, particularly in patients
with controlled hypertension with compromised cardiovascular reserve. Objective: To
compare the effect of dexmedetomidine and labetalol for attenuating stress response in
hypertensive patients. Methods: A quasi-experimental study that involved 200 controlled
hypertensive patients admitted to the elective surgery and placed under general anesthetic
procedures. Patients received Intravenous dexmedetomidine (0.1 mcg/kg) or labetalol (0.1
mg/kg). It was observed that the mean heart rate and mean arterial blood pressure were
measured at baseline and two minutes after endotracheal intubation. The statistics were
performed using the independent sample t-test, which was used to compare the results
observed between the two treatment groups. Results: The heart rate 2 minutes following
intubation was much lower in Group D (78 + 8.27 beats/minute) than in Group L (81 + 5.30
beats/minute, p=0.0026). Further, the mean arterial blood pressure was declining remarkably in
the dexmedetomidine group(98+7.26 mmHg), compared to the labetalol group(101+8.2 mmHg;
p=0.0067). Conclusions: The present group of controlled hypertensive patients indicated that
dexmedetomidine pre-induction, in comparison to labetalol, led to a significantly more
significant reduction of hypertensive and tachycardic reaction to laryngoscopy and
endotrachealintubation.

INTRODUCTION

Laryngoscopy and endotracheal intubation are obligatory
parts of general anesthesia but are also known to be great
triggering factors of substantial hemodynamic stress
reactions. It is a sympathetic-mediated reflex that results
in a short-lived but sharp increase in hemodynamic
parameters [1, 2]. Though healthy individuals can
withstand such changes, the reaction is risky in patients
with cardiovascular comorbidities (especially

hypertension). The acute rise in hemodynamic parameters
in such individuals predisposes them to the onset of
myocardial ischemia, cerebral vascular accidents, and
perioperative arrhythmia[3]. This dangeris also increased
in hypertensive patients since chronic vascular
remodeling, which reduces baroreceptor sensitivity in the
process of buffering the sudden sympathetic stimulation
[4]. There are many examples of pharmacologic agents:
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opioids, lidocaine, beta-blockers, and calcium channel
blockers, which have been employed to reduce the
intubation response[5]. Labetalol, an alpha-non-selective
and beta-blocker, has proven to be the most popularin the
perioperative units since it offers effective blood pressure
regulation with no reflex tachycardia effect [6]. Research
revealed that labetalol by the intravenous route has a
greater effect in slowing the heart rate with a decrease in
the elevation in blood pressure after laryngoscopy in
hypertensive and cardiac-risk patients [7].
Dexmedetomidine is a very specific 2-adrenergic agonist
that is very popular because it has strong sympatholytic,
sedative, and analgesic but no respiratory depression
properties [8]. Dexmedetomidine offers better
hemodynamic stability during high-intensity noxious
stimulation by decreasing the central sympathetic outflow.
Different clinical trials indicated that dexmedetomidine
pre-induction is very effective in blunting the
hemodynamic effect of intubation and decreasing the
amount of catecholamine release during peri-surgery [9,
10]. As much as the stress response around laryngoscopy
has been proven to be reduced by both labetalol and
dexmedetomidine separately, no head-to-head studies
have been directly compared, especially in patients with
well-managed hypertension. This group of individuals
constitutes a special predicament, because continuous
antihypertensive treatment might distort compensatory
autonomic responses, and the choice of an agent is of
paramount importance to prevent the occurrence of
adverse cardiovascular events [11, 12]. It has been
emphasized in recent literature that in hypertensive
cohorts, special consideration should be directed towards
the pharmacologicapproachtoassessmentand evaluation
since it has a disproportionately greater perioperative
morbidity[13].

Enhancement of evidence in this field may make
anesthetic practice safer in the perioperative
management of a high-risk population. There is a lack of
direct comparative evidence between intravenous
dexmedetomidine and labetalol for attenuating the
hemodynamic response to laryngoscopy and endotracheal
intubation in patients with well-controlled hypertension.
This study aimed to compare the effectiveness of
intravenous dexmedetomidine and labetalol in the
attenuation of hemodynamic stress response to
laryngoscopy and endotracheal intubation in controlled
hypertensive patientsduring elective surgery.

METHODS

A quasi-experimental study was conducted in the
operating theaters of Mayo Hospital, Lahore, between
March 20, 2019, and September 20, 2019, after getting
permission from the ethics review committee

DOI: https://doi.org/10.54383/pjhs.v7i2.3566

(499/RC/KEMU). Two hundred potential patients were also
identified and included in the ultimate analysis. The mean
blood pressurein group D(70.50 +4.58)and group L(76.37 +
5.52) was used to calculate the sample size by taking 80%
power of the test, 5% margin of Errorand 10% drop out rate
is 136 (68 in each group) [14]. The inclusion criteria were:
the presence of controlled hypertension(SBP less than 140
mmHg and DBP less than 90 mmHg on a single
antihypertensive agent), both genders, and age between 18
and 70 years, and a scheduled elective surgery under
general anesthesia. The patients predicted hard-to-
manage airway (Mallampati class > 3), a laryngoscopy time
longer than 30 seconds, or more than one attempt, pre-
existing coaqulation disorders (INR > 1.5), morbid obesity
(BMI > 35kg/m2), uncontrolled hypertension, congestive
heart failure, arrhythmias, acute bronchospasm, or initial
hypotension were excluded fromthe study. After taking the
informedand written consent, the patientswere enrolledin
the study. The treatment received was recorded by the
researchers, and the patients were classified in the
following way: Group D (Dexmedetomidine): Patients were
treated with intravenous dexmedetomidine 0.1 mcg/kg
before induction. Group L (Labetalol): Intravenous
labetalol, 0.1mg/kg before induction. The study drugs were
then ready prepared by the clinical team and were all
diluted in normal saline to a billed volume of 10 mL and
infused over 5 minutes before anesthesia induction. None
of the observations were blinded; the study team was
aware of the treatment administered. Upon arrival in the
operating theatre, normal non-invasive monitoring was
initiated: ECG, HR, NIBP, and peripheral oxygen saturation
viaanormal patient monitor. Once intravenous access had
been achieved, nalbuphine 0.1 mg/kg was given to all the
patients. Propofol 2mg/kg was administered intravenously
to induce anesthesia. The Atracurium at 0.5mg per
kilogram was administered after loss of consciousness to
aid the endotracheal intubation. The anesthesia was
maintained by isoflurane in 100% oxygen at 1.2MAC. An
anesthetist who was senior carried out laryngoscopy and
endotracheal intubation. With the help of hemodynamic
parameters, the mean heart rate and the mean arterial
pressure were measured at the induction (baseline) and at
2 minutes after intubation. Data analysis was conducted by
SPSS version 25.0. The results of quantitative variables
(age, BMI, heart rate, MAP) were in the form of mean
standard deviation (SD). Frequencies and percentages
were used to state qualitative variables (gender, ASA
status). An independent sample t-test was utilized to
compare the main outcome variables, mean heart rate and
MAP, in the two non-randomized groups. A p-value of less
than 0.05 was takento be statistically significant.

PJHSL VOL. 7 Issue. 02 Feb 2026 Copyright ® 2026. PJHSL, Published by Crosslinks International Publishers LLC, USA
This work is licensed under a Creative Commons Attribution 4.0 International License. 63




KhalidR et al.,

RESULTS

Dexmedetomidine and Labetalol for Attenuating Stress Response in Hypertensive Patients

DOI: https://doi.org/10.54383/pjhs.v7i2.3566

Table 3: Stratification of Hemodynamic Outcomes by Body Mass
Index(BMI)

A total of 200 patients were enrolled and completed the
study, with 100 patients receiving dexmedetomidine
(Group D)and 100 receiving labetalol (Group L) based on the
attending physician's standard clinical practice. The two
groups were found to be comparable with respect to key
baseline characteristics, including age, ASA physical
status, and Body Mass Index. This finding suggests that
major known confounders in these categories did not
significantly differbetweenthe observed groups(Table1).

Table 1: Comparison of Demographic Characteristics of Both
Groups

Parameters BMI Category  Group D GroupL  p-value
Miak)r;:tesa/;ii)ate (;\'B?rzrz.ag') 72.50+3.40 | 76.35+5.12 | <0.001
Me(abr; :te;jgii?te O("zesr_végigr)‘t 75.00+4.14 | 78.00+3.77 | 0.001
Mﬁ;;‘;ﬁi?te (gg%sse) 74,59 +5.49 | 78.00+2.40 | 0.008
Prr:se;?ré[xrr\iﬁ-llg) (1“'8‘3;’22) 955425 | 97.0+2.0 | 0.005
Przs:l?ré[tnfﬁg) O("zeg_vé‘;‘g';t 955+36 | 97.8+3.0 | 0.004
Przs::réztnfgﬂg) (gg?g‘g) 976+15 |100.0+2.71 | 0.002

Characteristic 100 (mi00)  (nezo0)
Age Group (Years)
18-35 20(20.0%) | 21(21.0%) | 41(20.5%)
36-50 50(50.0%) | 45(45.0%) | 95(47.5%)
51-70 30(30.0%) | 34(34.0%) | 64(32.0%)
ASA Physical Status
ASA| 40(40.0%) | 45(45.0%) | 85(42.5%)
ASA I 60(60.0%) | 55(55.0%) | 115(57.5%)
Body Mass Index (kg/m$/2$)

Normal(18-24.9) 41(41.0%) | 38(38.0%) | 79(39.5%)
Overweight (25-29.9) 34(34.0%) | 39(39.0%) | 73(36.5%)
Obese (30-35) 25(25.0%) | 23(23.0%) | 48(24.0%)

Data are presented as n (%). ASA: American Society of
Anesthesiologists

The primary findings of the study revealed a statistically
significant difference in the observed hemodynamic
response tointubation between the two treatment groups.
At two minutes post-intubation, patients in Group D had a
significantly lower mean heart rate and mean arterial
pressure comparedto patientsinGroup L(Table 2).

Table 2: Difference between the Hemodynamic Parameters 2
Minutes Post-Intubation

Parameters GroupD  GroupL p-value
Mean Heart Rate (beats/min) 78+8.27 | 81+5.30 | 0.006
Mean Arterial Pressure (mmHg) 98+7.26 | 101+8.20 | 0.007

Post-hoc stratification analysis was conducted to evaluate
the outcomes across subgroups of age, ASA status, and
BMI. The superior observed attenuating effect of
dexmedetomidine was consistent across all subgroups. In
every stratificationforage, ASA status, and BMI, both mean
heart rate and mean arterial pressure were significantly
lower in the dexmedetomidine group compared to the
labetalol group (p<0.05 for all comparisons). Table 3
presentsadetailed stratification of the outcomesbased on
BMI(Table 3).

DISCUSSION

The main observation of this observational study is that
pre-induction dexmedetomidine was linked to a
considerably superior decrease in the hemodynamic
stress response. This implies that there is a possible
efficacy benefit of dexmedetomidine compared to
labetalolinclinical practiceinthe realworld[15]. Thisnoted
excellent efficiency of dexmedetomidine is
pharmacologically conceivable. Dexmedetomidine is a
very selective 2-adrenergic CNS agonist; the stimulation of
central nervous system presynaptic 2 receptors inhibit the
release of norepinephrine, inhibiting sympathetic outflow
and suppressing catecholamine response to noxious
stimuli like intubation [16, 17]. Conversely, labetalol offers
peripheral 2 and non-selective 3 adrenergic blockade, and
this can be less efficient in managing the central
sympathetic surge[16]. This process is in accordance with
the earlier literature that indicated more hemodynamic
stabilityinthe presence of dexmedetomidine during airway
control[18]. Further, the presence of uniform advantage in
stratified subgroups (age, ASA status, BMI) confirms the
clinical relevance of dexmedetomidine to represent a wide
group of hypertensive patients [15, 19]. The effectiveness
of the effect on such subgroups indicates that the
hemodynamic benefits are not limited to a specific patient
profile, but they might be extended to different
demographic and physiologic backgrounds. A body of
literature has substantiated these results. Recent
controlled prospective, randomized, double-blind studies
inhypertensive patients onintubation found that the single
dose of dexmedetomidine showed significant lowering of
HR and MAP at different time points after intubation, with
noincidence of bradycardia or hypotension necessitatinga
response [17]. A meta-analysis of randomized trials also
established the efficacy of dexmedetomidine in the
attenuation of the hemodynamic reaction to tracheal
intubation with decreased HR and MAP over placebo or
none of dexmedetomidine [18]. Further, other controlled
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trials have continued to confirm dexmedetomidine's
excellent profile duringintubation stressresponse, suchas
decreased induction dosage and consistent
hemodynamics[19,20].

Our study should be limited by limitations. To begin with,
causality cannot be well-established since it is
observational research. Also, the two groups were well
matched on measured variables (age, BMI, ASA), however,
unmeasured confounders (e.qg., clinician preference,
baseline cardiovascular tone, frailty) could have
contributed to the development of both drugs used and the
final outcomes [15,22]. We did not test dose response
relationships or other administration plans (e.g.,
continuous infusion), the effect of which may be different
from our fixed single doses. With these constraints, future
studies should incorporate multicenter randomized
controlled trials between dexmedetomidine and labetalol,
various dosing schedules (bolus vs infusion) as well as
cardiovascularoutcomesinthelongrun. These trialswould
aid in establishing causality and determining the most
appropriate administration measures in hypertensive
patients.

CONCLUSIONS

Pre-induction dexmedetomidine was associated with
better attenuation of hemodynamic response to
laryngoscopy and intubation in this group of patients with
controlled hypertension than labetalol. These results
clinically justify the use of dexmedetomidine to encourage
improved perioperative hemodynamic stability in this
predisposed group of patients. However, these
observational relationships should be verified by
randomized trials that have wider endpoints. This
observation has direct clinical implications. It indicates
that dexmedetomidine has the potential to be a better
agent to use in the management of perioperative
hemodynamic stability among vulnerable populations of
patients, which may lessen the chances of cardiovascular
complicationsassociated withairway manipulation.
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Congenital hypothyroidism (CH)is one of the most common preventable causes of intellectual
disability in children. Early detection through newborn screening is essential for timely
intervention. However, the predictive accuracy of DBS-TSH varies across populations, and
limited local data are available from Pakistan. Objectives: To determine the positive predictive
value (PPV) of dried blood samples of thyroid-stimulating hormone (DBS-TSH) in diagnosing
congenital hypothyroidism (CH) in neonates. Methods: This retrospective cohort study using
screeningregistry datawas conducted at the newborn screening program, Aga Khan University
Hospital, Karachi, from March 2023 to March 2024. Records of neonates screened from April
2019to December 2022 were reviewed. Neonates with DBS-TSH>10 mIU/L were labeled screen-
positive and underwent confirmatory testing with serum TSH and free T4 within two weeks.
Neonates with Serum TSH (>20 mlU/L) were considered true positive for congenital
hypothyroidism. Results: Of 30,402 neonates screened, 538(1.76%)were screen positive. Mean
DBS-TSH was 16.1+12.6 mIU/L. Among them, 478 (88.8%) had 10-20 mIU/L (Group 1), and 60
(1.2%) had >20 mIU/L (Group 2). Confirmatory testing was available for 385 infants, of whom 33
were true cases of CH, yielding a PPV of 8.57% (95% Cl: 5.9%-11.7%). Higher PPV was observed
whensampling occurred at >48 hours. A DBS-TSH cutoff >35 mIU/L showed PPV of 95% (95% Cl:
76.18 - 99.88), which may justify early treatment consideration. Conclusions: DBS-TSH
screening at a cutoff of >10 mIU/L yields modest PPV for CH. Higher DBS-TSH values and
appropriate sampling time significantly enhance predictive accuracy.

INTRODUCTION

Congenital hypothyroidism(CH)is one of the most common
treatable endocrine disorders in neonates and a leading
preventable cause of intellectual disability[1]. If untreated,
thyroid hormone deficiency in early life leads to permanent
cognitive impairment, motor dysfunction, and growth
abnormalities [2, 3]. Recent global estimates suggest a
rising prevalence, with reported rates ranging from 1 in
2,000 - 4,000 live births[4, 5]. The thyroid hormone plays a
crucial role in brain maturation, particularly during the
neonatal period [6]. Delays in detection and initiation of
levothyroxine therapy are associated with irreversible

neurological sequelae, whereas early treatment prevents
long-term complications [2, 7]. This highlights the
importance of effective and timely newborn screening
programs. Dried blood spot thyroid-stimulating hormone
(DBS-TSH) measurement has become the cornerstone of
CH screening worldwide. It is inexpensive, minimally
invasive, and well-suited for large-scale implementation,
even in resource-limited settings [8, 9]. International
studies demonstrate its predictive accuracy, though
performance depends on the timing of sampling and cut-
off thresholds. Alarge Chinese cohort study involving more
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than 50,000 newborns showed that optimal DBS-TSH cut-
offs (9-11 mIU/L) improved both sensitivity and specificity
[10]. Similarly, lowering TSH thresholds increased
detection of mild CH cases but also raised false-positive
rates [11]. Evidence also suggests that sampling after
48-72 hours reduce false positives compared to earlier
collection [12]. Despite these global insights, data from
Pakistan remains limited. Local studies have reported
increasing trends of CH and highlighted gaps in newborn
screeningcoverage[13,14].

However, the positive predictive value (PPV) of DBS-
TSH-based newborn screening has not been
comprehensively evaluated in the Pakistani population,
limiting evidence for optimizing national screening
strategies. This study aimed to determine the PPV of DBS-
TSH in diagnosing congenital hypothyroidism among
neonates born at a tertiary care hospital, to inform
refinement of national screening protocols.

METHODS

This retrospective cohort study using screening registry
data was conducted at the Newborn Screening Program,
Department of Pediatrics, Aga Khan University Hospital,
Karachi, from March 2023 to March 2024. After obtaining
approval from the Institutional Review Board (2023-8367-
23754), data were retrieved for all neonates screened for
congenital hypothyroidism (CH) between April 2019 and
December 2022. As this study involved a retrospective
review of existing medical records without direct patient
contact, informed consent was not required. Patient
confidentiality and anonymity were strictly maintained
throughout the study. A DBS-TSH concentration greater
than 10 mIU/L was considered screen-positive according
to our hospital's newborn screening protocol. A non-
probability consecutive sampling technique was used,
whereby all screened positive neonates, with gestational
age >33 weeks, during this period were included. Infants
with incomplete records or missing follow-up data were
excluded. Screen-positive infants were stratified into two
groups: Group 1(DBS-TSH 10-20 mIU/L) and Group 2 (DBS-
TSH >20 mlU/L). Furthermore, screen-positive infants
were also stratified based on age at the time of sampling.
The sample size was calculated using the formula for
estimating a single proportion, with the positive predictive
value (PPV) of DBS-TSH in diagnosing congenital
hypothyroidism as the primary outcome. Based on a
previous regional study [6], which reported a PPV of 8.6%,
and using a 95% confidence level (Z =1.96) and a margin of
error of 2.5%, the minimum required sample size was 478
screen-positive neonates. Accounting for an anticipated
20% losstofollow-up, the target sample size wasincreased
to 600. The study included 538 screen-positive infants,
meeting this calculated requirement. A non-probability
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consecutive sampling technique was used, whereby all
screened positive neonates with gestational age >33
weeks during the study period were included. Data
collection included demographic information like
gestationalage, birth weight, sex, and maternal thyroidand
pregnancy history. Moreover, the age of neonates and TSH
value through DBS and later confirmatory serum analysis
were recorded along with FT4 from electronic medical
records of AgaKhan University Hospital. DBS was collected
atthe hospital fromneonates using standardized heel prick
procedures onto filter paper cards for newborn screening.
TSH levels were subsequently measured from these
samples using liquid chromatography-tandem mass
spectrometry (LC-MS/MS) at the AKUH Clinical
Laboratories, Karachi. All samples were processed
following institutional standard operating procedures to
ensure quality and accuracy. Neonates with TSH levels
>10mIU/L on DBS are advised to get confirmatory serum
testsdone, involving serum TSH for group Tand serum TSH
and free thyroxine (FT4) for Group 2, to confirm the
presence of congenital hypothyroidism. Follow-up is done
for all screen-positive cases within 48 hours of initial DBS-
TSH results and continued for two weeks via telephonic
messages, emails, and letters to the mailing address
(whichever is available), and details of confirmatory
testing, including date and results, were documented.
Neonates are labelled as true positives for congenital
hypothyroidism based on plasma TSH >20Miu/L and FT4
testing (<0.97 ng/dl). After extraction of data from medical
records and NBS program registry statistical analysis was
performed using Stata version 17 (Stata Corp, College
Station, TX, USA). Continuous variables were expressed as
mean * standard deviation, while categorical data were
summarized as frequencies and percentages. Positive
predictive value was calculated as the proportion of
screen-positive neonates who were confirmed to have
congenital hypothyroidism on serum thyroid-stimulating
hormone and free thyroxine testing, using the formula:
Positive Predictive Value =(True Positives)/(True Positives
+ False Positives). Exact 95% confidence intervals were
calculated using the Clopper-Pearson method for binomial
proportions. Newborn screening was performed in 30402
neonates during the period of study, of which 538 (1.76%)
were foundtobe screenpositives(Figure1).
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Total Screened
Neonates
n =30402

Screened
Negative 29864

Screened
Positive 538

Serum TSH done Serum TSH not
385 done 153

Congenital
— Hypothyroidism
33

No Congenital
— Hypothyroidism
352

Figure 1: DBS-TSH screening and Serum TSH Confirmatory
Testingin Neonates(n=30402)

RESULTS

The mean age of the neonates at the time of sampling was
38.3 +18.8 hours. The majority of the DBS-TSH sampling
was done within 24-48 hours of age, i.e., 315(58.5%), while
37(6.8%)was done before 24 hours of age, and 186 (34.5%)
was sent after 48 hours of age. The cohort comprised 268
(49.8%) girls and 270 (50.2%) boys. The mean birth weight
was 2853.8 + 417.3 grams. Low birth weight (less than 2500
g)was observedin 86(16%)of the neonates. The majority of
the neonates were terminfants, i.e., 466(86.6%). The mean
gestational age was 38.0 1.5 weeks. The mean DBS-TSH
value was foundto be 16.1+12.6 mIU/L. A total of 478(88.8%)
had DBS-TSH results between 10-20mIU/L (Group 1),
whereas 60(11.2%) had DBS-TSH results >20mIU/L (Group
2). Amongthe total cohort, 153 neonates(28.43%)were lost
to follow-up, leaving 385 neonates (332 from group Tand 53
from Group 2) (71.56%), who underwent confirmatory
serum TSH testing. The mean serum TSH level among
these neonates was 12.5 + 28.7 mIU/L. Serum FT4 levels
were measuredin 90 neonates(16.7%), witha mean value of
1.5 + 1.6 ng/dL. Of the 385 neonates who completed
confirmatory TSH testing, congenital hypothyroidism was
diagnosed in 33 cases, yielding a proportion of confirmed
CHamongscreen-positive infants of 8.57%(Table1).
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Table 1: Descriptive Findings of Serum TSH, DBS-TSH, Final
Diagnosis, and Serum FT4(n=538)

Characteristics Fg:ig:;%% )
DBS-TSH Results (mIU/L) 16.1+£12.6
Group 2 (DBS-TSH >20mIU/L) 60(11.2%)
Group 1(DBS-TSH 10-20mIU/L) 478(88.8%)
Serum TSH done 385(71.6%)
Serum TSH not done 153(28.4%)
Contact established but not repeated by parents 17(76.5%)
Contact not established 36(23.5%)
Serum TSH Results (mIU/L), n=385 12.5+28.7
Serum FT4 Levels, n=90 1.5+16
Congenital Hypothyroidism 33(8.57%)
No Congenital Hypothyroidism 352(91.4%)

DBS: Dried blood sampling, PPV: Positive predicted value, SD:
Standard deviation, TSH: Thyroid-stimulatinghormone
The PPV of DBS-TSH in predicting congenital
hypothyroidism was found to be 8.57% (95% ClI:
5.9%-11.7%)inour cohort(Table 2).
Table 2: Positive Predictive Value of DBS-TSH in Diagnosing
Congenital Hypothyroidism(n=385)

DBS-TSH, PPV 95% Cl
Frequency (%) (%) (%)
Congenital Hypothyroidism 33(8.57%)

Final Diagnosis

No Congenital Hypothyroidism 352(91.425) |8.57%|5.97-11.38

Total 385

DBS: Dried blood sampling, PPV: Positive predicted value, TSH:
Thyroid-stimulating hormone. The PPV confidence interval was
calculated using the exact (Clopper-Pearson)binomial method to
provide precise estimates of statistical uncertainty.
Stratification by predictor variables showed that the PPV of
DBS-TSHincreased with both samplingage and higher TSH
concentrations. Neonates sampled after 48 hours of age
hada PPV 0f14.07%(95% Cl: 8.69-21.10%)(Table 3).

Table 3: Stratification of Predictor Variables and Positive

Predicted Value of DBS-TSH in Diagnosing Congenital
Hypothyroidism(n=385)

Final Di is, FI %
inal Diagnosis, Frequency (%) pevll ssecl

Congenital No Congenital (%) (%)
Hypothyroidism Hypothyroidism

DBS-TSH Category

Variables

Gzrg‘;%()f)' 32| 12(3.6%) 320(96.3%) | 3.6 | 1.88-6.23
Group2(>201 g | 91 (39 g9) 32(680.3%) |39.6 |26.45-53.99
miU/L)
Age of Neonates at Time of Sampling
<24 Hours | 26 0(0%) 26(100%) 0| 0-13.23
24-48 Hours | 223 | 14(6.27%) 209(93.7%) |6.27] 3.47-10.31
>48Hours | 135 |  19(14.07%) 116(85.92%) [14.07| 8.69 - 21.10

Furtheranalysis of incremental DBS-TSH cutoff thresholds
showed a progressive increase in PPV with rising TSH
values. A DBS-TSH cutoff of = 35 mIU/L yielded a PPV of
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95.2%(95% Cl: 76.18-99.88%). Comparative PPV values for all evaluated cutoff pointsare summarized(Table 4).
Table 4: Comparison of Positive Predictive Values of Different DBS-TSH Cutoffs
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De:;::("r'n‘:ﬂ;f)ff N O ereen N:"eﬁastg:: ! >2E)S:115'/T).Trgsol-.l of (f%”:l‘lJ,sl‘;" >2gs:1:ﬂ7|‘).TN.sol‘.l of >2E)S:1757?)TNS:.I of PPV(%) 95%Cl(%)
True Positives False Positives False Negatives
>10 385 0 33 0 352 0 8.57 5.97-11.83
>1 326 59 33 59 293 0 10.1 7.07-13.93
>12 252 133 31 131 221 2 12.3 8.51-17.00
>13 197 188 28 183 169 5 14.2 9.66-19.88
>14 142 243 26 236 116 7 18.3 12.32 - 25.67
>15 110 275 24 266 86 9 21.8 14.51-30.70
>16 96 289 23 279 73 10 23.9 15.83 - 33.75
>17 77 308 22 297 55 n 28.5 18.88 - 40.00
>18 64 321 21 309 43 12 32.8 21.569 - 45.69
>19 59 326 21 314 38 12 35.5 23.55-49.13
>20 54 331 21 319 33 12 38.8 25.92-53.12
>25 38 347 21 335 17 12 55.2 38.30-71.38
>30 28 357 21 345 7 12 75 55.13 - 89.31
>35 21 364 20 351 1 13 95.2 76.18 - 99.88
>40 18 367 17 351 1 16 94 72.71-99.86
>50 16 369 16 351 0 17 100 79.41-100.0

DBS: Dried blood sampling, PPV: Positive predictive value, TSH: Thyroid-stimulating hormone, Cl: Confidence Interval. PPV confidence
intervals were calculated using the exact(Clopper-Pearson)binomial method to provide precise estimates of statistical uncertainty.

DISCUSSION

This study evaluated the positive predictive value (PPV) of
DBS-TSH for neonatal screening of congenital
hypothyroidism (CH) at a tertiary care center in Pakistan.
The overall PPV was 8.57%, which is consistent with
findings from other regions. Alameer et al. reported a PPV
of 8.6% in Saudi Arabia [6]. while Liu et al. recently
demonstrated wide variation in global prevalence and
screening performance, reflecting differences in cutoffs
and protocols across populations [3]. Current analysis
showed that DBS-TSH =10 mIU/L identified 538 neonates,
of whom 33 were confirmed to have CH, supporting this
threshold as an effective screening cutoff. Importantly, a
higher cutoff (=35 mIU/L)yielded a PPV of 95%, suggesting
that immediate treatment could be considered in such
cases while awaiting confirmatory results. In addition,
neonates sampled after 48 hours of life demonstrated
higher PPVs, underscoring the importance of optimal
timing for sample collection. These findings are consistent
with recent European and international studies
highlighting improved predictive value at higher TSH
thresholds and later sampling [15-17]. These comparisons
underscore the variability in PPV across different settings,
influenced by factors such as screening protocols, cutoff
values, and demographic characteristics of the neonates.
Our study's findings contribute to the body of evidence
supporting the effectiveness of DBS-TSH screening in
identifying neonates at risk of congenital hypothyroidism,
with implications for early detection and treatment to
prevent adverse outcomes in our hospital and laboratory
settings[18-20]. This study has several strengths. It is one

of the few studies conducted in Pakistan that evaluates the
PPV of DBS-TSH screening for congenital hypothyroidism
inneonates. Current findings provide valuable insightsinto
the performance of this screening method in a local
context. Furthermore, the study included a relatively large
sample size, enhancing the statistical power and reliability
of our results. The identification of factors associated with
higher PPV, such as age at the time of sampling and DBS-
TSH levels, adds to the existing knowledge and can inform
future screening strategies. Recent studies from Pakistan
have reported that the true prevalence of congenital
hypothyroidism in the Pakistani population is not available
[10, 11]. Our study contributes to addressing the gap in
knowledge regarding the true prevalence of congenital
hypothyroidism in the Pakistani population by screening
out cases with newborn screening, which would have been
missed, but cannot provide prevalence estimates because
nearly one-third of screen-positive infants did not undergo
confirmatory testing. Asaresult, our findings are limited to
the proportion of confirmed CH cases among those who
completed follow-up rather than reflecting population-
level prevalence. By evaluating the PPV of DBS-TSH for
screening congenital hypothyroidism in neonates, our
research provides valuable insights that can inform future
epidemiological studies and screening strategies in
Pakistan.

The study relied on DBS-TSH measurements without
assessing full diagnostic parameters such as sensitivity,
specificity, and negative predictive value. Additionally,
incomplete follow-up limited the evaluation of long-term
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outcomes and may have led to underestimation of true
disease burden. Future research should incorporate
comprehensive screening performance measures, long-
term neonatal follow-up, and evaluation of maternal and
environmental factorsaffectingneonatal TSHlevels.

CONCLUSIONS

Current study demonstrates that DBS-TSH screening in
neonates has a PPV of 8.57% for diagnosing congenital
hypothyroidism. Higher DBS-TSH levels and sampling after
48 hours were associated with increased predictive
accuracy. These findings highlight the effectiveness of
DBS-TSH as an initial screening tool for early detection of
congenital hypothyroidism.
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American dentist James Young Crawford coined the phrase "dry socket" (Alveolar Osteitis) in
1896 torefertoanacuteinfection of alveolarbone surrounding the location of atooth extraction.
Severe pain, the lack of a blood clot inside the socket, and food particles inside the socket are
clinical indicators of dry socket. Most frequently seen after the extraction of mandibular third
molars, the incidence of dry socket ranges greatly, from 1% to over 25%. Objectives: To assess
the frequency of dry socket and its association with gender and site of teeth extraction at a
tertiary care hospital. Methods: The descriptive cross-sectional study was conducted at the
Department of Oral and Maxillofacial Surgery of Jinnah Postgraduate Medical Center, Karachi.
Demographic data, such as age and gender, and clinical data, such as the extraction site,
smoking status, extraction type and extent, and the frequency of dry socket within five days
after extraction. Results: Dry socket was found in 22.5% higher in male, 26.5% compared to
female 17.3%. The incidence of dry socket was significantly greater in mandibular extractions
31.1% than in maxillary extractions 8.7% with a p-value of less than 0.01. Smokers exhibited a
notably higher rate of dry socket 41.7% compared to non-smokers, 9.7%. Furthermore, 41% of
surgical extractions resulted in dry socket, compared to 13.6% of non-surgical extractions.
Conclusions: The reported frequency of dry socket was slightly higher in male as compared to
female, and it was more commonly observed in patients who underwent mandibular tooth
extractions.

INTRODUCTION

The American dentist James Young Crawford coined the
phrase "dry socket"(Alveolar Osteitis) in 1896 to refer to an
acute infection of the alveolar bone surrounding the
location of a tooth extraction[1]. Severe pain, the lack of a
blood clot inside the socket, and food particles inside the
socket are clinical indicators of dry socket [2]. Most
frequently seen after the extraction of mandibular third
molars, the incidence of dry socket ranges greatly, from 1%

to over 25% [3]. Several reasons have been related to an
increased risk of developing alveolar osteitis, while some
remain controversial [4]. These include the extraction
location, smoking, being a woman, being younger, having
had difficult or traumatic extractions, not practiced good
dental hygiene, and had a history of dry socket episodes.
Additionally, recent research points to the possible
involvement of bacterial components in the
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pathophysiology of dry socket by indicating thatindividuals
may have a unique microbiome. This underlines the
importance of applying evidence-based strategies in
routine dental practice to improve patient outcomes|[5, 6].
Furthermore, a higher incidence of dry socket and other
surgical problems has been associated with systemic
health disorders such as diabetes and
immunosuppression. Different incidence rates and gender
distributions are reported by a number of studies in the
literature [7]. For example, Chandran et al conducted a
retrospective study in Chennai, India, and found that out of
1,341 extractions, 72 cases(5.37%)were complicated by dry
socket. Among these, 44 (7.86%) were females, and 28
(6.18%) were males, with a higher prevalence in mandibular
third molars (28.5%) compared to maxillary teeth (22.7%)
[8]. According to a local cross-sectional survey, 9.0% of
patientshad dry socket, with female experiencingaslightly
greater frequency (9.7%) than male (8.2%). In that study,
the maxillary region accounted for 52.9% of dry socket
instances, whereas the mandibular region accounted for
47.1%[9].In contrast, Khan et al. reported that 75.7% of dry
socket cases were in male and 24.2% in female, though
they did not distinguish between maxillary and mandibular
sites an important consideration, as mandibular
extractions are known to be more commonly associated
with dry socket [10]. Understanding the link between
systemic health and oral health is crucial in developing
individualized treatment plans for patients undergoing
dental extractions. A comprehensive approach allows for
tailored preventive and therapeutic interventions,
ultimatelyimproving patient care. The findings of this study
will be used to inform future research and raise awareness
inordertoimprove the quality of life foraffected people.
Dry socket remains a frequent and painful complication
following tooth extraction, with reported incidence and
distribution varying widely across populations. Existing
studies show inconsistent findings regarding its
association with gender and extraction site, and local data
remain limited and fragmented. This lack of uniform
evidence makes it difficult to identify high-risk groups and
plan targeted preventive strategies. This study aims to
evaluate the association between dry socket and gender,
as well as the extraction site (maxillary or mandibular), in
the local population to support improved risk stratification
and clinical decision-making.

METHODS

An analytical cross-sectional study was carried out at the
Department of Oral and Maxillofacial Surgery at Jinnah
Postgraduate Medical Centre in Karachi, with institutional
ethical review committee clearance (No.F.2-81/2024-
GENL/164/JPMC) from January 1, 2025, to July 15, 2025.
The sample size was calculated using Open Epi Online

DOI: https://doi.org/10.54393/pjhs.v7i2.3478

software based on a reported dry socket prevalence of
8.2% inmale 9, a 95% confidence level, and a 5% margin of
error [9]. The study comprised 120 patients. Non-
probability consecutive sampling was used to find the
participants. All patients were recruited from the
Outpatient Department after taking consent and a history
with clinical examination. The study procedure, the reason
for using their data for research, and the risks and
advantages involved were all explained to the participants.
Inclusion criteria consisted of patients aged between 18
and 60 years of either gender who presented to the
outpatient department for permanent tooth extraction of
mandibular or maxillary teeth. Patients with conditions
that could affect the healing process, including
osteopetrosis, ulcerative gingivitis, Paget's disease,
malignancy, systemic diseases, osteomyelitis, coagulation
disorders, or any other relevant medical conditions, were
excluded. Pregnant women and those who did not provide
consent were also excluded from the study. A structured
Performa was used to collect data, which included clinical
information such as the kind and extent of extraction,
smoking status, the site of extraction, and the existence of
dry socket within five days after extraction, in addition to
demographic information such as age and gender. Dry
socket, or alveolar osteitis, was defined as delayed healing
without infection and was confirmed through a
combination of the patient's complaint of pain beginningon
the third postoperative day and clinical findings such as
partial orcomplete loss of the blood clotand exposed bone,
as assessed by a senior consultant. Smoking was defined
asahistory of smoking more than 10 cigarettes perdayfora
duration exceeding two years. SPSS version 27.0 version
was used to analyze the data collected. The mean and
standard deviation were used to display descriptive
statistics like age, whereas frequency percentages were
used to display categorical variables, including gender,
smoking status, site, kind, and amount of extraction, and
incidence of dry socket. The association was assessed by
using chi square test, and a p<0.05 was considered
significant.

RESULTS

Atotal of 120 patients were enrolled having mean age of the
patients was 36.4 = 11.2 years, ranging from 18 to 65 years.
68 (56.7%) were male, and 52 (43.3%) were female. Forty-
eight patients (40%) were smokers, while 72 (60%) were
non-smokers. The site of extraction was maxillary teeth in
46 patients (38.3%) and mandibular teeth in 74 patients
(61.7%). In terms of extent, 85 patients (70.8%) underwent
single-tooth extractions, whereas 35(29.2%) had multiple
teeth extracted. Regarding the type of procedure, 39
patients(32.5%)had surgical extractionsand 81(67.5%)had
non-surgical extractions(Table1).
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Table 1: Demographic and Clinical Characteristics of the Patients
(n=120)

Variables Frﬁ::::ys(lf )

Age Years 36.4+11.2

Male 68(56.7%)

Gender Female 52(43.3%)
Total 120(100.0%)

Smokers 48(40.0%)

Smoking Status Non-Smokers 52(60.0%)
Total 120(100.0%)

Maxillary Teeth 46(38.3%)

Site of Extraction Mandibular Teeth 74(61.7%)
Total 120(100.0%)

Single Tooth 85(70.0%)

Extent of Extraction Multiple Teeth 35(29.2%)
Total 120(100.0%)

Surgical Extraction 39(32.5%)

Type of Extraction Non- Surgical Extraction 81(67.5%)
Total 120(100.0%)

The overall frequency of dry socket was 22.5% higher in
male (26.5%) compared to female (17.3%) (p>0.05). The
occurrence of dry socket was significantly greater in
mandibular extractions (31.1%) than in maxillary
extractions(8.7%), witha p-value of less than 0.01. Smokers
exhibited a notably higher rate of dry socket (41.7%)
compared to non-smokers(9.7%), and this association was
highly significant (p<0.001). Additionally, dry socket
occurred more frequently following surgical extractions
(41%) than non-surgical extractions (13.6%) (p<0.01)(Table
2).

Table 2: Associations of Dry Socket with Demographic
Characteristics

Total Report

Dry -
e Socket (n) (n) Association (%) P vl
Overall 27 120 22.5 -
Gender
Male 18 68 26.5
>0.050
Female 9 52 17.3
Site of Extraction
Mandibular 23 74 311
- <0.010*
Maxillary 4 46 8.7
Smoking Status
Smokers 20 48 41.7
<0.0071*
Non-Smokers 7 72 9.7
Type of Extraction
Surgical 16 39 4.0
- <0.010*
Non-Surgical n 81 13.6

*Indicates statistical significance at p<0.05

DISCUSSION

In this study, the overall frequency of alveolar osteitis was
reported as of 22.5%, which is higher than the typically

DOI: https://doi.org/10.54393/pjhs.v7i2.3478

reported range of 1% to 5% for routine extractions, but
within the range of 20% to 30% for mandibular third molar
extractions [11]. Several risk factors were evaluated,
includinggender, smoking status, site of extraction, type of
extraction,and whetherthe procedure was surgical or non-
surgical [12]. Most of the patients with dry socket were
observed in the male gender (26.5%) compared to female
(17.3%), although this difference was not statistically
significant. Thistrend aligns with previous studies, such as
the work by Nusair et al. and Asif et al. who also reported a
higher frequency in male, attributing the difference to
behavioral factors such as smoking [13, 14]. In a separate
study conducted in Swat, Khan et al. reported that only 4%
of patients developed dry socket following tooth
extraction. The incidence was notably higher among male
patients, particularly those within the 20 to 30-year age
group. Additionally, the prevalence of dry socket was found
to be significantly greater among smokers compared to
non-smokers, indicating a strong association between
smoking and the development of this postoperative
complication [15]. The site of extraction showed a
significant association with dry socket occurrence, with
mandibular extractions (31.1%) being more prone
compared to maxillary extractions (8.7%). This finding is
consistent with the literature, indicating that mandibular
teeth, especially molars, are at higher risk due to denser
bone and lower vascularity, leading to compromised
healing [16, 17]. Smoking was found to be a significant risk
factor, with 41.7% of smokers developing dry socket
compared to only 9.7% of non-smokers (p<0.001). This
aligns withastudy conducted by Saeed et al. in Bangladesh,
which reported anon-significant association with smoking
and the development of alveolar osteitis, suggesting that
smoking did not appear to be a major contributing factor to
the reported rate of dry socket in the study population[18].
Localized tissue ischemia may play a significant role in
delayed wound healing and the development of thrombotic
microvascular occlusion, potentially asaresult of nicotine-
induced vasoconstriction, which reduces blood flow to the
surgical site. Additionally, nicotine can enhance platelet
aggregation, further promoting the formation of
microthrombi within small blood vessels, thereby
exacerbating tissue hypoxia and impairing the normal
healing process[19]. Forinstance, a study by Cardoso etal.
revealed al1% prevalence of dry socket[2], while Tandon et
al. reported 20.6% at 48 h to 41.2% at two weeks post-
extraction, with significant associations with smoking,
poor oral hygiene, and surgical technique [20]. This is
supported by findings from Sakka et al. who noted that
surgical trauma increases fibrinolytic activity and delays
healing, predisposingthe socket to clot disintegration[21].
This study was limited by its observational design and lack
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of long-term follow-up, which may have underestimated
delayed cases of alveolar osteitis. Additionally, factors
such as oral hygiene, surgical technique variability, and
patient compliance were not fully controlled, which could
influence the results. Future research should include
multicenter studies with standardized surgical protocols
and comprehensive assessment of behavioral and clinical
riskfactorstobetterunderstanddry socket prevalenceand
prevention.

CONCLUSIONS

In this study, reported dry socket was notably higher in
males and more commonly associated with extractions of
lower teeth. These results indicate that gender and site of
extraction had arole in the development of dry socket. For
the understanding of this complication, it is important to
introduce preventive measuresin clinical practicesand the
conductof large-scale studies.
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During pregnancy, iron deficiency anemia(IDA)isacommon complication that exposes both the
mother and fetus to a lot of risks. Objectives: To compare intravenous ferric carboxymaltose
(FCM)versus iron sucrose in the treatment of moderate to severe anemia in pregnant women.
Methods: This quasi-experimental study was conducted in a tertiary care hospital in Lahore,
whichregistered 62 pregnant women having 16-34 weeks of gestation and hemoglobin levels of
7-9qg/dl. The participants were randomly divided into two groups, withintravenous FCMin one of
themand the other without. The level of base hemoglobin and post-treatment were taken three
weeks after the completion. There was also the evaluation of effectiveness and adverse
impacts. Results: The average basalhemoglobinwas 7.88 + 0.42 g/dl. The levels after treatment
were significantly higherinthe FCM group(10.93 +0.63 g/dl)compared to the IS group(9.98 + 0.51
g/dl), withanincrease in statistically significant HB(p<0.001). The efficacy was reportedin 87.1%
of patients treated with FCM versus 38.7% in the Sl group. The adverse effects were remarkably
lower in the FCM group (19.4%) compared to IS (61.3%)(p=0.001). Although multiparous women
had significantly lower basal HB, both parity groups showed similar responses to treatment.
Conclusions: Ferric carboxymaltose demonstrated superior efficacy and tolerability compared
toiron sucrose in the first leg during pregnancy. Its ability to achieve rapid HB correction with
fewer side effects supportsits considerationas preferredintravenousiron therapy.

INTRODUCTION

Iron deficiency anemia (IDA) remains the most frequent
hematological disorder that complicates pregnancy,
affects millions worldwide, and raises important risks to
maternal and fetal health [1]. During pregnancy,
physiological changes, including the increase in plasma
volume and the highest iron requirements for fetal growth
and placental development, predispose women to iron
exhaustion[2]. Worldwide, the highest load falls on low and

middle-income countries, particularly in southern Asiaand
sub -Saharan Africa, where iron intake in the diet is
inadequate, infections are common, and access to timely
prenatal careis often limited [ 3]. Arecent meta-analysis of
27 studies found a pooled prevalence of 70.4% for anemia
in pregnant women, with even higher rates in Punjab at
77.4% [4]. Globally, IDA is regarded as one of the most
common medical complications of pregnancy and is linked
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to poor maternal and neonatal outcomes (such as fatigue,
predisposition to infection, preterm birth, and low birth
weight) [5, 6]. Although oral iron supplementation is
recommended as a first-line management, it is often
insufficient because of gastrointestinal intolerance and
lack of adherence as well as hematological response in
women with moderate to severe anemia or advanced
gestation[7]. Inturn, intravenousiron therapy(IVI)has now
been proven as a safe and reliable alternative to accelerate
and guarantee successful iron replacement in pregnancy,
especially when an embolism needs to be treated in time
[8]. However, all preparations are not alike in terms of
pharmacokinetics, dosing patterns, and infusion needs,
which can affect the effectiveness of the treatment,
compliance of the patient, and use of the health-care
resources[9,10].

