International Journal of Women’s Health Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Clinical Characteristics, Management, and
Perinatal Outcomes of Third-Trimester
Preeclampsia at a Tertiary Hospital in Vietnam:
A Retrospective Descriptive Study

Kien Trung Nguyen(®', Tuyen Thi Thanh Bui®', Nhung Thi Hong To?, Quang Ngoc Phan(®?,
Ngoc Bao Dang*, Chung Thi Kim Le®, Nam Hoang Tran

'Department of Obstetrics and Gynecology, Thai Binh University of Medicine and Pharmacy, Hung Yen, Vietnam; Tam Anh General Hospital, Hanoi,
Vietnam; 3The Center Service for Technology Science of Medi-Phar, Thai Binh University of Medicine and Pharmacy, Hung Yen, Vietnam; *General
Planning Department, Sun Group International Hospital, Hanoi, Vietnam; *Institute for Preventive Medicine and Public Health, Hanoi Medical
University, Hanoi, Vietnam; 8International Center, Tokushima University, Tokushima, Japan

Correspondence: Nam Hoang Tran, International Center, Tokushima University, Tokushima, Japan, Email tran@tokushima-u.ac.jp

Purpose: To describe the clinical and laboratory characteristics of third-trimester preeclampsia, summarize management patterns, and
identify factors associated with adverse neonatal outcomes at a single public tertiary referral obstetrics and gynecology hospital in
Vietnam.

Patients and Methods: This retrospective descriptive study included 154 pregnant women diagnosed with preeclampsia and
delivered at a single public tertiary referral obstetrics and gynecology hospital in Vietnam between August 1, 2022 and July 31,
2023. Clinical, laboratory, treatment, delivery, and neonatal data were analyzed using descriptive statistics and logistic regression. The
composite adverse neonatal outcome was defined as the presence of one or more of the following: fetal growth restriction, preterm
birth, intrauterine fetal death, low birth weight, neonatal respiratory morbidity, neonatal transfer, or perinatal death.

Results: Severe preeclampsia accounted for 57.1% of cases. Maternal age >35 years was associated with severe disease (OR 3.00,
95% CI 1.56-5.85), as were primigravidity (OR 1.98, 95% CI 1.03-3.78), prior stillbirth (OR 2.94, 95% CI 1.10-7.80), and assisted
conception in the index pregnancy (OR 3.35, 95% CI 1.20-9.36). Elevated liver enzymes, hypoalbuminemia, hyperuricemia, and
elevated urea were more frequent in severe preeclampsia. All women with severe preeclampsia underwent cesarean delivery; the
overall cesarean rate was 81.2%. Preterm birth occurred in 35.7% of pregnancies and fetal growth restriction in 10.4%. In multi-
variable analysis, adverse neonatal outcomes were associated with maternal age >35 years (adjusted OR 2.24), gestational age
<34 weeks (adjusted OR 8.77), albumin <35 g/L (adjusted OR 3.24), serum uric acid >400 umol/L (adjusted OR 3.93), severe
hypertension (adjusted OR 2.29), and <=1 day of medical management before delivery (adjusted OR 9.34).

Conclusion: Third-trimester preeclampsia at a public tertiary obstetrics and gynecology hospital in Vietnam was characterized by
a high proportion of severe cases and a very high cesarean delivery rate. Older maternal age, primigravidity, assisted conception,
severe hypertension, hyperuricemia, and hypoalbuminemia were associated with worse maternal or neonatal profiles. Earlier gesta-
tional age at birth remained the strongest predictor of adverse neonatal outcomes.

Plain Language Summary: Preeclampsia is a serious condition in pregnancy that causes high blood pressure and can affect the
mother’s organs and the baby’s health. It can lead to problems such as preterm birth, poor fetal growth, and in severe cases, life-
threatening complications for both mother and baby. This study looked at 154 pregnant women with preeclampsia in the third trimester
who were treated at a major public tertiary obstetrics and gynecology hospital in Vietnam. More than half of the women had severe
preeclampsia. Cesarean section was very common, especially in severe cases. Many babies were born too early, and some had growth
problems. The study also found that worse neonatal outcomes were more likely when the mother was older than 35 years, the baby was
delivered before 34 weeks of pregnancy, the mother had severe high blood pressure, or blood tests showed low albumin or high uric
acid levels. A very short time between hospital treatment and delivery was also linked with poorer neonatal outcomes. These findings
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show that preeclampsia remains a major challenge in maternal care. Early detection, close monitoring, timely referral, and careful

delivery planning may help reduce risks for both mothers and babies, especially in referral hospitals and lower-resource settings.

Keywords: hypertensive disorders of pregnancy, maternal outcomes, neonatal outcomes, cesarean delivery, uric acid

