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ABSTRACT

Objectives: To evaluate the maternal and perinatal outcomes of preeclampsia in
accordance with the World Health Organization prematurity criteria, in a low-resource
setting. Methods: This cross-sectional study was conducted from January 2017 to
December 2019 at Aga Khan University Hospital, Karachi. All women with preterm
preeclampsia were included in the study. Cases with fetal anomalies or incomplete
medical records were excluded. Participants were grouped according to gestational age
at delivery, following the World Health Organization prematurity classification: (I)
extremely preterm birth (EPB): 24-27*¢ weeks, (II) very preterm birth (VPB): 28—
31%¢ weeks, and (III) moderate to late preterm birth (MLPB): 32-36*¢ weeks. Data
was statistically analyzed. Results: The study included 324 women who delivered at
the following gestation terms: EPB = 89 (27.5%), VPB = 35 (10.8%), and MLPB =
200 (61.7%), resulting in 331 neonates. Serious maternal complications developed in
45 (13.9%) women. Intrauterine death occurred in 18 (5.6%) cases. The median birth
weights were significantly lower in the EPB and VPB groups. Of the 331 neonates,
21 (6.3%) died (20 in the EPB group and one in the MLPB group). Neonatal ICU
admission, ventilator support, and low Apgar scores were also significantly more frequent
in the EPB group. Conclusions: Neonatal mortality rises significantly when delivery
occurs before 28 weeks of gestation. Complications rise with preeclampsia before 32
weeks. Vigilant monitoring and timely referral improve outcomes, but in resource-limited
settings like Pakistan, restricted access to specialized care indicate the need for targeted
healthcare investment.

reeclampsia is a disease of placenta,

responsible for the annual death of

approximately 30 000 women' and 500 000

infants worldwide.?? It is defined as new-
onset hypertension (> 140/90 mmHg) after 20 weeks
of gestation in a previously normotensive woman,
accompanied by proteinuria (= 300 mg/24h, protein/
creatinine ratio > 0.3, or dipstick > 14) or evidence of
end-organ dysfunction.”

Preeclampsia is a multiorgan disorder with end-
organ involvement, including thrombocytopenia
(platelet count < 100000/pL), renal insufficiency
(serum creatinine > 1.1 mg/dL or doublingofbaseline),
elevated liver enzymes (> 2x upper limit of normal)
with or without severe epigastric pain, pulmonary
edema, or persistent neurological symptoms such as
headache or visual disturbances.* Severe disease can
lead to maternal seizures, intracranial hemorrhage,
and death of the mother and fetus and is associated
with significant morbidity and mortality in middle-

and low-income countries.’ In Pakistan, about
34% percent of maternal deaths are attributed to
complications related to preeclampsia.®

Delivery is the definitive treatment for
preeclampsia. However, determining the timing of
delivery can be challenging, considering the often-
conflicting maternal and neonatal outcomes. The
World Health Organization (WHQO) recommends
expectant management till 37 weeks of gestation, with
close maternal and fetal surveillance using clinical,
biochemical, and hematological markers.* However,
delivery is indicated in cases of severe preeclampsia
or signs of impending eclampsia, regardless of
gestational age.

Eclampsia-related preterm births” account for
about 25-30% of all preterm deliveries.*” The
burden is higher in developing countries with limited
resources, leading to higher rates of maternal and
perinatal mortality.!” Healthcare providers in low-
resource settings face a difficult trade-off between
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carly delivery and the risk of maternal and fetal
morbidity and mortality.

The present study was conducted at the Aga Khan
University Hospital in Karachi, a 659-bedded private
sector teaching hospital that receives referrals from
a wide catchment area encompassing the city and
surrounding regions. During our three-year study
period, Aga Khan University Hospital conducted a
total of 16229 deliveries, averaging approximately
5400 per year. The mean prevalence of preeclampsia
during this period was around 6.7% as per our
departmental statistics.

Our study aimed to evaluate the maternal and
perinatal outcomes of preeclampsia in the above
population. Its findings will assist obstetricians to use
locally relevant data for counseling expectant parents,
and inform policymakers to develop local and national
referral protocols and resource allocation strategies.

METHODS

This cross-sectional study was conducted from
January 2017 to December 2019 at the Department
of Obstetrics and Gynecology at Aga Khan University
Hospital, Karachi. We included all pregnant women
diagnosed with preeclampsia between 24" and 36
weeks of gestation. Women with fetal anomalies or
incomplete medical records were excluded.