Despite the existing data, the significant knowledge gaps
persist with respect to the optimal choice of IVl in various
populations, particularly in low -income environments,
based on the community, where the logistics of treatment
oftendictate the clinical decisions and where both the load
and the consequences of anemia are disproportionately
high. Studies with adequate power and local
contextualization are essential to inform the guidelines.
Thisstudyaimedto compare the ferric carboxymaltose and
theironsucrose complexinthe treatment of IDA, aiming to
rigorously evaluate their relative effectiveness, safety,
tolerability, and practicalimplicationsinthelocal context.

METHODS

This was a quasi-experimental study conducted from
August to November 2025 in the Department of Obstetrics
and Gynecology at Arif Memorial Hospital, affiliated with
Rashid Latif Khan University (RLKU) Medical College,
Lahore, Pakistan. The research was carried out following
ethical approval given by the institutional review board of
Hameed Latif Hospital, Lahore; the teaching institute of
RLKU Medical College (HLH/ADM/IRB/2025-027). Informed
consent was obtained from research participants before
conducting this research, and confidentiality was
maintained. A total of 62 pregnant women who were
between 16 and 34 gestation weeks were recruited using
non-probability consecutive sampling. The eligible study
subjects were 18 to 40 years old; their hemoglobin was
between7.0and 9.0 g/dl with serum ferritin below 30 ng/ml.
The inclusion criteria were pregnant women found to have
IDA through laboratory data. The exclusion criteria were a
history of allergy to iron preparations, multiple pregnancy,
chronic systemic disease (e.q., diabetes mellitus), renal or
cardiac disease, hemoglobinopathies, non-iron deficiency
anemia (i.e., antepartum bleeding), or intravenous iron or
blood transfusion within the last three months. Group A
was given FCM intravenously, and Group B was given

DOI: https://doi.org/10.543983/pjhs.v7i2.3577

intravenously as iron SEC. Basic demographic features
such as age, parity, and gestational age were taken. Each
subject was given albendazole 400 mgin a single oral dose
before being administered iron therapy. In Group A, FCM
would be diluted in 0.9% normal saline and infused
intravenously within 15 to 30 minutes according to the
dosage. The dosage of 100-500 mg was givenin100mL ina
period of 15 minutes, whereas the 500-1000mg dosage was
given in 200 mL in a period of 30 minutes. The highest
single dose was 1000 mg with added doses onday 7 or 14 in
case of need. Group B had iron sucrose, which was used in
the formof 200mgin100 mL of 0.9% normal saline that was
infused over 30 minutes on alternate days with a maximum
dose of 600 mg per week. Total iron requirement was
calculated using the formula: Total iron dose (mg) = 2.4 x
body weight(kg)x(target Hb —actual Hb)+500, with atarget
hemoglobin of 11 g/dL. The participants were carefully
monitored throughout the infusion, when pulse, blood
pressure, and fetal heart rate were monitored. All the
negative experiences, like infusion reactions, were
reported in detail. The main product was the hemoglobin
concentration three weeks after therapy was completed,
and this was measured with the help of an automated
hematology analyzer. The secondary outcomes were
treatment efficacy (successful increase of hemoglobin
levels to 11g/dl or more or marked increase in comparison
with baseline)and adverse effects. The Statistical Package
for the Social Sciences (SPSS) version 29.0 was used to
analyze the data. Quantitative variables were represented
as mean standard deviation (SD). An independent samples
t-test was employed in testing the difference in mean
hemoglobin increase across groups. To evaluate the
relationship between treatment groups and outcomes of
efficacy and side effects, chi-square tests were used. Age,
parity, and baseline hemoglobin stratification were done in
order to control the potential confounders. The p-value
below 0.05wasregardedas significant.

RESULTS

Sixty-two pregnant women with iron-deficient anemia
were involved in the study. With arange of 6.65t0 8.61g/dL,
the mean baseline hemoglobin (Hb) level was 7.88 + 0.42
g/dL. The mean post-treatment Hb level was 10.46 + 0.75
g/dL, with a range of 8.99 to 12.31 g/dL. 39 (62.9%) were
multiparous, and 23 (37.1%) were primiparous with respect
to parity. 39(62.9%) responded favorably (efficacy "Yes") to
treatment efficacy, whereas 23 (37.1%) did not (efficacy
“No"). Out of the subjects, adverse effects were evident in
25(40.3%)and absent in 37(59.7%). These results confirm
that, in comparison to the control, the experimental
intervention was linked to a statistically significant rise in
hemoglobinand fewer negative side effects(Table1).
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Table 1: Baseline and Post-Treatment Hemoglobin Levels, Parity
Distribution, Treatment Efficacy, and Adverse Effects Among
Pregnant Women with Iron Deficiency Anemia(n=62)

Variables Category Frequency(%) Mean*SD Range

Baseline Hb(g/dL) - 62(100%) 7.88 +0.42 | 6.65-8.61
Post Hb (g/dL) - 62(100%) 10.46 + 0.75(8.99-12.31

. Multiparous | 39(62.9%) - -

Parity —

Primiparous 23(37.1%) - -

Efficacy Yes 39(62.9%) - -

No 23(37.1%) - -

No 37(59.7%) - -

Adverse Effects
Yes 25(40.3%) - -

The mean baseline hemoglobin (Hb) in the control group
was 7.84 + 0.37 g/dL, but in the experimental group it was
marginally higher at 7.92 + 0.46 g/dL. After therapy, the
experimental group's mean post-treatment Hb improved
significantly more than the control groups, rising to 9.98 +
0.51 g/dL and 10.93 + 0.63 g/dL. A better hemoglobin
response to the experimental intervention was thus shown
by the mean Hb rise, which was 3.01 + 0.53 g/dL in the
experimental group and 2.14 + 0.37 g/dL in the control
group. Regarding parity, multiparous women's baseline
hemoglobin levelswere lowerat7.70 £ 0.40 g/dL than those
of primiparous women, who had 8.19 + 0.21 g/dL. Following
treatment, the mean hemoglobin levels in primiparous and
multiparous women were 10.77+ 0.63 g/dL and 10.27 + 0.75
g/dL, respectively. Remarkably, the mean Hbrise was 2.57+
0.65 g/dL for multiparous women and 2.57 + 0.61 g/dL for
primiparouswomen(Table 2).

Table 2: Comparison of Baseline Hemoglobin, Post-Treatment

Hemoglobin, and Mean Hemoglobin Rise Between Control (Iron
Sucrose)and Experimental(Ferric Carboxymaltose)Groups

\EEES Group n Mean +SD
. Control 31 7.84+0.37

Baseline Hb -
Experimental 31 7.92 +£0.46
Control 31 9.98 £ 0.51

Post Hb -
Experimental 31 10.93+0.63
X Control 31 2.14+0.37

Hb Rise -
Experimental 31 3.01+£0.53
Multiparous 39 7.70 £ 0.40

Baseline Hb —
Primiparous 23 8.19+0.21
Multiparous 39 10.27+0.75

Post Hb —
Primiparous 23 10.77+0.63
Multiparous 39 2.57+0.65

Hb Rise —
Primiparous 23 2.57+0.61

With a mean difference of -0.493 g/dL (95% Cl: -0.673 to -
0.312), multiparous women's baseline hemoglobin (Hb) was
substantially lower than that of primiparous women (t = -
5.464, df = 60, p<0.001). Similarly, the post-treatment
hemoglobin levels among multiparous women were
significantly lower (t = -2.631, df=60, p=0.011), and the
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difference in hemoglobin levels between the two groups
was-0.492 g/dL(95% Cl:-0.867to-0.118). However, no such
significant differences were found in the Hb increase with
parity groups (t=0.003, df=60, p=0.997), indicating that the
reaction to treatment did not differ depending on parity.
There was no significant difference in the baseline
hemoglobin of the control group and experimental group
when they were compared to the treatment groups (t = -
0.744,df=60, p=0.460). The post-treatment hemoglobin of
the experimental group was significantly greater (t = -
6.488, df =60, p<0.001)withamean of-0.950 g/dL(95% Cl: -
1.242 to -0.657). Also, since the mean difference between
the experimental and control groups was -0.871g/dL (95%
Cl: -1.104-0.637), the Hb increase was significantly greater
inthe experimental group(t=-7.470, df=60, p=0.001), which
supported the better effect of the experimental treatment
(Table 3).

Table 3: Comparison of Baseline Hemoglobin, Post-Treatment
Hemoglobin, and Mean Hemoglobin Rise Between Multiparous
and Primiparous Women

Variables t df vaﬁue Dif;qeerzrrllce (Lou?:rfUcPIPer)
Baseline Hb*Parity | -5.464 | 60 | <0.001 -0.493 -0.673 to -0.312
Post Hb*Parity -2.631|60( 0.01 -0.492 -0.867to0-0.118
Hb Rise*Parity 0.003 | 60| 0.997 0.0005 -0.335t0 0.336
Baseline Hb*Group |-0.744 | 60 | 0.460 -0.079 -0.291t0 0.133
Post Hb*Group -6.488 | 60 [ <0.001| -0.950 -1.242 to -0.657
Hb Rise*Group -7.470 | 80 | <0.001 -0.871 -1.104 to -0.637

Efficacy and treatment group were shown to be
significantly correlated (¥’ =15.552, df =1, p<0.001). Total of
12 individuals in the control group and 19 in the
experimental group demonstrated treatment efficacy.
Likewise, there was a statistically significant correlation
between the therapy group and negative outcomes (x* =
11.328, df =1, p=0.001). Six participants in the experimental
group and 19inthe control group reported adverse effects,
while 25 and 12 participants, respectively, were lost to
follow-up. These results imply that the experimental
medication was better tolerated with fewer side effects
(Table 4).

Table 4: Association Between Treatment Group and Outcomes of
Efficacyand Adverse Effects Usingthe Chi-Square Test

Variables Group Category n Pearsony’ df p-value
Yes 12
Control
- No 19
Efficacy 552 | 1 | <0.001
. Yes 27
Experimental
No 4
Yes 19
Control N o
Adverse o}
Effects Ves 5 1.328 1 0.001
Experimental
No 25
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DISCUSSION

Iron deficiency anemia (IDA) during pregnancy is a
significantissue in health care worldwide, and the result of
the study under consideration contributes to the existing
number of studies that argue in favor of ferric
carboxymaltose (FCM)overironsucrose(IS)asintravenous
iron replacement therapy. The mean increase in
hemoglobin in FCM was 3.01 g/dL, which was statistically
significant(p=0.001)when compared to the IS group, which
had a mean increase in hemoglobin of 2.14 g/dL. Thisis in
line with the results of Khan et al. who found a 2.9 g/dL
hemoglobin increase with FCM and a 2.2 g/dL hemoglobin
increase with IS at 12 weeks, and once again, a strong
benefit of FCM [11]. The same findings were obtained by
Alwan et al. who observed greater hemoglobin increase in
the FCM group (3.96 + 4.19 g/dL) compared to the iron
sucrose group (2.11 + 1.72 g/dL; p<0.05), but the standard
deviations were greater, which is likely due to the higher
heterogeneity of populations [12]. These studies suggest
that the possibility of FCM to administer a bigger single
dose is transferred into faster and more dependable
hematological recovery in the course of pregnancy. In
addition to the hemoglobin improvement, this study also
established a much greater treatment efficacy with FCM
since 87.1% of the patients met the therapeutic targets in
contrastto 38.7% of those in theiron sucrose group. These
results are also highly similar to those of Gupte et al. who
found the efficacy rates of FCM and iron sucrose were
85.3% and 41.2% (p=0.001), respectively [13]. Equally, a
phase IV trial by Saleem et al. had a larger percentage of
pregnant women who were treated with FCM than the iron
sucrose group, with more than 80% attaining target
hemoglobinlevelsinunder six weeks[14]. These variations
are especially clinically relevant in late pregnancy, when
the correctionofanemiaisrequiredatafastratetoprevent
the threat of blood transfusion and adverse neonatal
outcomes [13, 14]. The safety outcome is also vital in
introducing the therapies during pregnancy. This research
found that of women who got FCM, 19.4% of them had
adverse effects, whereas 61.3% of the women who got iron
sucrose had adverse effects (p=0.001). Bharadwaj et al.
ratified such a difference, as they reported worse
outcomes like infusion-site pain, nausea, and hypotension
in 17% of patients who received FCM compared to 42% of
those receiving iron sucrose [15]. Likewise, Lusingu and
Maisonet established many fewer adverse effects of minor
cases in the FCM group, as well as no severe cases of
hypersensitivity in both groups [16]. These results show
that the high tolerability of FCM is similar in various
populations and study designs. Another secondary factor
that was considered was parity. Baseline hemoglobin
levels. Multiparous women had significantly lower (7.70
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0.40 g/ dL) hemoglobin levels compared to primiparous
women (8.19+0.21g/dL; p<0.001). Nevertheless, the extent
of hemoglobin elevation after the intervention was almost
the same in the two groups(2.57 + 0.65 g/dl vs. 2.57 + 0.61
g/dl; p=0.997). Such a tendency is in line with the results of
Singh et al. who proved that the higher parity, the lower the
baseline iron stores, but has no impact on the
responsiveness to intravenous iron therapy [17]. Similar
findings to these were also made by Basha et al. Jin et al.
and Xing et al. who stated that even though multiparous
women start the treatment with a more severe iron
deficiency, the hematologic response to intravenous iron
inthemisnoworsethaninprimiparouswomen[18-20].
This research has also some limitations that must be
acknowledged. As it was carried out in one tertiary care
facility, and the sample consisted of non-probability
consecutive, the findings cannot be closely applied to
other clinical environments, such as primary or rural
healthcare centers and other population groups. Also, the
short-term follow-up of three weeks limited the
assessment of long-term hematological sustainability, iron
stores replenishment, and tardy adverse consequences.
Future studies should include diverse healthcare settings
with longer follow-up to evaluate sustained hematological
outcomesanddelayed complications.

CONCLUSIONS

The intravenous ferric carboxymaltose demonstrated
greater improvement in hemoglobin levels, higher
treatment efficacy, and better tolerability compared with
iron sucrose among pregnant women with moderate to
severe iron deficiency anemia. Although multiparous
women presented with lower baseline hemoglobin levels,
parity did not influence the hematological response to
either intervention. Integrating FCM into the normal
maternity anemia care practice can enhance the quality of
care and minimize the anemia -related pregnancy
complications.
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High-degree atrioventricular block (HAVB) is a serious complication of acute anterior wall
myocardial infarction (AWMI), contributing significantly to early morbidity and mortality. Early
identification of high-risk patientsis essential for timely intervention. Objectives: To determine
the frequency, clinical predictors, and in-hospital outcomes of HAVB among patients
presenting with acute AWMI. Methods: This cross-sectional study included 78 acute AWMI
patients presenting at Rahman Medical Institute from June 2024 to July 2025. Demographic
data, clinical characteristics, and ECG findings were recorded. Patients were monitored
continuously for the development of HAVB. Outcomes included cardiogenic shock, ICU
admission, pacing requirements, and in-hospital mortality. Associations were analyzed using
chi-square and logistic regression, with p<0.05 considered significant. Results: The mean age
of patients was 56.8 + 8.2 years, predominantly male 51(65.4%). The majority of patients were in
theage group51-60years, 31(39.7%). HAVB occurred in 7(9%) patients. Older age(>60 years)and
diabetes mellitus were significantly associated with HAVB (p=0.03) and (p=0.04), respectively.
HAVB was strongly associated with cardiogenic shock (p=0.01), ICU admission (p=0.002), and
need for temporary pacing (p<0.001). In-hospital mortality was significantly higher in the HAVB
group (p=0.04). On multivariate analysis, HAVB independently predicted mortality (aOR 4.9,
p=0.03). Conclusions: HAVB is an important predictor of adverse outcomes in AWMI,
particularly among older and diabetic patients. Early monitoring and timely pacing
interventionsare crucialtoimprovingsurvival.
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INTRODUCTION

Acute myocardial infarction (AMI) is a major global health
burden characterized by obstruction of coronary blood
flow leading to myocardial damage [1], with anterior wall
myocardial infarction (AWMI) being particularly severe due
to involvement of the left anterior descending(LAD)artery
and a larger myocardial territory [2]. Despite
advancements in treatment that have reduced in-hospital
AMI mortality from 26.7% in the 1960s to 7.2% in recent
years, AMI still accounted for approximately 8.9 million
deaths worldwide in 2019[3]. A critical complication during

AMlis atrioventricular(AV)block, a conduction abnormality
ranging from first-degree delay to complete third-degree
block, with high-degree AV block, such as Mobitz Il and
complete heart block, representing the most clinically
significant forms [4]. Patients who develop high-grade AV
block during AMI experience substantially higher mortality
rates (15% vs. 4.9%) [5], underscoring the importance of
early recognition. This complication is particularly
concerning in AWMI, where extensive septal involvement
increases vulnerability to conduction disturbances and
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contributes to adverse outcomes. The relationship
between AWMI and AV block is clinically significant,
primarily due to the involvement of the LAD artery, which
supplies the septal branches responsible for maintaining
normal cardiac conduction [6]. This complication is often
accompanied by hemodynamic instability, heart failure,
and arrhythmias, frequently requiring pacinginterventions
[7]. Early recognition is therefore essential, as timely
management not only improves clinical outcomes but may
also reverse conduction abnormalities in some cases
following successful revascularization[8, 9].

Despite the recognized association between AWMI and
HAVB, there remains a paucity of contemporary, region-
specific data from Pakistan regarding its frequency,
factors, andin-hospital outcomes. Most available evidence
isderived from Western populations, which may not be fully
generalizable due to differences in patient demographics,
comorbidities, and healthcare infrastructure. Therefore,
this study aims to determine the frequency and factors of
HAVB among patients presenting with acute AWMI and to
identify its clinical predictors and associated in-hospital
outcomes.

METHODS

This cross-sectional study was conducted at the
Department of Cardiology, Rehman Medical Institute from
June 2024 to July 2025 on 78 patients, calculated using an
Open epi software, keeping confidence level of 95%,
anticipated prevalence of HAVB in AWMl as 5.34% [10] and
5% margin of error, using formula the following formulan =
DEFFxNxp(1-p)/d2/Z*,,,*(N-1)+ p(1-p). The population was
recruited through consecutive sampling. Data collection
began after getting approval from the institutional review
board under ref: RMI-REC/Ethical Approvals/CPSP
Synopsis/57. Either gender patients, aged 40-70 years,
presenting within 48 hours of symptom onset with acute
anterior wall ST-segment elevation myocardial infarction
(AW-STEMI) were included. AW-STEMI was defined as ST-
segment elevation =0.1 mV in at least two contiguous
anterior leads (V1-V8) on admission electrocardiography.
High-degree atrioventricular(AV)block comprised second-
degree block(2:1conduction or Wenckebach phenomenon
with narrow QRS) and third-degree block (complete AV
dissociation with atrial rate exceeding ventricular rate).
Patients with electrolyte abnormalities involving
potassium, calcium, or magnesium were excluded. Eligible
patients presenting to the cardiac emergency department
were enrolled after written informed consent.
Demographic characteristics, clinical variables,
cardiovascular risk factors, and comorbidities were
recorded using a structured proforma. Patients received
primary percutaneous coronary intervention or
thrombolytic therapy when indicated, followed by standard
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guideline-based management. All participants were
monitored throughout hospitalization until discharge, with
outcomes prospectivelydocumented.

SPSS version 27.0 was used for analysis. Quantitative
variables such as age, height, weight, BMI, time with
symptoms, left ventricular ejection fraction, and hospital
stay were checked for normality using Shapiro-Wilk tests
and were expressed as mean + SD. Qualitative variables like
gender, residence, DM, Hypertension, Smoking status,
Family history of cardiovascular diseases, and other
comorbidities were expressed in frequency and
percentage format. Post-stratification Fisher's Exact tests
were used, with a significance level set at 0.05. Logistic
regression analysis was conducted to predict risk factors
forHAVB.

RESULTS

This study included 78 patients with acute AWMI, with a
mean age of 56.8 + 8.2 years. The majority of patients were
aged 51-60 years, 31(39.7%), followed by 61-70 years, 25
(32.1%), and 40-50 years, 22 (28.2%), predominantly male,
51(65.4%). The mean body mass index (BMI) was 26.4 + 4.1
kg/m?, with 32 (41.0%) as overweight, and 18 (23.1%) as
obese. Regarding symptom duration before presentation,
34 (43.6%) patients presented within 6 hours, 22 (28.2%)
within 8-12 hours, 15 (19.2%) within 13-24 hours, and 7
(9.0%)within 25-48 hours. Two-thirds of the study patients
resided in urban areas 52 (66.7%), while 26 (33.3%) were
from rural areas. Additionally, 28 (35.9%) patients were
active smokers, and 19(24.4%) reported a family history of
cardiovascular disease(Table1).

Table 1: Demographic, Anthropometric, and Clinical
Characteristics of Patients Presenting with AWMI(n=78)

Variables n(%), Mean + SD

Age

Years | 56.8+8.2
Age Groups
40-50 Years 22(28.2%)
51-60 Years 31(39.7%)
61-70 Years 25(32.1%)
Gender

Male 51(65.4%)
Female 27(34.6%)

BMI
(kg/m?) 26.4 £ 4.1
Normal (18.5-24.9) 28(35.9%)
Overweight (25.0-29.9) 32(41.0%)
Obese (=30.0) 18(23.1%)

Duration of Symptoms
<6 Hours 34(43.6%)
6-12 Hours 22(28.2%)
13-24 Hours 15(19.2%)
25-48 Hours 7(9.0%)
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Residence Timing of HAVB Onset

Urban 52(66.7%) Within 6 hours 4(5.1%) 0.2-10.0

Rural 26(33.3%) 6-24 hours 2(2.6%) 0.0-6.1

Others >24 hours 1(1.3%) 0.0-3.8

Smoking Status 28(35.9%) HAVB Resolution
Family History of CVD 19(24.4%) Time To Resolution (Days) 3.2+1.8 -

Regarding the comorbid status of these acute AWMI Resolved Before Discharge 5(6.4%) 0.8-12.0
patients, the majority 53.9% was presented with Persistent At Discharge 2(2.6%) 0.0-61

dyslipidemia, followed by hypertension (48.7%) and DM
(39.7%). Previous myocardial infarction was seen in 10.3%
of cases(Figure1).

Dyslipidemia I 53.8%
Chronic Kidney Disease nmmm— 7.7%
Previous MI s 10.3%

Diabetes Mellitus I 39.7%

Hypertension 48.7%

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%
Figure1: Comorbidity Status
Most of the patients 35.9% was presented with one
comorbidity, closely followed by two-comorbidities 30.8%,
and almost 17.9% of the patients had three or more related
comorbidities. A small proportion of patients 15.4% has
comorbidfree status(Figure 2).
40.0% 35.9%

30.8%
30.0%

20.0% 15.4% 17.9%

10.0“/0 . .
0.0%
2 comorbidities

No comorbidity

Figure 2: Patients Presented with Several Comorbidities

The frequency of HAVB was 7(9.0%), among which 4(5.1%)
of patients had Second-degree AV block, including Type |
(Wenckebach)in 2(2.6%) and Type Il (Mobitz I1)in 2 (2.6%)
patients. Third-degree AV block occurred in 3 (3.9%)
patients. The onset of HAVB was most frequent within 6
hours of presentationin 4(5.1%) patients, followed by 6-24
hoursin 2(2.6%) and after 24 hours in 1(1.3%) patient. The
meantime to HAVBresolution was 3.2 +1.8 days. Resolution
occurred before discharge in 5 (6.4%) patients, while 2
(2.6%)patientshad persistent HAVB at discharge(Table 2).

Table 2: Frequency, Types, Timing of Onset, and Resolution of
HAVB among AWMI Patients(n=78)

1 comorbidity >3 comorbidities

Variables n(%) 95% CI
HAVB

Overall | 7(00%) | 27153

Type of HAVB
Second-degree AV block 4(5.1%) 0.2-10.0
Type | (Wenckebach) 2(2.6%) 0.0-8.1
Type Il (Mobitz 1) 2(2.6%) 0.0-6.1
Third-degree AV block 3(3.9%) 0.0-8.2

Patients with HAVB were older and had a higher prevalence
of diabetes mellitus than those without HAVB, while sex,
BMI, hypertension, family history, and symptom duration
were comparable. Left ventricular ejection fraction
showed a nonsignificant trend toward lower values in the
HAVB group. Reperfusion strategy, procedural features,
treatment timelines, and post-procedural TIMI flow did not
differ significantly between groups. In contrast, HAVB was
associated with significantly worse clinical outcomes,
including prolonged hospitalization, higher in-hospital
mortality, increased cardiogenic shock, greater need for
mechanical ventilationandICU care, longerICU stays, and a
higher requirement for temporary and permanent pacing
(allp<0.05)(Table 3).

Table 3: Clinical Features, Management, and in-Hospital
Outcomes Stratified by HAVB

HAVB HAVB
Present(n= Absent(n= p-

Variables 7),Meant 71),Meant

SD, n(%) SD, n(%)

Age (Years) 62.1+6.8 56.2+8.1 |0.042*
Male 4(57.1%) 47(66.2%) | 0.619
Female 3(42.9%) | 24(33.8%) -
BMI (kg/m?) 27.8+3.9 26.2+ 4.1 0.298
Hypertension 5(71.4%) 33(46.5%) | 0.168
Diabetes Mellitus 5(71.4%) | 26(36.6%) |0.046*
Family History of CVD 3(42.9%) | 16(22.5%) | 0.194
Symptom Duration (hours) 8.0+£5.7 70+4.6 0.421
Left Ventricle Ejection Fraction(%) | 38.2+8.5 431+9.2 | 0.165
Reperfusion Strategy (Primary PCI) | 6(85.7%) 54(76.1%) | 0.548
Reperfusion Strategy (Thrombolysis) | 1(14.3%) 17(23.9%) -
Door-to-Balloon Time (minutes) 82.1+£18.7 | 78.1+£22.7 | 0.632

Door-to-Needle Time (minutes) 35.0 32.2+9.1 | 0.745

TIMI Flow Post-Procedure (TIMI0-1) | 2(28.6%) 6(8.56%) | 0.068
TIMI Flow Post-Procedure (TIMI 2) 2(28.6%) 13(18.3%) -
TIMI Flow Post-Procedure (TIMI 3) 3(42.8%) 52(73.2%) -
Multivessel Disease 4(57.1%) 30(42.3%) | 0.409

Culprit Vessel - LAD 7(100.0%) | 71(100.0%) | —
Stent Deployment 6(100.0%) | 52(96.3%) | 0.652
Length of Hospital Stay (days) B.7+2.4 4.2+1.8 |0.001*
In-Hospital Mortality 2(28.6%) 3(4.2%) | 0.014*
Cardiogenic Shock 3(42.9%) 9(12.7%) |0.025*
Re-Infarction 1(14.3%) 2(2.8%) 0.158
Mechanical Ventilation 3(42.9%) 5(7.0%) |0.004*
ICU Admission 6(85.7%) 18(25.4%) | 0.001*
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Fisher's Exact Test was used to calculate the p-value. * p<0.05 is
significant

On logistic regression analysis, age >60 years and DM were
independent predictors of high-degree AV block (HAVB).
Other variables, including female gender, BMI >30 kg/m?,
hypertension, smoking, family history of cardiovascular
disease, symptom duration >12 hours, reduced ejection
fraction, multivessel disease, and thrombolysis versus PCl,
were not significantly associated with HAVB after
adjustment(Table 4).

Table 4: Logistic Regression Analysis for Predictors of High-
Degree AV Block(HAVB)

Univariate

Multivariate
Analysis OR Analysis OR
(95% CI) (95% CI)

5.2(1.4-19.8) | 0.015* | 4.8(1.2-19.4) | 0.027*

Variables

Age >60 Years

Female Gender 1.4(0.3-6.2) | 0.619 | 1.2(0.2-6.8) | 0.812

BMI>30 kg/m? 1.2(0.2-6.4) | 0.826 - -

Diabetes Mellitus 4.3(1.0-18.6) |0.046* [ 3.9(1.1-14.2) | 0.038*

Hypertension 2.9(0.6-14.2) | 0.183 | 2.1(0.4-11.8) | 0.364

Smoking 0.7(0.1-3.6) | 0.654 - -

Family History of CVD 2.6(0.6-1.2) | 0.208 | 1.8(0.3-9.4) | 0.521

Symptom Duration>12h | 1.8(0.4-8.1) | 0.432 - -

Ef <40% 2.3(0.5-10.4) | 0.276 | 1.9(0.4-9.2) | 0.421
Multivessel Disease 1.8(0.4-8.1) | 0.432 - -
Thrombolysis vs PCI 0.5(0.1-4.2) | 0.548 - -

Note: Variables showing p < 0.20 in univariate analysis and those
with established clinical relevance were entered into multivariate
regression. The final model was derived using backward
elimination. *p <0.05 statistically significant

Multivariate logistic regression identified age, presence of
high-degree AV block, cardiogenic shock, and peak
troponin levels as independent predictors of in-hospital
mortality. Other variables, including DM, EF <35%, female
gender, multivessel disease, and TIMI flow <3, were not
significantly associated with mortality after adjustment
(Tableb).

Table 5: Logistic Regression Analysis for Predicting in-Hospital
Mortality

Multivariate
Analysis OR Analysis OR
(95% CI) (95% Cl)

1.15(1.04-1.28) | 0.008* | 1.12(1.02-1.23) | 0.019*

Univariate

Variables

Age (Years)

HAVB Present 9.07(1.37-60.1) | 0.022* | 9.3(1.4-62.1) | 0.021*

Cardiogenic Shock | 10.7(1.78-64.2) | 0.010* | 12.5(2.1-74.8) | 0.006*

Diabetes Mellitus | 2.41(0.40-14.5) | 0.340 — -

EF <35% 4.58(0.76-27.6) | 0.097 | 3.2(0.5-20.4) | 0.221

Female Gender 3.06(0.51-18.4) | 0.227 — -

Multivessel Disease | 2.03(0.34-12.2) | 0.441 — -

TIMI Flow <3 3.98(0.66-24.0) | 0.133 - -

ICU Stay (days) 45+2.1 2.4+17 |0.018* | Peak Troponin | 1.03(1.01-1.06) | 0.012* | 1.02(1.00-1.05) | 0.048*
Temporary Pacing 4(57.1%) 0(0.0%) <0.001* *Statistically significant at p<005
Permanent Pacemaker 2(28.6%) 0(0.0%) |<0.001

DISCUSSION

HAVB was identified as a clinically important complication
associated with AWMI, adverse hemodynamic status,
increased healthcare resource utilization, and significantly
higher in-hospital mortality. In the present study, the
incidence of HAVB was 9%, placing it in the upper range
compared with reports from larger registries, where
incidence rates among patients with acute myocardial
infarction range from 1.5% to 8.6% [7, 11]. This higher
incidence may be attributed to the study's greater focus on
anterior infarctions, delayed presentation, and a higher
prevalence of comorbid conditions, particularly DM.
Consistent with prior studies, complete heart block
accounted for a substantial proportion of HAVB cases and
hasbeenreportedinupto15.8% of anterior STEMI, where it
is associated with worse outcomes compared with non-
anterior infarctions [12]. In our study, high-degree AV
block, including Mobitz Il and complete heart block, was
associated with early presentation, hemodynamic
instability, and increased need for supportive
interventions. Most events occurred within the first six
hours, supporting the concept that AV block in anterior
myocardial infarction reflects extensive septal ischemia
involving the cardiac conduction system [13]. In our study,
age >60 years and DM emerged as independent predictors
of HAVB, consistent with prior evidence identifying
advanced age as a major risk factor [7]. Unlike previous
studies that have linked male sex and right coronary artery
involvement with HAVB, all patients in our study had left
anterior descending artery occlusion due to the anterior
infarct distribution, likely explaining the lack of association
with RCA involvement. The association with diabetes
remains variable across studies; however, our findings
suggest increased susceptibility of the diabetic
myocardium to ischemia-related conduction disturbances
[14]. Patients with HAVB experienced significantly worse
clinical outcomes, including prolonged hospitalization,
higher rates of cardiogenic shock, increased need for
mechanical ventilation, and greater dependence on
temporary and permanent pacing, in line with earlier
reports[5,15]. In-hospital mortality was markedly higherin
the HAVB group and comparable to rates reported in other
populations(15-28.6%)[7,16]. Although literature indicates
that HAVB loses independent prognostic significance after
adjustment for confounders [7, 18], multivariate analysis
identified HAVB as an independent predictor of in-hospital
mortality, alongside age, cardiogenic shock, and peak
troponin levels. This finding likely reflects the
predominance of extensive LAD-territory infarction in our
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cohort, underscoring the prognostic importance of HAVB
in anterior myocardial infarction. Even though the vast
majority of HAVB patients in our research received timely
PCI, post-operative TIMI-3 flow was less often observed in
this group of patients, indicating a higher level of
myocardial damage or microvascular blockage. Thisis also
in line with other studies, which have shown that HAVB is
linked with poor post-procedural perfusion and worse TIMI
flow grades [17]. The increased incidence of pacemaker
implantation in our cohort is also in agreement with the
global statistics, where HAVB occurring in hospitalization
would be an indicator of decreased chances of
spontaneous recovery and the necessity of permanent
pacing [18]. Despite the pathophysiological differences
between TAVI-related HAVB and ischemic HAVB, there are
some similarities between them in terms of hemodynamic
compromise, the necessity of pacing, and a long hospital
stay. The relevance of conduction disturbances as
indicators of cardiac instability in various patient settings
ishighlighted by these similarities[19, 201].

The limitation of the study is that it is a single-center,
retrospective study and not a large-scale one; therefore,
its findings might be limited in their generalizability.
Emphasis on a particular group of patients (AWMI with LAD
involvement) precludes the presence of other types of
infarcts and can potentially cause selection bias. Long-
term outcomes and the finer timing of the conduction
recovery datawere alsonot available. These predictorsand
outcomes should be confirmed by prospective,
multicenter, larger, and more diverse cohort studies. The
study ought to examine the prognosis of survivors of HAVB
in the long run and the best time to install permanent
pacemakers. Additional investigation of the
pathophysiological connection of diabetes, micro-
vascular dysfunction, and conduction impairments is also
justified.

CONCLUSIONS

This study illustrates that HAVB is an important
complication of AWMI and is associated with cardiogenic
shock, increased intensive care requirement, long
hospitalization, and increased in-hospital mortality. HAVB
was significantly predicted by olderage and DM. Most of the
cases occurred early during the first six hours, which
underscores the importance of early diagnosis and
constant supervision.
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Genetic etiology is an important cause of idiopathic cerebral palsy, especially in
consanguineous populations. Objectives: To determine the genotype-phenotype correlationin
idiopathic cerebral palsy at a tertiary care hospital in Lahore, Pakistan. Methods: This
retrospective descriptive cross-sectional study was conducted in the Department of
Developmental and Behavioral Pediatrics, University of Child Health Sciences, Lahore. The data
on cerebral palsy children with Whole Exome Sequencing was collected from January 2022 to
January 2025. The study duration for all patients with reports available from March to August
2025 was included using nonprobability consecutive sampling. Results: Eighty-two patients
were included after receiving their whole exome sequencing reports, and 35 genes were
identified in 58 patients, showing a diagnostic yield of WES as 70.2%. There were 52 (63.4%)
males. The average age was 8.3 + 4.1 years (SD). The phenotype of positive patients showed
spastic cerebral palsy to be the most common(79%), with a predominant quadriplegic subtype
(55%). Seventeen genes(SYNE 1, PYCR2, PTS, SEPSECS, MOCST, SERACT, DEGS1, ECHS1, HPDL,
ALS2, BLM, ITPA, PARDS3, RIF1, CHD2, RAB3GAP1, ADAD2, WDR62) were associated with
quadriplegic type, five (TBC1D14, CENPJ, ADAMDEC1, AMPD2 and TKTL1) with spastic diplegic,
five(BICRA, ADGRG, CENPF, MAGEL2, TXNDC11)with hemiplegic, five (MIX23, EXOSC8, METTLS,
GNG7, EZH1) with dyskinetic and two (SLC25A12, LPIN1) with mixed type. Conclusions: Epilepsy
was present in 69%, feeding issues in 84%, drooling in 74%, recurrent chest infections in 60%,
sleep issues in 60%, and constipation in 79%. GMFCS level V and MACS level V were the most
common. Genotype-phenotype correlationsinidiopathic cerebral palsy will help in comorbidity
managementand prognosis.

INTRODUCTION

Cerebral palsy (CP) is characterized by permanent, non-
progressive problems with movement, posture, and motor
function of variable extent due toaninsultin growing brain.
It may be associated with intellectual disability, feeding
difficulties, constipation, drooling, epilepsy, sleep issues,
and visual and hearing impairment [1]. Cerebral palsy has
been divided into multiple types, such as spastic,
dyskinetic, and mixed[2]. It is aleading cause of childhood
disability worldwide. The prevalence of cerebral palsy is 3.4
per 1000 live births in low- and middle-income countries,
while it is 1.6 per 1000 live births in high-income countries
[3]. The prevalence has decreased from 2.2-2.5 to 1.6 per
thousand in developed countries (high-income countries).

A small study in Swabi showed the prevalence of cerebral
palsyin Pakistan tobe around 2.2/1000. However, the exact
prevalenceis unknown due to the lack of a national registry
[4]. Risk factors of cerebral palsy include prematurity,
hypoxic ischemic encephalopathy, maternal infections,
kernicterus, neonatal brain infections, and others [5].
However, no risk factors can be defined in many children
with cerebral palsy, and they fall under the umbrella of CP
mimics. It is proposed that such children need to be
investigated for inborn errors of metabolism and genetic
disorders so that they can benefit from specific disease-
modifying therapeutic options [6]. The existing literature
on genetic studies showed that as many as one third cases
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of cerebral palsy are thought to have an underlying genetic
cause [7]. A study carried out by May HJ at New York
Presbyterian Hospital included 20 patients with idiopathic
cerebral palsy, who showed that 11 (55%) had genetic
mutations on whole exome sequencing. The incidence of
epilepsy and severity of motorimpairment were foundto be
higher in children with cerebral palsy with underlying
genetic mutations [8]. In another multicenter study
conducted in China by Wang et.al., including 1578 children
with cerebral palsy, researchers utilized whole exome
sequencing to successfully identify genetic causes in
24.5%(n=387)of the participants. A total of 219 genes were
isolated [9]. Another US study by Chopra et.al. with 50
patients shows that a high number of patients diagnosed
with CP possess single-gene mutations on whole exome
sequencing, with 13 children (26%) having a positive result
[10]. Consanguinity is one of the major factors in gene-
related disorders, including disabilities like developmental
delay, cerebral palsy, spasticity, and epilepsy[11].

Pakistan is a highly consanguineous population, and there
is limited data on genetics with respect to cerebral palsy
mimics and genetic etiology. As per the researcher's
knowledge, very few studies have been done in Pakistan to
identify the genetic makeup and severity of symptoms in
cerebral palsy. This study aims to fill the gap in knowledge
of genetic heterogeneity in cerebral palsy. To determine
the genotype-phenotype correlation in idiopathic cerebral
palsyatatertiary care hospitalin Lahore, Pakistan.

METHODS

The Retrospective descriptive cross-sectional study was
carried out on children with cerebral palsy in the
Department of Developmental and Behavioral Pediatrics,
University of Child Health Sciences and Children's Hospital,
Lahore, whose samples for genetic analysis by whole
exome sequencing were sent to UCL, London. The data
were collected from January 2022 to January 2025.
Eighty-two children had reports available during the study
period from March 2025 to August 2025. Certificate of
ethical approval (No0.1076/CH-UCHS) for this research was
taken from the IRB Committee of the University of Child
Health Sciences, Children's Hospital, Lahore. Children were
enrolled by non-probability consecutive sampling.
Informed written consent was taken from parents, and
confidentiality was ensured. Children with cerebral palsy
having positive genetic reports of both genders born to
consanguineous parents with a family history of
developmental delay or miscarriage/ intrauterine death of
a sibling were included. Children with identifiable known
syndromes were excluded. Data was entered using a well-
designed questionnaire. Demographic information was
collected, including age and gender. A developmental
behavioral pediatrician examined and classified each
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patient with cerebral palsy according to the Rosenbaum
criteria. The phenotype of children with positive reports
was studied in detail. ICD-11classification of cerebral palsy
was used to classify children into spastic (its subtypes),
dyskinetic, and mixed forms of cerebral palsy based on
clinical examination. Comorbidities like the presence of
epilepsy, feeding difficulty, drooling, sleep issues,
constipation, and behaviour issues were also documented.
Severity of participants' disability was assessed by GMFCS
(Gross Motor Function Classification System), MACS
(Manual Ability Classification System), and BMFM(Bimanual
Fine Motor Function) scale from level 1to level V. Data was
entered & analyzed by using SPSS version 25.0.
Quantitative variable (age) was calculated as Mean + SD.
The diagnostic yield of whole-exome sequencing was
calculated as a percentage of children with positive
genetic reports. Qualitative variables like gender, type of
cerebral palsy, presence of comorbidities, and levels of
GMFCS, MACS, and BMFM were calculated as frequencyand
percentage. The association of comorbidities was
compared between different types of cerebral palsy by
using the chi-square test, and a p-value<0.05 was taken as
significant. Genomic DNA was extracted from peripheral
blood samples according to standard procedures of
phenol-chloroform extraction and enriched according to
the Agilent Sure Select Target Enrichment Kit V7. Libraries
were sequenced with the HiSeq or MiSeq sequencer
(Illumina) with 50x coverage. Quality assessment of the
sequencereads was performed by generating QC statistics
with Fast QC. Priority was given to rare variants (<0.01% in
public databases, including 1000 Genomes project, NHLBI
Exome Variant Server, Complete Genomics 69, and Exome
Aggregation Consortium)that were fittingdominant orade
novo model or variants in genes previously linked to
neurological disorders. Variants of interest were
confirmed with Sanger sequencing. For Sanger
sequencing validation, genomic DNA was amplified by PCR
using gene-specific primers designed with Primer3
software. Primer sequences, annealing temperatures, and
expected amplicon sizes were carefully selected. PCR
amplification was performed using FastStart PCR Master
mix (Roche), and PCR products were purified using Exo-
SAP (Exonuclease | and Shrimp Alkaline Phosphatase).
Sequencing PCR was performed bi-directionally using an
ABI 3730xI DNA Analyzer, and chromatograms were
analysed using Geneious. The significance of the identified
variant was classified according to American College of
Medical Genetics and Genomics (ACMG) criteria using the
Varsometool[10].
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RESULTS

Positive gene mutation was seen in 58 out of 82 children
with cerebral palsy, showing 70% diagnostic yield of the
whole exome sequencing. Among 58 children with positive
genereports, 3bunique genes were identified. Mean age of

Table 1: Age Groups of Children With Positive Genetic Reports
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presentation for children with positive reports was 6.9
years = 4.2 SD. The most common age group of
presentation was 10 years and above (34.5%), and
89%(n=40)of childrenwere male(Table1).

Age Groups Spastic Quadriplegic  Spastic Diplegic ~ Spastic Hemiplegic Dyskinetic
0-1Year 11 Months 4 1 0 0 1 6(10.3%)
2 -4 Years 11 Months 9 0 1 13(22.4%)
5 Years-9 Years 11 Months n 3 2 19(31.8%)
10 Years and Above 8 4 0 20(34.5%)

The most common type of CP (phenotype) among the
children with positive genetic etiology is spastic CP (79%,

N, by

B e ]

n=46), with quadriplegic cerebral palsy (55%, n=32) being (T T

the predominant subtype. Seventeen genes (SYNE 1, s A e
PYCR2, PTS, SEPSECS, MOCS1, SERAC1, DEGST1, ECHST, . i , j  —
HPDL, ALS2, BLM, ITPA, PARDS, RIF1, CHD2, RAB3GAP1, o o

ADAD2, WDRB2) were associated with this phenotype. Five fueiligbage T

genes (TBC1D14, CENPJ, ADAMDEC1, AMPD2, and TKTL1)
were associated with spastic diplegic cerebral palsy, five
(BICRA, ADGRG, CENPF, MAGEL2, TXNDCT11) with spastic
hemiplegic type, five (MIX23, EXOSC8, METTL5, GNG7,
EZH1) with dyskinetic, and two (SLC25A12, LPIN1) with
mixed form of cerebral palsy(Table 2).

Table 2: Genesand Their Type of CP(Phenotype)
Spastic Spastic Spastic

Diplegic  Hemiplegic DYSkinetic  Mixed

Quadriplegic

AMPD2 MAGEL2, GNG7,

RIF1, CHD2,
and TKTLT | TXNDCT EZH1

RAB3GAP1, ADAD2,
WDR62)

Novel genes (ADGRG, PTS, METTL5, and SLC25A12) had
been reconfirmed by Sanger sequencing. All genes had an
autosomal recessive pattern of inheritance except
MAGEL2 and CHD2, which were autosomal dominant. The
EZH1 gene had both dominant and recessive inheritance
(Figure1).

Table 3: Association of Co-Morbidities with Subtypes of CP

T R —

1A e it

Figure 1: Sanger Sequence Images of Genes PTS, ADGRG,

SYNE1, PYCRZ, PTS, METTL5, and SLC25A12
SEPSECS, MOCST, | oo, BICRA MIX23 ) ) o
SERACI, DEGS], ' ’ ’ Overall, epilepsy was present in 89%(n=40) feeding issues
ECHST, HPDL, ALS2, | CENPJ, | ADGRG, | EXOSC8, | o)) in 84%(n=49), sleep i in 60%(n=35) t chest
! ! ' ' n ol N= , Sleep Issues In bl N= , recurrent ches
BLM. ITPA, PARD3, | ADAMDECT, | GENPF, METTLS, LPINT p

infections in 60%(n=35), drooling in 74%(n=43),
constipation in 79%(n=46) and behavior issues in
39%(n=23) of children. The highest percentage of
comorbidities was seen in children with spastic
quadriplegic cerebral palsy. Co-morbidities like feeding
issues, drooling, sleep disturbance, recurrent chest
infections, and constipation had a statistically significant
association (p<0.05) with subtypes of CP(phenotype)
exceptepilepsyandbehaviouralissues(Table 3).