Introduction

Preeclampsia remains one of the leading causes of maternal and perinatal morbidity and mortality worldwide." ™ It is
a multisystem pregnancy disorder that typically arises after 20 weeks of gestation and is defined by new-onset
hypertension accompanied by maternal organ dysfunction and/or uteroplacental dysfunction.*”’ The disease may pro-
gress rapidly to severe maternal complications, including eclampsia, stroke, pulmonary edema, renal impairment, hepatic
dysfunction, and death, and is strongly associated with fetal growth restriction, preterm birth, low birth weight, and
stillbirth.'**¢ In low- and middle-income settings, these risks are further magnified by delayed recognition and referral,
inconsistent antenatal surveillance, and limited maternal and neonatal care capacity, which can increase the probability of

preventable maternal and perinatal complications.® '°

The epidemiology and clinical presentation of preeclampsia vary across populations and healthcare settings.***!!
Previous studies, systematic reviews, and clinical guidelines have consistently identified advanced maternal age,
nulliparity, obesity, multifetal gestation, preexisting medical disorders such as chronic hypertension, diabetes, and kidney
disease, prior preeclampsia or other adverse obstetric history, family history of chronic illness, smoking exposure, and
assisted reproductive technology as important risk factors for preeclampsia.*®'*"'> Evidence from different regional
settings also suggests that risk profiles vary by population structure, ethnicity, body mass index distribution, parity, and
health-system context.'"'®"'* However, local hospital-based data remain essential, particularly in low- and middle-
income settings, because real-world outcomes are shaped not only by biological risk but also by referral pathways,
timeliness of diagnosis, institutional management practices, and the availability of maternal and neonatal intensive care
support.”?® In this context, single-center studies can provide clinically meaningful evidence on how preeclampsia
presents and is managed within specific health-system constraints, thereby informing more context-appropriate strategies
for surveillance, referral, and perinatal care.’

In Vietnam, preeclampsia remains an important obstetric challenge within the broader burden of hypertensive
disorders of pregnancy. Vietnam’s national reproductive health guideline recognizes hypertensive disorders in pregnancy
as priority conditions requiring standardized antenatal detection, severity assessment, referral, and delivery
management.”’ Recent Vietnamese data from the National Hospital of Obstetrics and Gynecology have shown that
hypertensive disorders of pregnancy continue to be associated with substantial maternal and perinatal complications,
including HELLP syndrome, placental abruption, eclampsia, preterm delivery, stillbirth, and perinatal mortality.** More
broadly, hypertensive disorders in pregnancy remain a major contributor to maternal mortality in Southeast Asia,
alongside obstetric hemorrhage, underscoring the continuing regional relevance of timely diagnosis and effective
management.”> Although Vietnam has made major progress in maternal health over recent decades, the World Health
Organization has emphasized that preventable maternal and newborn complications still disproportionately affect women
facing delays in access, gaps in quality of care, and resource constraints, particularly outside the highest-level urban
centers.'® Against this background, contemporary provincial-level evidence is still relatively limited. A recent
Vietnamese hospital-based study noted that published data from Vietnam remain sparse and that many available reports
focus mainly on specific subgroups or single manifestations of hypertensive disease in pregnancy rather than providing
a detailed picture of severity patterns, delivery management, and maternal-neonatal outcomes across referral settings.?
For this reason, data from a major public tertiary obstetrics and gynecology hospital at the provincial level are especially
valuable. Such hospitals do not only provide routine obstetric care; they also receive women transferred for severe
hypertension, suspected preeclampsia, fetal compromise, and threatened preterm birth, meaning that their case mix often
reflects both the everyday burden of disease and the more complex end of the referral spectrum. Studying preeclampsia in
this setting therefore offers a more practice-based understanding of how disease severity, timing of delivery, and available
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maternal and neonatal support interact to shape outcomes in real-world care, particularly in health systems where referral
patterns and treatment capacity may differ from those of national centers or highly resourced urban hospitals.”>

The study hospital primarily functions as a provincial tertiary referral center, receiving both routine obstetric cases
and referrals of women with suspected or confirmed severe preeclampsia, fetal compromise, threatened preterm birth,
and other high-risk obstetric conditions from lower-level facilities within the province and surrounding areas. This
referral role is important for interpreting the severity distribution, delivery decisions, and intervention rates observed in
the cohort. Therefore, this study was conducted to characterize the clinical and laboratory features of third-trimester
preeclampsia, describe patterns of medical management and delivery decision-making, and evaluate factors associated

with adverse neonatal outcomes in a retrospective hospital-based study.

Material and Methods
Study Design and Setting

This retrospective descriptive study used clinical data from pregnant women with preeclampsia who delivered at a major
public tertiary obstetrics and gynecology hospital in Vietnam between August 1, 2022 and July 31, 2023.

Participants

Eligible participants were pregnant women diagnosed with preeclampsia who delivered at 28 weeks of gestation or later
during the one-year study period. Preeclampsia was diagnosed according to the American College of Obstetricians and
Gynecologists (ACOG) 2020 criteria. For severity classification, cases were categorized as preeclampsia with severe
features or preeclampsia without severe features. Preeclampsia with severe features was defined by the presence of
severe-range blood pressure and/or maternal organ dysfunction, including thrombocytopenia, impaired liver function,
renal insufficiency, pulmonary edema, or persistent neurological or visual symptoms. Preeclampsia without severe
features referred to cases meeting diagnostic criteria for preeclampsia but without any severe features.””’ Local clinical
management also followed the national reproductive health service guidance used in Vietnam during the study period.?'
Women were excluded if they had chronic hypertension, hypertension before 20 weeks of gestation, pre-existing renal
disease, chronic liver disease, heart disease, conditions substantially affecting uric acid metabolism, or exposure to
medications likely to increase serum uric acid during pregnancy. Consecutive eligible cases were included to reduce
selection bias and to reflect the real-world case mix of third-trimester preeclampsia at the study hospital. The minimum
required sample size was 113, and the final sample included 154 women, exceeding the minimum sample size required
for the primary descriptive objectives. A one-year study period was selected to capture a complete annual cycle of
obstetric admissions while maintaining consistency in clinical management, referral patterns, laboratory procedures, and
neonatal care practices.