Participants were classified according to the
WHO prematurity classification: group I: extremely
preterm birth (EPB): 24-27%¢ weeks of gestation;
group II: very preterm birth (VPB): 28-31*¢ weeks;
group III: moderate to late preterm birth (MLPB):
32-36" weeks. Demographic data of the mothers and
newborns were collected from the hospital medical
records, the labor room management system, and the
neonatal intensive care unit (NICU).

The following outcome data were collected:
gestational week at delivery, mode of delivery, maternal
complications (e.g., eclampsia, stroke, pulmonary
edema, abruptio placenta, maternal mortality, etc.),
fetal growth restriction (FGR), newborn birth weight,
Apgar score, NICU admission, neonatal death, and
intrauterine death (IUD).

Statistical analysis was performed using IBM
SPSS 19.0 for Windows (IBM Corp., Chicago,
IL, USA). Numeric variables were expressed as
mean + SD or median with IQR. Categorical data
were reported as proportions and percentages.
Continuous variables were evaluated using visual

(histograms) and analytical (Shapiro-Wilks test)
methods. Normally distributed data were assessed
using one-way analysis of variance. Kruskal-Walliss
test and Mann-Whitney U test compared non-
normally distributed metric data. Chi-square
test and Fisher’s exact test was used to analyze
categorical data. Variables with p < 0.20 in the
univariate analysis were subjected to a multivariable
model to explore independent risk factors.
Multinomial logistic regression analysis was used
to determine independent predictors for EPB and
VPB. Statistical significance was set at p < 0.05.

Ethical Review Committee of Aga Khan
University evaluated the study proposal (Ref. No.
2020-3531-11013 dated 2 July 2020). It waived
the need for ethical permission in view of its
retrospective nature and the lack of direct patient
involvement. All data were maintained with strict
confidentiality and no personally identifiable
information was collected.

RESULTS
The participants comprised 324 women with
preeclampsia, with mean age of 29.8 + 5.1 years and
who delivered between 24 and 36*¢ weeks of gestation.
Among them, 202 (62.3%) were booked, and 225
(69.4%) were primiparous. About one third (106;
32.7%) had a history of miscarriage and 23 (7.1%)
had multiple gestations. The mean age, history of
miscarriage, parity, and multiple pregnancies were not
statistically significant across the groups. Ten (3.1%)
women conceived through in vitro fertilization,
with no significant difference among the groups (p =
0.848). The rate of unbooked cases was significantly
higher in EPB as compared to MLPB (p < 0.010). The
most common maternal comorbidities were diabetes
mellitus (25.6%) and thyroid disease (5.2%) [ Table 1].

Most 285 (87.9%) women underwent cesarean
sections, while a minority (39; 12.0%) had vaginal
deliveries, resulting in 331 neonates, including twins
and triplets. Based on gestational age at delivery,
women were classified into EPB = 89 women
(27.5%; 91 neonates); VPB = 35 women (10.8%;
39 neonates); MLPB = 200 women (61.7%; 201
neonates) [ Table 2].

Table 2 compares maternal characteristics and
complications between the groups. FGR-intrauterine
growth restriction was diagnosed in 127 (39.2%)
participants. The rate of intrauterine growth
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Table 1: Comparison of characteristics of women with preeclampsia and preterm deliveries, stratified as per
World Health Organization prematurity classification (N = 324).

Variables EPB VPB MLPB p-value
n=_89 n=35 n =200
n (%) n (%) n (%)
Age, mean £ SD, years 29.4+5.6 29.6 + 4.6 30.1 +£5.0 0.622
Booking Status

Booked 42 (472) 18 (51.4) 142 (71.1%)

Unbooked 47 (52.8)" 17 (48.6)* 58 (29.0%) 0.005*
Previous miscarriage 35 (39.3) 11(31.4) 60 (30.0%) 0.292
Parity

Nullipara 68 (76.4) 23 (65.7) 134 (67.0)

Multipara 21(23.6) 12 (34.3) 66(33.0) 0.244
IVF pregnancy 2(2.2) 1(2.9) 7 (3.5) 0.848
Multiple pregnancies 8(9.0) 4(114) 11(5.5) 0.324
Comorbidities

Diabetes mellitus 17 (19.1) 6(17.1) 60 (30.0) 0.070

Thyroid discase 5(5.6) - 12 (6.0) 0.334

“Significant; EPB: extremely preterm birth; VPB: very preterm birth; MLPB: moderate to late preterm birth; IVF: in vitro fertilization; p < 0.01 vs. MLPB; 'p <

0.010vs. MLPB.

Table 2: Comparison of maternal characteristic of women stratified as per World Health Organization
prematurity classification (N = 324).