Type of Cerebral Palsy P:t(:;agzs Epilepsy ﬁg:ﬂg‘sg Drooling  Sleep Disturbance Chest Infections Constipation Behavior Issues

p-values - 0.510 <0.001 <0.001 <0.001 <0.001 <0.001 0.247

Spastic Quadriplegic 32 22(69%) | 32(100%) | 30(94%) 27(84%) 25(78%) 31(96%) 14(44%)
Spastic Hemiplegic 6 4(66%) 3(50%) 1(17%) 2(33.3%) 0(0%) 4(67%) 4(67%)
Spastic Diplegic 8 4(50%) 7(87%) 4(50%) 0(0%) 4(50%) 4(50%) 1(12%)
Dyskinetic 8 6(75%) 3(38%) 4(50%) 2(25%) 2(25%) 3(38%) 2(25%)

Mixed 4 4(100%) | 4(100%) 4(100%) 4(100%) 4(100%) 4(100%) 2(50%)

Total Patients In Each Column | 58(100%) | 40(69%) | 49(84%) | 43(73%) 35(60%) 35(60%) 46(79%) 23(39%)

Among 58 children with positive reports, most had a high level of motor impairment, showing GMFCS level V in 42 patients
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(72.4%), MACS level V in 38 patients (65.5%), and BMFM
level Vin 40 patients(69%)(Table 4).

Table &4: Level of Severity of Motor Impairment

Scales Level | Level Il Level lll Level IV Level V

GMFCS 0(0%) 10(17.2%) | 5(8.6%) 10.7%) | 42(72.4%)
MACS 0(0%) 9(15.5%) | 4(8.9%) 7(12.0%) | 38(65.5%)
BMFM 0(0%) 4(6.9%) 7(121%) | 7(1210%) | 40(69%)

DISCUSSION

Cerebral palsy is a clinical diagnosis for a nonprogressive
disorder of motor impairment. According to Van-Eyk et al.
around one-third of the cases have an underlying genetic
etiology [12]. A meta-analysis study done by Romeo et al.
showed male predominanceinall57articlesincludedin the
study [13]. Al-Sowi et al. found spastic cerebral palsy to be
the most commontype[14]. Studies have shown that there
are multiple underlying etiologies in children presented
with clinical signs of cerebral palsy. Numerous inborn
errors of metabolism, CNS malformations,
leukodystrophies, developmental epileptic
encephalopathies, and rare syndromes with
developmental delay can be diagnosed as cerebral palsy on
clinical grounds[6]. Some children having genes forinborn
errors of metabolism like Hyperphenylalaninemia (PTS),
Molybdenum cofactor synthetase deficiency (MOCS1), and
3-methylglutaconic aciduria (SERAC1) presented with a
clinical picture suggestive of quadriplegic cerebral palsy
[15]. It has been observed that early detection and
identification of genetic mutations in children with inborn
errors of metabolism can change their prognosis.
Infantile-onset leukodystrophies can also overlap in
clinical picture with cryptogenic cerebral palsy. Discovery
of leukodystrophy-related genes in our study (PYCR2 and
DEGST gene) in the quadriplegic cerebral palsy group is
consistent with previous literature reporting onset in
infancy, developmental delay, and spasticity [16]. A
neurodegenerative disorder of Developmental and
epileptic encephalopathy (DEE), which presents with
seizures in early infancy and developmental delay, mimics
spastic cerebral palsy on clinical examination. DEE may be
a result of both genetic and other causes. The ITPA gene
has been associated with DEE and mimics spastic cerebral
palsy when assessed clinically [17]. Similarly, CHD2 and
SLC25A12 genes have been listed as pathogenic genes for
DEE [18]. CNS malformation-related genes were another
significant group we came across in our study.
Pontocerebellar hypoplasia-related genes were more
common (AMPD2, SEPSECS, and EXOSC8) as compared to
genes related to cortical malformation (ADGRG, WDR62).
Early detection of pathogenic/likely pathogenic genes.
help in the genetic counselling of families[19, 20]. Epilepsy
was present in 69% of our patients, with the highest
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prevalence in mixed type, followed by spastic quadriplegic
CP. Bertoncelli et al. postulated that spastic quadriparesis
is associated with the highest incidence of epilepsy and
functional impairment [21]. A systematic review of
literature on feeding difficulties in cerebral palsy by
Calderone et al. highlighted that oropharyngeal dysphagia
was more prevalent (81.5%)in children with cerebral palsy.
Other significant feeding difficulties in cerebral palsy are
problems with mastication and spasticity of muscles
around the mouth [22]. Hassanein et al. state that three-
fourths of all cerebral palsy children have constipation and
may benefit from oral magnesium therapy, stretching
exercises, and use of lactulose [23]. According to Spoto et
al. recurrent chest infections in CP children leading to
multiple admissions and hospital visits pose a significant
burden on healthcare systems as well as the family of the
patient [24]. Functional ability and severity of motor
impairment of children with cerebral palsy are assessed by
standardized scales like GMFCS, MACS, and BMFM. In our
study, most of the children with CP had Level Vinall scales,
which signifies complete dependence. In a study
conductedin South India by Brien et al. GMFCS level Vis the
most encountered class in lower-middle-income countries
[25].

Limitations of the study includes retrospective cross-
sectional study design, which can lead to data loss. More
robust prospective study designs can shed more light on
patients' prognosis. Selection bias among children with
cerebral palsy due to inclusion criteria with affected sibling
or intrauterine demise is also a limitation and might not
represent the true proportion of genetic causality in
cerebral palsy mimics. More resources need to be
employed to ensure genetic testing for a wider group of
patientsand ideally for all patients with cerebral palsy, with
or without a predisposing risk factor[26]. Significant work
still needs to be done on understanding the genetic
etiology of developmental delay, and not just cerebral
palsy. Further studies can be carried out on comorbidities
and functional impairment associated with each gene.
Data is still insufficient even in high-resource setups,
regarding exploring genetic causes in cerebral palsy, and it
is being proposed that genetic testing should be done in
every child with cerebral palsy.

CONCLUSIONS

Genetic etiology should be considered in idiopathic
cerebral palsy to identify CP mimics, especially in
consanguineous populations. Correlating genotype with
phenotype will help in management options of
comorbidities and prognosis in these children. Significant
work still needs to be done to understand the genetic
etiology of idiopathic cerebral palsy in resource-limited
settingslike Pakistan.
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The Cusp of Carabelliis acommon non-metric morphological trait of permanent maxillary first
molars. Although its anthropological significance is well recognized, its clinical relevance in
relation to dental caries remains controversial, with limited regional data from Khyber
Pakhtunkhwa. Objectives: To determine the prevalence and morphological patterns of the
Cusp of Carabelli and evaluate their association with caries risk in a young population of
Peshawar. Methods: A descriptive cross-sectional study was conducted at the Dental
Outpatient Department of Khyber College of Dentistry, Peshawar. A total of 103 participants
aged 212 years were examined using non-probability consecutive sampling. The Cusp of
Carabelli was assessed on teeth 16 and 26 using the ASUDAS/Dahlberg classification (Types
0-6). Caries experience was recorded using the DMFT index. Oral hygiene behaviors were
obtained through a structured questionnaire. Data were analyzed using descriptive statistics,
chi-square, independent t-test, and Pearson correlation. Results: The Cusp of Carabelli was
presentin 62.1% of participants, with a mean severity score of 1.47 + 1.41. The mean DMFT score
was 4.48+2.42,and 53.4% were classified as high caries risk. No significant associations were
observed between Carabelli morphology, side expression, or severity score and caries
experience (p>0.05). Oral hygiene behaviors also showed no significant association with caries
risk. Conclusions: The Cusp of Carabelli is common in the studied population; however, its
presence and morphology do not significantly influence caries risk and should be regarded
primarily asanormal anatomical variation.

INTRODUCTION

The Cusp of Carabelli is a well-recognized non-metric
morphological trait located on the palatal surface of
permanent maxillary first molars and is understood to
represent genetic and developmental dental variation
rather than a functional anatomical feature. This trait
exhibits a wide spectrum of expression, from minor pits
and grooves to distinct, well-developed cusps, reflecting
its complex ontogeny and multifactorial geneticinfluences
[1, 2]. Morphological dental traits such as the Cusp of

Carabelli have long served as important markers in dental
anthropology, forensic science, and human population
studies, demonstrating variations in expression among
different ethnic and regional groups worldwide [3, 4].
Systematic meta-analyses indicate that the prevalence of
the Cusp of Carabelli in permanent maxillary first molars
globally hovers around 59%, although individual studies
report broad variation depending on population
characteristics and grading systems used [5]. European
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populations generally show higher expression frequencies,
whereas Asian and African populations display
intermediate to lower rates, highlighting marked inter-
ethnic variability [6, 7]. Within the South Asian context,
including Pakistan, published prevalence estimates for this
trait vary considerably. A recent study using ASUDAS
criteria found the Cusp of Carabelli in 46.5% of maxillary
first molars in a Lahore population, with morphological
types ranging from shallow grooves to pronounced cusps
[3]. Hospital-based research from Peshawar Dental
Hospital reported a 39.3% prevalence in a Peshawar
population and noted associated caries in the Carabelli
groove in 17.7% of cases, although no significant gender
differences were observed[8]. Another local investigation
in Multan identified the trait in 53.75% of patients,
reinforcing the notion of regional variation within Pakistan
itself [9]. These findings suggest that underlying genetic
heterogeneity and environmental factors may influence
trait distribution across Pakistani subpopulations. Despite
its long-standing use in anthropological research, the
clinical implications of the Cusp of Carabelli, particularly in
caries etiology, remain unclear. Some recent studies
indicate that deeper or more pronounced expressions of
the trait may create retentive niches conducive to plaque
accumulation and subsequent caries development,
especiallyinthe grooves at the mesiolingual surface of first
molars [10]. However, other regional studies have
contradicted this association, reporting no significant
relationship between Carabelli morphology and overall
caries experience when controlling for behavioral and
hygiene factors [11, 12]. This inconsistency suggests that
the trait's impact on caries risk might be conditional on a
complex interplay with oral hygiene behaviors, dietary
patterns, fluoride exposure, and socioeconomic
determinants, rather than a direct causal factor in
isolation. Furthermore, interstudy differences in
methodology, particularly grading systems for Carabelli
expression (e.g., ASUDAS) and criteria for caries
assessment, have contributed to the lack of consensus.
These methodological disparities complicate cross-
populationcomparisons, as some studiesrestrict analyses
to the presence/absence of the trait, while others
incorporate detailed morphological scoring[ 5, 13].

Given the high burden of dental caries in many low- and
middle-income contexts and the scarcity of robust dental
morphologic data from Khyber Pakhtunkhwa, region-
specific research is essential. Understanding whether
morphological variants like the Cusp of Carabellicontribute
to increased caries susceptibility beyond established risk
factors can inform targeted preventive strategies in local
public dental health initiatives. This study aimed to
determine the prevalence and morphological patterns of

DOI: https://doi.org/10.54393/pjhs.v7i2.3647

the Cusp of Carabelli and evaluate their association with
cariesriskinayoungpopulation of Peshawar.

METHODS

This descriptive cross-sectional study was conducted
from 26 September to 26 November 2025 at the Dental
Outpatient Department (OPD) of Khyber College of
Dentistry, Peshawar. Ethical approval was obtained from
the Institutional Ethics Committee of Khyber College of
Dentistry (Reference No. 110/ADR/KCD), and written
informed consent was obtained from all participants
before enrollment. The sample size comprised 103
participants and was calculated using the standard cross-
sectional formulan=(Z*xPx(1-P))/ d* where Z=1.96(95%
confidence), P was based on previously reported regional
prevalence [14], and d was set between 0.08 and 0.10. To
compensate for possible non-responses and improve
precision, a final sample size of 103 was included. A non-
probability consecutive sampling technique was
employed. Demographic information, including age,
gender, residence, and socioeconomic status, was
collected through a structured interviewer-administered
questionnaire at the time of clinical examination. Oral
hygiene practices such as brushing frequency, fluoride
toothpaste use, and snack frequency were recorded using
the same questionnaire. Participants aged 12 years and
above with fully erupted permanent maxillary first molars
and intact crown morphology were included. Participants
were excluded if maxillary first molars were grossly
carious, fractured, hypoplastic, restored with full-
coverage crowns, orthodontically altered, or if any
systemic or developmental condition known to affect tooth
formation was present. Intra-oral examination was
performed under ambient clinical lighting using a
disposable mouth mirror and periodontal probe. Both
maxillary first molars (teeth 16 and 26) were examined. The
Cusp of Carabelli was assessed using the Arizona State
University Dental Anthropology System (ASUDAS) /
Dahlberg classification [15], which categorizes the trait on
a scale from Type 0 (absence of the cusp) to Type 6 (well-
developed prominent cusp). Types 1-2 represent pits and
shallow depressions, Types 3-4 represent grooves and
small cusps, and Types 5-6 represent moderately to well-
developed cusps. Side expression(unilateral/bilateral) was
also recorded. Caries experience was assessed using the
DMFT index (Decayed, Missing, Filled Teeth) according to
the World Health Organization (WHO) Oral Health Surveys
criteria Basic Methods (5th edition), which provides
standardized criteria for epidemiological recording of
dental caries [16]. To ensure reliability, all examinations
were performed by a single calibrated examiner. Intra-
examiner reliability was assessed on a subset of
participants before data collection, and consistent scoring
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was achieved. Data were analyzed using IBM SPSS version
26.0. Descriptive statistics were used to summarize
demographic, oral hygiene, and morphological variables.
Chi-square tests were applied to assess associations
between categorical variables. An independent samples t-
test was used to compare mean DMFT scores between
groups with and without the Cusp of Carabelli. Pearson's
correlation coefficient was used to evaluate the
relationship between Carabelli severity scores and DMFT
values. A p-value < 0.05 was considered statistically
significant.

RESULTS

The mean age of the participants was 18.49 + 3.05 years,
with the majority (60.2%) belonging to the 17-21-year age
group. Females comprised 56.3% of the sample, and 57.3%
were urban residents. With respect to oral hygiene
practices, 38.8% brushed once daily, 33.0% brushed twice
daily, and 28.2% brushed irreqularly, while 78.6% reported
using fluoride toothpaste. The demographic and
behavioral characteristics of the study participants are
summarizedintable.

Table 1: Frequency of Demographic, Oral Hygiene, and Dietary
Characteristics(n=103)

DOI: https://doi.org/10.54393/pjhs.v7i2.3647

Table 2: Tooth-Related Findings and Morphology of the Cusp of
Carabelli

Variables Category n(%)
) 16 50(48.5%)
Tooth Examined
26 53(51.5%)
Side Expression Bilateral 60(58.3%)
Unilateral 43(41.7%)
Present 64(62.1%)
Presence of CC
Absent 39(37.9%)
Severity Score Mean + SD 1.47 £1.41
Type 0 39(37.9%)
Type 1 13(12.6%)
Type 2 9(8.7%)
Morphology Type 3 8(7.8%)
Type 4 8(7.8%)
Type 5 13(12.6%)
Type 6 13(12.6%)

Results summarize the overall caries experience of the
study participantsusingthe DMFT indexanditsassociation
withthe Cusp of Carabelli. The mean DMFT score was 4.48 +
2.42, withthe decayed component contributing the largest
share (2.87 + 2.09), indicating an overall moderate caries
burden. More than half of the participants (53.4%) were
classified as having high cariesrisk, while 24.3% and 22.3%
were categorized as low and moderate risk, respectively.
Comparison of mean DMFT scores between individuals
with and without the Cusp of Carabelli showed no
statistically significant difference (p=0.529), and severity
score did not correlate with DMFT (r=0.001, p=0.998),
indicating that Carabelli morphology did not influence
cariesexperience, asshownintable 3.

Table 3: Caries Status, Risk Distribution, and Association with
Cusp of Carabelli(n=103)

Variables Category n(%)
Age (Years) Mean + SD 18.49 +3.05
12-16 22(21.4%)
Age Groups 17-21 62(60.2%)
>21 19(18.4%)
Male 45(43.7%)
Gender
Female 58(56.3%)
) Urban 59(57.3%)
Residence
Rural 44(42.7%)
Low 31(30.1%)
Socioeconomic Status Middle 54(52.4%)
High 18(17.5%)
Once daily 40(38.8%)
Brushing Frequency Twice daily 34(33.0%)
Irregular 29(28.2%)
Fluoride Toothpaste Yes 81(76.6%)
No 22(21.4%)
<l/day 24(23.3%)
Snack Frequency 1-2/day 51(49.5%)
>3/day 28(27.2%)

The study demonstratesthe prevalence and morphological
expression of the Cusp of Carabelli. The cusp was present
in 62.1% of participants, with 58.3% showing bilateral
expression. The mean severity score was 1.47 + 1.41,
indicating predominantly mild expression. The most
frequent morphology was Type 0(37.9%), followed by Type 1
(12.6%)and Type 5(12.6%), as shownintable 2.

Variables Category / Statistic Mean+SD/n(%) p-value
Decayed (D) 2.87+2.09
Missing (M
DMFT Components issing (M) 0.12+0.40 -
Filled (F) 1.49+1.715
Total DMFT 4.48+2.42
Cari Low 25(24.3%)
aries >
Risk Categories Moderate 23(22.3%) -
High 55(53.4%)
Mean DMFT CC Present 4.59+2.40 0529
by CC Presence CC Absent 4.28+2.47 :
Correlation Analysis | Severity Score vs DMFT r=0.001 0.996

The study demonstrates the association between Carabelli
morphology, side expression, and caries risk. A higher
proportion of individuals with the Cusp of Carabellihad high
caries risk (56.3%) than those without it (48.7%); however,
this difference was not statistically significant (p=0.714).
Similarly, bilateral (53.3%) and unilateral (53.5%)
expressions showed comparable high-risk proportions,
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with no significant association between side expression
and caries risk (p=0.318). Furthermore, different Carabelli
morphological types did not demonstrate statistically
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significant variation in caries risk categories (p=0.693),
indicating that Carabelli morphology did not influence
cariessusceptibilityinthis population,asshownintable 4.

Table &4: Association of Carabelli Features with Caries Risk(n=103)

Features Category High, n(%) Low, n(%) Moderate, n (%) Total ¥%*(Cramer'sV)  p-value

Present 36(56.3%) 14(21.9%) 14(21.9%) B4

CC Presence 0.673 0.714
Absent 19(48.7%) 1(28.2%) 9(23.1%) 39

Side Expression Bilateral 32(53.3%) 12(20.0%) 16(26.7%) 60 0.149 0318
Unilateral 23(53.5%) 13(30.2%) 7(16.3%) 43
Type O 19(48.7%) 1(28.2%) 9(23.1%) 39
Type 1 7(53.8%) 4(30.8%) 2(15.4%) 13
. Type 2 3(33.3%) 2(22.2%) 4(44.4%) 9

cc MOFTF;B‘;'O‘J'C‘*' Type3 4(50.0%) 2(25.0%) 2(25.0%) 8 9.121 0.693
Type 4 5(62.5%) 2(25.0%) 1(12.5%) 8
Type 5 10(76.9%) 0(0.0%) 3(23.1%) 13
Type 6 7(53.8%) 4(30.8%) 2(15.4%) 13

CORRELATION BETWEEN SEVERITY
SCORE AND DMFT TOTAL

¢ DMFT_Total

The results present the relationship between oral hygiene
behaviors and caries risk categories. Although higher
proportions of high caries risk were observed among )= 0.0009x+ 44745
participants who brushed twice daily (64.7%) and those . N o o R =3e07

Linear (DMFT_Total)

consuming >3 snacks per day (64.3%), brushing frequency £°3 . o %o o
X A 6 00 * o0 L 4 Lo d
(p=0.566), fluoride toothpaste use (p=0.920), and snack E &0 e e
frequency (p=0.184) did not show statistically significant Z,3 AP VAL haad
associations with caries risk. These findings indicate that oot o hdhd hadihg .
oral hygiene behaviors were not independent predictors of 0 ! 2 3 4 5 6
caries susceptibility in this study population, as shown in . . OMFTTOTAL
table5 Figure1: Correlation Between Severity Scoreand DMFT Total
Table 5: Association of Oral Hygiene Behaviors with Caries Risk DISCUSSION
(n=103)

The present study demonstrated a high prevalence of the
Cusp of Carabelli(62.1%) among permanent maxillary first
molars in the Peshawar population, with predominantly

High, Low,
n(%) n(%)

Moderate, p-
n(%) value

Category

Behaviors

Brushing Twice Dally | 22(64.7%) | 7(20.6%) | 5(14.7%) mild morphological expressions, and found no statistically

Frequency Oonce.Da"y 19(47.5%) | 10(25.0%) | 11(27.5%) |0.566 significant association between Carabelli morphology and

ceasionally | 14(48.3%) | 8(27.6%) | 7(24.1%) caries experience. These findings are consistent with

Fluoride ves 44(54.3%) | 19(23.5%) | 18(22.2%) | ' o recent international and regional literature. A global

Toothpaste Use[  Ng 11(50.0%) | 6(27.3%) | 5(22.7%) . - :

systematic review and meta-analysis by Kotsanos et al.

<1/Day 9(37.5%) | 10(41.7%) | 5(20.8%) I | f R | %

Snack 2y | 28(56.9%) | 10019.6%) | 13(255%) | 0184 reported an overall prevalence of approximately 59%,

Frequency = —Z —2 confirming that Carabelli expression is common worldwide
>3/Day 18(64.3%) | 5(17.9%) | 5(17.9%)

but highly variable across populations [4]. Comparable
results were observed in Pakistan, where Shahbaz et al.
reported a prevalence of 46.5% using ASUDAS
classification in Lahore [3], while Khan et al. from
Peshawar and Qamar et al. from Multan documented
similarly moderate to high frequencies of the trait [17, 18].
Studies from neighboring regions further support these
findings. Zichao et al. in China documented moderate
prevalence rates and substantial inter-individual variation
[19]. German orthodontic research also emphasized the
genetic basis and bilateral nature of Carabelli expression
[20], reinforcing that this trait primarily reflects inherited
crown morphology rather than pathological change.
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Scatter plot showing no correlation between CC severity
and DMFT (r=0.001, p=0.996). Evidence suggests no
significant relationship, as the point distribution lacks a
clear linear pattern, and the trendline is almost flat. This
aligns with the results from the cusp severity and caries
experience correlation test (r=0.001; p=0.996), which
showed no statistically significant correlation between
cusp severityand cariesexperience(Figure1).
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Importantly, the absence of a significant association
between Carabellimorphology and caries experienceinthe
present study aligns with multiple regional and
international investigations. Zichao et al. in Peshawar [19]
and Matti et al. in Iraq [6] similarly reported that Carabelli
expression did not independently predict dental caries
when oral hygiene behaviors and other confounders were
considered. These observations suggest that Carabelli
morphology alone does not constitute a clinically
meaningful caries risk factor. Conversely, a few studies
have reported slightly increased caries susceptibility in
deeper Carabelli groove types, particularly in the
Bangladeshi population [21] and in a cohort study by
Bhavyaa et al.[22]. However, these studies also noted that
the observed associations were modest and strongly
influenced by oral hygiene practices, dietary habits, and
fluoride exposure. The predominance of shallow, easily
cleanable Carabelli expressions and relatively high fluoride
toothpaste use in the present cohort may explain the lack
of association observed. Overall, the current findings
support the growing body of evidence that regards the
Cusp of Carabelli as a genetically determined non-metric
dental trait with limited independent clinical relevance in
caries etiology. While its documentation remains valuable
for anthropological, forensic, and population studies, its
role as a predictive indicator for dental caries appears
minimal.

This study was conducted in a single city with a limited
sample, which may not represent the wider population.
Additionally, the cross-sectional design and focus on mild
Carabelli expressions limited assessment of potential
effects of extreme morphologies on caries risk. Future
longitudinal investigations with larger sample sizes are
warranted to elucidate whether pronounced
morphological expressions may contribute to caries
development under varying behavioral and environmental
conditions.

CONCLUSIONS

The present study demonstrates that the Cusp of Carabelli
is a prevalent morphological feature of permanent
maxillary first molars among young individuals in
Peshawar, predominantly expressed in mild forms. Despite
a moderate overall caries burden in the study population,
no statistically significant associations were identified
between Carabelli presence, side expression,
morphological type, or severity score and caries risk or
DMFT values. These findings indicate that Carabelli
morphology does not independently influence dental
caries susceptibility and should be regarded primarily as a
normal anatomical variation rather than a clinical risk
indicator.
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Diabetic ketoacidosisis one of the severe diabetic emergencies with hyperglycaemia, acidosis,
and ketonemia, and anincreased level of lactate is an indicative feature of metabolic stress and
unfavourable prognosis, necessitating urgent assessment and immediate care. Objectives: To
assess the frequency of elevated point-of-care lactate in patients presenting with diabetic
ketoacidosis (DKA)and to evaluate its association with DKA severity and in-hospital mortality.
Methods: Data were prospectively collected from patients after obtaining verbal consent. Both
quantitative and qualitative data were collected and analysed using SPSS version 23.0. Chi-
square tests were applied, with a p-value of <0.05 considered significant. The study employed a
descriptive cross-sectional design, conducted over six months (January 7, 2023, to June 7,
2023)at the Department of Medicine, Civil Hospital, Karachi. Results: A total of 131 patients were
Ketoacidosis. Pakistan Journal of Health Sciences, included, with a mean age and duration of T2DM of 47.14 + 16.49 years and 1.72 + 1.24 years,
7(2), 102-107. https://doi.org/10.54393/pjhs.v7i2. respectively. Among the participants, 71(54.2 %) were male, and 60 (45.8%) were female. Out of
3700 131 patients, 64(48.9%) had elevated point-of-care lactate, while 67(51.1%) did not. In-hospital
mortality occurred in 14 (60.9%) patients with elevated point-of-care lactate. The majority of
patients presented with moderate DKA. Conclusions: The findings conclude that initial lactate
levels in DKA patients are significantly associated with the need for critical care, suggesting
thatlactate canbe usedasareliable marker for monitoringand managing DKA patients.
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INTRODUCTION

Diabetic ketoacidosis (DKA) is a severe diabetic
complication characterized by insulin deficiency, which
causes hyperglycemia, acidosis, and ketonemia and has
prevailed in approximately 8 per 1000 diabetics each year
with a mortality rate of less than 5% [1]. Even though high
levels of lactate can be used to anticipate sepsis, burns,
myocardial infarction, and trauma, the data on the
relationship between lactate and DKA severity are scarce
and contradictory[2]. Measurement of lactate on-site may

be an effective prognostic indicator for a patient in DKA
because a higher level of lactate indicates an increased
severity of the disease and increased chances of fatality in
the hospital. Lactate may develop in numerous body
tissues (kidney, erythrocyte, skeletal muscle, brain). The
liver metabolizes the majority of the lactate, with the help
of the kidney and skeletal muscle coming next [3]. At the
moment of patient presentation, point-of-care lactates
were assessed by means of a portable lactate reading
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instrument. The criteria used to classify the levels as being
elevated were above 2 mmol/L, which is the standard
clinical reference range of hyperlactatemia. [4]. In DKA,
high levels of lactate are due to hypoperfusion, tissue
hypoxia, and high levels of anaerobic glycolysis caused by
insulin deficiency. With no insulin, more lipolysis, free fatty
oxidation, and ketone bodies will be formed, leading to
metabolicacidosis[5]. The presence of lactic acidosis also
complicates acid-base imbalances, thereby complicating
the management of the patient. Multiple studies suggest
thattheriseinlactate during DKAis not tissue hypoxiain all
cases but is associated with the modified glucose
metabolism and increased catecholamine levels, with the
potential to cause hyperlactatemia [6]. Thus,
hyperlactatemia in DKA must be well-defined to quide the
diagnosis, the proposed management, and the prognostic
assessment, and receive appropriate clinical attention[7].
Diabetic ketoacidosis (DKA) is a life-threatening condition
mostly faced by patients with unrequlated diabetes
mellitus. Therefore, its early recognition and prompt
treatment are paramount. Point-of-care lactate levels are
increasingly noted as a marker of tissue hypoperfusion and
worse outcomes in critically ill patients. However, the
importance of elevated point-of-care lactate levels in DKA
is still insufficiently understood, especially regarding the
levels of DKA-related acidosis and the overall in-hospital
outcome[8]. Recently, Kumar et al. researched the impact
of late lactate clearance on DKA outcomes and noted that
patients with late lactate clearance had longer stays at
both the ICU and the hospital[9]. Furthermore, Elfiky et al.
studied that in pediatric DKA and found that higher lactate
levels correlated inversely with pH and positively with
inflammatory markers, though did not consistently predict
recovery time [10]. Also, Munsakul et al. formulated a
predictive score for in-hospital mortality for DKA and
included lactate in the score as one of the biochemical
predictors[11].

Diabetic ketoacidosis (DKA) is a life-threatening
complication of diabetes marked by hyperglycemia,
acidosis, and ketonemia, yet the role of lactate as a
prognostic marker in DKA remains unclear. Existing
studies suggest associations between elevated lactate,
disease severity, and in-hospital outcomes, but findings
are inconsistent and mostly derived from non-local
populations. Limited local evidence hampers the ability to
use point-of-care lactate effectively for risk stratification
and management decisions in DKA patients. This study
aims to assess point-of-care lactate levels in DKA patients
presenting to a tertiary care hospital, evaluating their
relationship with disease severity and clinical outcomes to
informtimelyand evidence-based management.

DOI: https://doi.org/10.54393/pjhs.v7i2.3700

METHODS

This descriptive cross-sectional study design was done in
the Department of Medicine, Civil Hospital, Karachi, for six
months, from January 7, 2023, to June 7, 2023, after
approval of the research synopsis from the review board
(IRB No. CIVL/AL/2023-064). Data were prospectively
collected from patients after obtaining verbal consent; 131
patients were included in the study. The sample size was
calculated through WHO software based on 68%
prevalence of elevated point-of-care lactate with 8%
margin of errorand 95% confidence level[12]. Participants
for the study were recruited using a non-probability
consecutive sampling technique. The study included all
male and female patients aged between 20 and 70 years
who presented with diabetic ketoacidosis using a
consecutive (non-probability) sampling technique.
Patients were excluded if they had a history of
hepatocellular carcinoma, blood or solid tumor
malignancies, sepsis, or hospitalization withinthe previous
month. Additionally, individuals with known endocrine or
chronic systemic conditions, including hypothyroidism,
hyperthyroidism, chronic obstructive pulmonary disease
(COPD), asthma, myocardial infarction, congestive heart
failure, or chronic renal failure, were also excluded to
minimize confounding factors and ensure accurate
assessment of metabolic parameters related to diabetic
ketoacidosis. Patients meeting the study criteria were
recruited from the Department of Emergency, Civil
Hospital Karachi. Demographics, comorbidities, and
clinical data were recorded, and blood samples were
collected for point-of-care lactate measurement. Patients
were classified based on lactate levels, and outcomes,
including DKA severity and in-hospital mortality, were
documented in a predesigned proforma. The researcher
performed data entry and analyses using SPSS version
23.0. Frequency distribution and post-stratification Chi-
square test were applied for statistical analysis with a
significance level of p<0.05. For normally distributed
variables, means + standard deviations were reported,
while medians and interquartile ranges were reported for
non-normally distribute. For the categorical variables,
reported values were frequencies and percentages of
gender, residence status, hypertension, dyslipidemia,
smoking status, family monthly income, educational
status, severity of DKA, elevated point-of-care lactate, and
in-hospital mortality(Yes/No).

RESULTS

The findings indicated that the patients who were
diagnosed with diabetic ketoacidosis and met the criteria
were predominantly middle-aged adults of middle age with
different durations of having diabetes mellitus type 2. The
majority of them resided in the cities, and both genders
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were equally represented. Almost half of the patients had
increased point-of-care levels of lactate, with a substantial
proportion of such patients dying in-hospital. The less
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Table 2: Clinical and Demographic Characteristics Related to
Severity of DKA(n=131)

A ) Variables Categories Frequency (%)
prevalent comorbidities were hypertension and Milg 33 (25.2%)
dyslipidemia. The moderate level of DKA was the most ) : —
o . R Severity of DKA Moderate 77(58.8%)
prevalent. Statistical analysis found that there is a S 2106.0%)

. P . . evere U7
significant correlation between a high level of lactate and —— 42 (32.1%)
some demographic and socioeconomic variables, but not Hypertension po— 89(67'9(;)
other clinical variables. One hundred and thirty-one Presont 19“5’3;)
patients (mean age 47.14 + 16.49 years; mean T2DM Dyslipidemia po— 1”(84'7(7)
duration 1.72 + 1.24 years) took part in the research, Smoker 20(15'30/)

isti 9 9 i Smoking Stat s
cor13|st]|cng of T1 (54.2%) male and BQ (42.84/0) f;male.. High moking Status NomSmorer T(847%)
pom.t—o -car.e actate vyas detected }n 64 (48.9%) patlsnts, Family Monthly <75,000 44 (33.6%)
and in-hospital mortality was experienced by 23 (17.6%) of Income (PKR) >75.000 87(66.4%)
them. The median age, u'rban .dwelllng, and protracted Educational Status literate 7(53%)
T2DM (>2 years) were fairly high, where 64.1% of the Primary 12(9.2%)
patients were aged 64 years and above, 83.2% dwelling in Secondary 45(34.4%)
urban areas, and 64.1% with diabetes exceeding two years Higher Education 67(51.1%)
(Table1). 20 - 45 years (Elevated Lactate) | 20(42.6%)
Table 1: Demographic and Clinical Characteristics of the Study Age Group (years) 46 - 70 years (Elevated Lactate) | 44(52.4%)
Participants(n=131) ge brouplyears 20 - 45 years (Normal Lactate) 27(57.4%)

Variables Categories Frequency (%) 46 - 70 years (Normal Lactate) 40(47.6%)
p-value - 0.28
Mean + SD 47.14 £16.49
Age (Years) Range 29-75 The gender difference was found to be significant in the
20- 45 years 47(35.9%) cases of elevated levels of lactate via stratified analysis, as
Age Groups 46-70 years 84 (66.1%) 35.2% of males and 65% of females had been affected.
Male 71(54.2%) There was no significant relationship with residence(urban
Gender Fornale 60(45.8%) 50.5% vs rural 40.9%, p=0.41), T2DM duration(length of less
] Urban 109(83.2%) than 2 years 42.6% vslength of greater than 2 years 52.4%,
Residence Rural 22(16.8%) p=0.28), hypertension (50% vs 48.3%), and dyslipidemia
, Mean + SD 172 £1.24 (47.4% vs 49.1%)(Table 3).
Duratg)?:a?g)TZDM <2years 47(35.9%) Table 3: Stratification of Elevated Point-of-Care Lactate Levels
> 2 years 84(64.1%) with Respect to Different Variables
Point-of-Care Elevated 64 (48.9%) . Elevated Normal p-
Lactate Levels Not Elevated 67(51.1%) Variables O Lactate (n, %) Lactate(n, %) value
In- Yes 23(17.6%) Gend Male (n=71) 25(35.2%) 46(64.8%) 0.01
Hospital Mortality No 108(82.4%) ST Female(n=60) | 39(650%) | 21(350%) |
Of 131 patients, 33(25.2%), 77(58.8%), and 21(16%) had mild, Residence | 2an(n=109) | $6(505%) | s4l495%) |,
moderate, and severe DKA, respectively. There were 42 Eural(n('zzzﬂ 9(40.9%) 13(59.1%)
. ; < = 6% 4%
(32.1%), 19 (15.3%), and 20 (15.3%) hypertension cases, Duration of yearsn 20062.6%) | 2767.4%) | g

L ) . T20M >2years(n=84) | 44(52.4%) 40(47.6%)
dyslipidemia cases, and smokers, respectively. The 5 noi2) | 2150.0%) 2150.0%)
majority of patients were earning more than 75,000 PKR Hypertension At:::t(:_'sg) 43(48‘3;) 46(51‘7;) 0.85
monthly (66.4%) and were highly educated (51.1%). It was — — —
found that lactate levels were elevated in 42.6 percent of Dyslipidemia Present (n-19) S474%) 10(62.67%) 0.88

P Absent(n=112) | 55(49.1%) 57(50.9%) |

patients between the ages of 20-45 years and 52.4 percent
of those between the ages of 46-70 years, without a
significantage differenceinlevels(p=0.28)(Table 2).

Elevated lactate did not significantly correlate with
smoking (45% vs. 49.5%; p=0.70) or the severity of DKA
(54.5% mild, 42.9% moderate, 61.9% severe; p=0.22),
according to stratified analysis. Patients with higher
education (56.7%; p=0.03) and household income >75,000
PKR (57.5%; p=0.01) had substantially higher levels of
elevated lactate. In-hospital deaths had increased lactate
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as60.9% as comparedto 46.3% of survivors(p=0.20)(Table
4).

Table 4: Stratification of Elevated Point-of-Care Lactate with
Respectto Various Variables(n=131)

Variables B LaEtI:‘t,:t(flc,‘%) Lac'::tren;?:, %) vapl:le
Smoking Status Smoker 9(45.0%) 11(55.0%) 070
Non-Smoker | 55(49.5%) 56(50.5%)
Monthly Income <75,000 14(31.8%) 30(68.2%) 0.01
(PKR) > 75,000 50(57.5%) 37(42.5%) '
Illiterate 0(0.0%) 7(100%)
Educational Primary 6(50.0%) 6(50.0%) 0.03
Status Secondary | 20(44.4%) 25(55.6%) ’
Higher 38(56.7%) 29(43.3%)
Severity of DKA Mild 18(54.5%) 15(46.56%) | 0.22
Moderate 33(42.9%) 44(57.1%)
Severe 13(61.9%) 8(38.1%)
In-Hospital Yes 14(60.9%) 9(39.1%)
Mortality No 50 (46.3%) 58(53.7%) 020

DISCUSSION

Increased metabolic stress and tissue hypoperfusion are
reflected in elevated lactate levels in diabetic ketoacidosis
(DKA), which suggests a more severe iliness, a larger need
for rapid treatment, and a higher chance of unfavorable
outcomes, such as in-hospital mortality. Lactate
metabolism is key to understanding DKA, as insulin
deficiency and altered glucose utilization increase lactate
production and impair clearance, reflecting metabolic
stress during acute diabetic emergencies [13]. Tissue
hypoperfusion, hypoxia, insulin deficiency-driven
increased anaerobic glycolysis, and stress hormone-
mediated accelerated glycolysis are the causes of
hyperlactatemia in DKA. Effective metabolic treatment
requires careful fluid resuscitation, insulin therapy, and
lactate level monitoring since these mechanisms worsen
metabolic acidosis [14]. The hyperlactatemia develops
with the loss of the pyruvate oxidation and the gain of the
pyruvate to lactate process because of the condition of
insulin deficiency. Besides that, the fact that the pyruvate
and acetyl-CoA are converted into ketones and not
gluconeogenic can be interpreted as less lactate being
involved and more excreted [15]. It is due to the metabolic
imbalance that enables the high levels of lactate: it shows
the amount of lactate-related metabolic stress and
hypoperfusion when compared to lactate and hypoxia that
cause tissue and oxygen transportation damage [16]. The
metabolism of DKA through lactate is the key to fluid and
insulin therapy judicious use, hyperlactatemia
assessment, and, above all, metabolic recoveries to
diseased states assessment during the treatment process
[17]. Several mechanisms can account for high levels of
lactate in DKA that encompass anaerobic glycolysis,

DOI: https://doi.org/10.54393/pjhs.v7i2.3700

soaring levels of catecholamine, and stifled tissue
oxygenation [18]. This, nonetheless, focuses on the
perception of the lactate levels considering other
metabolic and hemodynamic conditions [19]. More
importantly, the alterations in the lactate sample are
indications of the direct intervention effects and,
therefore, the effects of an intervention as a whole
because enhancing the levels of lactate indicates
enhancing the clinical condition. In addition to that,
demographic and socioeconomic characteristics such as
age, location, and income level also affect the prevalence
rates of high lactate levelsin DKA[20]. Inourresearch, itis
demonstrated that point-of-care lactate has a prognostic
value in DKA, which is increased in metabolic stress, is
correlated with the severity of DKA, and has a correlation
with increased in-hospital mortality. Out of 131 patients
(mean age 47.14 £ 16.49 years; mean T2DM duration 1.72 +
1.24 years), 48.9% had high levels of lactate, and 60.9% of
deaths were found within the group, and most patients
reported with moderate levels of DKA.

The study's observational design and relatively small
sample size may limit the strength of causal inferences,
and unmeasured confounders such as comorbidities,
infection severity, and concurrent medications could have
influenced lactate levels. Lactate was measured only at
admission, preventing assessment of trends during
treatment. Future research should include larger,
longitudinal studies with serial lactate measurements to
betterunderstandits prognosticrolein DKAmanagement.

CONCLUSIONS

Tosumup, point-of-care testingwith lactateisusefulinthe
management of diabetic ketoacidosis since it provides
quick, practical data regarding the metabolic condition of
the patient. It enables timely evaluation of the risk,
contributes to early introduction of individualized
measures, and can even influence improved results. The
prognostic significance of the socioeconomic status
elements is represented in the high level of lactate in
patients with regard to their demographic and
socioeconomic factors in a significant portion of patients.
However, these consequences should be diluted with
clinical studies, established guidelines, and a fair amount
of anticipation of the pitfalls in the diagnostic. As the
burden of diabetes continues to increase in the world
today, particularly in the lower- and middle-income
nations, point-of-care lactate detection will play a central
role in timely detection of patients at high-risk with acute
metabolic crisis and improved management of the
situation.
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The risk of post-operative hypoparathyroidism is increased after thyroidectomy. It can be
transient or permanent, potentially leading to severe neuromuscular and respiratory
complications. Objectives: To identify postoperative hypoparathyroidism based on serum
post-thyroidectomy hypoparathyroidism (PTH) levels after total thyroidectomy. Methods: This
was a cross-sectional study, conducted after total thyroidectomy on 88 participants at the
Department of Surgery, Niazi Welfare Foundation Teaching Hospital, Sargodha, from 1st
October, 2024 to 30th November, 2025. Patients with an age range of 22 to 62 years undergoing
total thyroidectomy were included in this study, while others with hyperparathyroidism, a
history of neck radiotherapy, preoperative hypocalcemia, or preoperative suspicion of
malignancy were excluded. A predesigned form was used to collect data regarding
demographics, personal habits, comorbidities, reasons for performing total thyroidectomy, and
postoperative hypoparathyroidism. Serum PTH level of <10 pg/ml was marked as diagnostic
criteria for postoperative hypoparathyroidism. SPSS version 26.0 was used to analyze data.
Results: In this Study, out of 88 participants, there were 25 male patients and 63 females. The
patients'agesranged from 22 to 62 years, with amean age of 40.56 +8.23 years. 30 participants
belongtotheage group of 22-42 years, whereas 58 participants were inthe age range of 43 t0 62
years. Post-operative hypoparathyroidism was revealed in 19 (21.59%) participants.
Conclusions: Postoperative hypoparathyroidism was observed in the majority of patients after
totalthyroidectomy.

INTRODUCTION

Thyroid surgery is a commonly performed and generally
safe procedure used to treat various benign as well as
malignant disorders. However, it carries risks of
hemorrhage, laryngeal nerveinjury, and, potentially leading
to voice changes or airway obstruction—infection,
hypothyroidism, and hypoparathyroidism (HPT) [1]. The
most frequent surgical procedure leading to
hypoparathyroidism s total thyroidectomy[2]. HPT results
from parathyroid gland dysfunction caused by damage,
inadvertent removal, or devascularization of parathyroid
glands in the surgical process [3]. Hypoparathyroidism is

also considered a major complication of neck surgeries,
especially those involving the anterior triangle.
Approximately 75% cases of anterior neck surgery
progress to acquired hypoparathyroidism [4].
Postoperative hypoparathyroidism may be transient or
permanent [5, 6]. Many patients who experience
immediate postoperative hypoparathyroidism are
classified as transient cases [7]. However, if normal
function is not restored within six months, the condition is
classified as permanent hypoparathyroidism[8]. Transient
hypoparathyroidism risk after thyroid surgery ranges from
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6.9% to 46% and, 0.4% to 33% of cases progress to
permanent hypoparathyroidism [9]. Certain thyroid
conditions, like thyrotoxicosis, Graves' disease, thyroid
carcinoma, and recurrent goiter, are related with an
increased risk of both transient and permanent
postoperative hypoparathyroidism [10]. Additional risk
factors include low preoperative calcium levels, failure to
identify all parathyroid glands during surgery, and
parathyroid auto-transplantation [11]. 1.7% to 68%
thyroidectomy cases present with postoperative
hypocalcemia due to hypoparathyroidism and manifest as
elevated or high-normal serum phosphorus levels,
potentially leading to severe neuromuscular and
respiratory complications[12]. The clinical manifestations
of hypoparathyroidism vary in severity, ranging from
tingling sensations to paresthesia, and muscle cramps
leading to tetany, abnormal cardiac rhythms, seizures,
cardiac failure, and laryngospasm [13]. The incidence of
hypoparathyroidism has significantly declined due to
improved anatomical knowledge and the presence of
specialized endocrine units with high case volumes and
experienced professionals. The occurrence of permanent
hypoparathyroidism following thyroid surgery ranges from
0.9%1t01.6%[14].

Limited data are available on this research. So, this study
doesn'tworkwithalarge sample size. Asaresult,adesireto
establish whether the early postoperative serum
parathyroid hormone (PTH) can be used as a reliable
indicator of hypoparathyroidism in the immediate
postoperative period in the situation of total
thyroidectomy, particularly in cases where the sample
sizes are small and surgical outcomes can be surgeon-
dependent. latrogenic injury to the parathyroid glands or
their blood supply is largely preventable when handled by
skilled surgeons. This study aimed to identify
postoperative hypoparathyroidism based on serum PTH
levels aftertotal thyroidectomy.

