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1. INTRODUCTION 

Purpura fulminans (PF) is a rare but life-

threatening thromboinflammatory condition 

characterized by widespread microvascular 

thrombosis and hemorrhagic infarction of the 

skin. This condition presents with sudden and 

extensive purpuric skin lesions, often heralding 

severe systemic symptoms [1]. Despite 

aggressive interventions, mortality remains 

exceptionally high, approaching 90% in the most 

severe cases [2]. The pathogenesis of PF is 

complex, involving a delicate balance between 

inflammation and coagulation that leads to tissue 

ischemia and necrosis [1]. Often triggered by 

bacterial infections, particularly meningococcal 

sepsis, PF rapidly progresses to disseminated 

intravascular coagulation (DIC), multiorgan 

failure, and skin necrosis. Survivors frequently 

face significant long-term morbidity, including 

amputations due to extensive tissue loss [3]. 

Prompt recognition and urgent intervention are 

critical to mitigating the high morbidity and 

mortality associated with this condition. 

Clinically, purpura fulminans manifests with the 

abrupt onset of purpuric skin lesions that rapidly 

evolve into necrotic areas, predominantly 

affecting extremities and pressure points [1]. The 

early symptoms include fever and malaise, which 

rapidly give way to signs of systemic infection, 

such as multi-organ failure, hematuria, oliguria, 
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Abstract 

Purpura fulminans is a severe thromboinflammatory disorder characterized by widespread microvascular 

thrombosis and hemorrhagic infarction of the skin, often associated with sepsis or disseminated intravascular 

coagulation. Current treatment strategies focus on supportive care, anticoagulation, and addressing underlying 

infections or triggers. Despite these efforts, morbidity and mortality rates remain high, necessitating the 

exploration of novel therapeutic avenues. Recent research has underscored the pathophysiological mechanisms 

underlying thromboinflammation in purpura fulminans, highlighting the roles of the innate immune response, 

endothelial dysfunction, and dysregulated coagulation pathways. Targeted therapies, such as inhibitors of 

complement activation, toll-like receptors, and pro-inflammatory cytokines, show promise in mitigating the 

thromboinflammatory cascade. Additionally, advancements in the modulation of neutrophil extracellular traps 

(NETs) and the use of antithrombotic agents with anti-inflammatory properties are emerging as potential 

strategies. Future research should aim to translate these findings into clinical practice through well-designed 

trials, focusing on personalized medicine approaches to optimize outcomes for critically ill patients with 

purpura fulminans. Continued exploration of the molecular mechanisms involved and the development of 

biomarkers for early diagnosis and treatment response will be crucial in advancing therapeutic interventions 

in this challenging condition. 
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and acute respiratory distress [1]. The clinical 

presentation of PF overlaps with other critical 

conditions like meningococcemia, severe sepsis, 

and vasculitic syndromes, making early and 

accurate diagnosis a significant challenge. 

Delays in diagnosis and treatment can result in 

catastrophic outcomes underscoring the need for 

heightened clinical suspicion and timely 

therapeutic intervention. 

Purpura fulminans is commonly associated with 

bacterial infections, such as Neisseria 

meningitidis, Streptococcus pneumoniae, and 

Haemophilus influenzae, particularly in cases of 

DIC [4]. This association with sepsis underscores 

the critical interplay between coagulation system 

dysregulation triggered by systemic infection. 

Patients with PF may be acutely ill with a fever, 

hypotensive, and experience hemorrhages from 

multiple sites, due to widespread microvascular 

thrombosis and subsequent hemorrhagic 

infarction [1]. This dysregulation of the 

coagulation cascade results in both thrombosis 

and bleeding, further compounding the severity 

of PF. Aside from infections, PF can be triggered 

by trauma, immune disorders, and inherited 

deficiencies in protein C, protein S, or 

antithrombin III [1]. Immediate recognition and 

management are essential for patient survival, 

given the rapid progression and severity of this 

condition. Current treatment strategies for 

purpura fulminans are multifaceted, focusing on 

supportive care, managing the underlying cause, 

and addressing the coagulopathy to prevent end-

organ damage [1]. Supportive care includes fluid 

resuscitation, hemodynamic support and organ 

support, and in the case of an infectious trigger, 

appropriate antibiotics [1]. In cases of DIC, 

anticoagulation therapies such as heparin or 

warfarin are employed [1]. Severe cases may 

require plasmapheresis, fresh frozen plasma, or 

protein C concentrates to correct underlying 

coagulopathies. Early surgical intervention to 

debride necrotic tissue is often necessary to 

prevent further complications. Despite these 

interventions, patient outcomes remain poor, 

highlighting the urgent need for novel therapeutic 

approaches. Recent advances in understanding 

the pathophysiology of PF hav opened the door 

to targeted therapies aimed at modulating the 

inflammatory and coagulation pathways. 

