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                               Abstract 

Postpartum hemorrhage (PPH) is a leading cause of maternal morbidity and mortality and has traditionally been 
managed as a primarily hemodynamic emergency driven by acute blood loss. Emerging evidence suggests that severe 
PPH can trigger a cytokine storm—a dysregulated systemic inflammatory response characterized by excessive 
cytokine release, endothelial injury, coagulopathy, and multiorgan dysfunction. This narrative review explores the 
pathophysiological links between PPH, cytokine-mediated endothelial dysfunction, and maternal morbidity. We 
examine how tissue hypoxia, ischemia–reperfusion injury, and transfusion-related immune activation converge to 
amplify systemic inflammation, leading to persistent hypotension, organ dysfunction, and coagulopathy. Clinical 
manifestations, diagnostic challenges, and relevant biomarkers are discussed, alongside therapeutic and management 
considerations. Recognizing cytokine storm as a central driver of adverse maternal outcomes reframes severe PPH as 
both a circulatory and inflammatory catastrophe, highlighting the need for integrated hemodynamic and 
immunological approaches in maternal critical care. 
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Introduction 
 
Postpartum hemorrhage (PPH) remains one of the 
leading causes of maternal morbidity and 
mortality worldwide, accounting for a significant 
proportion of maternal deaths despite advances in 
obstetric care [1-2]. Defined as excessive blood 
loss following childbirth, PPH is traditionally 
conceptualized as a hypovolemic emergency, with 
management focused on rapid hemorrhage 
control, fluid resuscitation, and correction of 
coagulopathy. While these interventions are 
essential, they do not fully explain the persistent 
or progressive maternal instability observed in a 
subset of women, suggesting that additional 
pathophysiological mechanisms may contribute to 
adverse outcomes [4].Pregnancy and parturition 
involve dynamic immunological adaptations that 
balance fetal tolerance with maternal host 
defense. Labor itself represents a pro-
inflammatory state, facilitating uterine 
contractions, placental separation, and tissue 
remodeling. In the setting of severe PPH, this 
delicate immune balance may be abruptly 
disrupted, leading to excessive activation of 
innate and adaptive immune pathways. Emerging 
evidence indicates that such dysregulated immune 
responses can culminate in a cytokine storm—a 
systemic hyperinflammatory state characterized 
by uncontrolled release of pro-inflammatory 
cytokines, endothelial dysfunction, coagulopathy, 
and multiorgan injury [5-6]. 
 
Cytokine storm has been extensively described in 
conditions such as sepsis, trauma, and 
immunotherapy-related complications, but its role 
in obstetrics is only beginning to be recognized. 
In severe PPH, hemorrhage-induced tissue 
hypoxia, ischemia–reperfusion injury, and 
transfusion-related immunomodulation act 
synergistically to trigger this inflammatory 
cascade. Endothelial cells, already adapted to the 
high-flow, low-resistance circulatory state of 
pregnancy, are particularly vulnerable to 
cytokine-mediated injury, resulting in capillary 
leak, vasoplegia, and microvascular thrombosis. 
These vascular derangements often manifest 
clinically as hypotension refractory to fluids, 
pulmonary edema, coagulopathy, and organ 

dysfunction—features that cannot be explained 
solely by blood loss [7-8].The recognition of 
cytokine storm as a key contributor to maternal 
morbidity reframes severe PPH as a dual insult: 
both a hemodynamic and immunological 
catastrophe. This perspective has profound 
implications for diagnosis, monitoring, and 
management. Traditional resuscitation strategies 
focusing exclusively on volume replacement may 
be insufficient or even detrimental if the 
inflammatory component is not addressed. 
Understanding the immunopathophysiological 
mechanisms underlying cytokine storm in PPH is 
therefore critical to guiding timely interventions, 
optimizing critical care, and reducing preventable 
maternal morbidity and mortality [9-10].In this 
narrative review, we examine the emerging 
evidence linking PPH to cytokine storm, with a 
particular focus on endothelial dysfunction and its 
contribution to maternal morbidity. The paper 
discussed the underlying mechanisms, clinical 
manifestations, diagnostic challenges, and 
potential therapeutic strategies, highlighting the 
importance of integrating immunological insight 
into obstetric critical care. By broadening the 
conceptual framework of maternal deterioration in 
severe PPH, this review aims to provide a 
foundation for improved recognition, 
management, and outcomes in women facing this 
life-threatening obstetric emergency. 
 