METHODS

A cross-sectional study was done during the period of 1st
October, 2024 to 30th November, 2025 at the Department
of Surgery, Niazi Welfare Foundation Teaching Hospital
(NWFTH), Sargodha, after taking ethical approval letter
(NM&DC-IRB-96) from the Institutional Review Board (IRB)
committee having Ref No: IRB/NM&DC/598. Data
collection was done after informed consent from patients
and attendants. Sample size was calculated on open Epi
software with the data of post-operative
hypoparathyroidism from a previous research study [15]
using 95% confidence interval and 7% margin of error, and
the calculated sample size of the study was 88. A non-
probability convenience sampling was utilized to collect
data from study participants. Patients with an age range of
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22 to 62 years undergoing total thyroidectomy were
included in this study. An exclusion criterion was patients
with hyperparathyroidism, a history of neck radiotherapy,
preoperative hypocalcemia, or preoperative suspicion of
malignancy. A predesign form was used to document
preoperative history pertaining to patients'demographics,
physical examination findings, thyroid function test, lab
investigation including PTH and serum calcium levels, and
ultrasound result of thyroid gland. Total thyroidectomy was
done through the capsular dissection technique by
experienced surgeons specialized in thyroid surgery.
Consultants performed the procedure with careful
identification and preservation of the parathyroid glands
along with their vascular supply. After 2 days of total
thyroidectomy, patients' PTH levels were again
investigated to compare pre- and post-data, and serum
PTH level of <10 pg/mlwas marked as diagnostic criteria for
postoperative hypoparathyroidism[16].

The data were gathered and processed in SPSS 26.0.
Frequencies and percentages were determined in
qualitative variables, whereas means and standard
deviation (SD) were used to determine the quantity of the
qualitative variables in the quantitative variables. Fisher's
exact test was applied to see the gender and age-wise
distribution of hypoparathyroidism post-operatively at a
significance level of <0.05.

RESULTS

Eighty-eight patients were referred for a total
thyroidectomy. A total of 88 patients (25 men and 63
women)were subjectsin this study. The age of the patients
was varied between 22 and 62 years, with a mean age of
40.56 and a standard deviation of 8.23 years. 30 patients
were in the age group of 22-42 years, and 58 patients were
inthe age group of 43-62 years. In study participants, mean
BMIwas 26.77 + 3.48 Kg/m’, height was 155.4 + 8.46 cm, and
weightwas72.2 +10.23 Kg(Table1).

Table 1: Demographics of Study Participants

Variables n Mean + SD
Gender
Male 25
Female 83 a
Age in Years
22-42 30
40.56 +8.23
43-62 58
Others
BMI (kg/m’) - 26.77+ 3.48
Height (cm) - 155.4 + 8.46
Weight (kg) - 72.2+10.23

Post-operative hypo-parathyroidism was revealed in
19(21.59%) participants. Gender distribution depicted that
out of 25 male participants, hypo-parathyroidism was
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evident in 9 patients, while 10 females were identified as
having PTH <10pg/ml. According to age category,12
patients in the age group 22-42 years had PTH levels less
than 10pg/ml, and similarly 7 patients of
hypoparathyroidism were in the age group of 43-62 years.
Mean pre- and post-operatively PTH levels were 25.76 +
9.78and16.78 +2.34, respectively(Table 2).

Table 2: Age- and Gender-Based Categorization of
Hypoparathyroidisminthe Participants

Hypoparathyroidism (PTH<10pg/ml)

Characteristics p-value
Yes No
Gender

Male 9 16
0.040

Female 10 53

Age (Years)

22-42 12 18
0.005

43-62 7 51

DISCUSSION

The surgery of benign multinodular diseases was still an
issue of debate over the years particularly to determine
whether the option of total thyroidectomy or near-total
thyroidectomy should be regarded as a gold standard.
Thyroid surgery carries the risk of hypoparathyroidism
(parathyroid insufficiency) and recurrent laryngeal nerve
damage[7]. Both can significantly impact the quality of life
and strain healthcareresources. Hypoparathyroidism after
thyroid surgery is less common in hospitals with
specialized thyroid units, but it does tend to occur more
frequently in older women [17, 18]. This study found a
21.59% rate of hypoparathyroidism, which can be
attributed to surgical trauma to the gland, resulting in
postoperative hypoparathyroidism. A Pakistani study
showed a much higher rate (47.5%) of hypoparathyroidism
after total thyroidectomy [19]. Additionally, one study
found no significant difference in PTH levels during and
immediately after thyroidectomy[20]. These findings align
with the results of the current study. Similarly, a
prospective study reported 17.2% hypoparathyroidism
cases after total thyroidectomy [21]. Another study found
that the incidence of transient hypoparathyroidism was
also foundto be highlyincreasedin the total thyroidectomy
(TT)group, whichisin line with the results of the study[8].
On the same note, a different study has noted a reduced
incidence of hypoparathyroidism among patients
undergoing near-total thyroidectomy than those
undergoing total thyroidectomy [17]. Akgun et al. also
reported hypoparathyroidism cases following total
thyroidectomy, particularly when combined with radical
neck dissection. These findings are consistent with the
resultsof the study[22].

This study was conducted at a single center with a limited
sample size and short follow-up, which restricts the
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generalizability of the findings. Additionally, it focused
solely on immediate postoperative outcomes. Future
research shouldinclude multicenter follow-up studies with
larger sample sizes to enhance the applicability of the
results. Although the study offers valuable insights for
improving postoperative management in patients
undergoingtotal thyroidectomy.

CONCLUSIONS

The study reveals that postoperative hypoparathyroidism
is a serious and potentially life-threatening outcome after
total thyroidectomy. The early recognition using PTH levels
is crucial for minimizing the risk of hypoparathyroidism in
clinical practice.
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Acute coronary syndrome (ACS) classically presents with chest pain; however, many patients
present atypically, which can delay diagnosis and treatment. Objectives: To determine the
frequency of ACS among patients presenting with atypical symptoms to the emergency room of
the National Institute of Cardiovascular Diseases (NICVD), Karachi. Methods: This prospective
cross-sectional study was conducted in the NICVD emergency room from 28 May to 27
September2025. Adults aged 18-80 years presenting with atypical symptoms(dyspnea, fatigue,
epigastric pain, dizziness, or syncope + chest pain)were consecutively enrolled(n=165). ACS was
defined by ischemic ECG changes and/or elevated troponin I/T and confirmed by a consultant
cardiologist. Associations were assessed using Chi-square or Fisher's exact tests; p<0.05 was
considered statistically significant. Results: Mean age was 61.8 + 12.6 years; 54.5% were male.
ACS was diagnosed in 49 patients (29.7%). Dyspnea was the most common symptom (40.0%)
and was significantly associated with ACS(51.0% vs 35.3%; p=0.031). ACS was more frequent in
patients aged >60 years (36.5% vs 18.9%; p=0.012). Hypertension (p=0.021), diabetes (p=0.038),
and obesity (p=0.047) were significantly associated with ACS. Conclusions: Approximately one
in three patients presenting atypically in the NICVD emergency room had ACS. Older age,
dyspnea, hypertension, diabetes, and obesity were significantly associated with ACS,
supportingearly ECGandtroponintestinginatypical presentations.

INTRODUCTION

Acute coronary syndrome (ACS) includes a spectrum of
conditions caused by an acute reduction in myocardial
blood flow and remains a major cause of emergency
presentations worldwide [1, 2]. Typical ACS symptoms
include central chest pain or pressure with radiation to the
arm or jaw, often accompanied by autonomic symptoms or
dyspnea[3]. However, a clinically important proportion of
patients present without classical chest pain and instead
report non-classical symptoms such as dyspnea, fatigue,
epigastric discomfort, dizziness, or syncope [3-6]. These
atypical presentations increase diagnostic uncertainty in
the emergency department (ED) and can contribute to

delayed recognition, delayed reperfusion/medical therapy,
and worse outcomes [8, 7]. Multiple studies have shown
that ACS without chest painis not rare and may account for
roughly one-quarter to one-third of ACS cases in some
cohorts [8, 9]. Older adults and patients with
cardiometabolic comorbidities may be more likely to
present atypically and may experience greater diagnostic
delays[10,8]. Because EDtriage and early decision-making
frequently rely on symptoms, atypical presentations posea
consistent challenge and may lead to missed ischemia if
objective testingisnot performed promptly[11].

In Pakistan, local evidence regarding the frequency of ACS
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among patients presentingwith atypical symptomsin high-
volume emergency cardiac settings remains limited. This
study defines this gap. This study aimed to determine the
frequency of ACS among adults presenting with atypical
symptoms to the NICVD emergency room in Karachiand to
identify clinical factors significantly associated with ACS,
tosupportearlierrecognitionandreduce delaysincare.

METHODS

This prospective cross-sectional study was conducted at
the Emergency Room of the National Institute of
Cardiovascular Diseases (NICVD), Karachi, Pakistan, from
28 May to 27 September 2025. Ethical approval was
obtained from the Institutional Review Board of NICVD,
Karachi (IRB Ref No: IRB-08/2025). Written informed
consent was taken from all participants before enrollment.
Atotal of 165 patients were enrolled using consecutive non-
probability sampling. The sample size was calculated using
the World Health Organization (WHO) formula for a single
proportion, assuming a 30% prevalence of ACS among
atypical presentations, a 7% margin of error, and a 95%
confidence level. Adults aged 18-80 years presenting with
atypical symptoms such as dyspnea, fatigue, epigastric
pain, dizziness, or syncope, with or without chest pain, and
who provided informed consent were included. Patients
were excluded if they had: prior diagnosed ACS, known
structural heart disease, previous revascularization(PCl or
CABG), non-cardiac causes of hemodynamic instability, or
use of anti-arrhythmic or anticoagulant therapy at
presentation. Atypical symptoms were defined as
presentations not classically associated with ischemic
chest pain, including dyspnea, fatigue, epigastric pain,
dizziness, or syncope without typical ischemic chest pain.
[ACS was defined by ischemic ECG changes (ST-segment
deviation and/or T-wave abnormalities suggestive of
myocardial ischemia)and/or elevated cardiac troponin | or
T, in accordance with established guidance, and the final
diagnosis was confirmed by a consultant cardiologist [19].
Demographic and clinical information, including age, sex,
residence, body mass index (BMI), smoking history, and
comorbidities (hypertension, diabetes mellitus,
dyslipidemia, and family history of coronary artery
disease), were recorded on a structured proforma. All
participants underwent physical examination, routine
investigations, and a 12-lead ECG within six hours of
presentation. Troponin | or T was measured at arrival
according to the emergency room protocol. Data were
collected daily by trained emergency medicine residents
under the supervision of a senior cardiologist; all
identifiers wereremoved before analysis.

Data were analyzed using IBM SPSS Statistics version 25.
Continuous variables were summarized as Mean + SD, and
categorical variables as Frequency (%). Normality of
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continuous variables was assessed using the Shapiro-Wilk
test. Associations between ACS and clinical variables were
evaluated using Chi-square or Fisher's exact test as
appropriate; p<0.05 was considered statistically
significant. Unadjusted odds ratios (OR) with 95%
confidence intervals (Cl) were calculated for key clinical
riskfactorsanddiagnostic teststoquantifyassociations.

RESULTS

A total of 165 patients presenting with atypical symptoms
suggestive of ACS were included. The mean age was 61.8 +
12.6 years (range: 24-80 years). Most participants were
male (54.5%), and 21.2% were obese (BMI 230 kg/m?).
Demographic characteristics are presented. Findings
summarize baseline demographic characteristics of adults
presenting with atypical symptoms (n=165). Continuous
variables are shown as Mean + SD and categorical variables
as Frequency (%). BMI categories are defined using
standard cutoffs(Table1).

Table 1: Demographic Characteristics of Patients with Atypical
Symptoms(n=165)

Variables Frequency (%) / Mean £ SD

Age

Years | 61.8+12.6

Age Range

Years | 24-80
Gender
Male 90(54.5%)
Female 75(45.5%)
Body Mass Index (kg/m?)

Normal (18.5-24.9) 58(35.2%)
Overweight (25.0-29.9) 72(43.6%)
Obese (=30.0) 35(21.2%)

Residence
Urban 98(59.4%)
Rural 67(40.6%)

Dyspnea was the most common atypical symptom(40.0%),
followed by fatigue (21.8%), epigastric pain (18.2%),
dizziness (12.1%), and syncope (7.9%). Dyspnea showed a
statistically significant association with ACS (51.0% vs
35.3%; p=0.031), whereas the other atypical symptoms
were not significantly associated with ACS (p>0.05).
Results present the frequency of atypical symptoms
among participants and compare the ACS vs non-ACS
groups. Values are shown as Frequency (%). The p-values
were calculated using Chi-square or Fisher's exact test
where appropriate(Table 2).

Table 2: Frequency of Atypical Symptoms among Study
Participants(n=165)

Total, ACS(n=49), Non-ACS(n=116), p-
Frequency (%) Frequency(%) Frequency(%) value

66(40.0%) 25(51.0%) 41(35.3%) 0.031

Symptoms

Dyspnea
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Fatigue 36(21.8%) 13(26.5%) 23(19.8%) | 0.247
Epig:isnt”c 30(18.2%) 10(20.4%) 200172%) | 0.592
Dizziness | 20(121%) 6(12.2%) %4(120%) | 0.971
Syncope 13(7.9%) 4(8.2%) 9(7.8%) 0.934

Cardiovascular risk factors were also compared between
the ACS and non-ACS groups. Hypertension was the most
prevalent risk factor (61.8%), followed by diabetes mellitus
(47.9%) and dyslipidemia (32.7%). Hypertension was
significantly associated with ACS (p=0.021), and diabetes
mellitus was also significantly associated with ACS
(p=0.038). Obesity (BMI =30 kg/m?) was significantly more
common among ACS patients (28.6% vs 18.1%; p=0.047).
Dyslipidemia, smoking history, and family history of CAD
were not significantly associated with ACS (p>0.05). The
study compares cardiovascular risk factors between ACS
and non-ACS groups. Values are shown as Frequency (%).
CAD indicates coronary artery disease. P-values were
calculated using Chi-square or Fisher's exact test where
appropriate. Additionally, diagnostic findings were
evaluated explicitly. Ischemic ECG changes were observed
in 41.2% of all participants, and elevated troponin I/T levels
in 35.2%. Among patients diagnosed with ACS, ischemic
ECG changes were present in 87.8% and elevated troponin
in 79.6%, compared with 21.6% and 16.4%, respectively, in
non-ACS patients (both p<0.001). The combined positivity
of both ECG and troponinwas also strongly associated with
ACS (p<0.001). The study presents key diagnostic test
findings (ECG and troponin)and compares ACS vs non-ACS
groups. Values are shown as Frequency (%). ECG indicates
electrocardiogram; troponin refers to troponinlor T(Table
3).

Table 3: Distribution of Cardiovascular Risk Factors among

Patients and Diagnostic Test Findings among Patients with
Atypical Symptoms(n=165)

Total,  ACS(n=49), AcsN(‘::ﬂG) p-

Frequency Frequency Frequency value
20 i (%)

Symptoms
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<60 years (36.5% vs 18.9%; p=0.012). There was no
significant association between gender and ACS (p=0.871).
These results stratify ACS by age group and gender to
address the reviewer's statistical questions. Values are
shown as Frequency (%). P-values were calculated using
the Chi-squaretest(Table 4).

Table 4: Stratification of ACSby Age and Gender(n=165)

ACS (n=49),
Frequency (%)

Non-ACS(n=116), p-
Frequency (%) value

Variables Category

Age Group <60 17(18.9%) 73(81.1%) 0.012
(Years) >60 32(36.5%) 43(63.5%) ’
Male 27(30.0%) 63(70.0%)
Gender 0.871
Female 22(29.3%) 53(70.7%)

To quantify the strength of association, unadjusted odds
ratios(ORs)with 95% Cl were calculated for key clinical risk
factors and diagnostic tests. Age =60 years (OR 3.20),
dyspnea(0R1.91), hypertension(OR=2.81), diabetes mellitus
(OR 1.91), and obesity (OR 1.81) showed increased odds for
ACS. ECGischemic changes and elevated troponin had the
highest ORs, reflecting a strong diagnostic association
with ACS. These results provide unadjusted odds ratios to
support reviewer requests regarding “key risk factors” and
diagnostic tests. ORs are unadjusted and calculated from
the 2x2 group frequencies. Cl indicates confidence
interval; ECGindicateselectrocardiogram(Table5).

Table 5: Odds Ratios for ACS Based on Key Risk Factors and
Diagnostic Findings

Non-

Variables ety o) oR(gs%CI)
(%) (%)

Age >60 Years 32(65.3%) 43(37.1%) 3.20(1.59-6.43)

Dyspnea 25(51.0%) 41(35.3%) 1.91(0.97-3.75)

Hypertension 38(77.6%) 64(55.2%) 2.81(1.31-6.03)

Diabetes Mellitus 29(59.2%) 50(43.1%) 1.91(0.97-3.77)

Dyslipidemia 18(36.7%) 36(31.0%) 1.29(0.64-2.60)

Obesity (BMI =30 kg/m?)| 14(28.6%) 21(18.1%) 1.81(0.83-3.95)
ECG Ischemic Changes | 43(87.8%) 25(21.6%) |26.09(9.97-68.27)
Elevated Troponin I/T 39(79.6%) 19(16.4%) 19.91(8.50-46.64)

Hypertension 102(61.8) 38(77.6) 64(55.2) | 0.021
Diabetes Mellitus 79(47.9) 29(59.2) 50(43.1) | 0.038
Dyslipidemia 54(32.7) 18(36.7) 36(31.0) 0.482
Smoking History 51(30.9) 18(36.7) 33(28.4) | 0.311
Family History of CAD 31(18.8) 1(22.4) 20(17.2) 0.418
Obesity (BMI 230 kg/m?) | 35(21.2) 14(28.8) 21(18.1) 0.047

ECG Changes

Suggestive of Ischemia B8(41.2%) | 43(87.8%)

25(21.6%) |<0.001

Elevated Troponin I/T | 58(35.2%) | 39(79.6%) | 19(16.4%) |<0.001

Both ECG and Troponin | ,q(9799) | 36(73.5%) | 10(8.6%) |<0.001

Positive

Age =60 years was significantly associated with a higher
incidence of ACS. Specifically, ACS was more frequent
among participants aged =60 years compared with those

DISCUSSION

This study provides evidence on the burden of ACS among
adults presenting with atypical symptoms in a tertiary
cardiac emergency setting in Karachi. Nearly one-third of
patients presenting atypically were diagnosed with ACS
(29.7%), highlighting that non-classical symptomsinthe ED
should not be considered low risk by default. Current
guideline-based pathways emphasize rapid ECG and
cardiac biomarker testing to reduce missed ACS, and our
findings support applying these principles even in atypical
presentations [12, 13]. Dyspnea was the most common
atypical symptom in our cohort (40.0%). Importantly,
dyspnea showed a significant association with ACS
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(p=0.031). This supports prior international observations
that ACS can present without chest pain and that dyspnea
may be akey“warning symptom,” particularly in older adults
and comorbid patients [8, 9]. Since dyspnea is common in
multiple non-cardiac conditions, the clinical implication is
not to over-diagnose ACS, but rather to ensure objective
testing (ECG and troponin) is performed early in dyspneic
patients with potential ischemic risk features [14, 15]. Age
>60 years was significantly associated with ACS in this
atypical cohort (p=0.012). This finding aligns with literature
showing that older adults may have more atypical ischemic
symptoms and may face greater diagnostic delays [10, 8].
Hypertension (p=0.021), diabetes mellitus (p=0.038), and
obesity (p=0.047) were also significantly associated with
ACS in our study. Diabetes is well known to be linked to
altered symptom perception and atypical or silent
ischemia, and outcomes may be worse when recognitionis
delayed [16]. Hypertension and obesity reflect increased
baseline cardiovascular risk and may contribute to a higher
probability of ACS even when presentations are non-
classical[17]. ECGischemic changes and elevated troponin
were strongly associated with ACS(both p<0.001), with very
high odds ratios. Thisreinforces the central diagnosticrole
of ECG and cardiac troponins in suspected ACS and aligns
with contemporary recommendations supporting
structured ED strategies for rapid rule-out and rule-in [ 18-
20]. Our results emphasize that early ECG and troponin
should be prioritized during triage, particularly for older
patients or those with hypertension, diabetes, obesity, or
dyspnea. From an emergency medicine perspective, these
findings support maintaining a low threshold for early ECG
and troponin testingamong patients presenting atypically,
especially those with age 260 years or cardiometabolic risk
factors. Implementing protocol-based triage pathways
may reduce missed ischemia and improve timely
management decisions in resource-limited, high-volume
settings[7,14].

This study has limitations. First, it was a single-center
study conducted at a tertiary cardiac institute, which may
limit generalizability to primary or rural hospitals. Second,
the study design was observational and not blinded, raising
the possibility of residual confounding. Third, symptom
reporting may be affected by recall bias, especially among
older or more unwell patients. Finally, the odds ratios
presented are unadjusted; larger multicenter studies using
multivariable models are recommended to determine
independent predictors morerobustly.

CONCLUSIONS

Approximately one in three adults presenting with atypical
symptoms in the NICVD emergency room had ACS.
Dyspnea, age =60 years, hypertension, diabetes mellitus,
and obesity were significantly associated with ACS. These
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findings support early ECGand troponin testing for atypical
emergency presentations, particularly in older adults and
patients with cardiometabolic comorbidities, to reduce
diagnosticdelayandimprove outcomes.
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Emotional intelligence (El) is a critical factor influencing academic performance (AP) and
professional competence in medical education. Objectives: To assess the correlation between
Eland AP among MBBS students across different professional years, age groups, gender, and
achievement levels within a blended learning environment. Methods: A correlational study was
conducted at Rashid Latif Medical College, Lahore, from January to June 2023 after ethical
approval. Stratified random sampling selected 300 MBBS students eligible for their annual
professional examination, with full exposure of students to a blended learning curriculum. El
was measured using the validated National Health Service emotional intelligence
questionnaire, and AP was assessed using annual professional marks. Data analysis was
performed in SPSS version 25.0. Non-normal variables were reported as median IQR, and
normally distributed variables as mean = SD. Spearman's rank correlation evaluated the
relationship between El and AP, and Kruskal-Wallis tests compared groups. Statistical
significance was set as p<0.05 and 95% confidence interval. Results: Overall, El showed a
moderate positive correlation with AP (r=0.557, p<0.001). The strongest correlation was
observed in final year students (r=0.747, p<0.001). Third Year students had the highest mean
emotionalintelligence (202 +12.8, p<0.001). Positive correlation was consistent across genders
and age groups. High achievers demonstrated significantly higher emotional intelligence than
low achievers. Conclusions: Blended learning can enhance emotional intelligence and
academic performance, particularly in early clinical years. Integrating structured emotional
intelligence development into blended curricula may improve engagement and professional
preparedness, includingunforeseen challenges suchas future pandemics.

INTRODUCTION

Emotionalintelligence(El)has beenrecognized asacritical
non-cognitive skill for success in medical education and
practice [1, 2]. High El is associated with better
communication, empathy, stress management, and
adaptability. These competencies are essential for MBBS
students coping with demanding academic and clinical
workloads. Academic performance (AP) is typically
measured through continuous assessment and
professional examinations, and remains a central
benchmark of medical students' success; however, it is

influenced by multiple factors like cognitive, emotional,
and environmental factors [3, 4]. The COVID-19 pandemic
triggered a paradigm shift in medical education with
institutions rapidly adopting a hybrid or blended learning
model, a structured combination of face-to-face and
online teaching modalities [5-7]. In this environment,
students explore both physical and virtual platforms
requiring greater self-directed learning and digital literacy.
These conditions can alter the dynamics between
emotional competencies and learning outcomes. The
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reduced in-person contact may challenge emotional
regulation in online interaction, while asynchronous
learning demands sustained self-motivation, both areas
where EI can play a decisive role [8]. While literature
documents a modest but significant relationship between
El and academic performance in traditional medical
education settings, most evidence predates the
widespread implementation of hybrid learning [2].
Effective e-learning requires appropriate use of modern
educational tools as well as attention to emotional attitude
towardsonlinelearning[9,10].

Current studies often overlook detailed influences of
demographic variables such as age, gender, and year of
study, and almost none examined this relationship
exclusively within a hybrid learning context, which leaves a
critical knowledge gap. No recent studies in South Asian
medical schools and very few globally have systematically
explored the correlation between El and academic
outcomes across diverse demographic strata within a
hybrid/ blended learning framework. Given the rapid post-
pandemic institutionalization of blended model,
understanding this relationship is essential to inform
student support, curriculum design, and targeted
intervention. By examining El and academic performance
among MBBS students engaged in blended learning, this
study provides timely and context-specific evidence to
guide interventions that fosters both emotional skills and
academic achievement. This study aims to determine the
correlation between emotional intelligence and academic
performance among MBBS students of different age
groups, all professional years exposed to a hybrid learning
environment, as well as to find the level of emotional
intelligenceamonghighachieversandlowachievers.

METHODS

This correlational study was conducted at Rashid Latif
Medical College, Lahore (RLMC), in six months (January-
June 2023) to find relationships between El and AP.
Stratified random sampling was used via the lottery
method. MBBS students eligible for their annual
professional examination (more than 75% attendance)and
who had full exposure to blended learning during the
academicyear wereincluded. Students who were excluded
from the examination were excluded from the study. The
blended learning model at RLMC combined 60% online and
40% face-to-face instruction using platforms like Zoom,
Google Meet, Socrative, and Kahoot for content delivery
and assessment purposes. The targeted population was
MBBS students from all professional years enrolled at
RLMC. The sample size was calculated using a 5%
significance level, 90% study power, and an anticipated
correlation coefficient of 0.51, resulting in 60 students per
year (Total n=300)[11]. Ethical approval was sought from
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the ethical review board of the University of Health
Sciencesand the Institutional Review Board of Rashid Latif
Medical College (Approval no RLMC-IRB-2021/018). Written
informed consent was obtained from all participants, with
confidentiality and anonymity ensured. Data collection
involvedtwo components. First, Elwas measured usingthe
open-access validated National Health Services Emotional
Intelligence Questionnaire [12]. Each item was rated on a
five-point Likert scale (1=strongly disagree to 5= strongly
agree). Details of the questionnaire are shown in Figure 1.
Second, AP datain the form of percentage marks from the
annual professional examination were taken from official
institutional records. Data were collected in the classroom
on a hard copy of a proforma comprising three sections:
demographic information, emotional intelligence, and
academic performance(Figure1).

Total Domains 5, Total Items 50

Min Score=50, Max score=250

Figure1: NHS EmotionalIntelligence Questionnaire Detail

The hybrid/ blended learning context during the study
period reflected post-pandemic adaptation. Blended
instructional delivery combined asynchronous and
synchronous online lectures, small group face-to-face
clinical teaching, and technology-enhanced and
technology-mediated assessments. Faculty used
interactive tools to sustain engagement and align learning
activitieswith curricular objectives[13].

Data analysis was conducted in SPSS version 25,0.
Normality was assessed with the Shapiro-Wilk test. Non-
normal continuous variables (emotional intelligence
scores, raw marks) were reported as median with
interquartile range, while normally distributed variables,
i.e., percentage marks, were summarized as mean and
standard deviation. Categorical variables were presented
as frequenciesand percentages. Therelationship between
emotional intelligence and academic performance was
tested using Spearman's rank correlation coefficient.
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Group comparisons were conducted with a Kruskal-Walli's
test. The statistical significance was set as a p-value less
than0.05andaconfidenceinterval of 95%.

RESULTS

Atotal of 300 MBBS students participated in the study with
the mean age of 21.22 + 2.5 years (median 21.0: IOR 20.0-
24.0). Most of the students (56.3%) belonged to the 17-21
years age group, while 43.7% were between 22-24 years of
age. The age variable exhibited a non-normal distribution.
Demographic detailsare shownintable.

Table 1: Demographic Characteristics of Study Participants
(n=300)

Variables Category / Statistics n % or Value
Mean + SD 21.22+2.5
Age (years) Median (IQR) 21.0(20.0-24.0)
Distribution Non normal
17-21 169(43.7%
Age Groups (years) ( )
22-24 131(56.3%)
Males 101(33.7%)
Gender
Females 199(66.3%)

Comparison across professional years revealed significant
differences in both Academic Performance and Emotional
Intelligence El. The highest mean emotional intelligence
score was observed in 3rd year students (Mean=202,
SD=12.8, n=60, 95% Cl=198.8-205.2) Which is significantly
higher than other years (p<0.001). Correlation analysis
demonstrated a moderate positive correlation between
emotional intelligence and academic performance in the
first year (r=0.502) 2nd year (r=0.590). 4th year students
(r=0.659). A weaker correlation was noted among 3rd-year
students. Whereas final year students showed a strong
positive correlation (r=0.747). All correlations were
statistically significant(p<0.001)as shownintable 2.

Table 2: Correlation of Emotional Intelligence with Academic
Performance Among MBBS Students of Years

Study Qo (Means  Inteiigence COMrelation p-
of the Year ) (Mean + SD) Coefficient
First-Year 73.3+5.9 194.9+14.0 0.502 <0.001*
Second Year 721+£5.4 194.3+14.2 0.590 <0.001*
Third Year 73.0+ 4.1 202.5+12.8 0.288 <0.001*
Fourth Year 70.6 £4.2 195.4+14.0 0.659 <0.001*
Fifth Year 67.2+3.6 195.0£12.5 0.747 <0.001*
Overall 7.2+5.2 196.4 +13.8 0.557 <0.001*
p-value® <0.001* 0.004* -

*Spearman’srho correlation, "Kruskal-Walli's test. *Significant

The correlation between emotional intelligence and
academic performance remained moderately positive for
both genders (r = 0.587) for males and r=0.531for females,
indicating that higher emotional intelligence was
consistently associated with better academic outcomes,
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irrespective of gender. Students aged 17-21years obtained
significantly higher academic scores compared to those
aged 22-25 years (69.1 + 4.3) (p<0.001). However, the
difference in mean emotional intelligence score between
the younger(197.2 +14.0)and older groups(195.5 +13.4) was
not statistically significant (p=0.268). Correlation analysis
revealed a moderate positive correlation between
emotional intelligence and academic performance in both
groups, with r=0.480 for the younger group and r=0.687 for
the older group, both statistically significant (p<0.001).
Students were categorized as high achievers(>70% marks)
and low achievers (<70% marks). High achievers scored
significantly higher in total El score, i.e., total emotional
intelligence score was 203.4 + 11.2 among high achievers
versus 186.8 + 10.9 among low achievers. Correlational
findings revealed a moderate positive correlation between
academic performance and El (r=0.557), and it was
statistically significant (p<0.001). Overall, the findings
consistently indicated that higher El correlated with better
academic performance across genders, age groups,
achievement levels, and most professional years,
particularlyinthe context of blendedlearning.

DISCUSSION

The study explored the relationship between emotional
intelligence and different variables (academic
performance, low and high achievers, different age groups,
and both genders)among students of all professional years
exposed to a blended learning environment. Mostly, the
findings revealed a positive correlation with variation in
strengthamongvarious subgroups. Our study reported the
highest mean El Score in third year MBBS students (202 +
12.8, n=60, 95% CI = 198.8-205.2). A previous study
conducted in Sweden among first year and fifth year
students demonstrated a significantincrease in emotional
intelligence during medical training, where fifth year
students demonstrated higher trait EI (F (5,423=2.39,
p=0.037)). Although this supports enhanced EI during
progression in medical training, El can be at peak during
early clinical years, as in the case of our study, rather than
at the terminal stage of training [14]. In contrast to our
findings, a previous study using the Universal Emotional
Intelligence Questionnaire-Inventory reported the lowest
score for third-year MBBS students(2.27%)and the highest
for first and final-year MBBS students (2.90%). The study
was conducted with a traditional curriculum with
classroom pedagogy. Our findings on students exposed to
a blended learning system suggest that contextual factors
like implemented curriculum (blended vs onsite) and
student support system may have an impact on El
difference, with the highest in the third year, underscoring
the importance of El development over the years in
teaching learning environment [15]. Our study found a
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moderate positive correlation between academic
performance and emotional intelligence among all cohorts
of MBBS students, with a strong correlation in final year
MBBS students (r=0.747). A study conducted in Spain
among students reported a positive association of El with
academic performance, as well as resilience, positive
emotions, and self-determined motivation, and this
association was statistically significantand was confirmed
through structural equation modelling. (x*/df = 3.24, IF| =
0.95, CFl = 0.95, RMSEA = 0.062, SRMR = 0.057). These
resultsaugment the significance of the results of our study
[16]. Ranasinghe et al. performed binary logistic regression
to find the predictors of academic performance, including
gender, choice of study medicine, and emotional
intelligence. Amongthese factors, female gender(0OR=1.98)
and satisfaction with the choice to study medicine
(OR=3.69) were significantly associated with passing the
exam, while EI was not a strong and significant predictor
[17]. Taken together, generally El is better correlated with
academic performance, but different confounding factors,
mode of teaching and learning (online vs, on site vs
blended), and educational stages, particularly in medical
training, may cause variation in the association of El and
academic performance. Our study demonstrated a
moderately positive correlation between El and AP among
both genders exposed to blended teaching and learning
(r=0.587)for males and(r=0.531)for females. But there was
no significant difference between the two groups
regarding the impact of El on academic performance.
Consistent results were reported in previous literature in a
study that male medical students have a statistically
significant but slight association with self-esteem, while
emotional intelligence exerted a stronger and more
consistent effect across both genders. Considerably, no
evidence suggested that the positive association between
emotional intelligence and GPA was limited to one gender,
indicating that emotional intelligence works as a universal
facilitator for academic performance without gender
discrimination among university students [18]. Contrarily,
A study conducted in Lebanon on online teaching and
learning found a significant gender difference, withwomen
showing higher self-perceived performance, academic
engagement, and emotionality factor in trait EI, while men
scored higher in self-control [19]. In another study
conducted in a traditional class learning environment
reported significant gender differences were reported
between different domains of Emotional intelligence
among both genders (p<0.05), with females scoring higher
in emotional attention and academic self-concept.
Additionally, most of the students fell in the remarkable
category of academic performance; females showed
higher academic performance overall, with greater
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representation in the remarkable category (66.9%) as
compared to males (27.1%) [20]. In another study on
blended learning environments, although cognitive
engagement mediated the positive relationship between
emotional intelligence and study habits, gender also
exerted a modest but significant influence (B=0.117,
p<0.05), suggesting that while EI enhances academic
performance across students in blended learning, female
and male students may differ slightly in the way they
engage with study practices [21]. These observed
discrepancies may be attributed to differences in sample
characteristics and use of domain specific vs global
measures of emotional intelligence, as well as learning
environment. Dataanalysis of our study demonstrated that
students aged 17-21 years obtained significantly higher
academic scores compared to those aged 22-25 years,
while there was an insignificant difference between the
mean emotional intelligence of both age groups.
Correlational analysis revealed there was a moderate
positive correlation between emotional intelligence and
academic performance of MBBS students exposed to a
blended teaching and learning system in both groups, with
r=0.480 for the younger group and r=0.687 for the older
group, both statistically significant. In a study on online
learning during COVID-18, Age and gender showed minimal
association with both emotional competence and
academic outcomes, while emotional competence was
moderately related to online learning readiness, but
academic performance remains the strongest predictor of
academic achievement during COVID-19[22]. Contrasting
results were reported in a study conducted in private
universities of Bangladesh that age was a potential factor
influencing the development of emotional intelligence.
Regression analysis confirmed that age didn't significantly
predict academic performance (B=0.012, p=0.438),
whereas emotional intelligence showed a strong and
positive effect [23]. In another study, emotional
intelligence exhibited age-related changes during
adolescence, with overall El increasing modestly with age,
particularly in girls (B=0.82, p=0.13, p<0.001). Gender-
specific analysis revealed that girls show improvement in
emotional management over time, while boys experienced
a slight decline in emotional perception [24]. A blended
learning environment can effectively enhance emotional
intelligence and academic performance, particularly
during early clinical years. Integrating structured El
development within blended curricula can prepare
students for adaptive and resilient learning and
professional functioning in the face of unforeseen
challenges, including future pandemics. Tailoring
interventions to different students' subgroups may
optimize students'engagementandacademic outcomes.
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This single-institution, cross-sectional study limits
generalizability and causal inference. Self-reported El may
be influenced by bias, and contextual factors like prior
training exposure to El and the mental support system for
students were not studied. The study didn't analyze
emotional intelligence separately for synchronous and
asynchronous components of blended learning. Examining
Elindifferent contexts could provide different insightsand
representapotential directionforresearch.

CONCLUSIONS

Emotional intelligence was positively correlated with
academic performance across all MBBS years, gender, age
group, and achievement level in a blended learning
environment, peaking in early clinical years. High-
achieving students consistently demonstrated high
emotional intelligence, highlighting its role in academic
success. These findings suggest that integrating
structured El development in medical curricula as a
longitudinal module can enhance resilient and adaptive
learning, thus preparing the students for unforeseen
challenges, especially a pandemic. Tailored intervention
may further optimize student engagement and academic
outcomes.
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Excessive crying is one of the most common problems in the first three months of life,
accounting for nearly 20% of pediatric consultations. Objectives: To evaluate the effectiveness
of Lactobacillus reuteri in infants with infantile colic compared with standard care alone.
Methods: A prospective quasi-experimental study was used to enroll 172 infants (<13 weeks of
age) with clinically diagnosed infantile colic who were enrolled. Group A received probiotic L.
reuteri in addition to standard care, while Group B received standard care alone. Outcomes
included mean daily crying time, crying episodes/week, and daily sleep duration, measured at
baseline, days 7, 14, 21, and 28. Between-group comparisons were performed using the
Mann-Whitney U test, and within-group changes were analyzed using the Friedman test.
Results: Over 28 days, Group A showed greater improvement than Group B in reducing crying
andincreasingsleep. Daily crying decreased by -3.53 £ 1.05 hoursin Group Avs.-1.79+1.19 hours
in Group B (p<0.001), weekly crying episodes by -3.60 + 0.69 vs. -3.36 + 0.97 (p=0.041), and daily
sleep increased by 5.38 + 2.08 hours vs. 2.80 + 3.52 hours (p<0.001). Conclusions: L. reuteri
supplementation in addition to standard care significantly reduced crying time and episodes,
andimprovedsleep-ininfants with coliccomparedto standard care alone.

INTRODUCTION

Excessive cryingis the most common problem in the initial
3 months of infantile age. Nearly 20% of pediatric
consultations by parentsare for thisreason. Althoughitisa
self-limited problem, parents and caregivers face huge
stress and anxiety due to this complaint [1]. Excessive
crying can be attributed to various factors, including pain,
hunger, discomfort, or the infant's need for emotional
reassurance. Infantile colic is a common cause of
excessive crying in infants, impacting 10-40% of this

population. Itistypically observed as early as 2 weeks of life
and gradually diminishes by 6 months of age ininfants. Both
boys and girls are impacted in the same manner [2]. A
healthy, well-nourished newborn under five months old
suffering from fits of uncontrolled weeping is said to be
suffering from infantile colic. Cry out loud for at least three
hours every day, three times a week, for at least three
weeks straight [3]. Infantile colic is a crying spell with no
obvious etiology. Due to stress, parents use analgesics as
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well as sedative drugs to calm the infant, and sometimes
this excessive and non-stop crying leads to shaken baby
syndrome [4]. Very few (<5%) babies have an underlying
organic cause of colic, e.qg., lactose intolerance,
constipation, or gastroesophageal reflux disease (GERD)
[5]. Another school of thought postulates that colic is
associated with increased peristaltic activity of the gut,
supported by the fact that symptoms are relieved by the
use of anticholinergic medications[6]. Aslarge numbers of
coliform bacteria are found in colicky babies, studies were
conducted to try to modify the gut flora, and these studies
have shown a positive impact in treating the symptoms of
colic. Few measures can provide some degree of comfort,
e.g., improve sleep hygiene and organize parents' and
baby's routine [7], and use of fennel, chamomile, and
peppermint[8].

Although extensive evidenceis beinggainedinthe world on
the benefits of L. reuteriin the treatment of infantile colic,
little local data is available in Pakistan. Practically all trials
are initiated by Western populations, who have various
feeding habits, access to healthcare, or gut microbiota
profiles. This is the gap that restricts the development of
evidence-based guidelines on the local level. Also, very
limited research compared probiotic adjunct therapy to
standard care only using longitudinal, multi-timepoint
outcome measures. These gaps are addressed through
this study asit provides stronglocal comparative data. This
study aimed to evaluate the effectiveness of Lactobacillus
reuteri in infants with infantile colic compared with
standard care alone.

METHODS

This prospective quasi-experimental study aims to
compare the efficacy of standard treatment with
Lactobacillus reuteri for infantile colic conducted at
Shaheed Zulfigar Ali Bhutto Medical University (SZABMU),
Children's Hospital, Pakistan Institute of Medical Sciences
(PIMS), Islamabad, from January 2020 to June 2020. The
study was approved by the ethical committee of the
institute vide letter number F.1-1/2015/ERB/SZABMU/406.
The sample size was calculated using the formula for
comparing two means, with a = 0.05, power = 80%,
expected mean difference (A) = 58 minutes/day, and
standard deviation (o) =135 minutes, based on Savino et al.
Thisyielded 72 infants per group; allowing 20% for attrition,
the final target was 86 per group (total n=172)[9]. Eligible
participants were infants under 13 weeks old, breastfed or
formula-fed, diagnosed with infantile colic, and meeting
study criteria. Exclusions included infants under 2500
grams, those with failure to thrive, or with other medical
conditions. Also excluded were infants and mothers who
used *Lactobacillus reuteri* before the trial, infants
starting solid foods, and those who received antibiotics in
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the last two weeks. Informed consent was provided by the
parents. All the infants on probiotic Lactobacillus reuteri,
along with the standard care, were enrolled in Group A
(probiotic group), and all taking standard care alone in the
form of conservative management in Group B (control
group). Parents documented daily crying episodes and
sleep duration in a provided diary. Follow-up occurred on
days7, 14,21, and 28, with final assessments at day 28 when
medicationand diaries were returned. To address attrition,
an additional 20% of participants were recruited.
Effectiveness Definition: Treatment effectiveness was
defined as a statistically significant improvement (p<0.05)
in at least two of the three primary outcomes (1) reduction
in mean daily crying time, (2) reduction in mean weekly
crying episodes, and (3) increase in mean daily sleep
duration at day 28 compared with baseline, with greater
improvement in the probiotic group than in the control
group. Data analysis was performed using SPSS version
26.0. The Shapiro-Wilk test was used to test the normality
of continuous variables. Since the majority of the variables
were not normally distributed, the results were
represented as median(interquartile range) of the baseline
and follow-up measurements, as well as means with
standard deviation of the change scores. The Mann-
Whitney U test was used in between-group comparison,
and the Friedman test was used in within-group
differences over time. The Chi-square test was used to
analyze categorical variables and was presented in the
form of frequencies and percentages. The significance
value of p<0.05 was taken as significant.

RESULTS

Alittle over half were aged 31-40 years (83 women, 53.5%),
while 72 women (46.5%)were 20-30 years, with a mean age
of 31.03 +5.89 years. Regarding BMI, 84 women(54.2%)had
a normal BMI, 51(32.9%) were overweight, and 20 (12.9%)
were obese, givingamean BMI of 25.31+3.38 kg/mZ. Slightly
more participants were multiparous (82, 52.9%) than
nulliparous/primiparous (73, 47.1%). Education levels
varied: 51(32.9%) had secondary, 50 (32.2%) primary, 39
(25.2%) tertiary, and 15 (9.7%) no formal schooling.
Socioeconomic status was predominantly low (80, 51.6%),
followed by middle (52, 33.5%) and high (23, 14.9%).
Residence was evenly distributed between urban (80,
51.6%)and rural (75, 48.4%). Only 1woman (0.6%) reported
smoking, while 154 (99.4%) were non-smokers. The
average number of antenatal care (ANC) visits was 4.55 +
2.27, and the mean gestational age at delivery was 33.88 +
1.43 weeks, confirming the preterm status. All participants
delivered preterm, confirming that the study population
exclusively comprised womenwith pretermlabor(Table1).
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Table1: The Baseline Measurements Data

Variables

Group A (Median

[10R])

Group B (Median
[IorRD)

p-
value

Age (Weeks) 9.00(6.00-10.00) | 9.00(7.00-10.00) | 0.3311*
Crying Time(Hours) | , 40(4,00-5.00) | 5.00(4.00-5.00) | 0.4298*
at Baseline
Crying Episodes/ . - «
Crving Episoces/ | 500(4.00-6.00) | 5.00(4.00-600) | 0.0702
Sleep (Hours/24h) | 11 46(10.00-12.75) | 11.00(10.00-12.00) | 0.4786*
at Baseline
Gender
Male 47(54.7%) 40(46.5%)
0.2857*
Female 39(45.3%) 46(53.5%)
Feeding
Breast 47(54.7%) 43(50.0%)
Formula 24(27.9%) 29(33.7%) | 0.7104*
Mixed 15(17.4%) 14(16.3%)

*Mann-Whitney U test. **Chi-square test

The study compares the treatment outcomes between
infants receiving Lactobacillus reuteri in addition to
standard care (Group A)and those receiving standard care
alone(Group B). At baseline, median crying time was similar
between groups [4.00 (IQR: 4.00-5.00) vs. 5.00 (IQR:
4.00-5.00), p=0.430]. However, by day 7, Group A
demonstrated a significant reduction in crying time
compared to Group B [3.00 (IQR: 2.00-3.00) vs. 4.00 (IQR:
3.00-5.00), p<0.001], with this difference widening at day 14
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[2.00 (IQR: 1.00-2.00) vs. 3.00 (IQR: 2.00-4.00), p<0.001],
day 21 [1.00 (IQR: 1.00-2.00) vs. 3.00 (IQR: 3.00-4.00),
p<0.001], and day 28 [1.00 (IQR: 1.00-1.00) vs. 3.00 (IQR:
2.00-4.00), p<0.001]. Within-group Friedman tests
confirmed significant reductions over time in both groups
(p<0.001). For crying episodes per week, baseline medians
were comparable [5.00 (IQR: 4.00-6.00) in both groups,
p=0.070], but Group A achieved significantly lower values
from day 7 onward, with differences persisting through day
28(all p<0.002). Both groups showed significant reductions
over time (p<0.001). Regarding sleep duration, no
significant difference was observed at baseline [11.00 (IQR:
10.00-12.75)vs. 11.00(IQR: 10.00-12.00), p=0.479]. From day
7 onwards, Group A demonstrated markedly greater
increasesinsleep hourscomparedto Group B, with median
sleep at day 28 reaching 17.00 (IQR: 16.00-17.00) in Group A
versus 13.50(IQR: 12.00-16.00)in Group B(p<0.001). Within-
group changes over time were significant for both groups
(p<0.001). Mean change analysis from baseline to day 28
showed that Group A had a greater reductionin crying time
(-3.53 +£1.05 hours) compared to Group B(-1.79 + 1.19 hours,
p<0.001) and a greater increase in daily sleep (5.38 + 2.08
hours vs. 2.80 + 3.52 hours, p<0.001). The change in crying
episodes per week was similar between groups (-3.60 *
0.69vs.-3.36+0.97,p=0.567)(Table 2).