Emerging treatments, including 

immunomodulators, targeted anticoagulants, and 

regenerative therapies hold promise for 

improving outcomes in this devastating 

condition. mortality and morbidity. This review 

explores emerging therapeutic strategies in the 

management of PF discussing the 

pathophysiology of purpura fulminans, current 

treatments, and potential novel therapies that may 

lead to better patient outcomes. 

2. DISCUSSION  

2.1. Clinical Presentation and Diagnosis 

Purpura fulminans is characterized by a distinct 

and rapidly progressing clinical presentation that 

necessitates prompt recognition for timely 

intervention. The initial presentation typically 

involves erythema, which quickly advances to 

blue-black hemorrhagic skin necrosis. Without 

swift treatment, systemic involvement, including 

DIC and multi-organ failure, can ensue, making 

PF a life-threatening condition. Patients often 

present with widespread purpuric lesions that 

rapidly coalesce, evolving from petechiae into 

larger areas of ecchymosis and hemorrhagic 

infarctions. As PF advances, affected areas of 

purpura undergo necrosis, resulting in blackened, 

non-viable skin. This necrotic tissue often leads 

to complete loss of sensation and extensive tissue 

damage, frequently requiring surgical 

intervention [1]. Systemic symptoms such as 

fever, hypotension, and progression to DIC, are 

common, and the condition carries a mortality 

rate of up to 50%, rising to 60% for distal lesions 

and as high as 90% for truncal and widespread 

lesions [5]. Early and accurate recognition is 

essential, as delays significantly increase the risk 

of severe systemic complications and mortality.  

Early recognition and differentiation of purpura 

fulminans from other dermatologic and systemic 

conditions are crucial for effective treatment. The 

rapid onset and progression of purpuric lesions, 

along with signs of systemic involvement, serve 

as key distinguishing features. Various 

conditions, such as Henoch-Schonlein purpura, 

can present with similar purpuric lesions but 

seldom progress to necrosis, underscoring the 

importance of differentiating PF from other 

mimicking conditions. Although a skin biopsy 

can provide a definitive diagnosis, the process 

may delay diagnosis by up to a week, potentially 

resulting in a detrimental delay in initiating 

treatment [4]. Thus, clinical suspicion should 

remain high when patients present with 

characteristic lesions and systemic signs of 

coagulopathy. 

Diagnosis of purpura fulminans is supported by 

laboratory findings, histopathology, and imaging 
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studies. Essential laboratory evaluations include 

a complete blood count (CBC), coagulation 

profile (prothrombin time, activated partial 

thromboplastin time, fibrinogen), D-dimer 

levels, blood cultures, and assessments of organ 

function (renal and liver panels). A skin biopsy 

from the periphery of a purpuric lesion can 

confirm the diagnosis, typically revealing 

microvascular thrombosis, endothelial damage, 

and perivascular inflammation. Imaging studies, 

such as Doppler ultrasound, can further assess 

vascular involvement and identify thrombosis. In 

some cases, advanced imaging such as MRI or 

CT may be necessary to evaluate the extent of 

systemic involvement. These diagnostic tools are 

critical as purpura fulminans must be 

differentiated from other conditions with similar 

presentations, including warfarin-induced skin 

necrosis, catastrophic antiphospholipid 

syndrome, cryoglobulinemic vasculitis, and 

heparin-induced thrombocytopenia [6]. 

Diagnosing purpura fulminans in critically ill 

patients presents unique challenges. The rapid 

clinical progression and overlapping symptoms 

with other severe conditions– such as sepsis, 

meningococcemia, or other coagulopathies– 

further complicate the diagnostic process [7]. A 

review and two case reports by Nolan et al. 

highlight the barriers to diagnosing PF, 

particularly due to the overlap of symptoms like 

high fever, chills, headache, and other systemic 

inflammatory responses [7]. It is imperative that 

healthcare professionals maintain a high index of 

suspicion, using a combination of clinical 

judgment, laboratory findings, and imaging to 

make a timely and accurate diagnosis [8]. 

