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ABSTRACT

Review Article

Clinical Features, Pathophysiology, and
Management of HELLP Syndrome:

A Narrative Review

[EES) & v-ric-rio |

Haemolysis, Elevated Liver Enzymes, and Low Platelets (HELLP), collectively referred to as HELLP syndrome, is a serious
complication of Pre-Eclampsia (PE) that can occur anytime after the 28™ week of pregnancy or postpartum. Common symptoms
include upper right abdominal pain, nausea, and generalized weakness, which can delay diagnosis. Early identification of HELLP
syndrome is critical to prevent severe maternal and foetal complications, such as liver rupture, Disseminated Intravascular
Coagulation (DIC), and placental abruption. Placental dysfunction, systemic inflammation, and endothelial injury contribute to the
development of this syndrome. Recent studies also suggest that antiangiogenic molecules and long non-coding Ribonucleic Acids
(RNAs) may play a role in its pathophysiology. Platelet counts are monitored to classify HELLP syndrome as complete or partial,
and additional classification is based on the Mississippi and Tennessee criteria. The differential diagnosis includes Acute Fatty
Liver of Pregnancy (AFLP), thrombotic thrombocytopenic purpura, and haemolytic uraemic syndrome, each requiring a distinct
management approach. Prompt delivery is the mainstay of treatment, often supplemented with corticosteroids to promote foetal
lung maturity, along with management of maternal hypertension and seizures. Emerging therapies, such as plasma exchange and
eculizumab, may be considered when conventional measures fail. Notably, HELLP syndrome without hypertension requires careful
monitoring due to the need for rapid diagnosis and intervention. The purpose of the present review is to provide an overview of the
clinical manifestations, pathophysiology, diagnostic challenges, and newer treatment strategies for HELLP syndrome, aiming to
improve maternal and foetal outcomes through timely detection and intervention.
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INTRODUCTION

Pre-Eclampsia (PE) is a multisystem disorder of pregnancy,
characterised by new-onset hypertension and proteinuria or organ
dysfunction after 20 weeks of gestation in women without pre-
existing hypertension [1]. HELLP syndrome is a severe complication
of PE that typically occurs in the third trimester or postpartum
period [1,2] and is associated with a heightened risk of adverse
maternal and foetal outcomes [3]. HELLP syndrome occurs in
approximately 0.2-0.8% of all pregnancies, with PE present in
70-80% of cases [2,3]. Early diagnosis and timely management
are essential, as HELLP syndrome can rapidly progress to life-
threatening complications, including liver rupture (1.8%), DIC (21%),
and placental abruption (16%) [4,5]. The present review provides a
comprehensive overview of the clinical features, diagnostic criteria,
pathophysiology, classification, complications, differential diagnosis,
and treatment approaches for HELLP syndrome. It also highlights
emerging molecular insights and novel therapeutic strategies that
may guide future management.

Clinical Features and Diagnostic Criteria of HELLP
Syndrome

Clinical features and diagnostic criteria of HELLP syndrome are
summarised in [Table/Fig-1] [6-10].

Pathophysiology and Emerging Molecular Insights in
HELLP Syndrome

The pathophysiology of HELLP syndrome involves a complex
interplay of placental dysfunction, systemic inflammation, and
endothelial injury [8,11]. Inadequate remodeling of the spiral arteries
in the placenta can result in hypoxia and the release of antiangiogenic
factors, including Soluble Endoglin (sEng) and Soluble Fms-like
Tyrosine kinase-1 (sFlt-1) [11-13]. These factors compromise the

Journal of Clinical and Diagnostic Research. 2026 Apr, Vol-20(4): QEO1-QE04

Category Details
HELLP stands for Haemolysis, Elevated Liver
Definition Enzymes, and Low Platelet count; a severe form of
PE [6].
Timing Typically occurs in the third trimester or

postpartum [6].

- Right upper quadrant or epigastric pain (due to
liver involvement)

- Nausea and vomiting

- Headache

- Fatigue

- Visual disturbances

- High blood pressure and proteinuria (not always
present) [7,8]

Key clinical features

May mimic gastroenteritis or viral hepatitis,

Misleading symptoms delaying diagnosis [9]

- Fatigue

Haemolysis-related signs [6] | Pale skin

- Elevated liver enzymes
- Jaundice
- Rarely, liver rupture

Liver Involvement [6,9].

Thrombocytopenia effects [10]. | Increased risk of bleeding, especially during delivery

- Haemolysis: Elevated LDH, presence of schistocytes

Diagnostic criteria [10]. - Liver Enzymes: Elevated AST and ALT

- Platelets: <100,000/mm?