Variables EPB VPB MLPB p-value
n =389 n=35 n =200
n (%) n (%) n (%)
Mode of delivery
Vaginal delivery 9(10.1) 2(5.7) 28 (14.0) 0.307
Cesarean section 80 (89.9) 33 (94.3) 172 (86.0)
Pregnancy complications
Cerebrovascular accident 1(1.1) 0(0.0) 1(05) 0.728
Eclampsia 3(3.4) 0(0.0) 1(05) 0.098
Pulmonary edema 1(1.1) 2(57) 5(25) 0.333
Cardiomyopathy 3(3.4) 0(0.0) 0(0.0) 0.052
Acute renal failure 0(0.0) 1(29) 0(0.0) 0.383
Abruption placenta 2(22) 3(8.6) 7(3.5) 0.460
Postpartum hemorrhage 3(3.4) 2(5.7) 2(1.0) 0.115
HELLP syndrome 4(45) 6(17.1)" 7(35) 0.004
Maternal mortality 0(0.0) 0(0.0) 0(0.0) NA
Intrauterine death 6(67) 2(57) 10 (5.0) 0.836
FGRIUGR 53 (59.6) 19 (54.3)" 55 (27.5) <0.001
Overall complications* 14 (15.7) 11 (31.4) 20 (10.0) 0.003"

EPB: extremely preterm birth; VPB: very preterm birth; MLPB: moderate 1o late preterm birth; IVF: in vitro fertilization; HELLP: hemolysis, elevated liver
enzymes, and low platelet count; FGR-IUGR: fetal growth restriction-intrauterine growth restriction; NA: not applicable.
'p<0.01 vs. MLPB; 'p < 0.01 vs. MLPB;'p < 0.01 vs. EPB.

restriction was significantly higher in women with
EPB (59.6% vs. 27.5%; p < 0.01) and VPB (54.3%
vs. 27.5%; p < 0.01) as compared to MLPB, with no
significant difference between EPB and VPB. A total
of 45 (13.9%) women developed serious maternal
complications, including eclampsia, pulmonary

edema, abruptio placenta, postpartum hemorrhage,
and hemolysis, elevated liver enzymes, and low
platelet count (HELLP) syndrome. The overall rate
of complications was significantly higher in the VPB
group than in the MLPB group (31.4% vs. 10.0%; p
< 0.010). HELLP syndrome was significantly more

LHEIA A A

Oman Medical Specialty Board -



ZAHEENA [SLAM, ET AL.

prevalent in the VPB group than in the EPB (17.1%
vs. 3.5%; p < 0.010) and MLPB (17.1% vs. 4.5%;
p < 0.010). IUD occurred in 18 (5.6%) cases with
no significant differences across groups. Unadjusted
and adjusted odds ratios for independent risk
factors were investigated using multinomial logistic
regression analysis. HELLP syndrome was the most
critical risk factor in the VPB group. IUD was
identified as a significant risk factor in EPB and VPB
compared to MLPB in univariate and multivariate
analyses after controlling the effect of booking status,
parity, HELLP syndrome, diabetes, and preexisting
hypertension [ Table 3].

Intergroup comparison of neonatal outcomes

is presented in Table 4. The median birth weight

was significantly lower in the EPB and VPB groups
compared to the MLPB group. The rate of very low
birth weight (< 1.5 kg) was significantly higher in
EPB than in MLPB (89.0% vs. 12.9%; p < 0.01) and in
VPB than in MLPB (76.9% vs. 12.9%; p < 0.01). The
need for ventilatory support and Apgar score < 7 were
significantly greater in the EPB compared to VPB and
MLPB groups. Among 331 neonates, 21 (6.3%) died,
with mortality rates significantly higher in the EPB
group compared to VPB and MLPB.

DISCUSSION
Our study revealed a high incidence of maternal
complications, particularly in the EPB and VPB

Table 3: Comparative risk factors between EPB, VPB, and MLPB using multinomial logistic regression