2.2. Pathophysiological Mechanisms 

2.2.1. Innate Immune Response 

The pathophysiology of purpura fulminans 

involves a complex interplay of 

thromboinflammation, with the innate immune 

response being a primary driver of disease 

progression. When exposed to infectious agents 

or injury, the innate immune response is 

activated, involving cells such as macrophages, 

neutrophils, and dendritic cells. These cells 

release pro-inflammatory cytokines, which act as 

amplifiers of the inflammatory response and 

upregulate tissue factor, initiating the coagulation 

pathway [9]. While this response is typically 

protective, aiming to contain infections and 

initiate tissue repair, it becomes maladaptive in 

PF. The dysregulation leads to excessive 

inflammation and formation of microvascular 

thrombi, a hallmark of the disease that 

contributes to its rapid progression and severity 

[10, 11]. Pro-inflammatory cytokines released 

during this dysregulated response drive further 

immune cell recruitment and tissue factor 

production. This creates a feedback loop that 

perpetuates the inflammatory and thrombotic 

processes.  

Tissue factor on the surface of endothelial cells 

and monocytes further accelerates thrombin 

generation and subsequent fibrin deposition, 

fueling the coagulation process [12]. This 

cyclical interaction between inflammation and 

coagulation is a defining feature of PF and 

underlies the systemic and localized thrombosis 

observed in patients [13]. Moreover, recent 

research has highlighted the critical role of toll-

like receptors (TLRs), which detect microbial 

products and initiate immune signaling in both 

innate and adaptive immunity [14]. The 

activation of TLRs not only propagates 

inflammatory signaling but also offers potential 

therapeutic targets for modulating the immune 

system without compromising infection control, 

presenting a new avenue for managing purpura 

fulminans. 

2.2.2. Endothelial Dysfunction  

Endothelial dysfunction plays a critical role in the 

development of microvascular thrombosis and 

inflammation seen in purpura fulminans. Under 

normal physiological conditions, the 

endothelium regulates vascular homeostasis by 

controlling blood flow, modulating coagulation, 

and maintaining immune cell trafficking. 

However, in PF, endothelial cells become 

damaged and pro-thrombotic due to persistent 

exposure to inflammatory mediators and 

microbial toxins. This dysfunction is 

characterized by the upregulation of adhesion 

molecules such as ICAM-1 and VCAM-1, which 

promote leukocyte adhesion and transmigration 

into the vascular wall, exacerbating the local 

inflammatory response [15]. This process is 

triggered by lipopolysaccharide (LPS) and non-

LPS components from Neisseria meningitidis, 

further driving endothelial activation. 

As endothelial cells become activated, they 

release von Willebrand factor (vWF) 

andexpression tissue factor, both of which are 

critical in promoting coagulation. The 

breakdown of the endothelial barrier permits the 

extravasation of inflammatory cells and plasma 

proteins, leading to tissue damage and necrosis. 

This is compounded by a reduction in nitric oxide 

(NO) production, a molecule that typically 

inhibits platelet aggregation and leukocyte 



Targeting Thromboinflammation in Purpura Fulminans: Novel Therapeutic Avenues in Critical Care

 

ARC Journal of Dermatology                                                                                                                  Page | 39 

adhesion. The decreased levels of NO create an 

environment conducive to thrombosis and 

inflammation, exacerbating the clinical 

presentation of PF [16]. Similar mechanisms of 

endothelial injury are observed in other 

thromboinflammitory conditions, such as SARS-

CoV-2 infection, where complement-mediated 

vascular damage plays a central role in disease 

progression [16]. Understanding the molecular 

drivers of endothelial dysfunction has led to the 

identification of potential therapeutic targets. For 

instance, inflammatory cytokines and oxidative 

stress have been implicated in endothelial 

activation, suggesting that antioxidants and anti-

inflammatory agents may help restore 

endothelial function [16]. Additionally, therapies 

aimed at enhancing endothelial cell survival and 

repair, including the use of endothelial progenitor 

cells, are under investigation. These strategies 

underscore the critical importance of maintaining 

endothelial integrity in preventing the 

thromboinflammitory sequelae of purpura 

fulminans and could pave the way for novel 

therapeutic approaches to mitigate endothelial 

damage in this severe condition. 

2.2.3. Dysregulated Coagulation Pathways  

Dysregulated coagulation is a hallmark of 

purpura fulminans, characterized by an 

imbalance between pro-coagulant and 

anticoagulant forces that leads to extensive 

microvascular thrombosis [6]. This imbalance is 

largely driven by the overexpression of tissue 

factor, which initiates the extrinsic coagulation 

pathway and leads to extensive thrombin 

generation. In PF, increased tissue factor 

expression on endothelial cells and monocytes 

exacerbates thrombin production, converting 

fibrinogen to fibrin while activating protease-

activated receptors (PARs) to amplifying 

inflammation [17]. The impairment of natural 

anticoagulant pathways, including antithrombin, 

protein C, and protein S, further contributes to 

unchecked thrombin activity and widespread 

fibrin deposition in the microvasculature [18]. 