Variables and Assessments

Data were retrospectively extracted from hospital medical records using a structured case report form and included
maternal age, gravidity, body mass index, obstetric history, family history of preeclampsia, mode of conception, and
multiple gestation. Clinical variables included blood pressure at presentation, edema, headache, visual disturbance,
epigastric or right upper quadrant pain, oliguria, and gestational age at diagnosis.

Laboratory assessments included hemoglobin concentration, platelet count, aspartate aminotransferase, alanine
aminotransferase, blood urea, serum creatinine, serum uric acid, serum albumin, and urinary protein. Fetal assessment
was performed using obstetric ultrasonography and cardiotocography when clinically indicated. Management-related
variables included duration of medical treatment before delivery, use of antihypertensive therapy, magnesium sulfate,
antenatal corticosteroids for fetal lung maturation, albumin infusion, route of delivery, and indications for cesarean
delivery.

The primary neonatal outcome was a composite adverse neonatal outcome, defined as the presence of one or more of
the following: fetal growth restriction, preterm birth, intrauterine fetal death, low birth weight, neonatal respiratory
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morbidity, neonatal transfer, or perinatal death. Multivariable logistic regression was used to examine factors associated
with this composite adverse neonatal outcome.

Statistical Analysis

Data were analyzed using IBM SPSS Statistics version 28.0. Continuous variables were summarized as means and
standard deviations, while categorical variables were presented as frequencies and percentages. Independent-samples t-
tests were used to compare normally distributed continuous variables. Categorical variables were compared using the chi-
square test or Fisher’s exact test, as appropriate. Odds ratios (ORs) with 95% confidence intervals (Cls) were reported.
Multivariable logistic regression was performed to identify factors independently associated with the composite adverse
neonatal outcome. Variables were selected for inclusion in the multivariable model based on clinical relevance, prior
evidence, and significant or near-significant associations in univariable analysis. To avoid overfitting, the number of
predictors was limited in relation to the sample size and number of outcome events. Multicollinearity was assessed before
model construction, and variables with substantial collinearity were not entered simultaneously in the final model.
Adjusted odds ratios with 95% confidence intervals were reported. Statistical significance was defined as a two-sided
p value of <0.05. Because the composite adverse neonatal outcome included clinically related but heterogeneous events,
the regression findings were interpreted as markers of overall neonatal risk rather than as predictors of any single
neonatal complication.

Ethics

The study was approved by the Institutional Review Board of Thai Binh University of Medicine and Pharmacy
(Approval No. 002211 on April 18, 2024). The approval covered the retrospective use, anonymization, analysis, and
reporting of clinical data collected during routine hospital care between August 1, 2022 and July 31, 2023. No additional
intervention or patient contact was conducted for the purpose of this analysis. Personal and clinical data were
anonymized before analysis and handled confidentially. The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki.

Results

Participant Characteristics and Disease Severity

A total of 154 women with third-trimester preeclampsia were included in the final analysis. Of these, 88 women (57.1%)
had severe preeclampsia and 66 women (42.9%) had preeclampsia without severe features. More than half of the
participants were aged 35 years or older (53.2%) and were primigravid (56.5%). The most common body mass index
category was 25.0-29.9 kg/m?, observed in 59.7% of the cohort. Most cases were diagnosed at 37 weeks of gestation or
later (63.0%), while 14.9% were diagnosed before 34 weeks of gestation.

Severe preeclampsia was more frequent among women aged 35 years or older than among younger women (64.8% vs
37.9%). Primigravidity was also more common in the severe preeclampsia group than in the preeclampsia without severe
features group (63.6% vs 47.0%). A history of stillbirth and assisted conception were also more frequently observed
among women with severe disease. Baseline maternal and obstetric characteristics by preeclampsia severity are
summarized in Table 1.

Clinical and Laboratory Findings

Among women with severe preeclampsia, headache was the most frequently reported severe symptom, followed by
visual disturbance and epigastric pain. Edema was common in the overall cohort, and generalized edema was observed
predominantly among women with severe disease.

Laboratory abnormalities were more frequent among women with severe preeclampsia. Elevated aspartate amino-
transferase (AST >70 U/L) was observed in 35.2% of severe cases compared with 7.6% of cases without severe features.
Similarly, elevated alanine aminotransferase (ALT >70 U/L) was present in 37.5% of severe cases and 10.6% of cases
without severe features. Hyperuricemia, defined as serum uric acid >400 umol/L, was also more common in severe
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Table | Baseline Maternal Characteristics by Preeclampsia Severity (N=154)

Characteristic Overall, n/N (%) | PE with Severe Features, n/N (%) | PE Without Severe Features, n/N (%)
Age 235 years 82/154 (53.2) 57/88 (64.8) 25/66 (37.9)

Primigravidity 87/154 (56.5) 56/88 (63.6) 31/66 (47.0)

BMI 25.0-29.9 kg/m? 92/154 (59.7) 63/88 (71.6) 29/66 (43.9)

History of stillbirth 26/154 (16.9) 20/88 (22.7) 6/66 (6.8)

Assisted conception 19/154 (12.3) 13/88 (14.7) 6/66 (6.8)

Diagnosis at 237 weeks 97/154 (63.0) 57/88 (64.8) 40/66 (64.6)

Abbreviations: BMI, body mass index; PE, preeclampsia.

preeclampsia than in preeclampsia without severe features (33.0% vs 15.2%). Hypoalbuminemia, defined as serum
albumin <35 g/L, was frequent in both groups but was more common among women with severe disease (81.8% vs

59.1%). Selected laboratory abnormalities associated with severe preeclampsia are presented in Table 2.