Table 2: Comparison between Lactobacillus reuteri Probiotic in Addition to Standard Care Versus Standard Care Alone in the Treatment of
Infantile Colic

Outcomes Time Point Gl:oup A Gt:oup B Between Within Within
(Median[IQR]) (Median[IQR]) Group Group A Group B

Baseline 4.00(4.00-5.00) 5.00(4.00-5.00) 0.430 <0.001 <0.001

Day 7 3.00(2.00-3.00) 4.00(3.00-5.00) <0.001 <0.001 <0.001

Crying Time (Hours) Day 14 2.00(1.00-2.00) 3.00(2.00-4.00) <0.001 <0.001 <0.001

Day 21 1.00(1.00-2.00) 3.00(3.00-4.00) <0.001 <0.001 <0.001

Day 28 1.00(1.00-1.00) 3.00(2.00-4.00) <0.001 <0.001 <0.001

Baseline 5.00(4.00-6.00) 5.00(4.00-6.00) 0.070 <0.001 <0.001

Day 7 3.00(3.00-4.00) 4.00(3.25-5.00) 0.002 <0.001 <0.001

Crying Episodes/Week Day 14 2.00(2.00-3.00) 3.00(2.00-3.00) <0.001 <0.001 <0.001

Day 21 1.00(1.00-2.00) 2.00(1.00-2.00) <0.001 <0.001 <0.001

Day 28 1.00(1.00-1.00) 2.00(1.00-2.00) <0.001 <0.001 <0.001

Baseline 11.00(10.00-12.75) 11.00(10.00-12.00) 0.479 <0.001 <0.001

Day 7 12.00(11.00-13.75) 11.00(10.00-13.00) <0.001 <0.001 <0.001

Sleep (Hours/24h) Day 14 13.00(12.00-14.00) 12.00(10.00-12.00) <0.001 <0.001 <0.001

Day 21 14.00(12.00-16.00) 12.00(1.00-13.00) <0.001 <0.001 <0.001

Day 28 17.00(16.00-17.00) 13.50(12.00-16.00) <0.001 <0.001 <0.001
Crying Time (Hours) Mean Change Baseline to Day 28 -3.53£1.05 -1.79+£1.19 <0.001 - —
Crying Episodes/Week Mean Change Baseline to Day 28 -3.60+0.69 -3.36 +0.97 0.567 — -
Sleep (Hours/24h) Mean Change Baseline to Day 28 5.38+2.08 2.80+3.52 <0.001 - —

Note: Values are presented as median (IQR). Between-group comparisons were performed using the Mann-Whitney U test. Within-group

changesovertime wereanalyzed using the Friedmantest. A p-value <0.05was considered statistically significant.
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DISCUSSION

This study assessed the efficacy of Lactobacillus reuteri
DSM 17938 in the management of infantile colic. At
baseline, both treatment groups demonstrated
comparable crying duration, crying episodes, and sleep
patterns. By days 7, 14, 21, and 28, L. reuteri, in addition to
standard care, significantly reduced crying time and crying
episodes, while improving sleep duration, compared to
standard care alone (p<0.05). At day 28, the mean crying-
time reduction was -3.53 + 1.05 hours in Group A versus -
1.79 + 1.19 hours in Group B (p=0.000), the mean crying-
episode reduction was -3.60 + 0.69 versus -3.36 + 0.97
(p=0.567), and the meanincrease in sleep duration was 5.38
+ 2.08 hours versus 2.80 + 3.52 hours (p=0.000). These
results indicate statistically significant changes as well as
clinically significant improvements in symptom burden.
According to a randomized controlled trial carried out by
Jalal et al. in the Benazir Bhutto Hospital of Rawalpindi,
probiotics that consisted of L. reuteri proved to
significantly decrease infantile colic cases compared to
simethicone[10]. Itisalso suggested by the Latin American
Experts Group that L. reuteri DSM 17938 can be used in
infantile colic [11]. During 28 days, Savino et al. randomly
assigned 80 infants with colicky behavior who were breast-
fedtoeithersimethiconeor L. reuteri. During day seven, the
mean duration of crying in the probiotic and simethicone
groups was 159 and 177 minutes, respectively. These values
were 5T minutes and 145 minutes on day 28, and 95 percent
of the probiotic group and 7 percent of the simethicone
group improved [12]. Statistically significant differences
are observed in our findings already on day 7 and
throughout day 28, which is consistent with this temporal
improvement. In comparison, the study conducted in the
Department of Pediatrics of the University indicated that
the enhanced parental knowledge of normal infant crying
behavior can help to decrease the number of crying
incidents as well, which prioritizes the role of non-
pharmacologic and educational approaches, as well as
therapeutic interventions [13]. Some other hypotheses
suggest that alterations of faecal microbiota could be
possible causes of infantile colic[8]. In that respect, lower
faecal calprotectin concentrations have been noted in
respondersto L. reuteritreatment[14], whichisinline with
ananti-inflammatory effect, whichisinline with ourresults
of improvements in gastrointestinal symptoms and sleep
duration. L. reuteri DSM 17938 has been the most widely
researched straininthe management of infantile colic, and
several randomized controlled trials have been performed
indifferent settings. Szajewska et al. reported much better
responder rates that were determined as a 50 percent
decrease in daily crying time in the probiotic group at all
time points (p<0.05)[15]. More responder rates were also

DOI: https://doi.org/10.54393/pjhs.v7i2.2561

reported in an Italian trial on days 7, 14, and 21 with
microbiological evidence of higher faecal lactobacilli and
lower E. coli [168]. Muller et al. showed that the probiotic
group had less crying time and a shorter median crying
period in contrast to the placebo group[2]. A study carried
out in China also documented significant decreases in
crying time by probiotics. Such uniform advantages in
various settings prove the external validity of our findings
[17]. These findings are further put into perspective
through systematic reviews and meta-analyses. Schreck et
al. found a pooled mean decrease in the duration of crying
of about 56 minutes/day with a two-week favorable L.
reuteri effect, with results meandering during the first
week and reaching its peak in the third week- a nearly
similar result to that in our trial [17]. Similar results were
also found by Xu et al. with two and three-week benefits at
six randomized trials [18]. Although no advantage was
reportedinaCanadian cohortatone month[19], Sungetal.
reported that a subsequent meta-analysis of the same
group reported consistent reductions in crying/fussing
time in four randomized trials [20]. Variability could be
attributed to dissimilarity in feeding condition, baseline
symptom intensity, strain dosing, and methodology of
analysis. The non-parametric analyses of our cohort
established statistically significant between-group effects
as well as significant within-group time effects, with both
crying-time reduction and sleep gain by day 28 having
clinically relevant magnitudes. The multifactorial effects of
L. reuteriDSM 17938, such as improvement of gut microbial
homeostasis through an increase in Lactobacilli
colonization, inhibition of pathogenic E. coli, and
minimization of intestinal inflammation, could explain the
following benefits that were observed [16]. A reduction in
the faecal calprotectin levels in the responders, as
mentioned above [14], is an additional indicator of an anti-
inflammatory effect. Also, the betterment of sleep
patterns recorded here and in earlier studies [18] implies
the possible requlation of the gut-brain axis. Clinically, the
changes are meaningful, since they not only discuss infant
distress, but also parental stress, difficulties feeding, and
possible cessation of breastfeeding. Our study, especially
the decrease in crying time by greater than 3.5 hours and
increase in sleep by greater than 5 hours by day 28, is
indicative of the ability of L. reuterito be used as an adjunct
ininfantile colic, particularlyinthefirstline.

This research has a number of limitations. The quasi-
experimental non-randomized design does not make it
possible to infer causation and can create selection bias.
The single-center design limits generalizability. Parental
diary reporting is associated with the possibility of recall
bias. Follow up period of 28 days does not determine long-
term outcomes and recurrence. It should be followed by
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future multicenter randomised controlled trials involving a
longer follow-up, blinding, and objective biomarkers (e.g.,
fecal calprotectin, microbiome analysis). The priority
should be put on the subgroup analysis based on feeding
(breastfed vs. formula-fed). There is a need for health
economic analyses to determine cost-effectiveness in
low-resource environments.

CONCLUSIONS

Mean daily crying time and crying episodes per week were
significantly reduced, and mean daily sleep duration was
significantly improved at days 7, 14, 21, and 28 in infants
receiving probiotic L. reuteri in addition to standard care
compared with those receiving standard care alone. The
probiotic therapy was well tolerated and demonstrated
cost-effectiveness. Future studies with larger sample
sizes, extended follow-up, and assessment of additional
variables such as fecal calprotectin levels and gut
microflora changes are recommended to further validate
andelucidate these findings.
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Epilepsy has diverse etiologies that vary by age, gender, and region. Identifying the cause is
essential for management and prognosis. Objectives: To determine the etiological profile of
epilepsy in patients at a tertiary care hospital and assess associations with age and gender.
Methods: This observational study was conducted in the Department of Neuro-medicine,
Liaquat University of Medical and Health Sciences, Jamshoro, from March 15 to September 14,
2022. A total of 156 patients aged >18 years with epilepsy for over five years were enrolled by
consecutive sampling. Those with acute symptomatic seizures or incomplete records were
excluded. Etiologies were classified using International League Against Epilepsy 2017 criteria
based on electroencephalography and magnetic resonance imaging. Results: A total of 156
adult epilepsy patients were included (mean age 54.7 + 15.6 years; 101 male, 55 female). Acute
ischemic stroke was the most common etiology, 74 (47.4%), followed by idiopathic epilepsy, 29
(18.6%), brain tumors, 15(9.6%), traumatic brain injury, 13(8.3%), intracerebral hemorrhage, 10
(6.4%), CNS infections, 8(5.1%), and encephalitis, 11(7.1%). A higher proportion of female was
observed within the brain tumor and idiopathic epilepsy subgroups, 10(66.7%) and 19 (65.5%),
respectively(p<0.05); however, these findings reflect distribution within the tertiary cohort and
should not be interpreted as population-level risk. Insignificant associations were found
between etiology and age group or epilepsy duration. Conclusions: Acute ischemic stroke was
the leading cause of epilepsy, with significant gender differences for brain tumors and
idiopathicepilepsy.

INTRODUCTION

Epilepsy is common in resource-limited regions of
Pakistan, notably Khyber Pakhtunkhwa and younger male,
with associations including parental consanguinity
(42.8%), low socioeconomic status (88.6%), and urban
residence; treatment non-compliance, deprivation, and
seizure type predict poor therapy response [1]. A tertiary
hospital study of Karachi reported 42% of seizures as
secondary, primarily from neonatal encephalopathy
(18.7%), head trauma (18.2%), and CNS infections (17.9%)
[2]. Further research is needed to clarify epilepsy
etiologies and seizure types in Pakistan. Data from the
Emergency Department of Aga Khan University Hospital,

Karachi, indicate that structural lesions account for 89.6%
of new-onset seizures, whereas idiopathic causes
comprise only 4%, emphasizing the need for locally
developed guidelines to support emergency physicians in
accurate diagnosis and effective management [3].
Consanguineous marriages, observed in approximately
63 % of tribal societies in Pakistan, are strongly associated
withanincreased risk of epilepsy, with an odds ratio of 3.25
(95% Cl: 2.35-4.51, p<0.001). One study found that 37.33% of
patients had parents who were first cousins, with rates
exceeding 60% in certain tribal areas of Khyber
Pakhtunkhwa [4]. Although some data are available for
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children showing that 45.5% of refractory pediatric
epilepsy cases have an undetermined cause and that the
ketogenic diet, when started gradually, is a safe and
effective treatment for Pakistani children, there is alack of
comprehensive data on the use and effectiveness of this
therapy in adult patients[5]. A North Indian study reported
that infections, malignancies, and metabolic causes are
more prevalent in younger patients with new-onset
seizures, whereas strokes predominate in individuals over
55 years, underscoring the importance of age-specific
diagnostic and therapeutic strategies [6]. Status
epilepticus is a severe neurological emergency with high
morbidity and mortality, most common in young children
and the elderly. In Pakistan, infections (17%) and trauma
(11%) are the leading causes. In our setting, it is rare,
predominantly convulsive, with no non-convulsive cases,
highlighting the need forlarger studies[7]. Epilepsy affects
~46 million people globally, with a higher incidence in low-
income regions. A Karachistudy found normal EEGs in two-
thirds of pediatric patients and interictal epileptiform
discharges in one-third, with generalized epilepsy more
common inolder children and focal in younger, highlighting
EEG's diagnostic value and limitations [8]. Machine
learning shows potential for predicting outcomes in drug-
resistant epilepsy but is underutilized in Pakistan. Using
clinical and demographic data, a support vector machine
achieved 76.1% overall accuracy, 96.7% for temporal lobe,
and 79.5% for extratemporal epilepsy, supporting
supervised classification and feature selection to improve
presurgical predictions [9]. Tertiary care hospitals play a
key role in managing complex and drug-resistant epilepsy,
offering advanced diagnostics such as MRI, PET, EEG, and
genetic testing. Even in resource-limited settings,
epilepsy-specific MRl and video-EEG are essential for
accurate diagnosis, syndrome classification, lesion
identification, and surgical candidate selection[10].
Although epilepsy is a significant burden in Pakistan, there
is sparse local data that has been systematically used to
describe the etiological spectrum of epilepsy with the
updated ILAE 2017 classification. The majority of literature
is based on outdated classifications that do not involve the
use of advanced modalities of diagnosis, thus incomplete
epidemiological profiling and non-optimal management
plans. This study aims to assess the etiological picture of
adult epilepsy at a tertiary care unit using the ILAE 2017
framework, evaluate the demographic correlations, and
consider the new diagnostic tools to improve clinical
decision-making and better resource allocation to the
region.

DOI: https://doi.org/10.54393/pjhs.v7i2.3283

METHODS

This analytical cross-sectional study was conducted in the
Department of Neuro-medicine at Liaquat University of
Medical and Health Sciences (LUMHS), Jamshoro, from
March 15 to September 14, 2022, following ethical approval
from the Institutional Review Board of LUMHS (Approval
No. LUMHS/REC/-180). Using a non-probability
consecutive sampling method, 156 patients were enrolled
to assess the etiological spectrum of epilepsy. The sample
size for this study was determined using the World Health
Organization (WHQO) sample size calculator. Based on a
previously reported prevalence of encephalitis of 6.94%
among epilepsy patients, a 4% margin of error, and a 95%
confidence interval, the required sample size was
calculated tobe 156 participants. However, this sample size
was deemed adequate to provide sufficient statistical
power to analyze etiological factors within the study
population [11]. Patients aged 18 years or older, of either
gender, presenting to the Neuro-medicine outpatient
department with a clinical diagnosis of epilepsy were
enrolled after obtaining informed written consent.
Inclusion criteria encompassed all adult epilepsy patients
regardless of seizure duration, thereby including both
newly diagnosed and chronic cases. Explicit exclusion
criteriawere appliedto minimize biasandincluded patients
presenting with acute symptomatic seizures, those with
incomplete or missing medical records, and individuals
unwilling to participate. Comprehensive demographic and
clinical data were systematically collected for each
participant. This included basic demographic variables
suchasage, gender, weight, and height. Seizure types were
classified according to the International League Against
Epilepsy (ILAE) 2017 criteria to ensure standardized
diagnostic categorization. A thorough neurological
examination was conducted to identify any focal
neurological deficits or signs suggestive of underlying
etiologies. Additionally, information on comorbid medical
conditions was documented, given their potential impact
on disease progression and management. Details
regarding anti-seizure medication (ASM) regimens,
including types and dosages, were recorded alongside the
current seizure control status, defined by frequency and
severity of episodes. Relevant patient history was also
obtained, covering prior central nervous systeminfections,
perinatalinsults, traumatic headinjuries, and family history
of epilepsy, factors critical to understanding genetic and
environmental contributions to epilepsy. All data were
meticulously recorded using a structured proforma to
maintain uniformity, completeness, and accuracy for
subsequent analysis. All patients underwent CT (Toshiba,
Canon) and epilepsy-specific MRI (1.5T, high-resolution
T1/T2 sequences; 3T MRI), along with EEG and standard 12-
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lead digital ECG for seizure classification. CT scans were
reviewed by the principal investigator and confirmed by a
consultant radiologist. Etiologies were classified as
hemorrhagic/ischemic stroke, CNSinfections, neoplasms,
metabolic, oridiopathic. Combining EEG, ECG, and imaging
allowed comprehensive etiological profiling, with all data
collected personally by the principal researcher under
standardized protocols. Dataanalysis was performed using
IBM SPSS Statistics Version 26.0. Categorical variables
such as gender, etiological categories, and seizure types
were summarized as frequencies and percentages. Data
were stratified by age, gender, and epilepsy duration to
examine associationswith etiological patterns. Chi-square
or Fisher's exact tests were used as appropriate, with a p-
value<0.05 considered statistically significant.

RESULTS

The descriptive characteristics of 156 patients with
epilepsy included in the study. The mean age of the cohort
was 54.72 + 15.60 years, with a predominance of male,
101(64.7%), compared to female, 55(35.3%). The average
duration of epilepsy was 8.35 + 2.49 years. Regarding
etiological distribution, acute ischemic stroke was the
most common cause, observed in 74 (47.4%), followed by

DOI: https://doi.org/10.54393/pjhs.v7i2.3283

central nervous system infections in 29 (18.6%), including
tuberculous meningitis in 18 (10.9%) and encephalitis in 11
(7.1%). Hemorrhagic stroke was identified in 21 (13.5%),
brain tumors in 15 (9.6%), and idiopathic epilepsy in 29
(18.6%). Structural causes, especially stroke,
predominated in this adult epilepsy cohort, with notable
contributions from infectious and idiopathic etiologies
(Table1).

Table 1: Descriptive Statistics of Epileptic Patients with Total
Sample Size(n=1586)

Variables Mean + SD, n(%)
Age Group 54.72 £15.60
Male 101(64.7%)
Female 55(35.3%)
Duration of Epilepsy 8.35+2.49
Hemorrhagic Stroke 21(13.5%)
Acute Ischemic Stroke 74(47.4%)
Central Nervous System Infections 29(18.6%)
Tuberculous Meningitis 18(10.9%)
Encephalitis 1(7.1%)
Brain Tumors 15(9.6%)
Idiopathic 29(18.6%)

Table 2: Descriptive Statistics of Epileptic Patients with Total Sample Size (n=156)

Age Group (in years)

95% Confidence Interval 95% Confidence Interval

Etiological Factors of Epilepsy for Mean 18 - 50 for Mean>50 p-value
18 -50 >50 Lower Bound UpperBound LowerBound UpperBound
Hemorrhagic Stroke Yes 9(42.9%) 12(57.1%) 6.1 25 5.3 18.9 0.609
No 50(37.0%) 85(63.0%)
. Yes 30(40.5%) 44(59.5%)
Acute Ischemic Stroke 38.1 63.5 35.5 55.3 0.506
No 29(35.4%) 53(64.6%)
Y 12(41.4% 17(58.6%
Central Nervous System e (e0.4%) (56.6%) 10. 306 9.9 25.1 0.661
Infections No 47(37.0%) 80(63.0%)
Tuberculous Meningitis Yes 9(50.0%) 9(50.0%) 6.1 245 35 15.1 0.204
No 48(35.8%) 86(64.2%)
. Yes 2(18.2%) 9(81.8%)
Encephalitis 0.0 8.0% 3.5 15.1 0.141
No 57(39.3%) 88(60.7%)
. Yes 6(40.0%) 9(60.0%)
Brain Tumors 25 17.9 3.5 15.1 0.855
No 53(37.6%) 88(62.4%)
) . Yes 7(4.5%) 22(14.1%)
Idiopathic 3.6 20.1 14.4 31.0 0.092
No 52(33.3%) 75(48.1%)

Applied Chi-square and Fisher's Exact test

The distribution of epilepsy etiologies according to gender in the study cohort (n=156). Hemorrhagic stroke, acute ischemic
stroke, central nervous system infections, tuberculous meningitis, and encephalitis showed no significant differences
between male and female (p>0.05 for all). In contrast, brain tumors and idiopathic epilepsy demonstrated significant gender
differences, with female accounting for a higher proportion in both categories: brain tumors: 66.7% female vs. 33.3% male
(p=0.010), and idiopathic epilepsy: 12.2% female vs. 6.4 % male(p<0.001). Most etiologies were similarly distributed by gender,
with higherfrequencies of braintumors andidiopathic epilepsy among female(Table 3).
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Table 3: Stratification of Gender with Etiological Factors of Epilepsy(n=156)

95% Confidence Interval for

95% Confidence Interval for

Gender

Etiological Factors of Epilepsy Mean Male Mean Female p-value
Female Lower Bound UpperBound LowerBound UpperBound
. Yes 13(61.9%) 8(38.1%)
Hemorrhagic Stroke No 88(65.2%) 47(368%) 6.4 19.4 5.2 23.9 0.770
) Yes 49(66.2%) 25(33.8%)
Acute Ischemic Stroke 38.8 58.3 32.3 58.6 0.715
No 52(63.4%) 30(36.6%)
Yes 15(51.7%) 14 (48.3%)
Central Nervous System = AT BT 79 218 13.9 370 0.104
L Yes 14(77.7%) 4(22.3%)
Tuberculous Meningitis No 85(63.4%) 49(36.6%) 7.1 20.6 0.4 14.1 0.398
Encephalitis Yes 7(65.6%) £ (36.4%) 2.0 1.9 0.4 14.1 0.586
No 94 (64.8%) 51(35.2%)
Brain Tumors Yes ol38.3%) | 10(66.7%) 0.7 9.2 80 28.3 0.010
No 96(68.1%) 45(31.9%)
Idiopathic Yes 10(6.4%) 1912.2%) 4.1 15.7 21.9 47.0 <0.001
No 91(58.3%) 36(23.1%)

Applied Chi-square and Fisher's Exact test

The relationship between epilepsy duration and etiological factors in the study cohort(n=156), with durations categorized as
6-8 years and >8 years. Across all etiologies, including hemorrhagic stroke, acute ischemic stroke, central nervous system
infections, tuberculous meningitis, encephalitis, brain tumors, and idiopathic epilepsy, no significant differences were
observed between the two duration groups(p>0.05forall). Etiological distribution wasindependent of epilepsy duration(Table 4).

Table 4: Stratification for Duration of Epilepsy with Etiological Factors of Epilepsy(n=156)

95% Confidence Interval
for Mean >8

95% Confidence Interval
for Mean6-8

Duration (in Years)

Etiological Factors of Epilepsy p-value
6-8 >8 Lower Bound UpperBound LowerBound UpperBound
Hemorrhagic Stroke Yes 14(66.7%) 7(33.3%) 6.7 195 45 2.1 0.838
No 93(68.9%) 42(311%)
, Yes 49(66.2%) | 25(33.8%)
Acute Ischemic Stroke 36.4 55.3 37.0 65.0 0.544
No 58(70.7%) | 24(29.3%)
v 18(62.1% 1(37.9%
Central Nervous System es (62.1%} (57.9%) 9.8 23.9 107 341 0.402
Infections No 89(70.1%) 38(29.9%)
Tuberculous Meningitis Yes 12(65.6%) 6(22.4%) 5.2 172 3 2.4 0.589
No 93(69.4%) | 41(30.6%)
N v 6(545% 5 (45.5%
Encephalitis es (54.5%) (45.5%) 13 9.9 17 18.6 0.236
No 101(69.7%) | 44(30.3%)
, Yes 1(73.3%) 4(26.7%)
Brain Tumors 4.6 16.0 0.5 15.8 0.463
No 96(68.1%) 45(31.9%)
v 19(12.2% 10(6.4%
Idiopathic es (12.2%) (6.4%) 105 25.0 9.1 317 0.693
No 88(56.4%) | 39(25.0%)

Applied Chi-square and Fisher's Exact test

DISCUSSION

This study characterized the etiological spectrum of adult
epilepsy at a tertiary Pakistani hospital, identifying acute
ischemic stroke as the leading cause, followed by
idiopathic epilepsy and brain tumors. These results align
with global trends recognizing cerebrovascular disease as
a major contributor to adult-onset epilepsy, particularly in
aging populations. Globally, stroke accounts for ~10% of
epilepsy cases and up to 50% in adults >60 years.
Hemorrhagic stroke, cortical involvement, and early
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seizures increase risk, with Select (AUC 0.77) and CAVE
(AUC 0.81) showing good predictive accuracy [12]. In our
cohort, acute ischemic stroke (47.4%) and intracerebral
hemorrhage (6.4%) mirrored global trends, underscoring
the need for stroke prevention, optimal management, and
validated prediction tools. Meningiomas, common primary
brain tumors, frequently cause seizures, with complete
resection achieving up to 90% seizure freedom.
Postoperative risk depends on histology, location, edema,
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recurrence, and complications, while long-term
antiepileptic benefit is limited [13]. In our study, brain
tumors caused 9.6% of cases, with a higher proportion of
female observed within the brain tumor and idiopathic
epilepsy subgroups (66.7% vs. 33.3%, p=0.010); however,
these findings reflect distribution within the tertiary
cohort and should not be interpreted as a higher
population-level risk, highlighting the importance of
surgical and risk-based management. A meta-analysis of
22 voxel-based morphometry studies involving 913
patients with idiopathic generalized epilepsy
demonstrated increased cortical and decreased
subcortical gray matter, indicative of thalamocortical
network disruption [14]. In our cohort, idiopathic epilepsy
accounted for 18.6% of cases and showed a higher
proportion of female (p<0.001). However, this finding
reflectsthe distribution within our tertiary care sample and
should not beinterpretedasindicatingahigher population-
level risk for female, while the normal conventional imaging
in most cases is consistent with the absence of overt
structural lesions in idiopathic epilepsy. A study of 198
patients with new-onset seizures reported that most were
middle-aged (35-65 years, 44.4%) with a slight female
predominance (55.1%), and structural brain lesions were
the predominant etiology [15]. Similarly, in our cohort
(mean age 54.72 + 15.60 years; male-to-female ratio 2:1),
acute ischemic stroke (47.4%) and brain tumors (9.6%)
were the leading causes, reinforcing the impact of
structural lesions in adult-onset epilepsy and the need for
region-specific diagnostic and management approaches.
A previous study of 996 patients reported primary seizures
in 58% and secondary in 42%, with structural lesions
including head trauma, tumors, and stroke predominating
inadults, and generalized tonic-clonic seizures being most
common [16]. Similarly, in our 156-patient cohort, acute
ischemic stroke was the leading cause (47.4%), followed by
idiopathic epilepsy (18.6%), brain tumors (9.6%), and
traumatic brain injury (8.3%), with generalized seizures
predominating, confirming the association of adult-onset
epilepsy with structural brain lesions. In a retrospective
study of 431 adult epilepsy patients at King Abdulaziz
Medical City, generalized seizures were most common
(25.3%), with structural etiologies predominating (42.9%),
particularly stroke(24.3%)and tumors(23.8%), while 47.6%
remained of unknown etiology [17]. In our 156-patient
cohort, structural causes predominated acute ischemic
stroke (47.4%), idiopathic epilepsy (18.6%), brain tumors
(9.6%), and traumatic brain injury (8.3%), with more female
in tumor-related and idiopathic cases, reflecting global
trends and regional demographic variations. A
retrospective review of 1,097 pediatric epilepsy patients at
The Children's Hospital, Lahore (2016-2020), found afebrile

DOI: https://doi.org/10.54393/pjhs.v7i2.3283

(72.7%) and generalized seizures (49.8%) most common,
with idiopathic (49.2%) and congenital (20.8%) etiologies;
typical seizureslasted 1-3 minutes, with up-rolling eyes and
frothing (34.9%) frequently observed [18]. In contrast, our
adult cohort showed higher structural etiology prevalence
of acute ischemic stroke (47.4%) and brain tumors (9.6%),
with idiopathic epilepsy at 18.6 %, highlighting age-related
differences in etiology and seizure patterns. A 25-year
retrospective study of 5,712 adult-onset epilepsy patients
in China reported declining unknown etiologies,
predominance of structural epilepsy, especially
cerebrovascularin older adults, higher rates in male, and a
recent rise in immune-related cases [19]. Similarly, our
study found structural causes, particularly acute ischemic
stroke (47.4%), as the most common, with idiopathic
epilepsy and brain tumors more frequent in specific
subgroups, highlighting age- and sex-related differences
and the need for targeted diagnostics and management.
This study has several limitations. The cross-sectional
design precludes assessment of temporal or causal
relationships, and observed associations reflect cohort
distributions rather than independent risk factors.
Multivariate analysis was not performed; therefore,
associations across age and sex subgroups may be
confounded by factors such as disease severity,
comorbidities, or referral patterns. The single tertiary
care-center setting limits generalizability and may
overrepresent structural or severe epilepsy. Etiological
subcategories, particularly central nervous system
infections, were analyzed by case distribution rather than
population prevalence; thus, subgroup proportions should
notbeinterpretedas population-levelrisk[20].

Finally, limited access to advanced diagnostics (e.g.,
prolonged video-EEG, autoimmune, and genetic testing)
may have led to under- or misclassification in some cases.
Despite these limitations, the study provides valuable
tertiary care-based insights into epilepsy etiology,
highlighting the predominance of post-stroke and other
structural causes. The findings underscore the need for
integrated neurological follow-up for stroke survivors,
improved diagnostic pathways to distinguish seizures from
acute cerebrovascular events, and strengthened
prevention strategies targeting cerebrovascular disease
and central nervous systeminfections. Future multicenter,
longitudinal studies with multivariate modeling and
advanced diagnostics are warranted to identify
independent predictors and support personalized epilepsy
management. The study was a single tertiary center cross-
sectional study, which is unable to cause causality, and
results might be biased to structural or severe epilepsy as
opposed to the general population. Case distribution was
used to analyze etiological subgroups and, in particular,
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central nervous system infections; proportions cannot be
used todenoteriskat the populationlevel. Out of disturbed
diagnostics, it might have under- or misclassified certain
types of epilepsy due to limited accessibility. Despite these
drawbacks, the research offers good information on the
pattern of adult epilepsy and the necessity of developing
specialdiagnostics, prevention, and treatment measures.

CONCLUSIONS

Acute ischemic stroke was the leading cause of epilepsy in
this cohort, with gender differences observed in brain
tumor-related and idiopathic cases. These findings
underscore the importance of systematic evaluation and
region-specific management strategies, including timely
neuroimaging and electrophysiological assessment, to
quide targeted interventions, improve stroke prevention,
and optimize epilepsy care.
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Long-term low-dose macrolide therapy has been shown to reduce eosinophilic inflammation
and delay early recurrence of nasal polyps following endoscopic sinus surgery (ESS). Objective:
To compare the efficacy of long-term low-dose macrolide therapy in preventing early
recurrence of nasal polyps after endoscopic sinus surgery. Methods: This randomized
controlled trial was conducted in the Department of ENT, Sir Ganga Ram Hospital, Lahore, from
October to December 2025. Male and female patients aged 15-75 years diagnosed with nasal
polypsand undergoing ESS were included. Patients already receiving antibiotics or macrolides,
those with multiple facial fractures, or those with neurological or psychological disorders were
excluded. Preoperatively, Sino-Nasal Outcome Test (SNOT), Lund-Kennedy endoscopic score,
and Lund-Mackay CT score were recorded. Postoperatively, Group A received clarithromycin
250 mg once daily for three months in addition to standard therapy, while Group B received
standard postoperative treatment alone. Outcomes were reassessed at 8 and 12 weeks, and
recurrence of nasal polyps was evaluated after three months. Results: Mean SNOT scores
showed significant improvement in the macrolide group compared to controls at both 8 and 12
weeks (p<0.05). Similarly, Lund-Mackay and Lund-Kennedy scores demonstrated significantly
greater reductions in the macrolide group than in the non-macrolide group (p<0.05).
Recurrence of nasal polyps was observed in 12% of patients receiving macrolide therapy
compared to 32% in the control group. Conclusions: Three-month low-dose clarithromycin
therapy (250 mg/day) is a safe and effective adjunct to ESS, significantly improving clinical,
endoscopic, andradiological outcomeswhile reducing early recurrence of nasal polyps.

INTRODUCTION

A chronic inflammatory disease that affects the sinuses
and nasal canal, chronic rhinosinusitis affects 8% of
Asians. Endoscopic sinus surgery plus typical post-
operative medications, such as antibiotics, intranasal
corticosteroids, mucolytic agents, oral hormones, and
nasal irrigation, can cure chronic rhinosinusitis in 75% to
98% of cases; however, about 10% of patients still do not
experience the desired clinical outcomes [1, 2]. Chronic
rhinosinusitis has recently been treated with long-term,
low-dose macrolide therapy [3]. Patients with other
chronic inflammatory airway illnesses, including chronic
rhinosinusitis without polyps, have reported the anti-
inflammatory effects of macrolides, particularly

clarithromycin. The literature contains conflicting views on
the effectiveness of clarithromycin for individuals with
chronic rhinosinusitis and sinonasal polyposis, and there
are no national prospective studies evaluating the drug's
efficacy in treating chronic rhinosinusitis within our
population [4]. The absence of evidence in systematic
reviews is reflected in the inconsistent quidelines about
the inclusion of antibiotics in basic medical care. A fivefold
difference in intervention rates can be explained by
insufficient evidence to substantiate the role of surgery
[5]. After endoscopic sinus surgery, "long-term" low-dose
clarithromycin (250 mg/day) can reduce eosinophilic
inflammation and stop nasal polyps from relapsing too
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soon[6,7]. When compared to baseline, macrolide therapy
can dramatically improve endoscopic and CT scores in
patients with chronic rhinosinusitis. To verify the
effectiveness and safety of macrolides in the treatment of
chronic rhinosinusitis, further well-planned research is
required[1]. One study in Iraq found that the Lund-Mackay
score decreased from 20.53 +2.16 to 5.90 + 2.81 with
macrolide, from 19.55 + 3.14 to 8.45 = 2.76 without
macrolide (p<0.05), and the Lund-Kennedy score
decreased from 18.13 + 1.36 to 4.30 + 0.65 with macrolide
and from 17.52 + 1.46 to 4.48 + 0.79 without macrolide
(p>0.05). These findings were reportedin an Iragistudy[8].
With macrolide, regrowth is seen in 11% of cases, but 32%
of cases without macrolide exhibit regrowth or recurrence
of nasal polyps[9].

The purpose of this study was to compare the results of
endoscopic sinus surgery and long-term low-dose
macrolide therapy for nasal polyps. According to research,
using low-dose macrolides over an extended period of time
canlower the chance that nasal polyps will return following
sinus surgery. There hasn't been any prior research in this
area, and there isn't much local data in the literature to
support our decision to add a macrolide for longer-term
treatment. As a result, we intend to carry out this
investigation. The study's findings will assist usin obtaining
local magnitudes, which will enable us to apply the
conclusions in a local context. This will enable us to
enhance our procedures. Even after endoscopic surgery
and conventional postoperative treatment, nasal polyp
recurrence is still a serious clinical complication. Even
though it is long-term and low doses of macrolide have
demonstrated potential anti-inflammatory effects, the
evidence on its effects in the prevention of postoperative
polyp recurrence is inconsistent and limited, especially in
local populations. The study aimed to compare the
effectiveness of low-dose macrolide long-term treatment
in preventing early recurrence of nasal polyps after
endoscopic sinussurgery.

METHODS

The ENT Department at Sir Ganga Ram Hospital in Lahore
conducted this randomized controlled experiment
registered at clinicaltrials.gov (NCT07316959) from
October to December 2025 after getting ethical approval
(260/Proposal-ENT/ERC). A sample size of 100 cases, 50 in
each group, was determined using the WHO calculator,
with a 5% significance level, 80% study power, and the
percentage of recurrence, whichis 1% with macrolide and
32% without it, following endoscopic sinus surgery [9].
Both male and female patients between the ages of 15 and
75who have been diagnosed with nasal polyps, a persistent
swelling and inflammation of the nose brought on by
chronic rhinosinusitis, are having endoscopic sinus

DOI: https://doi.org/10.54393/pjhs.v7i2.3730

surgery. Patients who were already taking antibiotics or
macrolides, had multiple facial fractures, had ASA Il or IV,
or had neurological or psychological conditions were not
included. One hundred patients who met the inclusion
criteria were enrolled through the ENT wards following
ethicalreview board permission. Written informed consent
was obtained. Additional demographic datawere recorded,
including name, age, sex, duration of symptoms, domicile,
socioeconomic level, history of diabetes, hypertension,
smoking, allergic rhinitis, nasal polyps in the family history,
and ASA status. Before surgery, the SNOT, Lund-Kennedy
score, and Lund-Mackay score were recorded. The
procedure's duration was recorded. Following surgery,
patients were split into two groups at random using a
lottery. For three months, patients in group A received
Macrolide (clarithromycin 250 mg) once a day in addition to
their usual prescription drugs. Following surgery,
participants in group B received their usual prescriptions.
Patients were evaluated for SNOT, Lund-Kennedy score,
and Lund Mackay score at 8 and 12 weeks of therapy.
Patients were also checked for nasal polyp recurrence
after three months, if it was detected on a CT scan twelve
weeks aftersurgery.

SPSS version 25.0 was used to examine the data that was
gathered. The mean and standard deviation of quantitative
factors, such as age, symptom duration, operative time,
SNOT, Lund-Kennedy score, and Lund-Mackay score, were
displayed. The frequency and percentage of qualitative
characteristics, such as recurrence, gender, ASA,
residence, socioeconomic position, and history (diabetes,
hypertension, smoking, allergic rhinitis, and family history
of nasal polyps), were displayed. The Lund-Kennedy, Lund-
Mackay, and mean SNOT scores for both groups were
compared using the t-test, and recurrence was evaluated
using chi-square. A p-value significance level of <0.05 was
used.
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l

DOI: https://doi.org/10.54393/pjhs.v7i2.3730

Excluded (n=24)
Not Meeting Inclusion Criteria (n=8)
Declined to Participate (n=2)
Other Reasons (n=1)

l

| Randomized (n=100) |

l l

Allocated to Macrolide Group (n=50)
Received Clarithromycin 250mg OD for 3 Months
Received Allocated Intervention (n=50)

Allocated to Control Group (n=50)
Standard Postoperative Therapy
Received Allocated Intervention (n=50)

l l

Follow-up
Lost to Follow-up (n=0)
Discounted Intervention (n=0)

Follow-up
Lost to Follow-up (n=0)
Discounted Intervention (n=0)

l l

Analysis
Analysed (n=50)
Excluded from Analysis (n=0)

Analysis
Analysed (n=50)
Excluded from Analysis (n=0)

SES
Poor 14(28.0%) 13(26.0%)
Middle 28(56.0%) 29(58.0%)
Upper 08(16.0%) 08(16.0%)
Residence
Rural 27(54.0%) 25(50.0%)
Urban 23(46.0%) 25(50.0%)
Hypertension
Yes 11(22.0%) 12(24.0%)
No 39(78.0%) 38(76.0%)
Diabetes mellitus
Yes 10(20.0%) 11(22.0%)
No 40(80.0%) 39(78.0%)
Smoking
Yes 13(26.0%) 18(36.0%)
No 37(74.0%) 32(64.0%)
Allergic rhinitis
Yes 08(16.0%) 07(14.0%)
No 42(84.0%) 43(86.0%)
Family h/o nasal polyp
Yes 06(12.0%) 06(12.0%)
No 44(88.0%) 44(88.0%)

Figure1: CONSORT Flow Diagram

RESULTS

This study involved 100 patients. In Group A, 50 patients (31
men and 19 women) with a mean age of 37.60 + 13.18 years
were examined. Group B consisted of 50 patients, with a
mean age of 39.62+13.30 years, including 32 men and 18
women. The mean duration of symptoms in group A was
6.66 + 1.99 weeks, and in group B was 6.70 + 1.79 weeks.
Mean operative time in group A was 34.48 + 8.12 minutes,
andingroup Bwas 35.76+9.38 minutes(Table1).

Table 1: Distribution of Different Variables(n=100)
Group B (n=50),

This study reported that the mean pre-operative SNOT
score was 76.38 +5.00 and after 8 weeks and 12 weeks was
13.74 +1.65 and 9.72 + 1.86 with macrolide treatment while
from 77.95 + 5.25, 20.80 + 3.14 and 13.72 + 1.95 without
macrolide treatment (p<0.05), Lund-Mackay score was
20.08+1.93,5.88+1.00 and 3.72 + 0.81with macrolide while
20.76 +1.46, 11.32 + 0.96 and 7.86 + 0.99 without macrolide
(p<0.05) and Lund-Kennedy score was from 16.68 + 1.41,
4.86 + 1.11 and 2.74 + 0.69 with macrolide and 16.54 + 1.37,
11.38+1.28and 7.88 +0.90 without macrolide(p<0.05)(Table
).

Table 2: Comparisonof the Outcome between Both Groups

Group A (n=50),

Variables

Group A (n=

50), Mean
SD

Group B (n=
50), Mean +
SD

Pre-Operative SNOT Score 76.38+5.00 | 77.95+5.25 | 0.128
After 8 Weeks SNOT Score 13.74 £1.65 | 20.80+3.14 |<0.001
After 12 Weeks SNOT Score 9.72+1.86 | 13.72+1.95 |[<0.001
Pre-Operative Lund-Kennedy Score | 16.68+1.41 | 16.54+1.37 | 0.616
After 8 Weeks, Lund-Kennedy Score 4.86+1.11 11.38 £1.28 |<0.001
After 12 Weeks Lund-Kennedy Score | 2.74+0.69 | 7.88+0.90 |<0.001
Pre-Operative Lund-Mackay Score | 20.08+1.93 | 20.76 +1.46 |0.049
After 8 Weeks, Lund-Mackay Score 5.88+1.00 | 1.32+0.96 (<0.001
After 12 Weeks Lund-Mackay Score 3.72+0.81 | 7.86+0.99 |<0.001

\EEES n (%) n (%)

Age (Years)

15-45 38(76.0%) 33(66.0%)

46-75 12(24.0%) 17(34.0%)

Gender
Male 31(62.0%) 32(64.0%)
Female 19(38.0%) 18(36.0%)
Duration of symptoms (weeks)

<8 41(82.0%) 42(84.0%)

>8 09(18.0%) 08(16.0%)
ASA status

| 27(54.0%) 28(56.0%)

Il 23(46.0%) 22 (44.0%)

Operative time (min)
<30 18(36.0%) 18(36.0%)
>30 32(64.0%) 32(64.0%)
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Recurrence wasobservedin12% with macrolide, while 32%
without macrolide, with statistically significant
associations(p=0.0158)(Table3).
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Table 3: Comparison of the Recurrence between Both Groups

Group A(n=50), Group B(n=50), p-

Resources Frequency(%) Frequency(%) value
Yes 06(12.0%) 16(32.0%)
0.015
No 44(88.0%) 34(68.0%)

DISCUSSION

Low-dose long-term (LDLT) macrolide therapy is a
lengthier course of treatment with a lower dose than what
is used to treat a bacterial infection that comes on
suddenly. In 1984, LDLT erythromycin was used for the first
time in Japan to treat patients with diffuse
panbronchiolitis[10, 11]. Through a variety of mechanisms,
macrolides' immunomodulatory and anti-inflammatory
potencies, as well as their antibacterial qualities, are
believed to be useful in controlling these disorders[12, 13].
According to this study, the mean pre-operative SNOT
score was 76.38 + 5.00, and the Lund Mackay score was
20.08+1.93,5.88 £1.00, and 3.72 + 0.81 with macrolide and
20.76 +1.46,11.32 £ 0.96, and 7.86 + 0.99 without macrolide
(p<0.05). The Lund-Kennedy score was 16.68 + 1.41, 4.86 +
1.1, and 2.74 + 0.69 with macrolide and 16.54 +1.37, 11.38 *
1.28, and 7.88 + 0.90 without macrolide (p<0.05).
Recurrence was seen in 32% of cases without macrolide
and 12% of cases with it. One study in Iraq found that the
Lund-Mackay score decreased from 20.563 + 2.16 to 5.90 +
2.81with macrolide, from 19.65 + 3.14 to 8.45 £ 2.76 without
macrolide (p<0.05), and the Lund-Kennedy score
decreased from 18.13 + 1.36 to 4.30 + 0.65 with macrolide
and from 17.52 + 1.46 to 4.48 + 0.79 without macrolide
(p>0.05). These findings were reported inan Iraqgi study[8].
After receiving clarithromycin for 8-12 weeks, 40% of the
20 CRSwWNP patients saw a reduction in the size of their
nasal polypsandanotable decreaseintheamountofIL-8in
their lavage fluid; the remaining 60% exhibited no change
[14]. Eight weeks of 500 mg of clarithromycin before
surgery cut down on the number of polyps that came back
six and twelve months after surgery [15]. SNOT-20 scores
of CRSWNP patients improved following eight weeks of
steroid monotherapy and low-dose clarithromycin
combination therapy [16]. With LDLT clarithromycin, 52
CRSwWNP patients experienced a significant decrease in
their SNOT-20 and Lund-Kennedy endoscopic score after
12 weeks[17]. Furthermore, compared to those who did not
improve on SNOT-20, 54% (28 of 52) exhibited lower levels
of total IgE. Three months of 150 mg roxithromycin
treatment resulted in significant improvements in
mucociliary transit time, nasal endoscopy results, and
sinus nasal symptoms (SNOT-20) in CRSsNP patients[18].
At three months, there were no significant differences
between the two groups when looking at either the
endoscopic results or the visual analogy ratings of
symptoms. Clinical improvement was also observed in

DOI: https://doi.org/10.54393/pjhs.v7i2.3730

CRSsNP patients after 8 weeks of erythromycin treatment
[19]. Apart from severe polyposis, LDLT azithromycin
exhibited no significant differences between the
treatment and placebo groups in a mixed cohort of
CRSwNPs(52.0%)and CRSsNPs[20]. A biomarker analysis
showed that the overall symptom score was a good sign for
predicting which patients with CRS would need macrolide
therapy following surgery [21]. In the Netherlands, a
pragmatic, multicentre RCT comparing endoscopic sinus
surgery + medication to medication alone in adults with
chronic rhinosinusitis and nasal polyps has been published
since the start of the MACRO Program. Additionally, the
study demonstrated increased efficacy with surgery;
however, the mean difference between groups in SNOT-22
at 6 months did not reach the minimal clinically significant
difference. Patients who had not responded to proper
medical therapy were also enrolled in the trial. Medical
therapy is any medical intervention, without
standardization, that the participant's
otorhinolaryngologist deems appropriate, such as
systemic antibiotics, intranasal corticosteroids, and
systemic corticosteroids[22].