[Table/Fig-1]: Clinical features and diagnostic criteria of HELLP syndrome [6-10].

LDH: Lactate dehydrogenase; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase

endothelial walls, increasing vascular permeability and promoting
vascular injury [12,14].

Platelets adhere to the injured endothelium, forming
microthrombi, which reduces circulating platelet levels and leads
to thrombocytopenia [14]. As red blood cells pass through the
narrowed and damaged small blood vessels, they become
fragmented, resulting in microangiopathic haemolytic anaemia, a
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process also observed in conditions such as sepsis [15]. Since the
liver has a rich blood supply, it is often affected early, resulting in
elevated liver enzymes, and, in severe cases, hepatocellular injury
or liver cell death [9,16]. This combination of factors contributes
to the characteristic symptoms seen in HELLP syndrome. Certain
Long Non-Coding RNAs (IncRNAs) may influence inflammation and
cell growth in the placenta, leading to vascular dysfunction and
abnormal placental positioning [17]. The pathophysiology of HELLP
syndrome is depicted in [Table/Fig-2].

PLACENTAL DYSFUNCTION

)
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p

LIVER DAMAGE

[Table/Fig-2]: Pathophysiology of HELLP syndrome.

Classification and Severity Grading of HELLP Syndrome
HELLP syndrome is classified into two types: complete and partial,
depending on the presence of its defining features-haemolysis,
elevated liver enzymes, and thrombocytopenia [18]. Complete
HELLP syndrome is diagnosed when all three criteria are present,
whereas partial HELLP syndrome presents with only one or two of
these features [18]. Additionally, HELLP syndrome can be classified
using the Mississippi and Tennessee criteria [19,20]. A summary
of HELLP syndrome classification is shown in [Table/Fig-3] [6,18-
21]. Maternal and neonatal complications associated with HELLP
syndrome are described in [Table/Fig-4] [4,6,7,9,18-21].

Maternal Foetal
Category Details / Criteria Complications Complications
. Complete HELLP — Both types —
Complete HELLP: higher risk of hepatic IUGR, preterm
All 3 features . )
. ) rupture, DIC, MODS, birth, hypoxia,
Types of (haemolysis, T liver . . .
placental abruption, intrauterine foetal
HELLP [18] enzymes, 4 platelets) ) )
) . haemorrhage due to demise (partial
Partial HELLP: 1-2 :
features present [18] thrombocytopema, HELLP usually
' jaundice [18,21]. less severe) [6,18].
Platelet-based: Class | patients Higher risk of
Mississiopi - Class I: <50,000/uL are most prone to IUGR, hypoxia,
classiﬁcg‘s)on - Class II: 50,000~ hepatic rupture, DIC, and preterm
20) 100,000/uL and maternal death birth with lower
' - Class Ill: 100,000- (mortality 1-30%) maternal platelet
150,000/l [20]. [18,20] counts [20]
Lab-based: ldﬁggfgsrﬁﬁéfgtt S Correlates with
Tennessee - LDH >600 U/L hepatic ign'u and increased preterm
classification - AST 270 U/L o e oo | delivery and
[19]. - Platelets <100,000/ hg P hy’ P o | perinatal mortality
L [19] to haemorrhage an 6.19]
LR MODS [18,19]. o

[Table/Fig-3]: Classification of HELLP syndrome summarising diagnostic criteria,
maternal and foetal complications, and clinical outcome correlations [6,18-21].
MODS: Multiple organ dysfunction syndrome; IUGR: Intrauterine growth restriction;

LDH: Lactate dehydrogenase; AST: Aspartate aminotransferase

www.jcdr.net

Category Complications
Maternal complications
Haemolysis — fatigue, pallor; thrombocytopenia — bleeding
Haematologic | tendency (especially during delivery); Disseminated Intravascular
Coagulation (DIC), more frequent in complete HELLP [18-20].
Henatic Elevated liver enzymes, jaundice, hepatic rupture (rare 1-1.8%,
P but highest maternal mortality), liver necrosis [7,9].
. . Multiple Organ Dysfunction Syndrome (MODS), particularly in
Cardiologic | ¢ mpiete HELLP [19].
Pulmonary oedema, acute respiratory distress secondary to DIC/
Puimonary | \0ps [21].
Renal Acute kidney injury, oliguria/anuria due to microangiopathy and
endothelial dysfunction [21].
Neurological Seizures, cerebral oedema, intracranial haemorrhage,
9 hypertensive encephalopathy [4,21].
Maternal Ranges from 1% to 30%, depending on severity and
mortality complications [18].
Neonatal complications
Growth- Intrauterine Growth Restriction (IUGR) due to placental
related insufficiency [6].
Prematurity- Preterm birth (spontaneous or iatrogenic due to maternal status)
related [4,6].
Hematologic Foetal hypoxia resulting from reduced placental perfusion [6].
Mortality Intrauterine foetal demise in severe cases [6].