Management, Delivery Characteristics, and Maternal-Neonatal Outcomes

Medical management before delivery was brief in most cases. Overall, 65.6% of women received one day or less of
medical treatment before birth, and this was more common among women with severe preeclampsia. Magnesium sulfate
was administered to all women with severe preeclampsia, and a substantial proportion required combination antihyper-
tensive therapy.

Cesarean delivery was the predominant mode of birth, accounting for 125 of 154 deliveries (81.2%). Vaginal delivery
occurred in 27 women (17.5%). Preterm birth occurred in 55 pregnancies (35.7%), and fetal growth restriction was
documented in 16 pregnancies (10.4%). There were two intrauterine fetal deaths (1.3%). Maternal complications were
uncommon but included postpartum hemorrhage, coagulation disorder, and HELLP syndrome. Delivery characteristics
and major maternal-neonatal outcomes are shown in Table 3.

Factors Associated with Adverse Neonatal Outcomes

Multivariable logistic regression was performed to identify factors independently associated with adverse neonatal
outcomes. Maternal age >35 years, gestational age <34 weeks, serum albumin <35 g/L, serum uric acid >400 pmol/L,
blood pressure >160/90 mmHg, and medical treatment duration of one day or less before delivery were all significantly

associated with increased odds of adverse neonatal outcomes. Gestational age <34 weeks showed the strongest

Table 2 Selected Clinically Relevant Laboratory Abnormalities by Preeclampsia Severity Category (N=154)

Laboratory Marker | Threshold | PE with Severe Features, n/N (%) | PE Without Severe Features, n/N (%) OR (95% CI)

AST 270 U/L 31/88 (35.2) 5/66 (7.6) 6.63 (2.40-18.20)
ALT 270 U/L 33/88 (37.5) 7166 (10.6) 5.05 (2.07-12.37)
Urea 26.6 mmol/L 19/88 (21.6) 5/66 (7.6) 3.36 (1.18-9.54)
Uric acid 2400 pmol/L 29/88 (33.0) 10/66 (15.2) 2.75 (1.23-6.17)
Albumin <35gL 72/88 (81.8) 39/66 (59.1) 3.12 (1.50-6.47)

Notes: The laboratory thresholds shown in this table were used as clinically relevant cut-off values for assessing disease severity and neonatal risk in preeclampsia. They
should not be interpreted simply as general normal reference limits for non-pregnant adult women. Laboratory findings in pregnancy require pregnancy-specific and clinical-
context interpretation.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cl, confidence interval; OR, odds ratio; PE, preeclampsia.
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Table 3 Delivery Characteristics and Major
Maternal-Neonatal Outcomes (N=154)

Outcome n/N Percentage
Cesarean delivery 125/154 81.2
Vaginal delivery 27/154 17.5
Preterm birth 55/154 357
Fetal growth restriction 16/154 10.4
Intrauterine fetal death 2/154 1.3
Postpartum hemorrhage 3/154 1.9
Coagulation disorder 3/154 1.9
HELLP syndrome 2/154 1.3

Abbreviations: HELLP, hemolysis, elevated liver enzymes, and
low platelet count.

Table 4 Multivariable Logistic Regression Analysis of Factors Associated with Adverse Neonatal Outcomes (N=154)

Variable Comparison Adjusted OR 95% ClI p-Value
Maternal age >35 years vs <35 years 2.24 1.16-4.32 <0.05
Gestational age <34 weeks vs 234 weeks 8.77 6.18-12.41 <0.05
Serum albumin <35 g/L vs 235 g/L 3.24 1.45-7.20 <0.05
Serum uric acid 2400 pmol/L vs <400 pmol/L 3.93 1.51-10.25 <0.05
Blood pressure 2160/90 mmHg vs <160/90 mmHg 2.29 1.54-3.12 <0.05
Duration of medical treatment before delivery <| day vs 27 days 9.34 1.81-48.00 <0.05
Duration of medical treatment before delivery 2-6 days vs 27 days 3.57 0.69-18.57 >0.05

Notes: Adjusted odds ratios were estimated using multivariable logistic regression. The reference category for duration of medical treatment before
delivery was 27 days. Adverse neonatal outcome was defined as the presence of one or more of the following: fetal growth restriction, preterm birth,
intrauterine fetal death, low birth weight, neonatal respiratory morbidity, neonatal transfer, or perinatal death.

Abbreviations: Cl, confidence interval; OR, odds ratio.

association, with an adjusted odds ratio of 8.77. Duration of medical treatment before delivery of one day or less was also
strongly associated with adverse neonatal outcomes. The full multivariable model is presented in Table 4.

Discussion

This study identified several clinically important findings regarding third-trimester preeclampsia in a tertiary referral
obstetric setting in Vietnam. First, more than half of the women in the cohort had preeclampsia with severe features,
indicating a substantial burden of clinically advanced disease in this referral-center population. Second, cesarean delivery
was highly frequent, particularly among women with severe features, reflecting the need for timely maternal stabilization
and delivery decision-making in a high-risk obstetric setting. Third, older maternal age, primigravidity, prior stillbirth,
assisted conception, and several biochemical abnormalities, including elevated liver enzymes, hyperuricemia, hypoalbu-
minemia, and elevated urea, were more common among women with severe disease. Finally, adverse neonatal outcomes
were associated with maternal age above 35 years, gestational age below 34 weeks, hypoalbuminemia, hyperuricemia,
severe-range hypertension, and a short duration of medical management before delivery. These findings directly address
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the study objectives by describing the clinical profile, management patterns, and maternal-neonatal risk factors observed
in this cohort.