In spite of evidence that low-dose long-term macrolide
treatment is associated with better symptom scores,
endoscopic results, and lower recurrence rates, the small
sample size, heterogeneity of disease phenotypes, and
absence of follow-up limit the ability to make certain
conclusions about the long-term effectiveness and safety.
Large multicentric randomized trials with prolonged
follow-up and the use of biomarkers to select patients in
future investigations should define responders better and
improve the use of postoperative macrolides with
concerns of antimicrobial resistance.

CONCLUSIONS

Ourstudy's findings supported the safety and effectiveness
of a three-month low-dose (250 mg/day) clarithromycin
treatment in preventing early recurrence of nasal polyps
after endoscopic sinus surgery. This treatment was found
to be substantially associated with an improvement in
quality of life, as measured by SNOT-20, LMS, and LKS, and
it can prevent an early recurrence of NP. Patient selection
is essential to the successful administration of macrolide
treatment in CRS. Particularly for CRS patients with
comorbidities, our study advised using the macrolide at a
low dose forthree months aftersurgery.
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Gestational diabetes mellitus is increasingly recognized as more than a transient elevation of
blood glucose during pregnancy. Evidence suggests that GDM represents a broader metabolic
disturbance involving chronic low-grade inflammation, dyslipidemia, oxidative stress,
endothelial dysfunction, and adipokine imbalance. These alterations appear to influence not
only maternal metabolic health but also fetal growth and early developmental outcomes.
Objectives: To synthesize recent evidence (2017-2024) on physiological and biochemical
changes associated with GDM and to examine their implications for maternal and fetal health.
Methods: A systematic literature search was conducted across PubMed, Scopus, Web of
Science, and ScienceDirect in accordance with PRISMA 2020 guidelines. Original human
studies comparing GDM and normoglycemic pregnancies were included if they assessed
metabolic, inflammatory, oxidative, vascular, or endocrine biomarkers. Study quality was
evaluated using the National Institutes of Health quality assessment tools for observational
studiesand the Cochrane Risk of Bias 2 tool for randomized trials. Due to heterogeneity in study
design and outcome measures, findings were synthesized narratively. Results: Thirteen
studies met the inclusion criteria. GDM was consistently associated with elevated inflammatory
markers (hs-CRP, IL-6, IL-18), increased triglycerides, oxidative stress markers such as
malondialdehyde, and reduced adiponectin and antioxidant enzymes. Maternal
hypertriglyceridemia independently predicted fetal macrosomia, while elevated umbilical cord
C-peptide reflected fetal hyperinsulinemia. Nutritional interventions, including DHA
supplementation, showed favorable modulation of selected adipokines. Conclusions:
The evidence supports GDM as a systemic metabolic disorder characterized by interconnected
disturbances in glucose, lipid, inflammatory, and oxidative pathways, with important maternal
andfetalimplications.

INTRODUCTION

Gestational diabetes mellitus (GDM) is a common
pregnancy complication, affecting approximately 15% of
pregnancies worldwide [1]. It was previously regarded as a
transient state of mild hyperglycemia; however,
accumulating evidence now characterizes GDM as a
complex metabolic disorder involving insulin resistance,
adipose tissue dysfunction, oxidative stress, and vascular

alterations[2, 3]. This evolving understanding has blurred
the distinction between pregnancy-specific metabolic
disturbances and the early manifestation of chronic
cardiometabolic disease [4]. Despite advances in
pathophysiological insight, routine clinical assessment of
GDM remains largely centered on glucose tolerance
testing, often overlooking the contributory roles of lipid
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dysreqgulation, inflammation, and oxidative imbalance [5,
6]. Such metabolic disturbances help explain adverse
outcomes, including fetal macrosomia, neonatal
hypoglycemia, and longer-term cardiometabolic risk, even
among pregnancies with apparently adequate glycemic
control. This gap highlights a delay in translating
mechanistic knowledge into comprehensive clinical
evaluation.

While numerous studies have explored glucose
dysregulation in GDM, the broader metabolic disturbances
such as lipidimbalance, oxidative stress, and inflammation
are less consistently evaluated. Existing evidence is
fragmented, with limited synthesis of how these factors
contribute to complications. This systematic review aims
to collate and critically appraise available literature on
metabolic alterations in GDM, highlight gaps, and identify
potential markers for improved clinical assessment and
management.

METHODS

This systematic review was conducted and reported in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020
guidelines [7]. Gestational diabetes mellitus (GDM) was
defined as glucose intolerance with onset or first
recognition during pregnancy, irrespective of severity,
according to the American Diabetes Association
diagnostic criteria[8]. A comprehensive literature search
was performed across PubMed, Scopus, Web of Science,
and ScienceDirect to identify studies published between
2017 and 2024 that examined physiological and
biochemical alterations associated with GDM. The search
strategy combined indexed terms and free-text keywords,
including gestational diabetes mellitus, biochemical
markers, inflammatory cytokines, oxidative stress,
adipokines, maternal metabolism, fetal outcomes, and
umbilical cord or fetal biomarkers, using Boolean operators
(AND/OR) to optimize retrieval. A total of 570 records were
identified from PubMed, Scopus, Web of Science, and
ScienceDirect. After removal of duplicates and ineligible
records (n = 130), 440 records were screened by title and
abstract. Out of these, 380 records were excluded due to
non-quantitative study design (n = 180), review or case-
report format (n = 120), and irrelevant population or
outcomes (n = 80). Fifty-eight full-text articles were
assessed for eligibility, of which 45 were excluded for
predefined reasons. Thirteen studies met the inclusion
criteria and were included in the qualitative synthesis
(Figure 1). Reference lists of relevant articles were also
manually screened to identify additional eligible studies.
Only original studies published in Englishand conducted on
human participants were considered. Eligible study
designs included cohort, case-control, cross-sectional,
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and randomized controlled trials that compared
pregnancies affected by GDM with normoglycemic
controls. Studies were required to report maternal,
placental, fetal, or neonatal physiological or biochemical
outcomes, including fetal or umbilical cord blood
biomarkers (such as C-peptide) reflecting intrauterine
metabolic exposure in GDM pregnancies. Reviews, meta-
analyses, editorials, animal or in-vitro studies, conference
abstracts, and studies lacking primary quantitative data
were excluded. A minimum sample size threshold of 50
participants was applied to ensure analytical robustness;
however, most included studies exceeded this threshold,
with sample sizes generally above 100 participants. Study
selection followed a two-stage screening process in
accordance with PRISMA 2020. Two reviewers
independently screened titles and abstracts, followed by
full-text assessment of potentially eligible articles. Any
disagreements were resolved through discussion and
consensus. For randomized controlled trials, study
selection and assessment considered intervention
comparison outcome elements consistent with the PICO
framework. In such trials, the population comprised
pregnant women diagnosed with gestational diabetes
mellitus and normoglycemic pregnant controls; the
intervention included dietary, nutritional, or glycemic
management strategies; comparators consisted of
standard care or alternative interventions; and outcomes
included maternal, fetal, or neonatal physiological and
biochemical measures. For observational studies,
eligibility was evaluated using predefined population,
exposure, comparator, and outcome criteria. The
population was defined as pregnant women diagnosed
with gestational diabetes mellitus according to recognized
diagnostic criteria, along with appropriate normoglycemic
pregnant control groups. Where fetal or neonatal
outcomes were assessed, the population also included
offspring of mothers with GDM, provided that the reported
biomarkers reflected intrauterine metabolic exposure.
Exposure referred to the presence of GDM, while
comparators were pregnancies without GDM, and
outcomes included maternal or fetal physiological and
biochemical markers. The PICO framework was not applied
as the primary eligibility model because a substantial
proportion of included studies were observational and
biomarker-based, lacking a clearly defined intervention or
interventional comparator. Data extraction was performed
using a standardized form capturing study design, country,
sample size, diagnostic criteria for GDM, gestational timing
of biospecimen collection, measured physiological or
biochemical markers, and reported maternal or fetal
outcomes. Confounding factors were defined as variables
associated with both GDM status and the outcomes of
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interest that could distort observed associations if not
adequately controlled. Common confounders included
maternal age, pre-pregnancy body mass index, parity,
gestational age at sampling, family history of diabetes, and
other relevant clinical or lifestyle variables. Information on
confoundingvariablesadjusted forinindividual studies was
extracted and summarized in Table 1. Missing or unclear
information was recorded as not reported. Control of
confounding was assessed at the individual study level.
Multivariable regression modeling, stratification, group
matching, and restricted eligibility criteria were
considered acceptable methods for confounding control.
During data extraction, we specifically recorded whether
reported associations were adjusted and which covariates
were included. Studies reporting only unadjusted
comparisons were interpreted with caution during
qualitative synthesis. Quality assessment of observational
studies was conducted using the National Institutes of
Health (NIH)Quality Assessment Tool[9], for Observational
Cohort and Cross-Sectional Studies, which evaluates
study objectives, population selection, exposure and
outcome measurement, control of confounding, and
completeness of follow-up. Randomized controlled trials
were assessed using the Cochrane Risk of Bias 2.0 (RoB 2)
tool [10]. Risk-of-bias judgments were performed strictly
according to the RoB-2 domain-level signaling-question
algorithm and overall judgment criteria described in the
Cochrane Handbook for Systematic Reviews of
Interventions [11]. Studies were classified as low risk of
biaswhenallfive RoB-2 domains were judged aslow risk; as
some concerns when at least one domain raised some
concernsbutnone were highrisk; and as highriskwhenone
ormore domains were judged as highrisk. The five domains
assessed were therandomization process, deviations from
intended interventions, missing outcome data,
measurement of outcomes, and selection of the reported
result. Studies were classified as low risk of bias when all
key domains were adequately addressed, high risk when
one or more critical domains showed methodological
weakness, and some concerns when minor limitations
were present, in accordance with NIH and Cochrane
guidance[9, 10]. Due to substantial heterogeneity in study
design, biomarker assays, outcome measures, and
analytical approaches, meta-analysis was not undertaken.
Instead, findings were synthesized qualitatively and
organized into thematic domains encompassing maternal
metabolic and inflammatory changes, fetal and neonatal
biochemical outcomes, and overallmethodological quality.

DOI: https://doi.org/10.54393/pjhs.v7i2.3607

Identification of studies via databases and registers

Records identified from*:
PubMed (n=240)
« Scopus (n=150)
* Web of Science (n=110)
« ScienceDirect (n=70)
Total = 570

Identification

Records Removed Before Screening:
Duplicates Removed (n=110)
* Records Marked as Ineligible by
Automation Tools (n=15)
« Records Removed for Other Reasons
(n=5)
Total Removed = 130

}

Records Screened

Records excluded (n=380)
Non-Quantitative Studies (n=180)

(n=440) « Review Articles /Case Reports (n=120)
« Irrelevant Population or Outcomes (n=80)
o0 l
g
g R Sought for Retrieval R Not Retrieved
o eports Sought for Retrieval eports Not Retrieve
3 (n=60) (n=2)
RCP?"_‘?A_SSCSSCd for > Reports Excluded:
Eligibility (n=58) « Not Quantitative (n=18)

* Wrong Population/Outcome (n=12)
Total Excluded = 45

l « Case Reports/Reviews (n=15)

Studies Included in Qualitative
Synthesis (n=13)

Included

Figure 1: PRISMA flow chart for the study

RESULTS

The relationship between novel adipokines and insulin
sensitivity has been evaluated in 18 human studies
conducted across diverse populations and metabolic
conditions. These studies cover a broad range of clinical
contexts, including obesity, polycystic ovary syndrome,
gestational diabetes mellitus, type 2 diabetes mellitus,
metabolic syndrome, and pediatric populations,
facilitating comparative evaluation of adipokine-insulin
sensitivity relationships across diverse demographic
groups. Omentin-1 and Nesfatin-1 were most frequently
evaluated, followed by Chemerin and Visfatin, primarily in
relation to HOMA-IR and fasting insulin indices. Across
these heterogeneous populations, Omentin-1 showed the
most consistent inverse association with insulin
resistance, while Chemerin demonstrated the most
reproducible positive association with insulin-resistant
states, indicating stronger reliability across human
studies. A consistent pattern was observed whereby lower
levels of Omentin-1 or Nesfatin-1, and higher levels of
Chemerin or Visfatin, clustered with obesity, prediabetes,
diabetes, and related insulin-resistant conditions. In
contrast, Nesfatin-1and Visfatin showed greater variability
across disease states, suggesting population- and stage-
dependent effects(Table1).
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Table1: Included Primary Studies(2017-2024): Biomarkers/Physiology in GDM and Maternal-Fetal Outcomes

Sample size  Gestational

Sr. . v Key Biomarkers/ Main Maternal-Fetal Covariates Explicitly
o, References Design (GD(I:ID/M")M' of ;I:r::ﬁn . Physiology Outcomes Adjusted (Confounders)
1 [12] Prospective Cohort 86/273 16-18 weeks |Ficolin-3, adiponectin (FAR) | FAR predicted later GDM |Age, BMI, gestational age

Nested Case- Adipokines (FABP4, S . Age, pre-pregnancy BMI,
2 [13] Control (Cohort- 107/ 214 10-39 weeks chemerin, IL-6, leptin, Adipokines improved parity, gestational week,
- ; GDM risk prediction e .
Based) adiponectin, etc.) family history of diabetes
_ . Vitamin D, hs-CRP, Hcy, Lower Vit-D; higher Group matching for age,
3 [14] Case-Control 110 /100 24-28 weeks HOMA-IR inflammation in GDM BMI, parity
4 [15] Cross-Sectional NR 24-28 weeks CRP/Albumin ratio Higher CAR in GDM Ngr‘]gmgfﬁ@';’e
nd zrd 0S markers linked _
5 [16] Case-Control NR Late 27-3 MDA, SOD, GSH to adverse neonatal NR(ROC-based
trimester outcomes models)
Case-Control ’ 5 : Fetal hyperinsulinemia
6 [17] (Cord Blood) NR At delivery Cord C-peptide with GDM NR
Retrospective : ~ ) Predicts neonatal
7 [18] Cohort NR At delivery Cord C-peptide hypoglycemia NR
Mid-late
S Favorable fetal ]
8 [19] Rct NR preggfgcy; DHA, cord adipokines adipokine profile Maternal BMI, glycemia
: ~ : : Regression models
9 [20] Prospective Cohort NR 24-28 weeks TG, TG/HDL-C TG predicts macrosomia (limited covariates)
~ ~ _ IL-18 correlated with Age; BMlin selected
10 [21] Case-Control NR 24-28 weeks hs-CRP, IL-6, IL-18 dysglycemia models
. . - Restricted age;
. >24 months Flow-mediated Persistent endothelial >
n [22] Cross-Sectional 37133 postpartum dilation (FMD) dysfunction exclusion of smokers/
comorbidities
Chemerin, lipocalin-2, Adipokine dysregulation
12 [23] Case-Control 153 / 84 24-29 weeks apelin in GDM NR
: Cord leptin/adiponectin; Glycemic targets alter
13| [24] RCT NR At delivery ANGPTL4 fetal profile NR

NR' indicates that the study did not explicitly report statistical adjustment for confounding variables. Restricted eligibility refers to
predefinedinclusion/exclusion criteriaused to minimize confounding.

Gestational diabetes mellitus was consistently associated with increased insulin resistance, inflammation, oxidative stress,
endothelial dysfunction, and dysregulated adipokine profiles, supporting its characterization as a systemic metabolic
disorderratherthanisolated hyperglycemia. Multiple studies reported significantly elevated fasting glucose and HOMA-IR in
women with GDM, alongside increased umbilical cord C-peptide levels, indicating fetal hyperinsulinemia and a close
maternal-fetal metabolic link. Maternal hypertriglyceridemia was also identified as an independent predictor of fetal
macrosomia, highlighting the role of lipid dysregulation beyond glucose-mediated effects. Inflammatory and oxidative
markers, including hs-CRP, IL-6, IL-18, CRP/albumin ratio, and MDA, were consistently elevated, with evidence of persistent
vascular impairment extending into the postpartum period. Collectively, these findings depict GDM as a complex metabolic
cascadeinwhichinsulinresistance, lipid abnormalities, inflammation, oxidative stress, and hormonal disruption converge to
influence maternaland fetal outcomesadversely(Table 2).

Table 2: Maternal Physiological and Biochemical Outcomesin Gestational Diabetes Mellitus(GDM)

: : : Direction Magnitude . Notes On
Outcome Domain  Assay / Time Point vs Controls Summary Adjustment Status Heterogeneity References
; ; ; : Moderate-large

pamie e, | fingguecse - |1shamia® KM | GRS, | dustoanFoncs | 50 crtr and s

OGTT giucose (24-28w); cordC- | C- peptide; =fetal card C-peptide and Zhao; others methods vary across [21,25]
insulin, C-peptide) | peptide at delivery | hyperinsulinemia markedéyDr;;gher in unadjusted studies

. ~ . Moderate 1; TG linked Unadjusted in Timing and fasting
(l:_lﬁlljdl_(—Tgll\l_ill-Zjll:A) Matl-e{E]nLa(lngglggW}—G oo mia:%r[r;sll 16 to macrosomiaand | most; Abdullah used | status vary between [20]
) ) LGA regression studies
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hs-CRP, IL-6 (24-

1 hs-CRPand 1 IL-6/

Small-moderate

Zhao adjusted (age,

Inflammatory indices

apelin, omentin-1,
vaspin, RBP-4)

apelin « / variable

and FABP4

correlations;

Inflammatory (CRP, | 28 w); CRP/Albumin o . 1 for CRP/IL-6; IL-18 . : - f
IL-6, TNF-a,IL18) | ratio(ist-2nd | 18T GOM: 1 CAR oyrgng ' e distine| B! Franeis multi- (GAR, g‘aLnF;)lgr(‘ﬁfngrmk'”e [13,25]
trimester) difference d
£ dO)*EihdaIFi\IH(ar’/IDA MDA, SOD, GSH (late TMgng S%?q/gSH Moderate effect Wadng|| usAelg ROCK Lab assays vary; FMD
T oA |pregnancy); FMD>24  INBOM: LEMDIN gizag; p -3 % lower| - Models: Albayrak | measured postpartum | 16,221
! FMD) ! mo postpartum womeré\lljv;v] Prior | host-GDM (p < 0.001) Coann(;occ?mo?l;ijge (legacy effect)
Adipokines /
Hormones | adiponectin & Consistent across Francis fully . .
(adiponectin, leptin, Serial sampling sOB-R; 1 leptin, cohorts; moderate | adjusted(age, BMI, D|ffe|r'ent a;sjny klt(s“%
chemerin, FABP4, 10-39 w and at FABP4, chemerin; | to large effects for parity, etc.); Ssagmp),'”gr‘]”“”t OWS == 1 113, 23]
sOB-R, lipocalin-2, delivery(cord) 1 lipocalin -2; leptin, chemerin, Mierzynski W) cohort vs case

control mix

Placental
Factors (PLGF,
sFIt-1, PAPP-A)

Antenatal
plasma/placenta

No data within
2017-2024 set

None of the included
studies reported
maternal placental
angiogenic markers

Coagulation
(fibrinogen, D-
dimer)

Antenatal plasma

No data within
2017-2024 set

Dietary lipid
intervention signal

Maternal DHA
across gestation;
cord adipokines at

delivery

DHA </ favorable

shift in cord leptin/

adiponectin profile
despite GDM

Small-moderate
improvement in
biomarker pattern

Xu adjusted (BMI,
glycemia)

Intervention study;
mechanistic evidence
only

[19]

Fetal and neonatal outcomes closely reflected the maternal metabolic milieu, with dysglycemia, dyslipidemia, and
inflammation influencing fetal growth, endocrine function, and early metabolic adaptation. Maternal hypertriglyceridemia
showed anindependent association with fetal macrosomia, indicating that lipid transfer across the placenta contributes to
fetal adiposity beyond glucose-mediated effects. Elevated umbilical cord C-peptide levels in pregnancies complicated by
GDM indicated fetal hyperinsulinemia and were predictive of neonatal hypoglycemia, supporting the Pedersen hypothesis.
Dysrequlated adipokines, characterized by low adiponectin and elevated leptin, FABP4, and chemerin, were associated with
increased fetal adiposity and altered cord hormonal profiles, with evidence that looser maternal glycemic control
exacerbated these changes. Collectively, oxidative stress, inflammation, and metabolic dysrequlation appear to mediate a
continuous maternal-fetal metabolic interaction that shapes fetal growth trajectories and may have lasting postnatal
consequences(Table 3).
Table 3: Fetal/Neonatal Outcomes and Links to Maternal Biomarkers(Qualitative)

Outcome
Category

Maternal
Biomarker(S)
and Timing

Association

Direction (Materna
— Fetal/Neonatal)

Fetal Overgrowth
(Macrosomia/LGA)

Triglycerides
(late 2nd-3rd tri);
TG/HDL-C

1 TG — 1
macrosomia/LGA

Birthweight/
Adiposity (Cord Bio-
Signatures)

Cord leptin,
adiponectin; L/A
ratio (at delivery)

1 maternal glycemia
/looser targets — 1
cord L/A & leptin

Birthweight/
Adiposity (Maternal
Adipokines)

Adiponectin(])
leptin (1), FABP4(1),
chemerin(1)(10-39

w serial)

Adipokine profile
consistent with 1
fetal growth risk
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Effect Summary Adjustment Notes on
(Qualitative) Status Heterogeneity References
Higher maternal
TG independently ) . Fasting status and lipid
predicts AdJUSte‘(jjlcl’g'St'c panels vary; mostly late [20]
macrosomia among moaels -gestation measures
women with GDM
Looser glycemic
control is associated | - . .| Intervention context:
with higher cord L/A Tr{?ilaT;C?ﬁlsst(r:]N;T)n cord hormones reflec [24]
and endothelial gene ! fetal fat mass
expression shifts
Early/mid-
pregnancy low
adiponectin & high Multivariable Biomarker panels/
leptin/chemerin/ models (age, BMI, assays differ; [13]
FABP4 associate parity, etc.) multiethnic cohort
with later GDM and
pro-adiposity milieu
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Cord C-peptide
strongly predicts

Neonatal Cord C-peptide 1 C-peptide — 1 early neonatal Multivariable
Hypoglycemia (delivery) hypoglycemia risk hypoglycemiain models gluc\?asre t;re;holds (18]
. y by site
infants of GDM
mothers

Definitions and

Fetal Maternal glycemia

Hyperinsulinemia

Clear step-up of
(24-28 w); metabolic | 1 maternal glycemia | fetal C-peptide with | Regression models/

Cord sampling/assay

Oxidative stress TMDA7]

; ) control — Cord C- | — 1 cord C-peptide maternal group comparisons platforms differ
(Biochemical) peptide hyperglycemia/GDM
0S markers

associated with

(Mechanistic)

Neonatal anel: MDA (1), SOD antioxidants adverse perinatal ROC-based AMA population;
Neurodevelopment p(“ GSH(i)(Ilate — less favorable outcomes and prediction; limited | follow-up timeframe [16]
(Early) ' estation) neurodevelopmental | predicted poorer covariates is short
g indices early
neurodevelopment
Stronger IL-1
levations track
. 1 materna € X .
Composte (Sional | cytolines: no-Cre, | Inflammation— | SEEEONCEE, | adusteator | e o | 1)
omposite {signa cytokines: hs ' adverse perinatal : Ppert age (+BMl) 9
Via Inflammation) | IL-6, IL-18(24-28 w) risk signal links are indirect vary
but biologically
plausible
DHA
Placental- Maternal DHA 1 maternal DHA supplementation
Endothelial Milieu across gestation; — | cordleptin/ shifts cord Trial models Mechanistic RCT; [19]
cord adipokines favorable L/A biomarkers toward (BMI, glycemia) not standard care

maternal endothelial

(history of GDM) dysfunction

(Contextual)

eliver rofile aless adipogenic
(delivery) profil I dipogeni
profile
Postpartum |[FMD
Prior GDM — suggests endothelial
VascuIZSElJlnction Mﬁ?é?;gzlnvca:faﬂljg/ persistent legacy; fetal linkage | Restricted groups Postpartum measure

isindirect but
supports milieu of
risk

(age, comorbidities) | (24 mo), not antenatal [22]

Overall, theincluded studies demonstrated generally acceptable methodological quality, with most exhibiting low to moderate
risk of bias based on the NIH Quality Assessment Tool and Cochrane RoB 2 criteria. Participant selection and exposure
measurement were clearly described in severallarge cohortand randomized studies, particularly those by Francis etal. and Xu
et al. which used standardized recruitment procedures and biomarker assays [13, 19]. Some limitations were observed in
single-center orretrospective studies, where control for confounding variables such as maternal body mass index, parity, and
gestational age was incomplete. Nevertheless, outcome measurements across studies were largely based on validated
laboratory methods, with minimal evidence of missing data or selective reporting. Collectively, the low-to-moderate risk of
bias supportsthe credibility of the observed associations between gestational diabetes, metabolic dysregulation, and adverse
maternal-fetal outcomes, while underscoring the need for future multicenter studies with standardized adjustment

strategies.

DISCUSSION

Gestational diabetes mellitus (GDM) has increasingly been
recognized as a complex metabolic disorder rather than a
transient disturbance of glucose homeostasis. The findings
of this review consistently demonstrate that insulin
resistance, dyslipidemia, inflammation, oxidative stress,
endothelial dysfunction, and adipokine imbalance form an
interconnected pathophysiological network in GDM [26].
These mechanisms appear to operate simultaneously and
reinforce one another, supporting the concept that GDM
represents a systemic metabolic condition with
consequences extending beyond pregnancy [27, 28]. Lipid
metabolism emerged as a key determinant of adverse fetal

outcomes. Maternal hypertriglyceridemia and elevated
triglyceride/HDL-C ratios were independently associated
with fetal macrosomia, even after accounting for glycemic
indices, highlighting the contribution of non-glucose
substrates to fetal overgrowth [29]. These findings align
with earlier evidence suggesting that reliance solely on
glucose-based screening may underestimate fetal
metabolic risk in GDM pregnancies [30, 31]. Placental
transfer of lipids likely plays a substantial role in fetal
adiposity, reinforcing the importance of dyslipidemia in
maternal-fetal fuel dynamics. Inflammation and oxidative
stress were also consistently implicated across studies.
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Elevated inflammatory markers, including IL-6, IL-18, and
CRP-based indices, reflect immune metabolic activation
that may impair placental signaling and fetal metabolic
programming [32]. Oxidative stress markers such as
malondialdehyde, alongside reduced antioxidant capacity,
were associated with endothelial dysfunction and adverse
neonatal outcomes, including early neurodevelopmental
vulnerability [33, 34]. These findings suggest that
inflammatory and redox imbalance may act as mediators
linking maternal metabolic stress to both vascular and
developmental consequences. Adipokine dysregulation
further underscores the systemic nature of GDM. Reduced
adiponectin and increased levels of leptin, chemerin, and
FABP4 were repeatedly associated with insulin resistance,
inflammation, and increased fetal adiposity, independent of
maternal body mass index [35, 36]. These alterations
highlight the role of adipose tissue inflammation and
endocrine dysfunction in shaping maternal and fetal
metabolic phenotypes. Collectively, the evidence supports
a unified metabolic cascade in which maternal insulin
resistance, lipid abnormalities, inflammation, oxidative
stress, and hormonal dysregulation converge to influence
placentaladaptationand fetal programming[37-391].

Most studiesincluded in this review were cross-sectional or
single-center, limiting causal inference and generalizability.
Variability in biomarker measurement and lack of
standardized panels across studies also constrain direct
comparisons. Based on the reviewed evidence, future
research should prioritize multicenter, longitudinal studies
with standardized biomarker panels to clarify the
independent and combined roles of glucose, lipids,
inflammation, and oxidative stress in gestational diabetes
mellitus. Integrating metabolic and inflammatory markers
into clinical risk assessment may improve early
identification of pregnancies at risk for adverse maternal-
fetaloutcomes.

CONCLUSIONS

This systematic review demonstrates that gestational
diabetes mellitus is a multisystem metabolic disorder
involving insulin resistance, dyslipidemia, inflammation,
oxidative stress, adipokine imbalance, and vascular
dysfunction. These maternal metabolic disturbances are
closely linked to fetal consequences, including
macrosomia, hyperinsulinemia, altered adipokine profiles,
and metabolic vulnerability. Understanding GDM as a
complex metabolic condition provides a stronger
biological basis for interpreting maternal-fetal outcomes
beyond glucose dysregulationalone.
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Obesity in women with Polycystic Ovary Syndrome (PCQS)is strongly associated with oxidative
stress and lipid peroxidation. Elevated reactive oxygen species and depleted antioxidant
defenses contribute to menstrual dysfunction, insulin resistance, and impaired follicular
quality. Objective: This review summarizes clinical evidence (2018-2024) on oxidative-stress
and lipid-peroxidation markers in obesity-related PCOS and evaluates the effects of
pharmacological and nutraceutical interventions targeting redox balance. Methods: Electronic
searches of PubMed, Scopus, and Cochrane databases were conducted following PRISMA 2020
guidelines. Eligible studies included randomized controlled trials, case-control, and cross-
sectional designs reporting oxidative or antioxidant biomarkers in human PCOS populations.
Non-human studies and review articles were excluded. Extracted data included study design,
biomarkers, interventions, and clinical outcomes. Results: Fifteen studies met the inclusion
criteria. Observational data consistently showed elevated malondialdehyde (MDA)and reduced
total antioxidant capacity (TAC), superoxide dismutase (SOD), and glutathione (GSH) in women
with PCOS, with greaterabnormalitiesin obese participants. Interventional trials demonstrated
significant improvements in oxidative profiles following antioxidant supplementation,
particularly probiotics, selenium, ellagic acid, oleoylethanolamide, and resveratrol, with partial
recovery of menstrual, metabolic, and inflammatory parameters. Conclusions: Oxidative
imbalance is a defining feature of obesity-related PCOS and appears to contribute to menstrual
and metabolic dysfunction. Antioxidant-based interventions show promising benefits in
restoring redox balance, especially among obese women. These findings support oxidative
modulationasarelevant therapeutic targetin PCOS management.

INTRODUCTION

Polycystic ovary syndrome (PCOS), affecting women of
reproductive age, is a common endocrine and metabolic
disorder, affecting 6-20 % of women globally [1].
Hyperandrogenism, ovulation, and polycystic ovarian
morphology are how the condition manifestsitself[2]. This
disorder consists of insulin resistance, chronic low-grade
inflammation, and lipid imbalance, in addition to obesity,

whichallincrease therisks for diabetes, heart disease, and
infertility over the long-term. Of these, obesity often
occurs the most and is therefore a potential cause of
oxidative stress and imbalance in hormones[3]. Excessive
generation of reactive oxygen species leads to a state of
oxidative stress. PCOS increases lipid peroxidation, which
increases oxidative stress and raises MDA levels while

PJHSL VOL. 7 Issue. 02 Feb 2026 GE77 Copyright © 2026. PUHSL, Published by Crosslinks International Publishers LLC, USA
@ v This work is licensed under a Creative Commons Attribution 4.0 International License. 151




Oxidative Stress and Lipid Peroxidation Markers in Obesity-Related PCOS

Fatima S etal.,

lowering total antioxidant capacity (TAC), superoxide
dismutase (SOD), and catalase (CAT) levels [4]. These
biochemical changes hinder the maturation of oocytes,
alter the follicular micro-environment, and worsen the
existing menstrual irreqularities [5]. Current findings
indicate that overweight/obese women with PCOS show a
pronounced oxidative stress, suggesting that the
dysfunction of adipose tissue and insulin resistance may
lead to some redox imbalance [8, 7]. Oxidative modulation
has become more relevant as a therapeutic target over the
past decade. Over the past ten years, some nutraceuticals
like coenzyme 010, resveratrol, ellagic acid, and probiotics
have the potential to lessen oxidative stress and improve
metabolism and reproductive outcomes[8]. However, due
to inconsistencies related to study design, sample type,
and patient BMI, the findings remain fragmented. This
systematic review integrates the findings from the years
2018-2024 and explores the implications of oxidative
stress and the process of lipid peroxidation in the context
of PCOS associated with obesity. Additionally, the review
assesses the impact of both pharmaceutical and
nutraceutical therapies on the redox status and the clinical
parameters of the subjects. Oxidative stress represents a
key indicator and contributive factor to the condition of
PCOS.

Oxidative stress and lipid peroxidation are increasingly
recognized as key contributors to the metabolic and
reproductive dysfunctions seen in PCOS, yet findings on
their biochemical mechanisms and therapeutic
modulation remain inconsistent due to heterogeneous
study designs and patient populations. Current evidence
on the impact of pharmaceutical and nutraceutical
interventions on redox balance is fragmented. This
systematic review aims to synthesize recent studies
(2018-2024) on oxidative stress and lipid peroxidation in
obesity-related PCOS and evaluate interventions targeting
redox statusasamodifiable factorin clinical management.

METHODS

This systematic review was conducted in accordance with
PRISMA 2020 guidelines. The eligibility criteria were
expanded and explicitly defined to justify the non-use of
the PICO framework. Because this review integrated both
observationalandinterventional studies, a traditional PICO
structure was not methodologically appropriate. Instead,
inclusion criteria were structured around four clearly
defined domains: Population characteristics: Women of
reproductive age(adolescence to 40 years)diagnosed with
PCOS. Diagnostic definitions: PCOS diagnosis based on
established criteria, primarily the Rotterdam ESHRE/ASRM
2004 definition. Exposure variables: Obesity status (BMI),
oxidative-stress markers (e.g., MDA, TAC, SOD, GSH), lipid-
peroxidation indices, and antioxidant or pharmacological

DOI: https://doi.org/10.54393/pjhs.v7i2.3609

interventions where applicable. Reported outcomes:
Biochemical oxidative-stress measures and relevant
metabolic, endocrine, or menstrual outcomes. Studies
were eligible for inclusion if they involved women
diagnosed with PCOS, reported metabolic, endocrine, or
anthropometric outcomes, used established diagnostic
criteria, and were designed as observational or
interventional primary research. Systematic reviews and
meta-analyses were excluded to prevent duplication of
data and overlapping results. During screening, a total of
230 articles were excluded based on predefined criteria,
which included non-human studies, absence of a
confirmed PCOS diagnosis, lack of relevant metabolic or
endocrine outcomes, irrelevant publication types such as
reviews or editorials, incomplete datasets or missing full
texts, and insufficient methodological detail. Eligible
participants included women from adolescence to 40
years, reflecting the reproductive-age range commonly
used in PCOS epidemiological research [9]. PCOS was
diagnosed according to the Rotterdam ESHRE/ASRM 2004
criteria, which require the presence of at least two of the
following: oligo-/anovulation, clinical or biochemical
hyperandrogenism, or polycystic ovarian morphology on
ultrasound [10]. Menstrual abnormality was defined as a
cycle length shorter than 21days or longer than 35 days, or
fewer than eight cycles per year, in line with established
gynecological guidelines [11]. Body mass index (BMI) was
extracted from each included study and reported
consistently in kg/m% A BMI threshold of 27 kg/m? was
applied, supported by evidenceindicatingitsrelevanceasa
metabolic-risk marker in women with PCOS. A
comprehensive literature search was conducted across
PubMed, Scopus, Web of Science, and Google Scholar
using combinations of MeSH terms and Boolean operators.
The complete search string incorporated terms such as
“Polycystic Ovary Syndrome,” “PCOS,” “metabolic
syndrome,”“insulin resistance,” "hyperandrogenism,”“BMI,”
and "Rotterdam criteria,” connected using AND/OR
operators. Data extraction was performed independently
by two reviewers, and any disagreements were resolved
through consensus or consultation with a third reviewer,
ensuring accuracy and methodological rigor. Randomized
controlled trials were appraised using the Cochrane Risk of
Bias 2.0 tool [12], which evaluates five key domains: the
randomization process, deviations from intended
interventions, missing outcome data, measurement of
outcomes, and selective reporting. Observational studies
were assessed using the Newcastle-Ottawa Scale (NOS)
[13], which examines study quality across three domains:
selection of participants, comparability of study groups,
and assessment of outcomes or exposures, with scores
interpreted asindicatinglow, moderate, or highrisk of bias.
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Additionally, risk estimates (RR/OR)were interpreted using
standard epidemiological principles, where values near 1.0
reflected low or negligible risk, while progressively higher
values indicated elevated risk. Formal assessment of
publication bias using funnel-plot asymmetry or Egger's
regression test was not performed. These methods are
primarily recommended for quantitative meta-analyses
with a sufficient number of homogeneous studies. In the
present review, substantial heterogeneity in study design,
outcome measures, and biomarker reporting, along with
the absence of a pooled meta-analysis, precluded reliable
statistical evaluation of publication bias. Nevertheless,
funnelplotsand Egger'stestareacknowledged as standard
approachesfordetecting small-study effectsand selective
reporting in meta-analytic contexts [14]. Given the
heterogeneity in study designs, diagnostic criteria, and
outcome measurements, a narrative synthesis approach
was adopted to summarize findings across the included
studies. A total of 478 records were identified across
PubMed, Scopus, and Cochrane. After duplicate removal
and screening, 75 full-text articles were assessed for
eligibility, and 15 studies met the inclusion criteria for the
qualitative synthesis(Figure1).

RESULTS

DOI: https://doi.org/10.54393/pjhs.v7i2.3609

Identification of studies via databases and registers

.5 Records identified from: Duplicate records removed (n = 148)
& * PubMed (n = 192) Records marked as ineligible by
& « Scopus (n = 176) — automation (n = 12)
E « Cochrane (n=110) Records removed for other reasons (n =
= Total = 478 5)

Records screened Records excluded**

(n=313) (n=230)
g
2 Reports sought for retrieval Reports not retrieved
g (n=83) > (n=08)
’ !
Reports assessed for eligibility Reports excluded:
(n="175) ’ * Not quantitative (n = 26)
« Case reports/reviews (n = 20)
« Wrong population/outcome (n = 14)
Total excluded = 60

=
< Studies included in qualitative
= .
] synthesis (n = 15)
=

Figure 1: The Identification, Screening, Eligibility, and Inclusion of
Studiesinthe Review

The included studies showed strong methodological consistency, with all but one relying on the Rotterdam criteria and
focusing primarily on overweight or obese women, which aligns with the review's emphasis on oxidative stress. Most studies
originated from Iran, creating a geographically concentrated evidence base, while additional contributions from Nigeria and
Egypt improved ethnic diversity. Sample size variation (40-180 participants) and age distribution (adolescence to 40 years)
demonstrated moderate demographic heterogeneity but consistent PCOS diagnostic features. Oxidative-stress biomarkers
suchas TAC, MDA, SOD, and CAT were uniformly reported, strengthening cross-study comparability(Table 1).

Table1: Characteristics of Included Human Studies Evaluating Oxidative Stressin Women With PCOS

n(PCOS /

° References

Control)

PCOS Phenotype and Menstrual
Status (As Reported)

Age (Y

) Diagnostic
Criteria

Notes On Key Oxidative/LP
Markers Measured

RCT (synbiotic vs 60(PCOS | PCOS:; oligomenorrhea common
1 [15] placebo, 12 wk) only) (per inclusion) 18-40 | Rotterdam TAC, MDA, hs-CRP (blood)
RCT (selenium + i ; ] ]
2 [16] probiotic vs placebo, 60(PCOS PCOS; menstrgal irreqularity 18-40 | Rotterdam TAC, MDA, and inflammatory
only) typical markers
12 wk)
RCT (L-carnitine vs 80(PCOS PCOS; many overweight/obese; Oxidative/antioxidant indices
3 (171 placebo) only) oligomenorrhea frequent 20-40 | Rotterdam (clinical+lab outcomes reported)
4 [18] Case-control 120(60/60) | PCOS vs age-matched controls 18-40 | Rotterdam | MDA, SOD, CAT, TAC; lipid profile
Non-enzymatic & enzymatic
5 [19] Case-control 120(60/60) PCOS vs controls 18-40 | Rotterdam antioxidants (e.g., GSH, SOD), TAC
RCT (ellagic acid 60(PCOS PCOS; menstrual irregularity MDA, TAC; insulin resistance &
6 [20] 200mg/d vs placebo, ' 18-40 | Rotterdam ' '
8 wk) only) common sex hormones
RCT (L-carnitine during | 60(PCOS PCOS candidates for ART; Metabolic profile; (OS not primary
7 (21] COSin PCOS, 6 wk) only) many overweight 18-40 | Rotterdam but relevant to Table 2 synthesis)
RCT (Co0Q10 8 wk 40(PCOS Infertile PCQS, IVF Antioxidant/OS panel planned;
8 [22] vs placebo) only) candidates 18-40 | Rotterdam | \otapic & reproductive endpoints
RCT (oleoylethanolamide| 68(PCOS Overweight/obese PCOS; Oxidative stress markers(e.g.,
9 (23] vs placebo) only) irregular menses 16-40 | Rotterdam MDA, TAC), inflammatory markers
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10 [24] Ii&/(;’l};fggtzgglchif)e 440(::]"(;/;)8 frez(i%i:tl?/bperzi?e/znt 18-40 | Rotterdam PON-Tactivity, MDA

n [25] (23‘2?;22;;2') 90 (45/45) PC%%n\;sotcjgrsmteri(ljso;lier:ggﬂlt:r\g;tgles 13-19 (Zj(zétla%j%%?];t TAC status; metabolic correlates
E I e Il IRt E Ll Ll WP vt i
13 [27] Case-control 180(90/90) PCOSvs acgoen/tl'j;lels-matChed 18-40 | Rotterdam Oxidativeasstsrsts:isal?g;(;ators and
14 [28] Crosz;ﬁgt;grr:ilr(t?COS 1200(nF;;3)OS dysfunlzggﬁ;v;lri]ghn;naer[::;%arlweight 18-45 | Rotterdam | TAC, oxidative stress & hormones
15 [29] formig-[fcgr{;\)/gsg(c:ebo, BO(EEE,)OS PCOSix/ei;hugsi?;trual 18-40 | Rotterdam TAC 1, MDA | reported

RCT =randomized controlled trial; COS = controlled ovarian stimulation; ART = assisted reproductive technology; TAC = total antioxidant
capacity; MDA=malondialdehyde; SOD =superoxide dismutase; CAT = catalase; TOS/0S| =total oxidant status/oxidative stressindex; LP =
lipid peroxidation.
Across observational studies, oxidative-stress patterns consistently demonstrated elevated MDA and depressed
antioxidant markers such as TAC, SOD, and GSH among women with PCOS compared with controls. Nigerian datasets
replicated these trends across different ethnic backgrounds, confirming cross-regional reproducibility. Nutraceutical
interventions showed directionally favorable biochemical improvements, including increased TAC and lowered MDA
(p<0.05), except in settings where oxidative stress was not a primary endpoint (e.g., ART populations). Follicular fluid
analyses revealed mitochondrial-level changes even when serum markers remained unchanged, highlighting biospecimen-
dependent sensitivity. Overall, the table depicts a clear oxidative-stress signature that aligns with obesity-linked metabolic
dysfunction(Table 2).

Table 2: Oxidative Stressand Lipid-Peroxidation Outcomes Across Included Observationaland Interventional Studies

Sr.

5 References

Markers
Reported

Specimen and
Assay Notes

PCOS Vs Control
(Observational Studies)

Intervention Effect (Trials)

Key Stats

Synbiotic tNO and |hs-CRP; .
Serum; gy ; NO +5.2-5.5 ymol/L; hs-CRP -
1 [15] spectrophotometric TACHSP:IEQPNO’ (PCOS only) noglsq'?g;r;?gleranrAgf;?tI}?C/ 990 ng/mL; MDA A -0.1pmol/L
panels adjustment (ANCOVA p=0.02) vs placebo.
9 [16] Serum TAC, MDA, _ Probiotic + selenium 1TAC & (TpA:% %;?AMSD(APEO_S(%B((;ES 33;2;613
GSH, hs-CRP GSH; |MDA & hs-CRP CRP B -0.58 (p=0.004).
L-carnitine RCT (fertility
3 [17] Serum (S panel not - outcomes)- 0S markers not -
primary) - 8
reported for primary analysis
4 (18] Serum; MDA, SOD, PCOS: 1MDA; |SOD & _ MDA 1 (p=0.002); SOD | (p<0.001);
spectrophotometry Gpx, TAC TAC vs controls TAC | (p=0.001).
MDA, GSH, PCOS: 1MDA & Gpx; e.g., MDA 1; SOD & CAT | (all
5 [19] Serum SOD, CAT, Gpx;| |GSH, SOD, CAT, Vit — p<0.05); MDA negatively correlated
Vit A/C/E A/C/E with SOD/CAT (r=-0.61/-0.57).
TAC S .
' Ellagic acid 1TAC; |MDA, 0S panel improved (p<0.05
6 [20] Serum MDA (plus — y
cytokines) CRP, TNF-a vs placebo for TACT, MDA|).
L-carnitine during COS:
7 [21] Serum/follicular 0S not _ no OS endpoints reported; _
(ART setting) primary metabolic/repro outcomes
only
Metabolic
g Co010 vs placebo: study
8 [22] Sers.rg (tIVF) OSe?lgfgli?;i’tl - focuses on metabolic profiles; -
candidates irectly 0S markers not presented
quantified
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TAC, Oleoylethanolamide (OEA) p . Y
9 [23] Serum MDA; CRP, - 1TAC; MDA, CRP, TNF-a MDA égg?ge\/{}i (Tps;grggfaﬂﬂy
TNF-a vs placebo e
: - Green coffee tPON-1 . .
Serum; enzymatic [ PON-1activity, . Significant PON-Tincrease;
10 [24] L ! - activity vs placebo; MDA: B
activity MDA NS change MDA between-group NS.
TAC, TOS/ Resveratrol improved Re . : P
. ) [ . - . ported amelioration of oxidative
2| 126 | ganuosacals | brogoness - "0 ndives mproved the. | Siressimitochondrial merkers
indices ART milieu g yo quality gains.
PCOS: | TAC; MDA _ TAC lower (p<0.001); MDA no
15 [27] Serum TAC, MDA ~NS vs controls between-group difference.
PCOS: | TAC; tMDA vs _ Differences significant; open-
14 [28] Serum TAC, MDA reference/controls access article details.
TAC, MDA, _ Probiotic 1TAC; MDA Significant TAC1/MDA|
15 [29] Serum hs-CRP & hs-CRP vs placebo after 12 wk.