Pathophysiological Interplay Between 
Postpartum Hemorrhage and Cytokine 
Storm 
 

Severe postpartum hemorrhage (PPH) initiates a 
cascade of physiological events that extend well 
beyond simple blood loss, creating a milieu 
conducive to the development of cytokine storm. 
The pathophysiological interplay between PPH 
and hyperinflammatory states reflects the 
convergence of tissue hypoxia, ischemia–
reperfusion injury, immune activation, endothelial 
dysfunction, and transfusion-related 
immunomodulation. Together, these processes 
transform maternal shock from a purely 
hemodynamic phenomenon into a complex 
systemic inflammatory syndrome [11-12].Acute  
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and massive blood loss in PPH results in tissue 
hypoperfusion and cellular hypoxia. Oxygen 
deprivation triggers metabolic stress, 
mitochondrial dysfunction, and eventual cellular 
injury or necrosis, leading to the release of 
damage-associated molecular patterns (DAMPs). 
These endogenous danger signals activate pattern 
recognition receptors on innate immune cells, 
including Toll-like receptors on macrophages, 
neutrophils, and dendritic cells. This engagement 
rapidly stimulates transcription of pro-
inflammatory cytokines, including interleukin-6 
(IL-6), tumor necrosis factor-alpha (TNF-α), and 
interleukin-1β (IL-1β), initiating the systemic 
inflammatory response that underpins cytokine 
storm [13-14]. 
 
Ischemia–reperfusion injury further amplifies this 
inflammatory cascade. Restoration of blood flow, 
while essential for tissue salvage, generates 
reactive oxygen species and oxidative stress, 
exacerbating endothelial injury and perpetuating 
cytokine release. The resulting feed-forward loop 
transforms localized tissue injury into a systemic 
hyperinflammatory state, with vascular, renal, 
hepatic, and pulmonary involvement 
[15].Endothelial dysfunction plays a central role 
in mediating maternal morbidity during cytokine 
storm. Pregnancy is associated with adaptive 
endothelial changes that support increased 
circulatory volume and low systemic vascular 
resistance. Exposure to high concentrations of 
circulating cytokines disrupts endothelial barrier 
integrity, increases vascular permeability, and 
promotes vasodilation and microvascular 
thrombosis. These changes manifest clinically as 
hypotension refractory to fluids, capillary leak, 
and organ hypoperfusion—hallmarks of CRS-
mediated maternal shock [16]. 
 
Massive transfusion, often required in the 
management of severe PPH, can further 
exacerbate systemic inflammation. Stored blood 
products contain bioactive lipids, cytokines, 
extracellular vesicles, and free hemoglobin, all of 
which may stimulate recipient immune cells. 
Transfusion-related immunomodulation can 
therefore act synergistically with hemorrhage-
induced inflammation, amplifying cytokine 
release and accelerating the progression to  

 
 
systemic hyperinflammation [16-17].Pregnancy-
specific immune adaptations may also influence 
susceptibility to cytokine storm. The maternal 
immune system is dynamically regulated 
throughout gestation, with a careful balance 
between pro-inflammatory and anti-inflammatory 
states. Severe hemorrhage disrupts this balance, 
potentially tipping the immune response toward 
uncontrolled cytokine production. This 
immunological context may explain why some 
women experience persistent organ dysfunction 
and hypotension disproportionate to blood loss 
alone [18-19]. 
 