This study demonstrates a substantial burden of severe preeclampsia in a provincial referral setting, with more than
half of the women meeting severe criteria and more than four in five pregnancies ending by cesarean delivery. This
pattern is clinically plausible for a tertiary obstetrics and gynecology hospital, where the patient population often includes
both women initially diagnosed through routine antenatal care and women referred after disease progression or suspected
maternal-fetal compromise. Large international analyses have shown that preeclampsia and eclampsia contribute
substantially to maternal mortality and severe perinatal morbidity, particularly in low- and middle-income countries
where delays in recognition and referral can worsen outcomes.'** Similar hospital-based data from Vietnam have shown
that hypertensive disorders of pregnancy remain associated with important maternal and perinatal complications, and that
adverse outcomes are strongly influenced by disease severity, high blood pressure, severity symptoms, low birth weight,
and access to emergency obstetric and newborn care.”” The high proportion of severe cases in the present cohort may
therefore reflect not only the underlying clinical burden of preeclampsia but also the referral function of the hospital,
where milder cases may be managed locally while more complex or unstable cases are transferred for specialist care.

The high cesarean delivery rate should also be interpreted in this context. In preeclampsia, delivery remains the
definitive treatment, and international guidance emphasizes delivery after maternal stabilization when preeclampsia with
severe features is diagnosed at or beyond 34 weeks of gestation.®?*?> Expectant management may be considered in
selected preterm cases, but it requires close maternal and fetal monitoring, laboratory surveillance, and immediate
capacity for intervention if maternal or fetal status deteriorates.®* In low- and middle-income settings, the threshold for
prolonged expectant management may reasonably be lower when referral delays, intensive monitoring limitations, blood
product availability, and neonatal care capacity are uncertain.”?’ Recent evidence from low- and middle-income settings
also suggests that planned delivery for late preterm preeclampsia can reduce severe maternal hypertension and stillbirth
without a clear increase in serious neonatal harm, supporting the clinical logic of timely delivery once maternal risk
becomes substantial.*® Therefore, the predominance of cesarean delivery in this cohort likely reflects a combination of
severe maternal disease, concern for fetal compromise, previous cesarean scar or other obstetric indications, and a low
tolerance for delaying birth once severe disease was recognized.

More broadly, these findings reinforce the importance of interpreting management patterns through the lens of local
health-system capacity rather than assuming that high intervention rates necessarily indicate over-treatment. In
a provincial referral hospital, clinicians must balance the maternal risks of disease progression including eclampsia,
stroke, pulmonary edema, hepatic injury, renal dysfunction, and coagulopathy, against the neonatal risks of prematurity

46 Where monitoring resources are limited or referral has

and the practical availability of neonatal intensive care support.
already occurred late in the disease course, prompt delivery may be favored to prevent catastrophic maternal deteriora-
tion, even though this strategy may increase preterm birth and cesarean delivery rates. The present results therefore
highlight the need for earlier antenatal detection, timely referral before severe features develop, standardized protocols
for severity assessment, and strengthened neonatal preparedness at provincial referral centers.

The observed associations between severe preeclampsia and maternal age of 35 years or older, primigravidity, prior
stillbirth, and assisted conception are broadly consistent with established evidence on preeclampsia risk. Advanced
maternal age and nulliparity are recognized clinical risk factors in major prospective studies, systematic reviews, and
clinical guidelines, likely reflecting a combination of vascular, metabolic, immunological, and placental mechanisms that
increase susceptibility to abnormal placentation and maternal endothelial dysfunction.*®'>"'* Risk-factor studies across
Latin America, the Caribbean, South Asia, and sub-Saharan Africa also show that the relative importance of age, parity,
obesity, prior disease, family history, and other contextual exposures varies across populations.''*'>1¢18:1 Nulliparity has
long been linked to preeclampsia risk, partly through maternal immune maladaptation to paternal and placental antigens,
while advanced maternal age may increase risk through higher rates of chronic vascular disease, metabolic comorbidity,
reduced cardiovascular reserve, and age-related placental dysfunction.* Although the present study did not directly assess
these biological pathways, the higher proportion of severe disease among older and primigravid women supports the need

to treat these characteristics as clinically meaningful markers during antenatal risk stratification.
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The association with prior stillbirth is also clinically important. Previous adverse pregnancy outcomes, including
stillbirth and previous preeclampsia, may indicate an underlying predisposition to placental dysfunction, hypertensive
disease, thrombophilia, chronic maternal disease, or other recurring obstetric risks. Prospective evidence has shown that
women with previous preeclampsia have increased risks of adverse maternal and perinatal outcomes in subsequent
pregnancies, supporting the view that prior complicated pregnancies should trigger heightened antenatal surveillance.?’
Preeclampsia itself is a known risk factor for fetal death and other adverse perinatal outcomes, and women with
a previous stillbirth require careful evaluation and closer surveillance in subsequent pregnancies.® In this cohort, the
link between prior stillbirth and severe preeclampsia suggests that obstetric history should be given substantial weight
during triage, even when women present without severe symptoms at first assessment. A practical implication is that
women with a history of stillbirth may benefit from earlier referral, more frequent blood pressure monitoring, assessment
of proteinuria, and closer fetal growth surveillance.