(N = 324).
Risk factors EPB vs. VPB EPB vs. MLPB VPB vs. MLPB
Un-adj. OR Adj.aOR Un-adj OR AdjaOR Un-adj OR AdjaOR
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Unbooked*  1.19(0.54-2.59) 1.40 (0.61-3.22) 2.74 (1.63~ 2.31(1.32- 2.31(1.11- 1.64 (0.75-
4.59) 4.45) 4.79) 3.61)
Nullipara* 1.69 (0.72-3.96)  1.69 (0.69-4.12) 1.59 (0.90- 1.48 (0.81- 0.94 (0.44~ 0.88 (0.39-
2.82) 2.78) 2.01) 2.00)
HELLP 0.27 (0.06-0.86)" 0.23 (0.53- 1.29 (0.37- 1.81 (0.48- 5.70 (1.79- 8.06 (2.24—
syndrome* 0.95) 4.55) 6.83) 18.16)° 28.04)"
Preexisting 1.14 (0.41-3.18)  1.17 (0.40-3.43) 0.55 (0.30- 0.77 (0.39- 0.48 (0.19- 0.66 (0.25-
DM* 1.01) 1.52) 1.22) 1.77)
Preexisting 1.52 (0.69-3.34)  1.52(0.67-3.48) 1.57 (0.95- 2.16(1.23- 1.03(0.5-2.12)  1.42(0.65-
hypertension* 2.59) 3.81) 3.12)
IUGR* 0.96 (0.40-2.29) 3.88 (2.29- 3.76 (2.13- 3.13 (1.50- 3.91 (1.72-
6.56)" 6.64)" 6.52)" 8.86)"

“Reference groups: Booked; Multipara; No HELLP syndrome; No DM; No chronic hypertension No IUGR ; EPB: extremely preterm birth; VPB: very preterm
birth; MLPB: moderate to late preterm birth; DM: diabetes mellitus; IUGR: intrauterine 1o wih restriction; HELLP: /af’mo/)/xi,s’, elevated liver engymes, low ]I/ﬂlf’/et
count; p < 0.010; Adj, aOR: ﬂ/ljﬂ&lf/] odds ratio.

Table 4: Comparison of neonatal outcome among women with EPB, VPB, and MLPB groups (N = 331).

Variables Total neonates EPB VPB MLPB p-value
N =331 n=91* n=39* n=201*%*
n (%) n (%) n (%) n (%)
Birth weight, mean + SD (range), kg 1.7+0.7 1.1£0.8 12403 21+£05 <0.001
(0.3-8.0) (0.3-8.0) (0.6-5.0) (1.0-3.9)
NICU admission 202 (61.0) 88 (96.7)" 39 (100) # 75 (37.3) <0.001
Ventilator support 51(15.4) 39 (42.9) 3(7.7) 9 (4.5) <0.001
Apgar score < 7 13 (3.9) 11(12.1) 2(5.1) 0(0.0) < 0.001
Neonatal death 21(6.3) 20 (22.0)f 0(0.0) 1(05) <0.001

EPB: extremely preterm birth; VPB: very preterm birth; MLPB: moderate to late preterm birth; 'p < 0.01 vs. MLPB; p<0.01 vs. MLPB.; Mann-Whitney U test
[for median comparison; Chi-square test for proportion comparation. " 81 had singletons; 8 had twin pregnancies; and 6 IUD. Therefore, n=81+16 =97~ 6=91.; **
31 women had siﬂg/flrm, 1100 had twins and two had ti'zp/e[,\‘, two were [UD; thus, n=31 + 4+ 6 =41 - 2= 39.; **189 women had. 5ing/z'lon, 11 had twins and 10 were
TUD; thus, =189+ 22=211-10=201.
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groups. The VPB group experienced twice the
complication rate of EPB group and three times
that of MLPB group. This suggests that carly-onset
preeclampsia (before 34 weeks) carries significantly
greater risk of complications. These findings are
consistent with prior studies showing that early-onset
preeclampsia has a worse prognosis compared to
the late-onset variant (34-37 weeks).!"'? This is also
supported by a systematic review by Guida et al.’?

Although both EPB and VPB groups had higher
incidence of early-onset preeclampsia, the VPB group
showed twice the rate of maternal complications. This
apparent paradox likely reflects a more interventionist
approach in the EPB group, where gestational age < 28
weeks shifts the priority to maternal well-being due to
the poor fetal prognosis.* After 28 weeks, the priority
changes to prolonging pregnancy to improve fetal
survival, unless maternal or perinatal risk becomes
imminent.* Pakistan’s high maternal mortality rate
(186 per 100000 live births) may further contribute
to the risk." Perinatal outcomes are also poorer than
in other low and middle-income countries, with a
neonatal mortality rate of 41 per 1000 live births.'> ¢

However, this pattern is not unique to Pakistan
or the developing world.'® A systematic review by G.
Scott et al,"” recommended early delivery in cases of
severe preeclampsia, irrespective of gestational age.For
late-onset preterm preeclampsia, there is clear evidence
supporting planned preterm delivery to prevent severe
maternal morbidity."® Our data align with previous
studies showing that preeclampsia causes severe organ
dysfunction, highlighting the fact that no form of this
condition is benign."!