Endothelial Dysfunction as a Central 
Mediator of Maternal Morbidity 
 

Endothelial dysfunction occupies a central role in 
linking cytokine storm to maternal morbidity in 
the context of severe postpartum hemorrhage 
(PPH). While acute blood loss initiates 
hypovolemic shock, it is the subsequent 
inflammatory insult and endothelial activation 
that often drive persistent hemodynamic 
instability, organ injury, and coagulopathy. 
Understanding the mechanisms by which 
endothelial injury amplifies maternal risk is 
critical for redefining severe PPH as both a 
circulatory and immunological catastrophe 
[20].During pregnancy, the maternal endothelium 
is physiologically adapted to accommodate 
increased blood volume and maintain low 
systemic vascular resistance. These adaptations 
involve enhanced nitric oxide–mediated 
vasodilation, increased glycocalyx integrity, and 
modulation of vascular permeability. In the 
setting of cytokine storm, pro-inflammatory 
mediators such as interleukin-6, tumor necrosis 
factor-α, and interleukin-1β disrupt these 
protective mechanisms. Endothelial cells lose 
barrier integrity, leading to capillary leak, tissue 
edema, and intravascular volume depletion that is 
often disproportionate to actual blood loss. This 
vasoplegic state manifests clinically as 
hypotension refractory to fluids and contributes to 
shock persistence even after hemorrhage control 
[21-22]. 
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Beyond vascular permeability, endothelial 
activation triggers a prothrombotic and pro-
inflammatory phenotype. Upregulation of 
adhesion molecules promotes leukocyte 
adherence, while expression of tissue factor and 
suppression of anticoagulant pathways disrupt 
normal hemostasis. The resulting 
immunothrombotic state contributes both to 
ongoing bleeding complications and 
microvascular obstruction, further compromising 
organ perfusion. These microvascular 
disturbances are key drivers of multiorgan 
dysfunction observed in women experiencing 
severe PPH complicated by cytokine storm [23-
24].Endothelial injury also mediates cross-talk 
between inflammation and coagulation. Cytokine-
induced disruption of the glycocalyx and 
endothelial junctions facilitates exposure of 
subendothelial tissue and activation of platelets 
and clotting cascades. Concurrently, endothelial 
apoptosis and oxidative stress exacerbate vascular 
instability, creating a vicious cycle in which 
hemorrhage, inflammation, and endothelial 
dysfunction perpetuate each other. This interplay 
explains why some women exhibit progressive 
organ injury despite adequate hemodynamic 
resuscitation and correction of anemia [25-
26].Capillary leak and endothelial-mediated fluid 
shifts further complicate maternal management. 
Pulmonary edema, pleural effusions, and tissue 
edema increase morbidity, particularly when 
aggressive fluid resuscitation is employed without 
recognition of underlying vascular pathology. 
Renal and hepatic perfusion may be compromised 
by endothelial dysfunction in the 
microcirculation, contributing to organ-specific 
manifestations of cytokine storm. 
 
Clinical Manifestations and Maternal 
Morbidity 
 

Cytokine storm in the context of severe 
postpartum hemorrhage (PPH) manifests as a 
complex and dynamic syndrome, with clinical 
features that extend well beyond the typical signs 
of hypovolemic shock. While initial presentations 
may reflect acute blood loss—such as 
tachycardia, hypotension, pallor, and dizziness—
the subsequent progression often reveals a more  

 
 
systemic, inflammatory-driven pathology. 
Recognizing these manifestations is critical, as 
they are closely associated with maternal 
morbidity and, if unaddressed, can lead to 
multiorgan failure [27-28].Persistent hypotension 
despite adequate fluid resuscitation is a hallmark 
of cytokine storm–associated maternal 
deterioration. Unlike classic hypovolemia, this 
vasoplegic state results from cytokine-mediated 
endothelial dysfunction and systemic vasodilation 
rather than continued intravascular depletion. 
Clinically, this may necessitate early initiation of 
vasopressor support to maintain tissue perfusion. 
The hypotension is often accompanied by 
tachycardia, widened pulse pressure, and signs of 
poor end-organ perfusion, including altered 
mental status, oliguria, and lactic acidosis [29-30]. 
Temperature dysregulation is another prominent 
feature. Women may present with fever, 
hypothermia, or fluctuating core temperatures, 
reflecting the systemic inflammatory milieu rather 
than an infectious etiology. Fatigue, malaise, and 
neurocognitive disturbances such as agitation or 
confusion may also occur, often correlating with 
cytokine-mediated effects on the central nervous 
system [31].Respiratory compromise is 
commonly observed due to capillary leak and 
increased pulmonary vascular permeability 
induced by endothelial injury. Clinically, this may 
manifest as tachypnea, hypoxemia, pulmonary 
edema, or acute respiratory distress syndrome–
like features. Such respiratory involvement 
complicates fluid management and may 
necessitate supplemental oxygen or mechanical 
ventilation [32-33].Renal and hepatic dysfunction 
frequently accompany severe cytokine-driven 
responses. Acute kidney injury can develop 
despite restoration of circulating volume, 
reflecting microvascular injury and inflammatory 
stress on renal tissue. Oliguria, rising creatinine, 
and electrolyte imbalances are common. 
Similarly, hepatic dysfunction may present as 
elevated transaminases, hyperbilirubinemia, or 
impaired synthetic function, reflecting 
hepatocellular injury mediated by cytokine-
induced endothelial stress [34-35]. 
 