[Table/Fig-4]: Maternal and neonatal complications of HELLP syndrome

[4,6,7,9,18-21].

Differential Diagnosis of HELLP Syndrome

Accurate differentiation of HELLP syndrome from similar pregnancy-
related conditions is essential, as management strategies differ. Both
AFLP and HELLP syndrome typically present in the third trimester
with nausea, vomiting, abdominal pain, and elevated liver enzymes
[22]. According to the Swansea criteria, AFLP diagnosis emphasises
symptoms such as hypoglycaemia and encephalopathy, which are
not prominent in HELLP syndrome [22,23]. Lower antithrombin
activity (<65%) generally suggests AFLP and should be considered
in the diagnostic process [22,24]. Differential diagnoses and
distinguishing clinical features are summarised in [Table/Fig-5]
[22,23,25,26].

Treatment Approaches and Emerging Therapies in
HELLP Syndrome

The management of HELLP syndrome focuses on early diagnosis,
maternal stabilisation, and a multidisciplinary approach involving
obstetrics, anaesthesiology, haematology, and intensive care [27].
Supportive measures include close haemodynamic monitoring,
careful fluid management, transfusion therapy, and targeted organ-
specific interventions [5,27]. The only definitive treatment after
maternal or foetal compromise is delivery [27].

The timing of delivery is critical and depends on gestational age
and maternal-foetal stability. For pregnancies beyond 34 weeks,
expedited delivery is recommended due to high maternal risk and
favourable neonatal outcomes [28,29]. Before 34 weeks, short-term
expectant management may be considered to allow administration
of corticosteroids for foetal lung maturation, but only in stable
patients under tertiary care [29]. A meta-analysis of late-preterm PE
comparing immediate delivery to expectant management showed
that immediate delivery resulted in fewer maternal complications
{1.1% vs. 3.1%, Relative Risk (RR) 0.36, 95% Confidence Interval
(Cl) 0.15-0.87} but higher rates of neonatal respiratory distress
syndrome (20.9% vs. 17.1%, RR 1.22, 95% CI 1.01-1.47) [29].

Antihypertensive therapy is crucial in managing severe hypertension
and reducing the risk of maternal cerebrovascular complications
[30]. First-line agents include intravenous labetalol, hydralazine, and
oral nifedipine, titrated to maintain systolic blood pressure <160
mmHg and diastolic blood pressure <110 mmHg, while preserving
uteroplacental perfusion [30]. Seizure prophylaxis with magnesium
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Similarities with HELLP

Condition Syndrome

Distinguishing Features

Diagnostic criteria / markers Management

Acute Fatty Liver of Pregnancy
(AFLP) [22,23].

Nausea, vomiting, abdominal
pain, elevated liver enzymes

Hypoglycaemia,
hyperammonemia, coagulopathy

Swansea criteria: hypoglycaemia,
encephalopathy; antithrombin activity <65%

Supportive care;
delivery if indicated

Thrombotic Thrombocytopenic
Purpura (TTP) [25]

Microangiopathic haemolytic
anaemia, thrombocytopenia

Neurological symptoms,
markedly decreased

ADAMTS13 deficiency Plasma exchange

Haemolytic Uraemic Syndrome
(HUS) [25,26]

Microangiopathic haemolytic
anemia, thrombocytopenia

Predominant renal involvement;
often post-infectious

Plasma exchange,

Kidney dysfunction; recent Gl infection complement inhibitors

HELLP syndrome [26] -

Hypertension, proteinuria, liver
damage in pregnancy

Elevated liver enzymes, haemolysis, low

platelets Prompt delivery

[Table/Fig-5]: Differential diagnosis of HELLP syndrome and distinguishing clinical features [22,23,25,26].

sulfate is also essential [31]. Duley L et al., demonstrated that
magnesium sulfate, compared to placebo or diazepam, reduces
the risk of eclampsia by more than half (RR 0.41, 95% CI 0.29-0.58)
and lowers maternal mortality (RR 0.54, 95% CI 0.26-1.10) [31].