Nutraceutical and pharmacological interventions demonstrated consistent improvements in oxidative biomarkers,
including reductions in MDA, CRP, and TNF-a and increases in TAC, GSH, and PON-1. Mechanistically, interventions targeted
diverse pathways such as mitochondrial biogenesis (resveratrol), gut-liver axis modulation (probiotics/symbiotics), PPAR-a
activation(OEA), and paraoxonase activation(green coffee). Clinical outcomes often paralleled biochemical improvements,
with several studies reporting improved menstrual reqgularity, reduced androgen levels, and better metabolic indices. BMI-
stratified findings suggested that obese participants derived the greatest antioxidant benefit, reinforcing the obesity-redox
interaction in PCOS. Collectively, the table supports a therapeutic role for redox modulation in improving metabolic and

reproductive outcomes(Table 3).

Table 3: Pharmacologicand Nutraceutical Interventions Targeting Oxidative Stressin PCOS

Intervention Type

Clinical Outcome

Sr. . Mechanism / Oxidative " . . e a:
References (Drug / Duration : (Manses' / Ovulation BMI / Obesity Stratification
o. Nutraceutical) Target Pathway  Biomarker Change / Metabolic)
Gut-liver axis _— .
1 [15] Synbiotic vs placebo 12 wk modulation; IMDA(p=0.02); Lhs-CRP; improved (Bn?ioggykgyig\?{?ggﬁév%tﬁﬁts
(nutraceutical) g;igzﬁ\zast;?ensi tNO; TAC n.s. hirsutism (mFG |) independent of BMI change
i ) Microbiome- 8 gTAC . s ) )
9 [16] Probiotic +selenium | 1, |5 tiokidant synergy (+84.8 pmol/L); Total T; |hirsutism Mean BMI = 30 kg/m”; larger
(nutraceuticals) Se cofactor 1 GPx 1GSH; MDA score(p<0.01) TAC rise in obese subgroup
(p<0.05)
- Microbiota . . |Total T; 1SHBG; Overweight PCOS (mean BMI
3 [29] Pr?:&?:;%;iﬁfaﬁ?b 12 wk rebalance; anti- lThTsA-[(::ng?J) menstrual improvement | 31+ 3TAC increase correlated
inflammatory ’ reported with); BMI reduction
L-carnitine Mitochondrial Improved insulin Overweight PCOS (mean BMI
4 [17] 3 /d (nutraceutical) | 12 Wk B- oxidation & OSnot reported | sensitivity & menstrual [29.5); metabolic benefit greater
9 FA transport regularity in BMI > 30 subset
; : Polyphenol . . P, All participants overweight/
| ron | S0 | k| antosont e | TASAEAICHR | ey | el B g
9 KB inhibition Pt P P correlated with BMI drop
L-carnitine . . .
; Mitochondrial No improvement ART patients (mean BMI 27 + 2)
6 [21] during COS (drug- 6 wk 0S not assessed : :
like supplement) energy support in IVF outcomes obesity not a moderator
Mitochondrial ] p. Overweight IVF candidates
7 [22] (nutgcr):g]uotical) 8wk ETC antioxidant | OS not reported U??;Jrl'lfri]i%yl_ilnodr?cAeéR’ (BMI = 28); benefit independent
(ubiquinone) of BMl class
. PPAR-a activation; |AMH; Overweight/obese PCOS (BMI
L : TAC; |[MDA; . . o
8 [23] (Oolgzylﬁltjktl?ancoeli?;éi% 8wk lipid metabolism & lCRTP' iTl\%F—q(sig ) lweight; improved 29-34); largest TAC rise in
! anti-inflammatory ! : cycle regularity obese tertile
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Green PON-1activation; i
L o yar 1TPON-1activity . Mean BMI = 30; effect
9 [24] coffee (antioxidant 8 wk lipid peroxidation (p <0.05); MDA n.s. ILDL; tHDL(p<0.08) |, cistent across BMI quartiles
polyphenols) defense
SIRT1/PGC- . . 10ocyte maturity; Overweight ART population
10 [30] m R@?ﬁiﬁggggﬁga” 8wk |la— mitochondrial leO?l(OSlI’ TfTA'E:j n tembryo quality; (BMI 27-32); OS amelioration
9 biogenesis officularTiul pregnancy n.s. not BMI-dependent

Overall, randomized controlled trials demonstrated low to moderate risk of bias across most RoB 2.0 domains. The majority
of studies showed adequate randomization, minimal attrition, and low risk of selective reporting, supporting the internal
validity of intervention effects. Some concerns were noted mainly in outcome measurement and reporting of laboratory
blinding, which mayintroduce limited detection bias for oxidative-stress biomarkers(Table 4).

Table 4: Risk of Bias Assessment of Randomized Controlled Trials Using Cochrane Rob 2.0

Selective
Reporting

Overall Risk
of Bias

Measurement
of Outcomes

Deviations from
Intended Interventions

Randomization

Missing

References Outcome Data

Process

[15] Low risk Low risk Low risk Some concerns Low risk Low risk
[16] Low risk Low risk Low risk Low risk Low risk Low risk
[17] Some concerns Low risk Low risk Some concerns Low risk Some concerns
[20] Low risk Low risk Low risk Low risk Low risk Low risk
[29] Low risk Low risk Low risk Low risk Low risk Low risk
[23] Low risk Low risk Some concerns Low risk Low risk Some concerns
[24] Low risk Low risk Low risk Some concerns Low risk Some concerns
[30] Low risk Low risk Low risk Low risk Low risk Low risk
[21] Low risk Low risk Low risk Some concerns Low risk Some concerns
[22] Low risk Low risk Low risk Some concerns Low risk Some concerns

Risk of bias was assessed using the Cochrane Risk of Bias 2.0 tool according to Sterne et al. [12]. Quality assessment using
the Newcastle Ottawa Scale indicated that included observational studies were of moderate to high methodological quality,
with NOS scores ranging from 6 to 8. Strong performance was observed in participant selection and outcome assessment,
reflecting appropriate case definition and biomarker measurement. Lower comparability scores were primarily due to
incomplete adjustment for confounding variables such as BMI, dietary factors, andinsulinresistance(Table 5).

Table 5: Quality Assessment of Observational Studies Using the Newcastle-Ottawa Scale(NOS)

Total Score
(max 9)

Outcome/
Exposure (max 3)

Selection
(max 4)

Comparability
(max 2)

Study Design

References Quality Rating

[18] Case-control 4 1 3 8 High quality
[19] Case-control 4 1 2 7 High quality
[25] Case-control (adolescents) 3 1 2 6 Moderate quality
[27] Case-control 4 1 3 8 High quality
[28] Cross-sectional 3 1 2 6 Moderate quality

The Newcastle-Ottawa Scale (NOS) evaluates observational studies across three domains: Selection (maximum 4 stars),
Comparability (maximum 2 stars), and Outcome/Exposure (maximum 3 stars), with a total possible score of 9 stars. Studies
scoring 7-9starswere classified as high quality, 5-6 starsas moderate quality, and <b stars aslow quality. Quality assessment
was performedaccordingto the original NOS criteriadescribed by Wells et al.[13].

DISCUSSION

This review consolidates evidence showing that oxidative
stress and lipid-peroxidation damage are central
biochemical disturbances in obesity-related PCOS with
menstrualirregularities. Observational studies consistently
demonstrated elevated MDA and reduced TAC, SOD, and
GSH in women with PCOS compared with controls, which
parallels earlier work identifying mitochondrial dysfunction,
excessive ROS production, and impaired antioxidant
defenses as contributors to anovulation and metabolic
instability in PCOS [31]. The consistent association
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between adiposity and oxidative burden in the included
studies reinforces reports that obesity amplifies systemic
inflammation and oxidative injury, worsening the metabolic
and reproductive phenotype [32, 33]. Studies examining
lipid-stimulated ROS generation, TBARS elevation, and BMI-
dependent oxidative shifts further support a weight-linked
acceleration of redox disruption, even after adjusting for
metabolic confounders[34]. The review's findings also align
with literature suggesting that oxidative stress contributes
to impaired folliculogenesis, insulin resistance, and cycle
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irregularity through inflammatory signaling and
mitochondrial dysfunction. The mechanistic relationship
between adiposity, macrophage infiltration, and oxidant
production explains why obese women often exhibit the
greatest biochemical disturbance and the largest
improvements following antioxidant therapy. This
observationis compatible with established models in which
oxidative injury disrupts insulin signaling and promotes
follicular arrest, linking metabolic and reproductive
dysfunction. Across intervention trials, nutraceuticals
including probiotics with or without selenium, ellagic acid,
OEA, resveratrol, and green coffee produced consistent
improvements in oxidative markers, with corresponding
benefits in insulin sensitivity, androgen profiles,
inflammatory markers, or menstrual regularity. These
results mirror prior reports showing that targeted
antioxidants canrestore aspects of redox homeostasis and
improve endocrine function in PCOS [35]. The amplified
response among obese participants suggests that
antioxidant therapy may be particularly effective in this
subgroup, offering a practical adjunct to conventional
metabolic management. Notably, resveratrol's
enhancement of mitochondrial function and follicular fluid
TAC echoes earlier evidence linking mitochondrial quality
with oocyte competence [36]. Heterogeneity within the
evidence base warrants cautiousinterpretation. Some ART-
related trials did not report oxidative endpoints or
demonstrated neutral findings, possibly due to differences
in specimen type (e.qg., serum vs. follicular fluid), duration of
intervention, or baseline redox status. Similar concerns
have been reported in other systematic analyses,
emphasizing the influence of assay variability and
biospecimen choice on oxidative-stress outcomes[37-39].
Nonetheless, the overall direction of evidence consistently
supports an oxidative-stress signature in PCOS and its
partial reversibility with targeted antioxidant strategies.
Clinically, these findings highlight the importance of
integrating oxidative-stress assessment into the
management of PCOS, particularly for women who are
overweight or obese. Tailored antioxidant or nutraceutical
interventions may complement lifestyle modifications by
attenuating ROS-mediated metabolic and reproductive
dysfunction. However, translating these biochemical
improvements into long-term clinical outcomes will require
high-quality trials with standardized assays, longer follow-
up, and stratification by BMl to distinguish the contributions
of adiposityandintrinsic PCOS pathology[ 40, 41].

This systematic review is limited by the predominance of
small, heterogeneous observational and short-term
interventional studies, restricting causal inference and
long-term generalizability. Variability in oxidative-stress
assays, specimen types (serum vs. follicular fluid), and
intervention protocols further limits comparability across
studies. Additionally, inadequate stratification by BMI and
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baseline metabolic status in several studies may have
confounded the independent effects of adiposity and
intrinsic PCOS pathology. Future research should adopt
standardized oxidative-stress assays, longer follow-up
periods, and BMI-stratified analyses to determine whether
biochemical improvements translate into meaningful
reproductive and metabolicoutcomes.

CONCLUSIONS

This systematic review demonstrates that oxidative stress
is significantly elevated in obesity-related PCOS and that
targeted nutraceutical interventions can improve redox
status, metabolic indices, and menstrual parameters, with
the most pronounced benefits observed in obese
subgroups. The findings reinforce the interdependence of
metabolic dysfunction and oxidative injury in PCOS and
support the potential value of integrating antioxidant
strategiesintoclinical care.
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Peritoneal reflections and fibrous abdominal ligaments serve as anatomical scaffolds that
guide surgical dissection, facilitate organ mobility, and influence the spread of disease. Recent
advancesinimagingand minimally invasive surgery have revealed greater anatomical variability
than previously recognized, highlighting the need for an updated synthesis. Objectives: To
systematically review recentanatomical, imaging-based, and intraoperative studies describing
peritoneal reflections and abdominal ligaments, and to evaluate their surgical relevance across
major abdominal specialties. Methods: This systematic review was conducted in accordance
with PRISMA 2020 quidelines. PubMed, Scopus, Web of Science, and Google Scholar were
searched for human studies published between 2018 and 2024. Original cadaveric, radiologic,
and surgical studies were eligible for inclusion. Data screening, extraction, and quality appraisal
were independently performed by two reviewers using the Joanna Briggs Institute (JBI) tools.
Results: A total of 15 studies met the inclusion criteria. Most studies reported structural
variation in pelvic peritoneal pockets, hepatogastric folds, the falciform and round ligaments,
and the anterior peritoneal reflection. Imaging-based investigations demonstrated patient-
specific variation in peritoneal surface area. Intraoperative studies highlighted the impact of
these variations on dissection planes, reconstruction feasibility, surgical exposure, and
oncologic decision-making. Conclusions: Anatomical variability of peritoneal reflections and
abdominal ligaments significantly influences hepatobiliary, pelvic, hernia, and colorectal
surgery. Recognition of these variations improves surgical safety and supports individualized
operative planning.

INTRODUCTION

The peritoneum is the largest serous membrane of the
body and forms a complex system of reflections, recesses,
and ligamentous folds that define surgical dissection
planes within the abdominal cavity [1]. These structures
include the greater and lesser sacs, falciform and round
ligaments, hepatogastric and hepatocolic ligaments, and
multiple mesenteric folds that partition abdominal
compartments and influence the spread of disease.
Although classical anatomical texts provide a general
overview of these structures, modern surgical practice

requires a more detailed understanding of their variations
[2]. Advances in hepatobiliary, colorectal, endometriosis,
and minimally invasive surgery have renewed interest in
precise peritoneal anatomy, as even minor deviations may
affect surgical access, vascular control, lymphatic
drainage, and postoperative recovery[3, 4]. Contemporary
imaging modalities, such as computed tomography,
magnetic resonance imaging, and three-dimensional
reconstructions, have demonstrated significant variability
in peritoneal recess depth, falciform ligament length, and
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the position of the anterior peritoneal reflection of the
rectum [5, 6]. Recent cadaveric and laparoscopic studies
have further revealed additional mesenteric folds and
atypical peritoneal attachmentsthat are often absent from
standard anatomical descriptions. These variations have
important clinical implications, particularly in pelvic pain
syndromes, endometriosis surgery, hernia repair, and
hepatopancreatobiliary procedures, where peritoneal
thickness, flexibility, and ligament morphology influence
operative safetyand outcomes[7-9].

Despite growing literature across surgical, anatomical, and
radiological disciplines, existing evidence remains
fragmented. There is a lack of a comprehensive synthesis
integrating these perspectives. This aimed to consolidate
anatomical, imaging, and intraoperative evidence on
peritoneal reflections and abdominal ligaments,
characterize documented variations, and clarify their
surgical relevance to enhance operative planning and
patient safety.

METHODS

This systematic review was conducted in accordance with
the Preferred Reporting Systematic Review and Meta-
Analysis (PRISMA) 2020 quidelines. This review protocol
was prepared a priori, and the review question was
structured using a Population-Concept-Context (PCC)
framework, where the population included human
participants, the conceptcomprised peritonealreflections
and abdominal ligamentous folds, and the context
encompassed imaging, cadaveric, and intraoperative
settings with surgical correlation. A comprehensive
literature search was performed for studies published
between 1January 2018 and 31 December 2024. Searches
were conducted in PubMed/MEDLINE, Scopus, Web of
Science, and Google Scholar. Electronic searches
combined Medical Subject Headings (MeSH) and free-text
keywords related to peritoneal anatomy and abdominal
ligamentous structures. For reproducibility, database-
specific search strategies and search dates were
documented, and identical eligibility filters were applied
across alldatabases(Human, Englishlanguage, publication
years 2018-2024). PubMed/ MEDLINE (Advanced Search):
("Peritoneum/anatomy and histology” (MeSH) OR
“peritoneal reflection® OR “peritoneal fold*" OR “peritoneal
recess™ OR “peritoneal pocket™ OR “abdominal ligament*”
OR “falciform ligament” OR “round ligament” OR
“ligamentum teres” OR "hepatogastric ligament” OR “lesser
omentum” OR “mesenteric reflection® OR “mesocolon” OR
“anterior peritoneal reflection”) AND ("Computed
Tomography” OR “Magnetic Resonance Imaging” OR CT OR
MRI OR “3D reconstruction” OR laparoscop* OR
intraoperat* OR cadaver* OR dissection)Filters: Humans,
English, 2018-2024. Scopus (TITLE-ABS-KEY): TITLE-
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ABS-KEY (“peritoneal reflection” OR “peritoneal fold* OR
“peritoneal pocket™ OR“abdominal ligament* OR “falciform
ligament” OR “round ligament” OR “ligamentum teres” OR
"hepatogastric ligament” OR “mesenteric reflection* OR
“anterior peritoneal AND TITLE-ABS-KEY (anatomy OR
morphometry OR CT OR MRI OR “3D" OR laparoscopic OR
intraoperative OR cadaver*). Web of Science (TS): TS =
("peritoneal reflection” OR “peritoneal fold* OR “abdominal
ligament* OR “falciform ligament” OR “round ligament” OR
“ligamentum teres” OR “anterior peritoneal reflection”) AND
TS = (anatomy OR CT OR MRI OR “3D reconstruction” OR
laparoscopic OR cadaver*). Google Scholar: Phrase-based
keyword searches were performed using combinations of
the above terms with date restrictions (2018-2024). To
minimize selection bias, the first 200 records sorted by
relevance were screened using identical eligibility criteria.
Original human research articles published in the English
language between 2018 and 2024 were considered eligible
forinclusion. Studies employing cadaveric, imaging-based,
intraoperative, observational, case-series, or cross-
sectional designs were included, provided they reported
anatomical descriptions or morphometric measurements
of peritoneal reflections or abdominal ligamentous
structures, with or without surgical correlation. Articles
were excluded if they were animal studies, non-English
publications, review articles, systematic reviews,
editorials, conference abstracts, letters to the editor,
commentaries, or if they lacked primary anatomical,
imaging, or surgical data relevant to the peritoneal folds
and abdominal ligaments. Screening was performed in two
stages. Titles and abstracts were screened independently
by two reviewers, followed by full-text assessment of
potentially eligible articles. The text stage, a single primary
reason for exclusion was recorded for each excluded
article. Discrepancies were resolved by consensus and,
when necessary, adjudicated by a third reviewer. Two
reviewers independently extracted data using a
standardized template. Extracted variables included:
author, year, country, study design, sample size, population
type, anatomical structure evaluated (e.g., falciform
ligament, round ligament, mesenteric reflections, pelvic
pockets, anterior peritoneal reflection), modality
(cadaveric dissection, CT, MRI, 3D reconstruction,
laparoscopy), morphometric outcomes, reported
anatomical variations, measurement units, reference
anatomical landmarks, and surgical correlation outcomes
(operative planes, intraoperative difficulty, complications,
and postoperative outcomes). Where feasible,
morphometric values were converted to a common unit
(millimeters); when conversion was not possible,
measurements were reported verbatim with explicit units.
Methodological quality was assessed using the Joanna
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Briggs Institute (JBI) Critical Appraisal Tools appropriate to
the study design. Risk of bias was categorized using
predefined thresholds: >70% of checklist items fulfilled
was classified as low risk, 50-69% as moderate risk, and
<50% as high risk of bias. Items marked “not applicable”
were excluded from the denominator. All studies were
appraised independently by two reviewers, with
disagreements resolved by consensus. Due to
heterogeneity in study designs, anatomical targets, and
outcome reporting, a meta-analysis was not undertaken.
Findings were synthesized narratively and organized by
study design and anatomical region. Quantitative
outcomes were summarized as ranges and structured
descriptive comparisons, including diagnostic accuracy
outcomes where available. Formal weight was not applied
because a pooled quantitative synthesis was not
performed. After conducting a data search, 647 records
were obtained, and 112 duplicates were removed. Following
title/abstract screening, 59 articles were selected for full-
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insufficient peritoneal/ligament detail (n=6), and reports
notretrieved(n=2)(Figure1).

Records Removed Before Screening:
Duplicate Records Removed (n=112)
Records Marked as Ineligible by

Web of Sciences (n=147) Automation Tools (n=0)
Google Scholar (n=73) Records Removed for Other Reasons
Total: 647 (n=0)

l

Records Screened (n=535) —

l

Records Identified from:
PubMed/MEDLINE (n=238)
Scopus (n=189)

Records Excluded** (n=476)

e0

= -

§ Records Sougﬁht for Retrieval Records Not Retrieval (n=2)

s (n=59) >

‘ l

Records Assessed for Eligibility Reports Excluded: 42
(n=57) Non-Original Studies (Reviews,

Meta-Analyses, Commentaries):
n=15

Animal Studies: n=7
Insufficient Anatomical Focus or
Insufficient Peritoneal/Ligament

Detail: n=13

text review, and 15 studies met the inclusion criteria. Full-
text articles were excluded primarily due to: non-original
studies (reviews, meta-analyses, commentaries) (n=15),
animal studies (n=7), insufficient anatomical focus (n=7),

RESULTS

Cadaveric investigations primarily described rare and complex variants of peritoneal sacs, recesses, and abnormal
mesenteric or peritoneal attachments that may alter expected dissection planes. These studies provided high-resolution
anatomical detail, although generalizability was limited in single-cadaver reports. Imaging-based studies provided patient-
specific morphometric localization of major peritoneal landmarks, particularly peritoneal surface mapping and MRI-defined
anterior peritoneal reflection, directly supporting hepatobiliary and colorectal surgical planning. Intraoperative and
laparoscopic series correlated anatomical variations with operative difficulty, safe dissection planes, pelvic pocket
identification, and utilization of falciformand roundligaments asautologous flaps(Table 1).

Table 1: Cadaveric Studies, Imaging-Based Morphometric Studies, and Intraoperative and Laparoscopic Studies Includedin the Review

Records Included in Qualitative
Synthesis (n = 15)

Figure 1: Study Selection and Screening Process for the
Systematic Review

References  Country Study Design Modality

Population / Sample Main Anatomical Focus

Surgical/Clinical Correlation

Cadaveric Studies
- h Greater and lesser
D t - .
[10] India Czsdcar\ll[;rlivce erfgaﬁggaggult peritoneal sacs, foramen Cadaveric Surgical access to the lesser
anatomical study cadavers of Winslow, accessory dissection sac and hepatobiliary region
folds
Cadaveric Single formalin- Variant peritoneal- Cadaveric Explains unexpected intra-
[11] USA
case report fixed cadaver mesenteric relations dissection operative anatomy
Cadaveric . .
: ; Thiel- embalmed Omentum, transverse Laparoscopic Creation of surgical
tal " . f
(12] Romania expeszhrzin a cadavers mesocolon, simulation working spaces
Imaging-Based Morphometric Studies
CT
South : . CT-3D Al .
[13] Korea mOr%?Sg;etrIC 20 adults Peritoneal surface area segmentation HIPEC planning
Retrospective - :
) . T A B Hepatic ligaments & 3DCT Parenchymal transection
[14] China 'ma(:%':‘r%é;;grlcal 12 liver cancer pts reflections reconstruction planning
. Retrospective Anterior peritoneal . Neoadjuvant therapy
[15] China imaging study Rectal cancer pts reflection Pelvic MRI planning
[16] USA Diagnostic accuracy 162 rectal CA pts Tumor-APR relationship MRI & Treatment strategy selection
study endoscopy
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Intraoperative and Laparoscopic Studies
Brazil/ Pelvic peritoneal
[17] Portugal/ Case series Endometriosis pts P K Laparoscopy Complete excision planes
Belgium pockets
(18] UK RCT protocol Endometriosis pts Pelvic peritoneal Laparospoplc Fe_rtlllty—
pockets mapping preserving surgery
Prospective Pelvic Pelvic peritoneal Laparoscopy . .
(18] Canada observational pain/infertility pts pockets + histology Detection of occult disease
Prospective . . Anterior parietal Laparoscopic
[20] Poland surgical series Hernia repair pts peritoneum TAPP Safe flap planes
[21] China Retrospective Pancreatic CA pts Round ligament Open surgery Vascular/biliary
cohort reconstruction
[22] Germany Retrospective Liver resection pts Falciform ligament Laparoscppic/ Bile leak prevention
cohort ro botic
[23] Italy Surgié:raile(;ase Hiatal hernia pts Falciform ligament Laparoscopic Crural reinforcement
) CT+ . - .
[24] Greece Case report Acute abdomen Ligament umteres intraoperative Differential diagnosis

The clinically relevant variations in peritoneal reflections and abdominal ligaments are common and quantifiable across
human cadaveric, imaging, and intraoperative studies. Cadaveric studies showed that recess depth within the greater and
lessersacsvaried between 6and 24 mm, which can alter safe access to the lesser sac during hepatobiliary surgery. Imaging-
based morphometry revealed wide inter-individual variation in global peritoneal surface area (1.42-2.05 m?), directly
influencing intraperitoneal chemotherapy dosing strategies. Pelvic peritoneal pockets exhibited depth variations of 4-18
mm, emphasizing the importance of targeted laparoscopic inspection for complete excision of occult endometriosis.
Hepatic ligament morphometry varied substantially, with falciform ligament length ranging from 32-95 mm and round
ligamentlengthfrom 40-110 mm, determining their feasibility as autologous flaps. MRI-defined anterior peritoneal reflection
distances varied between 40 and 92 mm from the anal verge, underscoring its critical role in rectal cancer staging and
surgical planning. Overall, the reviewed studies demonstrate the enduring importance of peritoneal reflections and
abdominal ligaments as clinically important landmarks in hepatobiliary, pelvic, hernia, and colorectal surgery. Such a
heterogeneous background provides a thorough multidisciplinary insight into peritoneal anatomy in relation to
contemporary surgical practice. Formal statistical weighting was not applied because pooled meta-analysis was not feasible
duetoheterogeneityinstudy design, anatomical targets, and outcome reporting(Table 2).

Table 2: Key Anatomical Findings with Standardized Morphometric Unit

Standardized Morphometric

References Variation

Anatomical Structure

Key Anatomical Findings

Surgical relevance

Greater & lesser sacs, Classical boundaries are ~
! foramen of Winslow [10] preserved with accessory folds Recess depth 6-24 mm Alters lesser sac access
Global peritoneal _ Mean1.73+0.21m? )
2 surface area [13] AI-CT morphometry (range 1.42-2.05 m?) HIPEC dosing accuracy
3 Pelv;:opcir;:gneal [17-19] High-risk occult pockets Pocket depth 4-18 mm Improves endometriosis excision
Anterior parietal ; . Peritoneal thickness )
4 peritoneum (hernia) [20] Variable thickness planes 0.6-2.3 mm Reduces seroma risk
5 Mesenteric/peritoneal [1,12] Abnormally displaced Root displacement Avoids intra-op injury
reflections recesses 10-28 mm
Falciform & ) Falciform length 32-95 mm;
6 ] [21,22] Ligaments usable as flaps Round ligament length 40- Enables reconstruction
round ligaments
110 mm
Anterior peritoneal - ; APR distance 40-92 mm .
7 reflection of the rectum [15,16] MRl localization superior from anal verge Correct rectal cancer staging

Alldistances were standardized to millimeters(mm)and surface areato square meters(m?). Values originally reported in centimeters.
Surgical implications were interpreted at the individual study level and explicitly linked to study design and JBl risk category,
allowing differentiation between higher-certainty evidence(large imaging cohorts, diagnostic-accuracy studies)and lower-
certainty evidence(isolated cadaveric or case-report observations)(Table 3).
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Related Surgical Key Landmark Main Risks/ ;e PO Evidence level (Design/
S Procedures Use Pitfalls Slncallpleaties JBI risk)
: (o] |Hepatobiliaryand | Guidesentrytothe | |dAC°ess‘;ry Improves safe dissection near | Cadaveric descriptive study
gastric surgery lesser sac olds \r;;a;)églsscure the hepatoduodenal ligament / Low risk
CRS-HIPEC Surface mapping Underestimation CT-based surface estimation CT morphometric cohort
2 [13] - A affects chemotherapy . ) :
planning for drug distribution delivery assists HIPEC planning / Low risk
Endometriosis | Identifies pockets | ;. 0c00nized pockets Routine pocket inspection Laparoscopic observational
S [17-19] excision, fertility | containing occult cause persistent pain improves symptom control studies / Low risk
surgery disease
Laparoscopic Defines safe flap Seroma, vascular Standardized plane reduces Prospective surgical series
4 [20] TAPP hernia ; S ) S :
repalr creation plane injury postoperative complications / Moderate risk
5 [1,12] Retroperitoneal QOutlines safe Unusual recesses Knowledge improves Cadaveric case reports/
! tumor surgery access zones increase injury risk intraoperative navigation High-Moderate risk
Liver, pancreatic, Used as Limited length or Provides natural Surgical cohort & case series
6 [21-23] and hiatal hernia | ﬂ lari inf i ¢
surgery autologous flaps vascularity reinforcement or sealing / Moderate risk
7 [15] Rectal cancer Distinguishef intral— Misjudgment affects MRl localization improves Imaging diagnostic- accuracy
surgery Ve ex rr:cpteurrlnonea staging oncologic decisions studies / Low risk

Using predefined JBI thresholds, most studies were classified as low to moderate risk, with high-risk ratings confined to
isolated case reportsand small cadaveric series. Evidence was strongest forimaging-based APR localization and structured
laparoscopic mapping, while rare cadavericanomalies primarily provide hypothesis-generating surgical caution(Table 4).

Table 4: Risk of Bias Assessment Using JBI Criteria

Sr.No. References Sampling Adequacy Measurement Reliability Reporting Completeness Overall Risk
1 [10] Low Low Low Low
2 [13] Low Low Low Low
3 [17] Moderate Low Moderate Moderate
4 [18] Low Low Low Low
5 [19] Low Low Low Low
6 [20] Moderate Low Moderate Moderate
7 (] High Moderate Moderate High
8 [12] Moderate Low Moderate Moderate
9 [21] Moderate Low Moderate Moderate
10 [22] Moderate Low Low Moderate
1n [23] Moderate Low Moderate Moderate
12 [24] High Low Moderate High
13 [14] Low Low Low Low
14 [15] Low Low Low Low
15 [16] Low Low Low Low

DISCUSSION

This review examines the structural variations of
peritoneal ligaments and folds and their surgical relevance
based on cadaveric, imaging, and interventional studies
published between 2018 and 2024. The findings
consistently demonstrate that although the classical
configuration of the greater and lesser sacs is generally
preserved, accessory folds and variable recess patterns
are common. These observations are consistent with the
findings of EImohr et al. and Brenkman et al. who reported
additional peritoneal folds around the hepatoduodenal

PJHSL VOL. 7 Issue. 02 Feb 2026 Copyright ® 2026. PJHSL, Published by Crosslinks International Publishers LLC, USA
By This work is licensed under a Creative Commons Attribution 4.0 International License.

ligament that may restrict access to the lesser sac during
hepatobiliary surgery [25, 26]. Furthermore, variations in
omental bursa morphology observed on CT
reconstructions in the included studies agree with those
reported by Thomas and Van Fossen, who documented
substantial inter-individual differences [27]. The two-
dimensional quantitative assessment of peritoneal
surface areain this review aligns with the broader imaging
literature. Studies by Marin et al. and Gaballah et al.
demonstrate that peritoneal surface area varies with body
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mass index and age, supporting the adoption of
individualized surface area calculations to optimize HIPEC
dosing [28, 29]. In addition, Bleys and Weijs reported that
variation in organ-contact surfaces influences
intraperitoneal drug distribution, underscoring the clinical
importance of accurate peritoneal surface mapping [30].
Pelvic peritoneal pockets emerged as clinically significant
anatomical regions. This review demonstrates that
pockets located along the uterosacral ligaments and
ovarian fossae frequently harbor occult endometriosis,
consistent with the findings of Manzanedo et al. and
Yurttas et al. These studies highlight the importance of
meticulous laparoscopic inspection, as unrecognized
microlesions may progress and contribute to persistent
chronic pelvic pain [31, 32]. Furthermore, Baratti et al.
reported that early identification and excision of peritoneal
pocketsimprove outcomesinwomenundergoinginfertility
treatment, reinforcing the clinical relevance of these
findings [33]. With respect to the anterior parietal
peritoneum in abdominal wall hernia repair, previous
studies have demonstrated an association between
peritoneal elasticity and the ease and safety of
transabdominal preperitoneal (TAPP) flap formation [34].
Furthermore, postoperative seroma formation and pain
have been shown to correlate with peritoneal handling
during flap dissection, highlighting the clinical importance
of standardized dissection planes in reducing
complications [35]. Understanding variations in
mesenteric and peritoneal reflection patterns, particularly
within the retroperitoneum, is clinically important. The
anomalous cadaveric findings and rearranged recesses
identified in this review are consistent with reports of
unexpected mesenteric root deviations encountered
during colorectal surgery [17]. Rare recess configurations
associated with difficulty in tumor mobilization further
emphasize the need for surgical adaptability when
managing atypical anatomy in oncologic resections. This
review identified substantial variability in the morphology
and surgical applications of the falciform and round
ligaments. Previous studies have demonstrated that these
ligaments can serve as reliable sources of autologous
tissue for flap reinforcement and reconstruction [36]. In
addition, Whitaker et al. reported that the round ligament
possesses sufficient vascularity to be considered a
potential substitute for synthetic mesh in selected
hepatobiliary procedures [37]. Finally, findings related to
the anterior peritoneal reflection (APR) of the rectum are
consistent with prior imaging-based studies. Magnetic
resonance imagingis superior to endoscopy for accurately
determining tumor location relative to the APR, which is
critical for oncologic planning. These concordant findings
reinforce the need for imaging-based precision to avoid
inappropriate staging and treatment selection [38].

DOI: https://doi.org/10.54393/pjhs.v7i2.3664

Findings derived from imaging-based morphometric
cohorts and diagnostic-accuracy studies represent the
highest-certainty evidenceinthisreview, whereasisolated
cadaveric anomalies and case reports should be
interpreted as hypothesis-generating observations.
Quantitative variation ranges identified in this review
provide clinically actionable thresholds for surgical
planning, particularly for determining safe dissection
planes, feasibility of ligament-based flaps, and
neoadjuvant decision-making in rectal cancer.
Heterogeneity of study designs and the absence of pooled
meta-analysis limit direct statistical inference, and
therefore, conclusions are based on consistency of
findingsratherthan weighted effect estimates. Thisreview
demonstrates that significant anatomical variations in
peritoneal reflectionsand abdominal ligamentsinfluence a
wide range of surgical procedures, including hepatobiliary,
pelvic, colorectal, and hernia surgeries. Integration of the
included studies with external evidence confirms that
precise anatomical knowledge enhancessurgical planning,
reduces complications, and improves clinical outcomes in
abdominalsurgery.

This study is limited by heterogeneity in study designs,
populations, and biomarker assessments, which may
affect the consistency of findings. Additionally, publication
bias and differences in measurement techniques could
have influenced the results. Future research should use
standardized metabolicandinflammatory markersinlarge,
diverse populationstoimproverisk predictionin GDM.

CONCLUSIONS

This systematic review shows that there are anatomical
variances in peritoneal reflections and abdominal
ligaments that are of surgicalimportance. The synthesis of
evidence obtained from cadavers, from imaging, and from
intraoperative settings verifies that these structures
contain variations that impact surgical access, dissection
planes and procedures, reconstruction alternatives, and
oncology-related choices. Recognizing such
characteristics as pelvic peritoneal pockets,
hepatogastric reflections, the falciform ligament, and the
anterior peritoneal reflection with a high degree of
accuracy can improve the safety of the operation and lead
to better results for the patient. The quantitative
anatomical ranges identified in this review may serve as
reference benchmarks for preoperative imaging
interpretation and individualized surgical planning. The
collective evidence reinforces the enduring relevance of
detailed anatomical knowledge in modern abdominal
surgery.
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Irondeficiency anemia(IDA)is a public healthissuein childrenunder5years of age, mostly in low
and middle-income countries. Iron supplements are given for preventing or treating iron
deficiency. Objectives: To systematically evaluate the effectiveness, safety considerations,
and implementation characteristics of iron supplementation strategies used for the prevention
and treatment of iron deficiency anemia among children under five years of age. Methods: An
electronic literature search was performed in PubMed, Scopus, and Cochrane Library for any
studies writtenin Englishand published between 2018 and 2024. Primary humanresearch of any
type assessing iron supplementation in children aged 0-59 months was encompassed. This
excluded systematic reviews, meta-analyses, case reports, and animal studies. The study
selection was in accordance with PRISMA 2020. The synthesis of the data was conducted
narratively, and the risk of bias was assessed using the RoB-2 and Joanna Briggs Institute tools.
Results: A total of 15 studies reported significant improvements in hemoglobin levels and iron
status after iron supplementation, using either oral ferrous preparations or iron-containing
micronutrient powders. Prevention measures reduced the rate of anemia, and treatment
supplementation successfully corrected known IDA. High anemia burden, inconsistent
adherence to supplementation, and dietary iron deficit were observed in observational studies.
Conclusions: Iron supplementation remains an effective approach for preventing and treating
iron deficiency anemia in children. Optimizing program delivery, adherence, and safety
monitoringis essential to maximize benefits, particularlyinresource-limited settings.

INTRODUCTION

Iron deficiency anemia is among the most widespread
nutritional illnesses that impacts children below the age of
fiveyearsall overthe world, and has been aleading cause of
childhood morbidity and poor development [1]. The young
children are especially susceptible because of the rapid
growth, higher iron demands, and lack of bioavailable iron
in the food. The situation is further worsened in the low-
and middle-income nations by food insecurity, frequent
infections, and insufficient health services [2, 3]. Iron

supplementation is commonly used in early childhood to
address low iron stores and reduce the risk of anemia.
Widespread strategiesare oraliron preparations, aswellas
the iron-containing multi-micronutrient powders
administered via community and healthcare settings [4].
Although their earlier-evidence has demonstrated their
hematologic benefits, adherence, safety in high-infection
settings, and inconsistent program effectiveness have
raised concerns necessitating anew assessment[5]. Over
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the past few years, several clinical trials and community-
based interventions, as well as observational studies, have
been published, which represent a further development in
terms of supplementation approaches and
implementationsettings[6, 7].

Results, however, are mixed, and evidence that is specific
to children below the age of five has not continuously been
synthesized without statistical pooling.The systematic
review aimed to systematically evaluate the effectiveness,
safety considerations, and implementation characteristics
of iron supplementation strategies used for the prevention
and treatment of iron deficiency anemia among children
under fiveyearsofage.

METHODS

The systematic review was carried out in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines 2020 [8]. The search
strategy, screening, and data extraction were pre-
determined by a structured protocol. The purpose of the
review was to single out the research that assessed iron
supplementation as a measure to prevent and treat iron
deficiency anemia in children below the age of five years.
Studies were located by searching major biomedical
databases, namely 'PubMed, Scopus, and the Cochrane
Library', which located the appropriate studies released no
earlierthanJanuary 2019and no later than December 2024.
The searchwas narrowed downto the English language and
human subjects. The combinations of the terms were used
as keywords and Medical Subject Headings (MeSH). “Iron

" ou U

supplementation”, “iron deficiency anemia”, “micronutrient
powder”, “ferrous sulfate”, "anemia prevention”, “children
under five”, and related synonyms. An example search
syntax for PubMed was: (“iron supplementation” OR
“micronutrient powder” OR “ferrous sulfate”) AND (“iron
deficiency anemia” OR “anemia”) AND (“child” OR “children”
OR"infant”OR“under five"). Allsearchresults were exported
into EndNote for deduplication. Eligibility of studies was
determined using predefined inclusion criteria.
Population: Children aged under five years (0-59 months).
Intervention: Iron supplementation in any form (e.g., oral
iron preparations, micronutrient powders with iron).
Outcomes: Studies reporting at least one relevant
hematological outcome (e.g., hemoglobin, ferritin, anemia
prevalence). Types of studies: Original human studies
employing experimental or observational designs,
including randomized and non-randomized approaches,
were considered. Time frame: Published between 2019 and
2024, in English. Exclusion Criteria: Systematic reviews,
meta-analyses, case reports, case series, editorials, and
animal or in-vitro studies. Studies not reporting anemia or
iron-related outcomes. Studies where the under-five
subgroup data could not be extracted separately. All

DOI: https://doi.org/10.54393/pjhs.v7i2.3735

records found were put into EndNote, and duplication was
eliminated. Title and abstract screening were conducted
by two reviewers against the eligibility criteria. All the
potentially relevant articles were retrieved and evaluated
to determine eligibility. Where discrepancies arose, these
discrepancies were fixed by discussion or referring to a
third reviewer. The PRISMA 2020 flow chart was made to
recordthe selection procedure. PRISMA 2020 flow diagram
illustrating the identification, screening, eligibility
assessment, and inclusion of studies for the systematic
review focusing on the use of iron supplements to improve
iron status and anemia-related outcomes in children
younger than five years. A total of 716 records were
identified through database searches, and 15 studies met
the inclusion criteria and were included in the qualitative
synthesis(Figure1).

Records Removed Before Screening:
Duplicate Records Removed (n=214)
* Records Marked as Ineligible by
Automation Tools (n=0)

* Records Removed for Other Reasons
(n=0)

Records identified from*:
PubMed (n=312)

Scopus (n=268) —
Cochrane Library (n=136)

Total records identified (n = 716)

l

Records Screened
(Title/Abstract) (n=502)

l

Reports Sought for Retrieval
(n=55)

l

Identification

Records Excluded (n=447)
(Clearly Irrelevant Topic, Adult
Population, Non-Iron Interventions,
Animal Studies)

Reports Not Retrieved (n=08)
—> (Full Text Unavailable or
Inaccessible)

Screening

P Reports Excluded:
Reports Asse;ss::‘ifor Eligibility —> Systematic Reviews / Meta-
n=47) Analyses (n=14)
l Case Reports / Case Series (n=7)

Animal or Laboratory Studies (n=6)
Outcomes Not Relevant to Iron
Deficiency Anemia (n=5)

Studies Included in Qualitative
Synthesis (n=15)

Included

Figure 1: Process of Study Selection

Each of theincluded studies provided the following data on
the standardized data extraction form: author(s),
publication date, country or setting of the study and its
design, population characteristics, type and duration of
iron intervention, comparator, and key outcomes (e.g.,
changes in hemoglobin, anemia prevalence). In case of
observational studies, exposure and key findings
concerning iron supplementation or other determinants
associated with the same were extracted. The
methodological quality of randomized controlled trials was
evaluated by the Cochrane Risk of Bias tool version 2 (RoB-
2)[9, 10]. To conduct non-randomized intervention and
quasi-experimental studies, the Joanna Briggs Institute
(JBI)critical appraisal checklist was employed[11]. The JBI
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analytical cross-sectional checklist was used to evaluate
Cross-sectional studies. Two reviewers independently
assessed risk of bias, and a consensus was reached by
discussing. Since the study designs, interventions, and
outcomes were heterogeneous, a narrative synthesis was

RESULTS

The evidence oniron supplementation in children under 5 years between 2019 and 2024 comes from South Asia, Africa, the
Middle East, and the Americas. Most intervention studies were randomized controlled trials, and cross-sectional designs
provided evidence related to the context of interventions and implementation. Most interventions were with micronutrient
powders or oral ferrous sulfate used preventively and/or therapeutically. The various studies differed in duration, delivery
platforms, and baseline anemia status that were clinically heterogeneousinaccordance with real-world settings relevant to
public health(Table1).

Table 1: Characteristics of Included Studies(2019-2024)

References

Country

Design

Iron Supplementation in the Prevention and Treatment of Iron Deficiency Anemia

Population (Under-5)

DOI: https://doi.org/10.54393/pjhs.v7i2.3735

used. The grouping of studies was based on the type of
intervention and study design. Results were described
descriptively without meta-analysis. Observational studies
were provided individually as contextual evidence and
implementation evidence.

Intervention (Iron Strategy)

Comparator

Key Outcomes
Reported

Micronutrient powder (iron-

Arusha District | Trial (frequency Children 6-59 S R Alternate Anemia/iron status
[12] A L containing) with different s
Tanzania comparison) months dosing frequencies frequency arms indicators
Gaza Healthy infants MNP Iron-containing MNP National Growth + ia/
[13] Strip Clinics RCT (parallel) 6 months (followed administered thrice weekly with supplement rowtt d.an(temla
(UNRWA) by 12 months) standard supplementation alone iron indicators
~ Young children with No parallel
[14] NR theCiEEZungilrial mild to moderate IDA Ferrous sulfate oral solution comparator Hb ?gg;;;%iﬁ?fet%
P (young age group) (single-arm) y
Individually . . - Anemia prevalence
[15] Rural randomized, Infants/young children Iron syrup OR iron-containing Placebo iron stat afet '
Bangladesh placebo- (under-2 at start) MNPs (3 months) control r nosutcl(jfﬁgs y
controlled trial
Infants/young children e P Anemia +iron
[16] us RCT (includes 6-23 months) MNP point-of-use fortification Placebo deficiency outcomes
. Comparator Iron deficiency/
[5] Brazil I?:?iﬂ?coarptlfii? Children 6-48 months MNP fortification arm(as per trial |iron markers; anemia
design) outcomes
Pakistan 5 ) Lipid-based supplementary Hb,
[17] (Community- hcl:tO)?Tw:r?Sr?i?mtlfi‘:? Children 6-23 months food with micronutrients (iron- Control group |micronutrient status,
Based) y containing) growth indicators
Pakistan Community Control/ Hb/anemia +
[18] (Community intervention Children 24-59 months MNP supplementation (1year) comparison micronutrient
Setting) study group status + growth
Bangladesh . . . o Neurocognitive/
Randomized Young children Iron syrup vs iron-containing : g :
[19] (Sub-Study . - o . ~ Placebo brain activity + trial
Within Trial) trial sub-study (trial infants; under-5) MNP outcomes
RCT (microbiome . - Gut microbiome
Rural S Iron and iron-containing ]
[20] analysis within | Infants(under-2 at start) Placebo safety signals +
Bangladesh trial) MNPs (3 months) foilow-up
Multi-Site Infants between 6 and )
[21] (I.E., Kampala rar:qc?:lr;?ged 23 months of age and Ferrous sulfate tablets Placeb ?afer;r]y/e(fﬁr(]:a;yi /
and Fort Portal, - >24 months (includes (dose by age band) acebo outcomesianemia
placebo trial iron indicators)
Uganda) under-5)
[22] Pakistan RCT Children with IDA (age Ferrous sulfate + vitamin C vs Active Hb/iron response as
(Multan) NRin abstract snippet) ferrous sulfate alone comparator per trial outcomes
Ethiopia . . . . Prevalence +
[23] (Survey-Based) Cross-sectional Infants 6-23 months Exposure: received MNP Not applicable predictors of MNP use
Ethiopia Exposure includes A ) | .
[24] (Hospital- | Cross-sectional | Children 6-59 months supplementation variables Not applicable |~N€M'a ptred"? ert‘ce
Based) (asreported) associatedfactors
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Cross-sectional

e ; Iron-
[25] Ethiopia (secondary | Children6-59 months | CXPOSUre: iron-related feeding/ | o oosjicable | related consumption
. supplement variables
analysis) patterns

Intervention trials showed that children under-five who received micronutrient powders or oral ferrous sulphate had
improved hemoglobin and iron status and decreased risk of iron deficiency. The use of micronutrient powders and oral
ferrous sulfate was effective in the prevention of anemia, while treatment improved hemoglobin recovery of children with
developed iron deficiency anemia. Some research shows positive knock-on effects on growth and neurodevelopment. The
evaluation of safety and specific effects of various formulations has been highly inconsistent. The direction of effect for
some resultsin some trials differed, but overall, the direction of effect for iron either with micronutrient powders or oral was
markedly favourable(Table 2).