Coagulopathy is a critical manifestation that links 
inflammation to ongoing morbidity. In cytokine 
storm, systemic inflammation disrupts normal  
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hemostasis, producing thrombocytopenia, 
hypofibrinogenemia, and prolonged clotting times 
that are often disproportionate to measured blood 
loss. This inflammatory coagulopathy not only 
exacerbates hemorrhage but also contributes to 
microvascular thrombosis, compounding organ 
dysfunction [36].A defining feature of cytokine 
storm in obstetrics is its often biphasic clinical 
course. Some women may initially stabilize 
following hemorrhage control, only to deteriorate 
hours later as inflammatory cascades become 
fully activated. This delayed worsening, marked 
by escalating vasopressor requirements, 
respiratory compromise, and progressive organ 
dysfunction, serves as a clinical clue 
distinguishing cytokine-mediated maternal 
morbidity from isolated hemorrhagic shock [37-
38]. 
 
Diagnostic Challenges and Biomarkers 
 

Diagnosing cytokine storm in the context of 
severe postpartum hemorrhage (PPH) presents 
significant clinical challenges. The overlapping 
features of hypovolemic shock, sepsis, transfusion 
reactions, and pregnancy-specific coagulopathies 
complicate timely recognition, often delaying 
targeted interventions. Unlike infectious or 
cardiogenic shock, cytokine storm in obstetrics 
lacks standardized diagnostic criteria, making 
clinical suspicion and careful interpretation of 
biomarkers essential for early identification 
[39].A central diagnostic challenge lies in 
distinguishing persistent maternal deterioration 
due to systemic inflammation from ongoing blood 
loss. In cytokine storm, hypotension, tachycardia, 
and organ dysfunction may continue despite 
effective hemorrhage control and adequate fluid 
resuscitation. This dissociation between 
hemodynamic instability and measured blood loss 
is a critical clinical clue. Additionally, the often 
biphasic course—initial stabilization followed by 
sudden worsening—further complicates 
recognition, as clinicians may mistakenly attribute 
delayed deterioration to unrecognized hemorrhage 
or infection [40-41]. 
 
Laboratory biomarkers provide valuable, albeit 
indirect, evidence of cytokine-mediated  

 
 
pathology. Elevated levels of inflammatory 
mediators, particularly interleukin-6 (IL-6), C-
reactive protein (CRP), and ferritin, are 
commonly observed in women experiencing 
cytokine storm. While routine cytokine assays are 
not widely available in clinical obstetrics, trends 
in CRP and ferritin may serve as practical 
surrogates for systemic inflammation when 
interpreted in conjunction with clinical findings 
[42].Endothelial injury markers offer additional 
diagnostic insight. Elevated lactate in the setting 
of adequate perfusion reflects microcirculatory 
dysfunction, while angiopoietin-2, von 
Willebrand factor, and soluble thrombomodulin 
(where available) indicate endothelial activation 
and loss of vascular integrity. These markers 
correlate with capillary leak, hypotension 
refractory to fluids, and organ hypoperfusion 
[43].Coagulation parameters are particularly 
informative in differentiating cytokine storm from 
isolated hemorrhagic shock. Women may exhibit 
hypofibrinogenemia, thrombocytopenia, and 
prolonged clotting times that are disproportionate 
to their measured blood loss. Viscoelastic testing, 
when accessible, may further reveal impaired clot 
strength and dysregulated fibrinolysis, reflecting 
the inflammatory-driven coagulopathy 
characteristic of cytokine storm [44]. 
 
Organ-specific biomarkers can also assist in the 
diagnostic process. Rising creatinine and reduced 
urine output indicate inflammatory renal 
microvascular injury, while elevated 
transaminases and bilirubin suggest hepatocellular 
stress. Cardiac markers, such as troponin and B-
type natriuretic peptide, may be modestly elevated 
due to cytokine-induced myocardial strain, even 
in the absence of primary cardiac pathology 
[45].Despite these tools, the diagnosis of cytokine 
storm in severe PPH remains largely integrative 
and exclusionary. Infection must always be 
considered and appropriately ruled out, yet the 
absence of a clear infectious source, negative 
cultures, and poor response to antimicrobials 
should raise suspicion for an inflammatory 
etiology. The combined assessment of clinical 
trajectory, laboratory trends, endothelial markers, 
coagulation parameters, and organ-specific 
biomarkers offers the best approach for timely 
recognition [46]. 
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Therapeutic and Management Implications 
 