The use of corticosteroids in HELLP syndrome is controversial.
Corticosteroids reduce systemic inflammation and stabilise
endothelial cells, leading to temporary improvements in platelet
count and liver enzymes [32,33]. However, a meta-analysis of
randomised trials (n=485) showed no statistically significant
reduction in maternal mortality (RR 0.95, 95% CI 0.28-3.25) or
maternal morbidity (RR 1.36, 95% CI 0.45-4.10) [33]. Similarly,
a pooled review of seven Randomised Controlled Trial (RCTs)
(n=485) found no significant improvements in maternal morbidity
(RR 1.36, 95% CI 0.45-4.10) or incidence of eclampsia (RR 1.16,
95% CI 0.76-1.77) [32]. While corticosteroids improve laboratory
indices, their primary clinical benefit is in promoting foetal lung
maturation before preterm birth rather than improving maternal
outcomes [33].

Blood product support in patients with HELLP syndrome is
individualised [25]. Platelet transfusion is used to maintain platelet
counts above 50,000/uL in patients requiring cesarean delivery or
major surgery. It can also be considered for patients with platelet
counts below 20,000-30,000/uL or those with active bleeding
[27,34]. When coagulopathy or haemorrhage is present, fresh
frozen plasma, cryoprecipitate, and red blood cells are administered
according to standard obstetric transfusion protocols [34].

In patients unresponsive to standard management, some adjunctive
therapies have been investigated [28,35]. Therapeutic Plasma
Exchange (TPE) has been associated with improved outcomes in
severe postpartum HELLP syndrome or cases overlapping with
Thrombotic Microangiopathy (TMA), although evidence is limited
to case series [35]. TPE is considered when there is no clinical
improvement within 24 hours of delivery despite maximal supportive
care (Class-I HELLP, progressive organ failure, or strong suspicion
of TMA) [36]. Early initiation (within 24 hours) is generally linked to
better laboratory and clinical outcomes [35,36].

Eculizumab, a complement inhibitor, has been used in HELLP
associated with atypical haemolytic uraemic syndrome. Its
use is reserved for highly selected cases after multidisciplinary
discussion, ideally guided by genetic testing, and requires
prompt meningococcal vaccination. The extremely high cost and
potential need for prolonged therapy should also be considered
[37]. Continuous Renal Replacement Therapy (CRRT), sometimes
combined with Inhaled Nitric Oxide (INO) in critically ill patients
with respiratory failure, has been reported as an experimental
approach to improve oxygenation. It serves as a temporising
measure, with improvements in oxygenation often observed within
24-48 hours [38].

Certain INcRNAs, such as LINC-HELLP (Long intergenic non-
protein coding RNA associated with HELLP syndrome), have been
identified in affected families and regulate invasion by extravillous
trophoblasts. Mutations in these IncRNAs can disrupt placental
development and increase the risk of HELLP syndrome [39]. Other
dysregulated INncRNAs in HELLP and PE include Nuclear Paraspeckle
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Assembly Transcript 1 (NEAT1), which promotes inflammation via
Nuclear Factor kappa-light-chain-enhancer of activated B cells (NF-
«B) signaling, and Metastasis Associated Lung Adenocarcinoma
Transcript 1 (MALAT1), which regulates trophoblast migration
and endothelial function [17]. Antisense oligonucleotides or Small
interfering  RNA (siRNAs) targeting pathogenic IncRNAs show
promise as experimental therapies, and INCRNA profiling may aid
in early diagnosis [17]. However, no clinical trials have yet been
conducted, and available data are limited to in-vitro studies and
small patient groups, so their use remains investigational [17,39].

Atypical HELLP Syndrome without Hypertension
Although HELLP syndrome is generally considered a severe
form of PE, 10-20% of cases occur without hypertension, which
can complicate diagnosis and management [40,41]. Normal
blood pressure and urinary protein levels may delay recognition,
increasing the risk of serious complications such as liver rupture,
DIC, and kidney failure [28,41]. Systemic endothelial dysfunction,
platelet activation, and microangiopathic haemolysis are not
necessarily dependent on hypertension [42]. Therefore, any
pregnant or postpartum woman presenting with elevated liver
enzymes, low platelet counts, and signs of haemolysis should be
closely monitored, even in the absence of hypertension, to prevent
diagnostic and treatment delays [5,42].

CONCLUSION(S)

Prompt diagnosis and management of HELLP syndrome are
essential, as the condition can be life-threatening for both mothers
and their infants. While hypertension is commonly associated with
PE, cases without this symptom should not be underestimated.
A deeper understanding of the complex pathophysiological
mechanisms, including the roles of antiangiogenic factors and
INcRNAs, can facilitate faster diagnosis and more individualised
treatment. Further research is needed to elucidate the molecular
mechanisms underlying HELLP syndrome and to develop
biomarkers and therapeutic strategies to improve maternal and
foetal outcomes.
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