Assisted conception was also more common among women with severe preeclampsia in this study. This finding aligns
with systematic review evidence showing that pregnancies conceived through assisted reproductive technology have
a higher risk of preeclampsia than spontaneous conceptions.’® The relationship is likely multifactorial: women under-
going assisted reproduction are often older, may have underlying infertility-related conditions, and have higher rates of
multifetal gestation, all of which can increase placental and vascular risk. In addition, some evidence suggests that
assisted reproductive technology itself may influence placentation, although separating the effects of treatment from the
effects of parental subfertility remains difficult.**® In a referral hospital setting, assisted conception may also lead to
heightened surveillance and a lower threshold for intervention, especially when pregnancies are perceived by families
and clinicians as high-value or high-risk.

The prominence of older maternal age in this cohort has particular relevance for local screening and triage. Vietnam,
like many middle-income countries, is experiencing demographic and fertility transitions, with women increasingly
having fewer children and delaying childbirth in some urban and socioeconomically advantaged groups.®' Obesity and
overweight are also increasingly relevant in preeclampsia prevention and triage, as meta-analytic evidence demonstrates
a positive relationship between body mass index and preeclampsia risk.'” As delayed childbearing, elevated body mass
index, and access to fertility treatment become more common, obstetric services may see a growing proportion of
pregnancies complicated by advanced maternal age, assisted conception, chronic medical conditions, or combinations of
these risks. These trends strengthen the rationale for structured antenatal risk assessment, early identification of high-risk
women, timely referral from lower-level facilities, and standardized monitoring protocols for blood pressure, proteinuria,
fetal growth, and maternal laboratory markers. In provincial referral settings, such risk-based pathways may be especially
useful in preventing late recognition of severe disease and reducing avoidable maternal and neonatal complications.

Biochemical markers were clinically informative in this cohort. Women with severe preeclampsia had substantially
higher frequencies of elevated transaminases, hyperuricemia, hypoalbuminemia, and elevated urea, suggesting that
severe disease was accompanied by measurable hepatic, renal, endothelial, and protein-loss manifestations. This pattern
is consistent with the current understanding of preeclampsia as a multisystem disorder rather than a condition defined by
hypertension alone, and with pathophysiological models emphasizing abnormal placentation, endothelial dysfunction,
inflammation, vasoconstriction, and coagulation activation.***** Contemporary diagnostic criteria recognize thrombo-
cytopenia, impaired liver function, renal insufficiency, pulmonary edema, neurological symptoms, and uteroplacental
dysfunction as clinically important features of disease severity.®” Therefore, routine biochemical testing can provide
useful objective evidence of disease progression, particularly when symptoms are subtle, nonspecific, or difficult to
interpret.

The higher frequency of elevated AST and ALT among women with severe preeclampsia is clinically meaningful
because hepatic involvement reflects systemic endothelial dysfunction, vasospasm, periportal injury, and, in severe cases,
progression toward HELLP syndrome. ACOG includes impaired liver function, commonly reflected by elevated
transaminases, among the severe features of preeclampsia, especially when accompanied by right upper quadrant or
epigastric pain.® In practice, abnormal liver enzymes may help clinicians distinguish women who require closer

monitoring, magnesium sulfate prophylaxis, and timely delivery planning from those with less severe disease.
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Similarly, elevated urea and other renal markers reflect renal endothelial injury and reduced filtration capacity, which are
central to the pathophysiology of preeclampsia and may indicate a higher risk of maternal and fetal compromise.*¢

Among the biochemical variables assessed, serum uric acid and serum albumin were particularly notable because
both remained associated with adverse neonatal outcomes in multivariable analysis. Hyperuricemia in preeclampsia has
been widely studied and is thought to reflect reduced renal clearance, oxidative stress, endothelial dysfunction, and
placental ischemia. Although uric acid is not universally recommended as a standalone diagnostic criterion, multiple
studies suggest that higher uric acid levels are associated with more severe disease and adverse perinatal outcomes,
including fetal growth restriction, preterm birth, and low birth weight.**** In this study, the association between serum
uric acid >400 pmol/L and adverse neonatal outcomes suggests that uric acid may function as a practical severity marker
in settings where more specialized placental biomarkers are unavailable.

Hypoalbuminemia may also carry clinical value. Low serum albumin in preeclampsia can reflect proteinuria,
increased vascular permeability, systemic inflammation, hemodilution, and reduced colloid oncotic pressure. These
mechanisms are relevant to both maternal complications, such as edema and pulmonary edema risk, and fetal compro-
mise related to placental dysfunction. However, albumin should be interpreted cautiously. Recent evidence suggests that
low albumin may be associated with severe proteinuria and disease severity, but it may not independently predict all
maternal or fetal complications when used alone.*® In the present cohort, albumin <35 g/L was independently associated
with adverse neonatal outcomes, indicating that it may be useful as part of a combined clinical-laboratory risk assessment
rather than as an isolated predictor.