The recognition of cytokine storm as a central 
contributor to maternal deterioration in severe 
postpartum hemorrhage (PPH) has important 
implications for therapy and critical care 
management. Traditional approaches to PPH have 
focused primarily on rapid hemorrhage control, 
volume replacement, and correction of 
coagulopathy. While these interventions remain 
foundational, they may be insufficient when 
systemic inflammation and endothelial 
dysfunction are driving persistent hypotension, 
organ injury, and coagulopathy. Management 
strategies must therefore evolve to address both 
hemodynamic and inflammatory components of 
maternal shock [47].Hemodynamic stabilization 
remains the first priority. Prompt control of 
hemorrhage through uterotonics, surgical 
intervention, or interventional radiology is 
essential to halt ongoing blood loss. Volume 
resuscitation with crystalloids and blood products 
must be carefully titrated, as excessive fluid 
administration can exacerbate endothelial leak, 
pulmonary edema, and tissue hypoxia in the 
setting of cytokine-mediated capillary 
permeability. Early initiation of vasopressors is 
often necessary in women with persistent 
hypotension, particularly when standard fluid 
resuscitation fails to restore perfusion [48]. 
 
Transfusion strategies also require adaptation. 
While balanced massive transfusion protocols 
remain standard for severe PPH, clinicians should 
be aware of the potential for transfusion-related 
immune activation, which may amplify cytokine 
release. Targeted transfusion guided by laboratory 
parameters, including hemoglobin, platelet count, 
fibrinogen levels, and viscoelastic testing, can 
reduce unnecessary exposure to blood products 
while addressing coagulopathy [49].Organ 
support is critical in cytokine storm–associated 
maternal morbidity. Respiratory compromise 
from capillary leak may necessitate supplemental 
oxygen, non-invasive ventilation, or mechanical 
ventilation. Renal and hepatic dysfunction require 
close monitoring of laboratory parameters, fluid 
balance, and, where necessary, renal replacement 
therapy or other organ-supportive interventions.  
 

 
 
The biphasic or delayed nature of cytokine storm 
underscores the importance of ongoing 
monitoring, even after apparent stabilization 
[50].Immunomodulatory interventions 
represent an emerging therapeutic consideration. 
Corticosteroids may attenuate cytokine 
production and stabilize endothelial function, 
particularly in refractory cases of inflammatory 
shock. Although targeted cytokine-directed 
therapies, such as interleukin-6 inhibitors, have 
shown efficacy in other cytokine storm 
syndromes, robust evidence in obstetric 
populations remains limited. Any 
immunomodulatory approach must balance the 
risks of immunosuppression with the potential 
benefit of dampening excessive inflammation 
[51]. 
 
Multidisciplinary care is essential. Optimal 
management of cytokine storm in severe PPH 
requires coordination between obstetricians, 
anesthesiologists, critical care specialists, 
hematologists, and transfusion medicine teams. 
Structured protocols for early recognition, 
escalation of care, and integration of 
hemodynamic, coagulatory, and inflammatory 
management improve the likelihood of favorable 
maternal outcomes [52]. Preventive strategies 
and early recognition are equally important. 
Awareness of high-risk scenarios—such as 
massive transfusion, prolonged labor, or 
preexisting endothelial or coagulation disorders—
allows clinicians to anticipate and mitigate the 
progression of cytokine-mediated maternal shock. 
Early monitoring of inflammatory biomarkers, 
endothelial injury markers, and organ function 
can facilitate timely intervention before 
irreversible organ damage occurs [51-52]. 
 

Conclusion 
 
Severe postpartum hemorrhage is increasingly 
recognized not only as a hemodynamic 
emergency but also as a trigger for cytokine 
storm, a systemic hyperinflammatory state that 
amplifies maternal morbidity and mortality. The 
interplay of hemorrhage-induced tissue hypoxia, 
ischemia–reperfusion injury, transfusion-related 
immune activation, and endothelial dysfunction 
creates a cascade in which persistent hypotension,  
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coagulopathy, and multiorgan dysfunction may 
occur even after effective hemorrhage control. 
Recognizing cytokine storm as a key contributor 
to maternal deterioration reframes severe PPH as 
both a circulatory and immunological catastrophe, 
rather than a purely hypovolemic event. This 
perspective has profound implications for clinical 
practice. Early recognition, integration of 
biomarkers of inflammation and endothelial 
injury, and careful assessment of organ function 
are essential for accurate diagnosis. Therapeutic 
strategies must combine timely hemorrhage 
control, judicious fluid and transfusion 
management, vasopressor support, organ-specific 
care, and, in selected cases, immunomodulatory 
interventions. Multidisciplinary critical care 
coordination is crucial to optimize outcomes. 
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