Table 2: Summary of Main Findings from Intervention Trials(2019-2024)

Prevention or

Main Outcomes

Direction of Effect

References Treatment Focus Assessed (As Reported) Descriptive Summary of Findings
Different dosing frequencies of iron-containing MNPs
[12] Prevention Hemoglobin, iron status Improved were associated with improvements in hemoglobin and
iron status indicators among children aged 6-59 months.
G h . d Long-term MNP supplementation alongside routine
[13] Prevention rqwt ,.ag.emtla, an Improved care resulted in reduced anemia risk and improved iron
Iron indicators indicators, with additional positive effects on growth.
Hemoalobin response Ferrous sulfate oral solution led to clinically meaningful
[14] Treatment (IDA) 9 P ' Improved hemoglobin improvement and was generally well tolerated
safety ) - : .
in young children with mild to moderate IDA.
p tion / Early- Anemia prevalence Iron syrup and iron-containing MNPs improved anemia
[15] revequmFr;_ K arly iron starius safety Mixed and iron status, while also highlighting formulation-specific
ITe Ris ' y safety considerations in high-infection settings.
Point-of-use MNP fortification reduced anemia and iron
[16] Prevention Anemia, iron deficiency Improved deficiency and was associated with improved expressive
language development.
Iron deficiency markers MNP fortification demonstrated beneficial effects on
[5] Prevention/Treatment anem)ila ! Improved iron deficiency and anemia outcomes in Brazilian children
under five.
Hemoglobin, Iron-containing supplementary food improved hemoglobin
[17] Prevention micronutrients, and Improved levels and plasma micronutrient concentrations, with
growth concurrent improvements in growth indicators.
P tion (Long- Hemoglobin, One-year MNP supplementation was associated with
[18] revenT |on) ong micronutrients, and Improved sustained improvements in hemoglobin, micronutrient
erm growth status, and growth among children aged 24-59 months.
Neurocoanitive markers Iron syrup and iron-containing MNPs altered resting brain
[19] Prevention (Substudy) €09 " | Physiologic change [ activity patterns, suggesting potential neurodevelopmental
iron exposure ) -
relevance alongside hematologic effects.
Safet d effi Daily ferrous sulfate supplementation for three months
[21] Treatment are (yH&:)r}. e )|cacy Improved improved anemia indicators under controlled safety
fron monitoring in a vulnerable pediatric population.
Hemoalobin The addition of vitamin C to ferrous sulfate did not
[22] Treatment (IDA) : g ! No added benefit demonstrate a clear advantage over ferrous sulfate
iron response L - f
monotherapy in improving hematologic outcomes.

Observational studies do not provide effect estimates, butimportant contextualinformation. The high prevalence of anemia
inchildrenunder-five isreinforced by widespread variation in the use of micronutrient powder and consumption of iron-rich
foods. Consistent predictors of use were socioeconomic position, maternal education, and access to health services.
Moreover, they did not allow us to infer causality, but this study highlights significant implementation challenges that can
affecttheironsupplementation(Table 3).

Table 3: Findings from Observational Studies(Contextual and Implementation Evidence)

References Study Focus Population Key Outcomes

Main Findings

MNP consumption varied widely, with maternal education,
health-service contact, and household factors influencing
uptake.

MNP Program
Coverage
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High anemia prevalence was observed, with nutritional
Children 6-59 months Anemia prevalence and health-related factors, including supplementation
variables, associated with anemia status.

Anemia Burden and

[24] Correlates

Consumption of iron-rich foods was suboptimal and
[25] Dietary Iron Exposure | Children 6-53 months Iron-rich food intake socially patterned, highlighting dietary gaps that may limit
the effectiveness of supplementation programs.

Areview of therisk-of-bias for RCTs indicates that overall, 8 of 10 RCTs had alow risk of bias. Moreover, we demonstrated that
the domains concerned with outcome measuresand completeness of datawere at low risk. The assessment of the RCTs and
evaluations showed high and moderate risk for the other two domain areas. Nonetheless, the other ROBINS-I evaluated the
non-randomized studies and the community-based intervention studies. The lack of allocation concealment and potential
made theirmoderate to highrisk of bias(Table 4).

Table 4: Risk of Bias Assessment of Intervention Trials(RoB-2/ JBI)F

9 Adherence : Overall
: Assessment Allocation 5 Completeness Outcome Reporting .
References Study Design to Assigned Methodological
Framework Process T of Outcome Data Assessment Transparency o ——.
Frequency- JBI Critical
[12] Based Appraisal Tool for Minor Minimal Minimal Minimal Minor Moderate
Intervention Quasi- Experimental | Concerns Concern Concern Concern Concerns Concern
Study Studies
[13] Randomized | . Cochrane dinimal | Minimal Minimal Minimal | Minimal Minimal
Study Framework (RoB-2) oncern Concern Concern Concern Concern Concern
Non-Masked JBI Critical Appraisal . . L o . )
[14] Intervention Tool for Ouasi- c Major c Minor gllnlmal gllnlmal c Minor CI"lajor
Study Experimental Studies oncerns oncerns oncern oncern oncerns oncern
Randomi;ed Cochrane
[15] Intervention Risk Assessment Minimal Minimal Minimal Minimal Minimal Minimal
V(V:Ith Placebo Framework (RoB-2) Concern Concern Concern Concern Concern Concern
omparator
Randomized Cochrane - L . - - .
[16] Intervention Risk Assessment (P:’Ilnlmal (I;’Ilnlmal c Minor (P:’Ilnlmal é’lmlmal gllnlmal
Study Framework (RoB-2) oncern oncern oncerns oncern oncern oncern
5] ﬁigf\f’;}ﬁgg Riskcgggggggent Minimal Minimal Minimal Minimal Minor Minimal
Study Framework (RoB-2) Concern Concern Concern Concern Concerns Concern
Non- JBI Critical

[17] Randomized Appraisal Tool for Major Minor Minor Minimal Minor Moderate to

|ntesrvedntlon Quasi-Experimental | Concerns Concerns Concerns Concern Concerns High Concern
tudy Studies
Community- JBI Critical

[18] Based Appraisal Tool for Major Minor Minor Minimal Minor Moderate to

|nteSrvedntI0n Quasi-Experimental Concerns Concerns Concerns Concern Concerns High Concern
tudy Studies
Nested Cochrane
[19] Analysis w!thln Risk Assessment Minimal Minimal Minimal Minimal Minor Minimal
a Ragdo(;mzed Framework (RoB-2) Concern Concern Concern Concern Concerns Concern
tudy
Randomized Cochrane o - - - . o
[20] Intervention Risk Assessment gllnlmal Cl"ImlmaI cr:’llnlmal gllnlmal cl‘:'lmlmal gllnlmal
Study Framework (RoB-2) oncern oncern oncern oncern oncern oncern
Masked Cochrane - L - - . -

(21 | Rondomized | RiskAssessment | Minimal | ttinimai | Minimal | Minimal | tinimal | pinimal
Intervention Framework (RoB-2) once once once once once once
Randomized Cochrane . L - L .

[22] Intervention Risk Assessment c Minor |:E’Imlmal gllnlmal gllnlmal c Minor PEI:oderate

Study Framework (RoB-2) oncerns oncern oncern oncern oncerns oncern

Every study that was observed showed an underlying moderate risk of bias, whichis mainly due to selection biasand residual
confounding. Hospital-based research had an increased risk because of poor generalizability, whereas national survey
research had strong sampling designs. Statistical analysis and measurement areas were usually satisfactory in studies.
Such results confirm the applicability of observational evidence to contextual interpretation and not causal patterns(Table
5).
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Table5: Methodological Appraisal of Observational Studies

Overall
Methodological
Concern

Exposure
and Outcome
Assessment

Control of
Confounding

Analytical
Approach

Appraisal
Framework

Participant

References A
Selection

Study Design

Cross-Sectional JBI Analytical Appraisal Minor . Moderate Minimal

[23] Survey Checklist Concerns Minimal Concern Concern Concern Moderate Concern

[24] Hospital-Based Cross- | JBI Analytical Appraisal Major Minimal Concern Moderate Minimal  [Moderate to Great
Sectional Study Checklist Concerns Concern Concern Concern
National Survey JBI Analytical Appraisal Minor . Moderate Minimal

[25] Secondary Analysis Checklist Concerns Minimal Concern Concern Concern Moderate Concern

The methodological quality of observational studies was evaluated using the Joanna Briggs Institute analytical appraisal
framework. Assessment focused on participant selection procedures, accuracy of exposure and outcome measurement,
handling of potential confounding factors, and adequacy of analytical methods. Terminology was adapted to reflect levels of
methodologicalconcernratherthan categorical biaslabels.

DISCUSSION

This systematic review states that iron supplementation is
an effective intervention for iron deficiency anemia (IDA) in
children under age 5, in line with the existing evidence on
hematologic benefits. Prophylactic use of micronutrient
powders (MNPs) containing iron and operative use of oral
preparations of iron remained consistently beneficial in
enhancing hemoglobin and iron status in a variety of
environments. The results are in line with the larger clinical
evidence, such as large syntheses of the effects of iron
supplementation in children's populations [4, 26]. Iron
supplementation is not only beneficial at raising
hemoglobin but also helps to lower the general prevalence
of anemia in high-burden areas, which can be concluded
from the systematic evidence [27]. Most of the previous
systematic reviews and meta-analyses integrate various
outcomes of trials, but one can point out that the similarity
of benefit can be observed even when the schedules of
interventions differ [28, 29]. MNPs' preventive
supplementation was successful in diverse demographic
backgrounds, yet programmaticreceiptand compliance are
important issues of practical effectiveness. The recent
meta-analyses have associated a low dietary diversity and
micronutrient sources with increased odds of anemia
among young children, which highlights the necessity of
implementing combined nutrition interventions in addition
to supplementation[30]. Oral iron is still a first-line form of
treatment, therapeutically. New formulations, including
liposomaliron, have the potential to be better tolerated and
can have a beneficial effect on developmental outcomes, so
that areas of further clinical research are possible [31].
Similarly, there is also evidence of alternate-day
supplementation as a measure to enhance iron absorption
and possibly lower the side effects, which would fine-tune
dosing strategies in young children [32]. Although the
hematologic effects remain consistent, the results are not
always positive. There is some evidence that low-dose iron
supplementation in healthy, low-risk infants does not
significantly prevent anemia or improve development [33].

Theseresultsindicate that the strategy of supplementation
should be specific to the risk population profiles, and not
applied universally in low-impact situations. This subtlety is
significant when making policy recommendations in an
environment where anemia prevalence in the baseline
differs. Safety is also one of the issues to consider, asitisa
high burden in terms of infectious diseases in places where
iron may affect gut bacteria or have endemic interactions
with other infections. Literature indicates the possible
measurable microbiome responses to iron
supplementation, which should be monitored in program
roll-outs [34]. It has been observed that anemia is very
prevalent in most under-five populations, and
predominantly where the intake of iron through the diet and
dietary diversity is low [35]. These results support the need
to consider iron supplementation with comprehensive
approachestonutritioningeneraland dietary enhancement
and maternal education, in particular. Community-based
supplementation models are promising in the context of
Pakistan, but need a stricter assessment to accommodate
confounding. The implementation research is required to
learn how to integrate the iron supplementation with the
regular child-health services most successfully, and also to
controlthe dietary determinantsandinfection prevention.
This study is limited by heterogeneity in study designs,
populations, and biomarker assessments, which may affect
the consistency of findings. Additionally, publication bias
and differences in measurement techniques could have
influenced the results. Further studies are needed on
standardized outcome measures, longer follow-up of
developmental outcomes, and the relative effectiveness of
newer iron preparations. Also, program evaluation research
involving a combination of supplementation with diet and
health system strengthening can give an insight into the
sustainable control of anemia.
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CONCLUSIONS

This systematic review indicates that iron
supplementationremains an effective strategy forboth the
prevention and treatment of iron deficiency anemia in
children under five years of age. Evidence from recent
trials demonstrates consistent improvements in
hemoglobin and iron status with the use of oral iron
preparations and iron-containing micronutrient powders.
Preventive interventions appear beneficial at the
community level, while therapeutic supplementation
effectively corrects established anemiawhenadherenceis
ensured. However, variability in program implementation,
safety monitoring, and baseline nutritional status
influences observed outcomes. Observational evidence
highlights persistent anemia burden and suboptimal
dietary iron intake, underscoring the need for integrated
nutrition approaches. Future research should prioritize
context-specific implementation studies and
standardized outcome reporting to inform sustainable
child health policies, particularly in low-resource settings
suchas Pakistan.

Authors’ Contribution

Conceptualization: UB

Methodology: UB, HT, FH

Formalanalysis: UB

Writingand Drafting: TT,UB, FTZ, HT, FH, Ml
Reviewand Editing: TT,UB, FTZ, HT, FH, Ml

All authors approved the final manuscript and take
responsibility forthe integrity of the work.

Conflicts of Interest
Allthe authorsdeclare no conflict of interest.
Source of Funding

The author received no financial support for the research,
authorshipand/or publication of thisarticle.

REFERENCES

[1]1 lolascon A, Andolfo I, Russo R, Sanchez M, Busti F,
Swinkels D et al. Recommendations for Diagnosis,
Treatment, and Prevention of Iron Deficiencyand Iron
Deficiency Anemia. Hemasphere. 2024 Jul; 8(7):
€108.d0i:10.1002/hem3.108.

[2] Sundararajan S and Rabe H. Prevention of Iron
Deficiency Anemia in Infants and Toddlers. Pediatric
Research. 2021Jan; 89(1): 63-73. doi: 10.1038/s4139
0-020-0907-5.

[3] Kyei-ArthurF, AballoJ, Mahama AB, Adu-Afarwuah S.
Infant and Young Child Feeding Practices Among
Mothersin the Pilot Micronutrient Powder Initiative in
Four Geographically and Ethnically Diverse Districts
in Ghana. Plos One. 2024 Aug; 19(8): e0307961. doi:
10.1371/journal.pone.0307961.

(4]

(10]

DOI: https://doi.org/10.54393/pjhs.v7i2.3735

Andersen CT, Marsden DM, Duggan CP, Liu E,
Mozaffarian D, Fawzi WW. Oral Iron Supplementation
and Anemia in Children According to Schedule,
Duration, Dose and Cosupplementation: A
Systematic Review and Meta-Analysis of 129
Randomized Trials. British Medical Journal Global
Health. 2023 Feb; 8(2). doi: 10.1136/bmjgh-2022-
010745.

Machado MM, Lopes MD, SchincagliaRM, daCostaPS,
Coelho AS, Hadler MC. Effect of Fortification with
Multiple Micronutrient Powder on the Prevention and
Treatment of Iron Deficiency and Anemia in Brazilian
Children: A Randomized Clinical Trial. Nutrients.
2021dun; 13(7): 2160. doi: 10.3390/nu13072160.
Nicholson WK, Silverstein M, Wong JB, Chelmow D,
Coker TR, Davis EM et al. Screening and
Supplementation for Iron Deficiency and Iron
Deficiency Anemia During Pregnancy: US Preventive
Services Task Force Recommendation Statement.
Journal of the American Medical Association. 2024
Sep; 332(11): 906-13. doi: 10.1001/jama.2024.15196.
Arulparithi CS, Arunbabu T, Manjani S. Iron
Preparations in the Management of Iron Deficiency
Anemiain Infants and Children: A Systematic Review
and Meta-Analysis. Indian Pediatrics. 2023 Sep;
80(9): 752-8. doi: 10.1007/s13312-023-2991-6.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I,
Hoffmann TC, Mulrow CD et al. The PRISMA 2020
Statement: An Updated Guideline for Reporting
Systematic Reviews. British Medical Journal. 2021
Mar; 372.

Cumpston M, Li T, Page MJ, Chandler J, Welch VA,
Higgins JP et al. Updated Guidance for Trusted
Systematic Reviews: A New Edition of the Cochrane
Handbook for Systematic Reviews of Interventions.
The Cochrane Database of Systematic Reviews. 2019
Oct; 2019(10): EDO0O0142. doi: 10.1002/14651858.
Ed000142.

Munn Z, Stone JC, Aromataris E, Klugar M, Sears K,
Leonardi-Bee J et al. Assessing the Risk of Bias of
Quantitative Analytical Studies: Introducing the
Vision for Critical Appraisal Within JBI Systematic
Reviews. Joanna Briggs Institute Evidence
Synthesis. 2023 Mar; 21(3): 467-71. doi: 10.11124/
JBIES-22-00224.

Barker TH, Stone JC, SearsK, Klugar M, Leonardi-Bee
J, Tufanaru C et al. Revising the JBI Quantitative
Critical Appraisal Tools to Improve Their
Applicability: An Overview of Methods and the
Development Process. Joanna Briggs Institute
Evidence Synthesis. 2023 Mar; 21(3): 478-93. doi:
10.1M124/JBIES-22-00125.

PJHSL VOL. 7 Issue. 02 Feb 2026 Copyright ® 2026. PJHSL, Published by Crosslinks International Publishers LLC, USA
@ oy This work is licensed under a Creative Commons Attribution 4.0 International License. 176




Tahir T et al.,

[12]

(18]

PJHSL VOL. 7 Issue. 02 Feb 2026

Iron Supplementation in the Prevention and Treatment of Iron Deficiency Anemia

Kejo D, Petrucka P, Martin H, Mosha TC, Kimanya ME.
Efficacy of Different Doses of Multiple Micronutrient
Powder on Haemoglobin Concentration in Children
Aged 6-59 Months in Arusha District. Scientifica.
2019; 2019(1): 8979456. doi: 10.1155/2019/8979456.
Albelbeisi A, Shariff ZM, Mun CY, Rahman HA, Abed Y.
Multiple Micronutrient Supplementation Improves
Growth and Reduces the Risk of Anemia Among
Infants in Gaza Strip, Palestine: A Prospective
Randomized Community Trial. Nutrition Journal.
2020 Dec; 19(1): 133. doi: 10.1186/s12937-020-00652-
7.

Pachuta Wegier L, Kubiak M, Liebert A, Clavel T,
Montagne A, Stennevin A et al. Ferrous Sulfate Oral
Solution in Young Children with Iron Deficiency
Anemia: An Open-Label Trial of Efficacy, Safety, and
Acceptability. Pediatrics International. 2020 Jul;
62(7): 820-7.doi: 10.1111/ped.14237.

Pasricha SR, Hasan MI, Braat S, Larson LM, Tipu SM,
Hossain SJ et al. Benefits and Risks of Iron
Interventions in Infants in Rural Bangladesh. New
England Journal of Medicine. 2021Sep; 385(11): 982-
95.doi: 10.1056/NEJM0a2034187.

Black MM, Fernandez-Rao S, Nair KM, Balakrishna N,
Tilton N, Radhakrishna KV et al. A Randomized
Multiple Micronutrient Powder Point-of-Use
Fortification Trial Implemented in Indian Preschools
Increases Expressive Language and Reduces
Anemiaand Iron Deficiency. The Journal of Nutrition.
2021Jul; 151(7): 2029-42. doi: 10.1093/jn/nxab066.
Khan A, Ul-Haq Z, Fazid S, Fatima S, Muhammad N,
Ahmed J et al. Effectiveness of Locally Produced
Ready-To-Use Supplementary Food on Hemoglobin,
Anthropometrics, and Plasma Micronutrient
Concentrations of 6 To 23-Month-0ld Children: A
Non-Randomized Community-Based Trial from
Pakistan. Frontiersin Nutrition. 2023 Jul; 10: 1176778.
doi:10.3389/fnut.2023.1176778.

Khan A, Ul-Hag Z, Fatima S, Ahmed J, Alobaid HM,
Fazid S et al. Long-Term Impact of Multiple
Micronutrient Supplementation on Micronutrient
Status, Hemoglobin Level, and Growth in Children 24
To 59 Months of Age: A Non-Randomized
Community-Based Trial from Pakistan. Nutrients.
2023 Mar; 15(7): 1690. doi: 10.3390/nu15071690.
Larson LM, Feuerriegel D, Hasan MI, Braat S, Jin J,
Tipu SM et al. Supplementation with Iron Syrup or
Iron-Containing Multiple Micronutrient Powders
Alters Resting Brain Activity in Bangladeshi Children.
The Journal of Nutrition. 2023 Jan; 153(1): 352-63.
doi: 10.1016/j.tjnut.2022.12.026.

(20]

[23]

[27]

Copyright ® 2026. PJHSL, Published by Crosslinks International Publishers LLC, USA
This work is licensed under a Creative Commons Attribution 4.0 International License.

DOI: https://doi.org/10.54393/pjhs.v7i2.3735

Baldi A, Braat S, Hasan MI, Bennett C, Barrios M,
Jones N et al. Effects of Iron Supplements and Iron-
Containing Micronutrient Powders on the Gut
Microbiome in Bangladeshi Infants: A Randomized
Controlled Trial. Nature Communications. 2024 Oct;
15(1): 8640. doi: 10.1038/s41467-024-53013-x.

Frosch AE, Musiime V, Staley C, Conroy AL,
Rutebarika D, Ategeka G et al. Safety and Efficacy of
Iron Supplementation with 3 Months of Daily Ferrous
Sulphate in Children Living with HIV and Mild-To-
Moderate Anemia in Uganda: A Double-Blind,
Randomized, Placebo-Controlled Trial. The Lancet
HIV. 2024 Nov; 11(11): 727-35. doi: 10.1016/S2352-
3018(24)00238-8.

Naz N, Zafar Q, Jaffar, M, Khan K, Ibrahim M, Batool S.
Comparative Efficacy of Ferrous Sulphate
Monotherapy Versus Combination Therapy with
Vitamin C in Pediatric Iron Deficiency Anemia: A
Randomized Controlled Trial. Biological and Clinical
Sciences Research Journal. 2024; 5(1). doi: 10.54112/
bcsrj.v2024i1.843.

Terefe B and Chekole B. Prevalence of Multiple
Micronutrient Powders Consumption and Its
Determinants Among 6-To 23-Month-0ld Children in
East Africa: A Mixed Effect Analysis Using the Recent
Population-Based Cross-Sectional National Health
Survey. BioMed Central Nutrition. 2024 May; 10(1): 79.
doi:10.1186/s40795-024-00888-0.

Hailu MK, Wudu MA, Gebriye DB, Birhanu TA, Bekalu
YE. Prevalence of Anemia and its associated factors
among 6-59 months age children visiting public
hospitals at Afar Region, Northeast Ethiopia: a
hospital-based cross-sectional study. BioMed
Central Pediatrics. 2024 Sep; 24(1): 589. doi: 10.1186
/s12887-024-05078-2.

Beressa G, Desta F, Lencha B, Sahiledengle B, Atlaw
D, Gomora D et al. Iron-Rich Food Consumption and
Predictors among Children Aged 6-59 Months Old in
Ethiopia: A Multilevel Complex Sample Analysis of the
Ethiopian Mini-Demographic and Health Survey 2019
Data. Plos One. 2024 Jun; 19(6): e0305046. doi:
10.1371/journal.pone.0305046.

Rehman T, Agrawal R, Ahamed F, Das S, Mitra S,
Kumar D et al. Optimal Dose and Duration of Iron
Supplementation for TreatingIron Deficiency Anemia
in Children and Adolescents: A Systematic Review
and Meta-Analysis. Plos One. 2025 Feb; 20(2):
e0319068. doi: 10.1371/journal.pone.0319068.

Leung AK, Lam JM, Wong AH, Hon KL, Li X. Iron
Deficiency Anemia: An Updated Review. Current
Pediatric Reviews. 2024 Aug; 20(3): 339-56. doi:
10.2174/1573396320666230727102042.

177




. Iron Supplementation in the Prevention and Treatment of Iron Deficiency Anemia

DOI: https://doi.org/10.54393/pjhs.v7i2.3735

[28] Gedfie S, Getawa S, Melku M. Prevalence and
Associated Factors of Iron Deficiency and Iron
Deficiency Anemia among Under-5 Children: A
Systematic Review and Meta-Analysis. Global
Pediatric Health. 2022 Jul; 9: 2333794X221110860.
doi:10.1177/2333794X221110860.

[29] Gutema BT, Sorrie MB, Megersa ND, Yesera GE,
Yeshitila YG, Pauwels NS et al. Effects of Iron
Supplementation on Cognitive Development in
School-Age Children: Systematic Review and Meta-
Analysis. Plos One. 2023 Jun; 18(6): e0287703. doi:
10.1371/journal.pone.0287703.

[30] LiH, Moosavian SP, Ghanbari N, Mirlohi SH, Rahimlou
M. Association of Dietary Diversity and Odds of
Anemia in Children and Adolescents: A Systematic
Review and Meta-Analysis of Observational Studies.
BMC Nutrition. 2025 Apr; 11(1): 83. doi: 10.1186/s40795
-025-01069-3.

[31] Bahbah WA, Omar ZA, EI-Shafie AM, Mahrous KS, El
Zefzaf HM. Interventional Impact of Liposomal Iron
on Iron-Deficient Children's Developmental
Outcome: Randomized, Double-Blind, Placebo-
Controlled Trial. Pediatric Research. 2025 Jun: 1-2.
doi: 10.1038/s41390-025-04204-9.

[32] Dhanvijay AD, PatidarV, Singh J, Kumar S, Mudgal SK,
Varikasuvu SR et al. Efficacy of Daily Versus Alternate
Day Oral Iron Supplementation for Management of
Anaemia among the General Population: A
Systematic Review and Meta-Analysis. BioMed
Central Pharmacology and Toxicology. 2025 Aug;
26(1):152. doi: 10.1186/s40360-025-00984-2.

[33] Svensson L, Chmielewski G, Czyzewska E, Domell6f
M, Konarska Z, Piescik-Lech M et al. Effect of Low-
Dose Iron Supplementation on Early Development in
Breastfed Infants: A Randomized Clinical Trial.
Journal of the American Medical Association
Pediatrics. 2024 Jul; 178(7): 649-56. doi: 10.1001/
jamapediatrics.2024.1095.

[34] Andersen CT, Marsden DM, Duggan CP, Liu E,
Mozaffarian D, Fawzi WW. Oral Iron Supplementation
and Anemia in Children According to Schedule,
Duration, Dose, and Cosupplementation: A
Systematic Review and Meta-Analysis of 129
Randomized Trials. British Medical Journal Global
Health. 2023 Feb; 8(2). doi: 10.1136/bmjgh-2022-
010745.

[35] Dessie G, Li J, Nghiem S, Doan T. Prevalence and
Determinants of Stunting-Anemia and Wasting-
Anemia Comorbidities and Micronutrient
Deficiencies in Children Under 5 in the Least-
Developed Countries: A Systematic Review and
Meta-Analysis. Nutrition Reviews. 2025 Feb; 83(2):
e178-94.doi: 10.1093/nutrit/nuae063.

PJHSL VOL. 7 Issue. 02 Feb 2026 Copyright ® 2026. PJHSL, Published by Crosslinks International Publishers LLC, USA
@ oy This work is licensed under a Creative Commons Attribution 4.0 International License. 178




PNCL on Renal Function Tests and Hb Levels in the Early Postoperative Period

Hussain S etal.,

DOI: https://doi.org/10.54383/pjhs.v7i2.3636

PAKISTAN JOURNAL OF HEALTH SCIENCES 2
(LAHORE)
https://thejas.com.pk/index.php/pjhs

JOURNAL OF

ISSN (E): 2790-9352, (P): 2790-9344 *k‘

Volume 7, Issue 02 (February 2026)

Case Series

OPEN aACCESS

Effect of Percutaneous-Nephrolithotomy on Renal Function Tests and
Hemoglobin Levels in the Early Postoperative Period at 24 Hours and 21 Day

Saddam Hussain', Muhammad Saleem’, Farhan Ahmad", Malik Furgan Mahmood' and Muhammad Nasir Jamil'

'Department of Urology, Ayub Teaching Hospital, Abbottabad, Pakistan

ARTICLE INFO

ABSTRACT

Keywords:
Percutaneous Nephrolithotomy, Renal Function
Tests, eGFR, Hemoglobin

How to Cite:

Hussain, S., Saleem, M., Ahmad, F., Mahmood, M. F., &
Jamil, M. N. (2026). Effect of Percutaneous-
Nephrolithotomy on Renal Function Tests and
Hemoglobin Levels in the Early Postoperative Period
at 24 Hours and 21st Day: PNCL on Renal Function
Tests and Hb Levels in the Early Postoperative
Period. Pakistan Journal of Health Sciences, 7(2),
179-183. https://doi.org/10.54393/pjhs.v7i2.3636

*Corresponding Author:

Farhan Ahmad

Department of Urology, Ayub Teaching Hospital,
Abbottabad, Pakistan

farhan.ahmad978@gmail.com

Received Date: 1 December, 2025
Revised Date: 8" January, 2026
Acceptance Date: 14" January, 2026
Published Date: 28" February, 2026

The impact of percutaneous nephrolithotomy (PCNL) on renal function tests (RFTs) and
hemoglobin (Hb) levels remains debated. Early postoperative changes may indicate transient
renal dysfunction and hematological shifts. Objectives: To evaluate measurable changes in
serum creatinine, blood urea nitrogen (BUN), estimated glomerular filtration rate (eGFR), and
hemoglobin (Hb) following PCNL at 24 hours and 21 days post-procedure. Methods: A detailed
case series was conducted at the Department of Urology, Ayub Teaching Hospital, Abbottabad,
for exactly three months (2nd August to November 2025). During consecutive sampling, 68
patients aged 18-65 years, ASA Class I-Il, subjected to PCNL were included. Renal functions
were assessed using eGFR(MDRD formula), while Hb was measured at baseline, 24 hours, and 21
days postoperatively. Repeated-measures ANOVA was performed to analyze within-subject
comparisons, while chi-square tests were used for categorical variables. Results: Both eGFR
and Hb showed significant declines at 24 hours post-PCNL (64.8 +12.9 ml/min/1.73m?and 12.4 +
2.2 g/dL, respectively; p<0.001vs. baseline). By day 21, partial recovery (eGFR 69.7 +13.1; Hb 13.4
+1.9) was noted, showing significantly lower values compared to preoperative levels (p<0.001).
Higher eGFR and Hb values were observed in younger patients (18-35 years) across all time
points(p<0.05). Conclusions: PCNL producesaninitial decline in renal functionand hemoglobin
levels, with partial recovery by three weeks. Postoperative fluctuations are significantly
influencedbyage, emphasizingthe needfor close monitoringinyounger patients.

INTRODUCTION

Renal stone disease affects 2-20% of the global population
and shows a rising trend in adults. The presence of urinary
tract stones causingrenalimpairment varies depending on
the obstruction orinfection status. The link between stone
formation and chronic conditions such as metabolic
syndrome, diabetes, and hypertension has been studied to
devise treatment strategies for urinary stones, aiming to
restore kidney function. Minimally invasive surgical
approaches are recommended over traditional open
surgeries due to their milder impact on kidney function[1].
Kidney stones that tend to grow or persist for over two
years are associated with a high risk of recurrence or

urinary tract infections, followed by obstruction, bleeding,
or persistent pain, and thus require active intervention.
Careful evaluation of renal function is required in such
cases. Patients with recurrent stone episodes, coexisting
medical conditions, infections, and urinary blockage
leading to renal insufficiency are influenced by several
factors. High-risk individuals are screened for renal
function tests to ensure optimal treatment planning.
Retrograde intrarenal surgery (RIRS) and miniaturized
percutaneous nephrolithotomy (mini-PCNL) are proven to
be effective and safe treatment options among minimally
invasive procedures [2, 3]. Individuals with moderate to
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large upper urinary tract stones are commonly directed to
PCNL. Despite beinglessinvasive than opensurgery, PCNL
is still associated with significant pain and potential
complications, including bleeding, infections, and damage
to nearby organs. Postoperative discomfort and
hemoglobin loss vary according to patient-specific factors
such as BMI, stone size, and stone location. Procedural
modifications, such as the use of balloon or Amplatz™
dilators, help reduce blood loss and pain by minimizing
operative time, implementing staged procedures for
extensive stone burdens, and using ultrasound-guided
access [4]. Renal function tests (RFTs), including blood
urea nitrogen (BUN) and serum creatinine, are considered
key indicators of kidney health. The impact of surgery on
renalfunctionis determined by assessing RFTs after PCNL,
which helps detect complicationsatan early stage, such as
acute kidney injury (AKI) [5]. Hemoglobin (Hb) levels are
tracked to assess blood oxygenation and potential
hemorrhage after surgery. Regular hematological
evaluations reinforce the correlation between surgical
blood loss and compensatory physiological responses[6].
Glomerular filtration rate (GFR) shows a fluctuating pattern
similar to serum creatinine, with a notable postoperative
decline and subsequent recovery. For example, Hosseini et
al. reported a mean preoperative GFR of 74.89 mL/min,
dropping to 64.04 mL/min at 48 hours and recovering to
69.54 mL/min at 72 hours (p<0.0001). A significant
reduction in hemoglobin levels following PCNL was also
reported, with average preoperative Hb at 15.06 + 0.87 g/dL,
dropping to 13.09 + 1.06 g/dL post-surgery (p<0.0005)[6].
Early diagnosis of kidney function fluctuations or
hemoglobin decline may help minimize potential
complicationsand ensure smootherrecovery.

This study aims to evaluate measurable changes in RFTs
(serum creatinine, BUN, eGFR) and Hb following PCNL,
particularlyat 24 hoursand 21days post-procedure.

METHODS

A descriptive case series was conducted at the
Department of Urology, Ayub Teaching Hospital,
Abbottabad, over a period of three months (2nd August to
November 2025) after approval of the synopsis. The study
was conducted following approval from the Ethical
Committee of Ayub Teaching Hospital, Abbottabad
(Approval Code/Ref.No.RC-EA-2025/003). The sample size
for the study was determined using the WHO sample size
calculator to be 68 patients. The sample size was
calculated to achieve 80% statistical power at a
significancelevel of 0.05, based on the assumed effect size
derived from prior studies. The calculation considered the
mean postoperative hemoglobin level of 13.09 + 1.06 g/dL
for this study [7]. A non-probability consecutive sampling
technique was utilized, acknowledging potential selection

DOI: https://doi.org/10.54383/pjhs.v7i2.3636

bias but chosen for feasibility in a tertiary care setting. All
cases of either gender, ranging in age from 18 to 65 years,
who underwent PCNL and were ASA Class | or Il were
included. Exclusion criteria included smokers, ASA Class
[1I-1V, and those with a history of more than one
percutaneous intervention or taking drugs that affect
hemodynamics or electrolyte balance. A total of 68
patients were selected based on inclusion criteria, with
each participant providing informed written consent.
Demographic profile, including registration number, age,
gender, BMI category, and place of residence, was
recorded. Preoperative assessment included urine culture
and analysis (with antibiotics prescribed for urinary
infections), serum biochemistry and electrolyte
evaluations (creatinine, urea, sodium, potassium,
chloride), coagulation profile (prothrombin time, partial
thromboplastin time), viral hepatitis markers (HBsAg,
HBcAb, HCVADb), complete blood count, and body weight
measurement. Non-contrast CT scans and kidney, ureter,
and bladder imaging were performed for all patients.
General anesthesia was given to perform the tubeless
PCNL technique. A 4-5Fr ureteral catheter was placed and
positioned. The target calyx was punctured with a guide
wire under fluoroscopic guidance. Tract dilation was
carried out in a single step using Amplatz dilatators. A
pneumatic lithotripter (LithoCrack, Sp. Swiss-Germany)
with continuous saline irrigation was used to remove the
stone, aided by placement of the Amplatz sheath. An
additional access site was created for residual stones >2
cm. Shock wave lithotripsy (SWL) was performed for
residual stones <2 cm. Ureteral and Foley catheters were
removed between 12 and 24 hours postoperatively.
Glomerular filtration rate (GFR)and hemoglobin levels were
observed at baseline, 24 hours, and 21 days post-surgery.
GFR was calculated using the simplified MDRD equation:
eGFR (ml/min/1.73m?) =186 x [ Scr]*-1.154 x [ Age ]*-0.203 x
[0.742 if female]=[1.21if black]. SPSS version 26 was used
for analysis. Normality was tested with the Shapiro-Wilk
test (results reported: GFR and Hb were normally
distributed, p>0.05). Mean + SD were computed for
numerical variables (age, surgery duration, GFR, Hb).
Frequencies and percentages were used for categorical
variables (gender, side, BMI). Repeated-measures ANOVA
was applied for within-subject comparisons across time
points (pre-op, 24h, 21d). Stratification was performed by
age, gender, side, and BMI. For comparisons across more
than two groups (e.g., age categories), ANOVA was
consistently used instead of independent t-tests. A p-
value<0.05was considered statistically significant.
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RESULTS

The mean age was 40.52 * 13.74 years. Most were male
(78.3%, n=b4) compared to females (20.3%, n=14). BMI
distribution: 2.9% underweight (n=2), 23.2% normal (n=16),
42% overweight (n=29), and 30.4% obese (n=21). All this
descriptive analysisissummarizedintablel.

Table1: Descriptive Statistics of the Study Group

DOI: https://doi.org/10.54383/pjhs.v7i2.3636

remained significantly lower than baseline (p<0.001).
Repeated-measures ANOVA confirmed significant time
effects(p<0.001), assummarizedintable 2.

Table 2: Comparison of Trends of GFR and Hb Trends Following
PCNL

. Pairwise
Pairwise o oluevs ANOVA

i Time point + -value vs
AELEL p Mean + SD pPre-op 24h post- (p-value)

op

Variables Frequency (%), Mean * SD Pre-op 74.76 +11.05 _ —
Age 4052 +13.74 GFR  |24hrpost-op|64.79+10.92| <0.001 - (<8:[13%1)
Gender 21day post-op| 69.66 +11.11 <0.001 <0.001
Male 54(78.3%) Pre-Op 145+1.72 - -
Female 14(20.3%) Hb 24hr post-op| 12.38+2.17 | <0.001 - (<8:g)%1)

BMI Category

21day post-op| 13.38 +1.85 <0.001 <0.001

Underweight 2(2.9%)
Normal 16(23.2%)
Overweight 29(42%)
Obese 21(30.4%)

The GFR means with rangesin preop, 24 hours postop, and
21days post op period were: 74 .76 (59 - 98), 64.79 (52-87),
and 69.66 (54 - 93), respectively. Similarly, the HB level
means with ranges in preop, 24 hours postop, and 21-day
postop were: 14.5(10 - 18), 12.38 (8 - 17), and 13.38 (9 - 17),
respectively. Following PCNL, both GFR and Hb showed a
significantdeclineat 24 hours(GFR: 64.79+12.9, Hb: 12.38 +
2.17; p<0.001vs. pre-op). Partial recovery was observed by
day 21 (GFR: 69.66 + 13.1, Hb: 13.38 + 1.85), though values

Inthis study, GFR changes after PCNL were more marked in
the younger age group 18-35 years: they had higher GFR at
all time points (pre-op: 82.04, 24hr: 71.12, 21day: 77.29) in
comparison to the older groups, and this was statistically
significant (p<0.001). But gender and BMI didn't show any
significant difference in GFR values: male and female had
similar GFR (pre-op 74.90 vs 74.21, p=0.79, 21day postop
69.4 vs 70.64, p=0.65), and the BMI groups too
demonstrated quite comparable values(pre-oprange 71.50
to 76.28, p=0.76, 21-day range 67.75 to 71.09, p=0.75). So
only age was associated with statistically significant GFR
fluctuation, asshownintable 3.

Table 3: Association of Demographic Featureswith the GFR Fluctuations

Variables Time point GFR (Mean +SD) F (p-value)
Pre-op 82.04 +18.42: 71.56 + 16.67: 69.95 + 15.01 20.8(<0.001)
Age (18-35: 36-50: 51-65) 24 Hours Post-Op 71.12 +16.81: 62.30 + 16.35: 60.28 + 15.64 19.18(<0.001)
21 Days Post-Op 77.29 +18.30: 66.52 + 17.56: 64.38 £ 15.51 20.80(<0.001)
Pre-Op 74.90 +18.78: 74.21 18.82 0.069(0.79)
Gender (Male: Female) 24 Hours Post-Op 64.57 +17.81: 65.64 +18.20 0.204(0.65)
21 Days Post-Op 69.40 +19.00: 70.64 + 20.19 0.198(0.65)
. Pre-Op 71.50 + 27.67: 73.75 + 15.36: 74.44 + 17.80: 76.28 £ 21.33 0.380(0.76)
,fo':'mca"’l‘t%g\f’erryvéggifr‘gﬁ'eg;tty) 24 Hours Post-Op 63.50 + 22.02: 63.43 + 15.75: 65.03 + 17.19: 65.61 19.96 0.255(0.85)
21 Days Post-Op 69.00 + 26.97: 67.75 + 16.34: 69.72 + 19.36: 71.09 + 20.52 0.394(0.75)

The Hb level change after PCNL was higher in the young age group. Age 18-35 had higher Hb at all time (pre-op 15.25, 24hr
13.29, 21day 14.00) than older groups, and this difference was significant (p=0.01, 0.03, 0.05). But gender didn't show any
difference: male and female almost had similar readings (pre-op 14.51vs 14.42, p=0.86, 21day postop 13.37 vs 13.42, p=0.91).
Also, BMIgroups had similar Hb values(pre-op range 14.00 to 14.81, p=0.63, 21day postop 12.0 t0 13.56, p=0.65). So only age was
relatedtoHb fluctuation, asshownintable 4.

Table 4: Association of Demographic Features withthe Hb Fluctuations

Variables Time point GFR (Mean £ SD) F (p-value)
Pre-op 15.25+1.39: 14.39 + 1.69: 13.76 + 1.81 4.71(0.01)
Age (18-35: 36-50: 51-65) 24 Hours Post-Op 13.29.£1.98: 12.00 + 2.13: 11.76 £ 2.16 3.57(0.03)
21 Days Post-Op 14.00 +1.50: 13.39 £ 1.90: 12.66 + 1.98 3.08(0.05)
Pre-Op 14.51+1.75: 14.42 +1.65: 14.50 + 1.72 0.03(0.86)
Gender (Male: Female)
24 Hours Post-Op 12.37+2.15:12.42 +2.31: 12.3 £ 2.17 0.00(0.93)
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21 Days Post-Op 13.37+1.92: 13.42 +1.60: 13.38 + 1.85 0.01(0.91)
oM Catedory (Undormeiahts Pre-Op 14.00 +2.82: 14.811.10: 14.62 + 1.95: 14.14 +1.74 0.56(0.63)
ategoryiLnderweignt: 24 Hours Post-Op 10.50 + 3.53: 12.62 +1.50: 12.51+ 2.47: 12.19 + 2.11 0.64(0.58)

Normal: Overweight: Obesity)
21 Days Post-Op 12.00 +2.82: 13.56 + 1.15: 13.51+1.95: 13.19 + 2.11 0.53(0.65)

DISCUSSION

This study reinforces evidence that PCNL exerts a
measurable impact on renal function and hematological
parameters. The decline in GFR and Hb at 24 hours
postoperatively is consistent with prior studies reporting
transient renal impairment and blood loss[7, 8]. Mean GFR
dropped from baseline (74.89 mL/min) to 64.79 mL/min at
24 hours, with partial recovery to 69.66 mL/min by day 21.
Thistrajectoryresemblesfindingsby Ranetal.[9]. Younger
patients demonstrated higher baseline and recovery
values, supporting better renal reserve. Hemoglobin
declined from 14.51 g/dL to 12.38 g/dL, consistent with
intraoperative blood loss [8]. Partial recovery by day 21
(13.38 g/dL) reflected compensatory hematopoiesis. Age
wasthe only significant factorinfluencingboth GFRand Hb.
Gender and BMI showed no significant associations. These
findings align with long-term studies on mini-PCNL and
RIRS[10]. Best practices to minimize trauma and bleeding
include tubeless PCNL with Amplatz dilators and
pneumatic lithotripsy [11-14]. Vigilant postoperative
monitoring of RFTs and Hb is essential to detect early
complications[15-20].

The study's sample size was relatively small, and follow-up
was limited to 21days, restrictingassessment of long-term
renal recovery. Additionally, factors such as intraoperative
blood loss, stone size, and comorbidities were not fully
controlled. Future studies should include larger cohorts
with extended follow-up to evaluate long-term renal
functionand hematologicalrecoveryafter PCNL.

CONCLUSIONS

PCNL is associated with a measurable decline in renal
function(GFR)and hemoglobin levels within 24 hours, with
partial recovery by 21 days. Age significantly influences
recovery patterns, while gender and BMI do not. These
findings highlight the importance of age-based risk
stratificationand close postoperative monitoring.
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