These findings have practical implications for provincial and resource-constrained obstetric settings. Advanced
angiogenic biomarkers, particularly the soluble fms-like tyrosine kinase-1 to placental growth factor ratio, have shown
value in the diagnosis and short-term prediction of preeclampsia progression, especially in women with suspected
disease.***” Nevertheless, such assays may not be routinely accessible or affordable in many low- and middle-income
settings. By contrast, liver enzymes, renal function tests, uric acid, serum albumin, platelet count, and urine protein
testing are inexpensive, widely available, and already embedded in routine hospital workflows. In this context, the
present findings support the use of conventional biochemical markers to assist bedside risk stratification, guide monitor-
ing intensity, and inform delivery planning. However, these markers should not replace clinical assessment, blood
pressure monitoring, fetal growth evaluation, or cardiotocography; rather, they should be integrated into a broader
severity assessment framework.

The delivery pattern observed in this study deserves particular attention. All women with severe preeclampsia were
delivered by cesarean section, and the overall cesarean delivery rate exceeded 80%. This finding should be interpreted
within the clinical reality of preeclampsia management, where delivery is the only definitive treatment and where the
timing and mode of birth must balance maternal stabilization, fetal condition, gestational age, cervical favorability, and
institutional capacity for emergency obstetric and neonatal care.®**2° In women with severe features, especially at or
beyond 34 weeks of gestation, guidelines generally support delivery after maternal stabilization rather than prolonged
expectant management.® Therefore, the high intervention rate in this cohort likely reflects a safety-oriented approach in
a referral setting where many women may have presented with advanced disease, fetal compromise, or limited time for
extended observation.

However, the predominance of cesarean delivery also raises important questions about the role of carefully selected
induction strategies. Preeclampsia itself is not an automatic indication for cesarean section, and mode of delivery should
generally be determined by obstetric indications, disease severity, fetal status, gestational age, and the likelihood of
successful vaginal birth.®* Evidence on induction for preeclampsia suggests that successful labor induction is possible in
selected women at both preterm and term gestational ages, although success depends strongly on gestational age, cervical
status, parity, fetal status, and institutional readiness for emergency intervention.*® Vaginal delivery may be appropriate
when the maternal condition is stable, fetal status is reassuring, gestational age is suitable, and the cervix is favorable or
induction is expected to be feasible. Conversely, cesarean delivery may be clinically appropriate when rapid delivery is
required, fetal compromise is suspected, the cervix is unfavorable and vaginal birth is unlikely within a safe timeframe,
or additional obstetric indications are present. Thus, while the high cesarean rate in this cohort may be clinically
understandable, it should not be interpreted as the only possible management pathway for all severe preeclampsia cases.
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Several local and clinical factors probably contributed to the observed pattern. First, the study was conducted in
a provincial tertiary referral hospital, where referred cases may be more severe than those seen in routine antenatal
settings. Referral bias can increase the proportion of women with severe hypertension, maternal organ dysfunction, fetal
growth restriction, non-reassuring fetal status, previous cesarean scar, or advanced gestational age requiring prompt
delivery. Second, the presence of previous cesarean scar in a substantial proportion of surgical cases may have reduced
the use of induction or trial of labor, particularly if local protocols, staffing, or emergency surgical readiness made
vaginal birth after cesarean less feasible. Third, in low- and middle-income settings, clinicians may reasonably have
a lower tolerance for prolonged expectant management when continuous maternal-fetal monitoring, blood product
availability, and neonatal intensive care capacity are uncertain.””’ Evidence from low- and middle-income countries
also suggests that planned delivery for late preterm preeclampsia can reduce severe maternal hypertension and stillbirth
without clearly increasing serious neonatal harm, supporting timely delivery when maternal risk is substantial.*®

Nevertheless, the finding that all severe cases were delivered by cesarean section indicates a potential area for
protocol review and clinical audit. Such an audit should not simply aim to reduce cesarean delivery rates, since
inappropriate delay in severe preeclampsia could increase maternal and perinatal risk. Rather, it should examine whether
cesarean delivery was consistently driven by documented obstetric indications, fetal compromise, previous uterine scar,
unfavorable cervix with need for urgent delivery, or maternal instability. It would also be useful to identify the subset of
women with severe preeclampsia who were clinically stable, at appropriate gestational age, with reassuring fetal status
and no contraindication to labor, for whom induction of labor could have been considered. A standardized pathway
incorporating severity assessment, Bishop score, fetal status, previous uterine scar, gestational age, and availability of
emergency cesarean and neonatal support may help distinguish women who require immediate cesarean delivery from
those suitable for carefully monitored induction. In this way, the delivery pattern in the present study should be viewed
less as evidence of over-intervention and more as a signal for structured review of decision-making, documentation, and
protocol consistency in the management of severe preeclampsia.

Preterm birth was the most frequent adverse neonatal outcome in this cohort, followed by fetal growth restriction.
This pattern is consistent with the pathophysiology and clinical management of preeclampsia. Placental dysfunction can
directly impair fetal growth, while maternal disease progression often necessitates medically indicated preterm delivery
to prevent severe maternal complications or fetal deterioration.* Early-onset and preterm preeclampsia are particularly
associated with substantial maternal and neonatal morbidity, and earlier literature has emphasized the high burden of
morbidity and mortality when severe disease occurs before term.”® Recent studies of expectant treatment in early-onset
preeclampsia also show that fetal growth restriction remains a major clinical concern and that balancing fetal maturity
against maternal risk is central to management.*® The strong association between gestational age below 34 weeks and
adverse neonatal outcomes is therefore unsurprising and clinically coherent. Birth before 34 weeks is a key threshold in
preeclampsia management, as neonatal morbidity is strongly influenced by prematurity, and ACOG recommends
antenatal corticosteroids for fetal lung maturation when delivery is indicated before 34 weeks, although maternal or
fetal deterioration may preclude delaying delivery to complete corticosteroid exposure.®