Half of the women in both EPB and VPB were
un-booked referrals, whereas 71.0% of MLPB cases
were booked—likely because more complicated cases
were referred for advanced care of the mother and
baby from primary and secondary centers. Studies
show that the interval between diagnosis and delivery
in preeclampsia is usually brief, even among women
with less severe symptoms managed expectantly.”” In
such situations, delays in transferring patients should
be avoided. ¥

There is limited guidance regarding the mode
of delivery in preterm preeclampsia. In our study,
88.0% of women delivered by cesarean section, with
no significant differences across the three groups.
This contrasts with term preeclampsia, where vaginal
delivery is typically preferred.* When preterm birth

is indicated, many opt for cesarean section due to the

severity of maternal conditions, prolonged induction
times, and concerns about fetal tolerance during
labor.*! Similarly, a study on Chinese women with
severe preeclampsia reported a very high rate (84.9%)
of cesarean delivery athough most cases were term
deliveries.”>* However, a study in the USA reported
that nearly half of women with preterm preeclampsia
delivered vaginally after induction of labor, with
comparatively low maternal morbidities and better
neonatal outcomes, suggestive of higher quality
of care.**

More than half of the pregnancies in our EPB and
VPB groups experienced complications, compared
over one-quarter in the MLPB group. FGR was
the most prevalent complication observed. Other
researchers have also reported a strong association
between FGR and severe and early-onset preeclampsia,
attributable to the common pathophysiology of FGR
and early-onset preeclampsia.”*” This has led some
researchers to propose including FGR among the
diagnostic criteria of preeclampsia as a form of organ
dysfunction.” Our results show the rate of FGR to be
almost double in the EPB and VPB groups compared
to the MLPB group, supporting the hypothesis
that preeclampsia has different subtypes based on
etiology—one associated with placental dysfunction
and FGR, and another with normal or enhanced
placental function.”

We found that neonatal outcomes depended
primarily on gestational age at delivery and were
mainly prematurity-related. Significant differences
were observed across the groups in weight at birth,
NICU admission, and the requirement for ventilatory
support. The rate of neonatal death was highest in the
EPB group. Among women who delivered after 28
weeks of gestation of gestation, only one neonatal death
was reported.

These findings support the use of expectant
management in extreme preterm pregnancies. After
28 wecks, if maternal condition warrants delivery,
favorable neonatal survival rates can be expected.
A multicenter randomized controlled trial in Latin
America on severe preeclampsia after 28 weeks of
gestation found that conservative management did
not improve perinatal mortality or other morbidities,
supporting our findings.** International guidelines
support expectant management of preeclampsia up to
at least 34 weeks, with vigilant monitoring to improve
neonatal outcomes.” In low- and middle-income
countries, limited resources and complex cultural
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and social barriers often result in late diagnoses of
preeclampsia.’ If optimal expectant management is
not feasible, prompt delivery should be considered for
maternal safety.

A key strength of this study is that it is the first
among low- and middle-income countries to evaluate
maternal and perinatal outcomes of preeclampsia
based on the WHO classification of prematurity. This
provides valuable insights into neonatal outcomes
within a well-equipped NICU and timely highlights
the importance of early referrals. The findings
highlight the potential for improved neonatal survival
with access to specialized care.

However, the study has limitations. First, its
cross-sectional design prevents determining causal
relationships. Second, the lack of data on unbooked
cases limits assessment of the impact of pre-
existing hypertension on the onset and progression
of preeclampsia. Third, as a single-center study
conducted in Southern Pakistan, the results may not
be generalizable to the entire country. Moreover, data
from a well-equipped private healthcare setting may
not reflect conditions in public sector hospitals, which
serve the majority of the population.

CONCLUSION

Preeclampsia is a serious complication in pregnancy
with significant risks to both mother and fetus. After
diagnosis of preterm preeclampsia, the only reason
to prolong the pregnancy is to enhance neonatal
outcomes. Our findings suggest that neonatal
mortality is high when delivery occurs before 28 weeks
of gestation, requiring expectant management to
improve neonatal outcomes. Maternal complications
are higher with early-onset preeclampsia (< 32 weeks).
Prioritizing early delivery based on maternal condition
after 28 weeks, followed by NICU management of
the neonate, can enhance both maternal and neonatal
outcomes. Our study also highlights the need for
timely decision-making in the context of available
neonatal care resources.

Future research should adopt prospective
multicenter designs to thoroughly explore
confounding factors and enhance the generalizability
of findings related to maternal and perinatal outcomes
in preeclampsia. We also encourage our counterparts
in the developing world, especially in South Asia,
to conduct research and share scientific insights for
collective advancement.

Disclosure
The authors declare no conflicts of interest. No funding was
received for this study.
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