However, the multivariable findings suggest that prematurity alone does not fully explain neonatal risk. Maternal age
above 35 years, severe-range hypertension, hypoalbuminemia, hyperuricemia, and very short pre-delivery treatment
duration were also independently associated with adverse neonatal outcomes. These factors likely represent overlapping
dimensions of disease severity. Severe hypertension reflects more advanced maternal vascular dysfunction and is directly
linked to urgent delivery decisions, while hyperuricemia may indicate reduced renal clearance, oxidative stress,
endothelial dysfunction, and placental ischemia. Although the role of serum uric acid as a standalone predictive test
remains debated, systematic reviews and clinical studies have repeatedly reported associations between elevated uric acid
and adverse maternal or perinatal outcomes in preeclampsia.>**!**?

The association between hypoalbuminemia and adverse neonatal outcomes may reflect systemic endothelial leakage,
proteinuria, reduced oncotic pressure, and more severe maternal disease. Previous studies have linked hypoproteinemia
or hypoalbuminemia in preeclampsia with worse maternal and neonatal outcomes, although albumin should be inter-
preted as a severity marker rather than a disease-specific predictor.*®*® This distinction is important: low albumin is
unlikely to replace established clinical criteria, but it may add practical value when combined with blood pressure,
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symptoms, renal function, liver enzymes, uric acid, platelet count, and fetal assessment. In provincial referral settings
where advanced angiogenic biomarkers may not be routinely available, such inexpensive biochemical markers may help
clinicians identify women whose pregnancies are at higher risk of fetal compromise or early delivery.

The strong association between one day or less of medical treatment before delivery and adverse neonatal outcomes
also deserves careful interpretation. This finding should not be read simply as evidence that short treatment causes poor
neonatal outcome. More plausibly, very short pre-delivery management reflects urgent presentation, rapid disease
progression, late referral, or the need for immediate delivery due to maternal or fetal instability. In other words, treatment
duration may function as a proxy for the clinical window available for stabilization, corticosteroid administration, blood
pressure control, fetal assessment, and neonatal preparation. International guidelines support timely delivery when severe
preeclampsia is diagnosed and maternal or fetal risk is substantial, but they also emphasize maternal stabilization and
careful monitoring where expectant management is feasible.® In this context, the present findings highlight the impor-
tance of earlier detection, faster referral before severe deterioration, and standardized protocols that allow safe stabiliza-
tion without delaying necessary delivery.

The main contribution of this study is clinical and regional rather than mechanistic. By providing real-world data
from a provincial tertiary referral hospital in Vietnam, the study helps clarify how severe preeclampsia, delivery
decisions, and neonatal outcomes present in a low- and middle-income setting. The observed associations of serum
uric acid, hypoalbuminemia, and short pre-delivery treatment duration with adverse neonatal outcomes may be particu-
larly useful for risk stratification in settings where advanced biomarkers are not routinely available. These findings should
be interpreted as clinically relevant associations, not as evidence of causality or novel biological mechanisms. Overall,
these results suggest that neonatal risk in preeclampsia is shaped by the interaction between gestational age, placental
disease severity, maternal biochemical derangement, and the amount of time available for clinical optimization before
birth. For practice, this supports a risk-stratified approach in which women with severe hypertension, low albumin,
elevated uric acid, or early gestational age receive intensified maternal-fetal monitoring and early neonatal team
involvement. For health-system planning, the findings reinforce the value of antenatal screening and referral pathways
that identify high-risk women before the only safe option becomes urgent delivery.

This study has several limitations. First, it was conducted at a single tertiary obstetrics and gynecology hospital;
therefore, the findings may not be generalizable to all obstetric settings in Vietnam, particularly lower-level facilities or
private hospitals. Second, although the sample size was adequate for the primary descriptive objectives, it was moderate
for multivariable modeling, and some estimates had wide confidence intervals, suggesting limited precision. Third, the
analysis was restricted to variables collected in the original study protocol. Potentially relevant factors, including detailed
neonatal intensive care course, duration of neonatal hospitalization, long-term neonatal outcomes, socioeconomic status,
timing of referral, antenatal care quality, and detailed corticosteroid exposure, were not fully captured. The composite
adverse neonatal outcome included clinically heterogeneous endpoints of varying severity; therefore, the regression
findings should be interpreted as markers of overall neonatal risk rather than predictors of any single neonatal
complication. In addition, some adjusted odds ratios had wide confidence intervals, reflecting moderate statistical
imprecision due to the sample size and number of outcome events. Larger multicenter studies are needed to confirm
these associations. Finally, some laboratory and proteinuria data required careful interpretation; therefore, key variables
should be verified against the original dataset before journal submission to ensure consistency between the analytic
dataset, tables, and final manuscript text.

Conclusion

Third-trimester preeclampsia at a major public tertiary obstetrics and gynecology hospital in Vietnam was characterized
by a high burden of severe disease, frequent cesarean delivery, and substantial neonatal risk driven mainly by preterm
birth. Maternal age above 35 years, primigravidity, assisted conception, severe hypertension, hyperuricemia, and
hypoalbuminemia were associated with more severe maternal or neonatal compromise. These findings support vigilant
surveillance, timely delivery planning, and risk-stratified management in tertiary obstetric practice. However, the results
should be interpreted within the referral-center context and may not be directly generalizable to lower-level obstetric
facilities or community settings.
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