Protein C, in particular, plays a critical role in 

both anticoagulation and anti-inflammation. Its 

dysfunction in PF significantly reduces its 

protective effects. A notable study by Majid et al. 

demonstrated that impairment of the protein C 

pathway leads to widespread fibrin deposition 

and uncontrolled thrombin activity, emphasizing 

the critical role of this pathway in the disease’s 

progression [19]. The loss of protein C’s anti-

inflammatory functions further contributes to the 

severity of PF, as the unchecked coagulation 

cascade intensifies tissue damage and necrosis.  

Recent research has provided further insight into 

the molecular mechanisms driving these 

dysregulated pathways. For instance, 

inflammatory cytokines like tumor necrosis 

factor-alpha (TNF-α) downregulate 

thrombomodulin and the endothelial protein C 

receptor, further impairing the protein C pathway 

[20, 21, 22]. This downregulation perpetuates the 

procoagulant state by reducing the anticoagulant 

and anti-inflammatory functions of protein C, 

worsening disease outcomes. Additionally, the 

role of extracellular vesicles in transporting 

tissue factor and other pro-coagulant molecules 

to distant sites has been identified as a key factor 

in systemic thrombosis. Targeting these 

pathways with therapies such as recombinant 

protein C or tissue factor inhibitors may help 

restore coagulation balance in PF. Zifkos et al. 

further highlight the contribution of platelet-

derived extracellular vesicles in supporting 

thrombin generation, particularly in procoagulant 

conditions, indicating that targeting these 

vesicles could mitigate the extensive clot 

formation in PF [23]. Inhibiting these pathways 

could offer a viable approach for addressing the 

underlying thromboinflammitory mechanisms of 

purpura fulminans, where disseminated 

intravascular coagulation remains a significant 

clinical challenge. 

2.2.4. Complement Activation 

Complement activation is another critical player 

in the thromboinflammatory cascade of purpura 

fulminans. This system, integral to the innate 

immune response, is activated through classical, 

lectin, and alternative pathways, resulting in the 

production of anaphylatoxins (C3a, C5a) and the 

formation of the membrane attack complex 

(MAC). These complement components enhance 

inflammation, recruit and activate leukocytes, 

and increase endothelial permeability. Notably, 

anaphylatoxins serve as potent chemoattractants 

for neutrophils and other immune cells, further 

exacerbating inflammatory conditions. Evidence 

of complement activation in PF is underscored by 

studies reporting elevated levels of complement 

activation products in affected patients. These 

products not only amplify the inflammatory 

response but also contribute to a prothrombotic 

state by promoting endothelial cell activation and 

damage. For instance, Bendapudi et al. identified 

an enrichment of rare variants in the complement 

system among PF patients, which correlated with 

the severe thrombotic and inflammatory 

responses observed [24]. The formation of the 

MAC on endothelial cells can induce cell lysis 

and increase vascular permeability, thereby 



Targeting Thromboinflammation in Purpura Fulminans: Novel Therapeutic Avenues in Critical Care

 

ARC Journal of Dermatology                                                                                                                  Page | 40 

exacerbating tissue injury. This interplay 

between complement activation, inflammation, 

and coagulation establishes a vicious cycle that 

drives the progression of purpura fulminans. 

Insights into the mechanisms of complement 

activation have prompted investigations into 

complement inhibitors as potential therapeutic 

options. Eculizumab, a monoclonal antibody 

targeting C5, has demonstrated efficacy in 

mitigating the severity of complement-mediated 

diseases [25]. Although research on 

eculizumab’s application in PF remains limited, 

identifying potential targets within the 

complement cascade suggests that monoclonal 

antibodies could represent viable treatment 

modalities for this condition. Ongoing research 

aims to uncover additional complement targets 

and develop inhibitors that selectively block the 

detrimental effects of complement activation 

while preserving its protective functions. These 

therapeutic approaches aim to interrupt the cycle 

of inflammation and thrombosis in purpura 

fulminans, offering renewed hope for affected 

patients. 

2.2.5. Neutrophil Extracellular Traps 

Neutrophil extracellular traps (NETs) have 

emerged as critical contributors to the 

pathophysiology of purpura fulminans [26]. 

These web-like structures, composed of 

decondensed chromatin and antimicrobial 

proteins, are released by neutrophils in response 

to infection or inflammation. While NETs play a 

protective role by trapping and neutralizing 

pathogens, excessive NET formation can lead to 

significant tissue damage and thrombosis [26]. In 

PF, this excessive formation is linked to 

endothelial injury, providing a scaffold for 

platelet adhesion and aggregation, thereby 

facilitating clot formation. This mechanism 

underpins the development of purpuric skin 

lesions and DIC seen in this condition. The 

persistence of NET-driven thrombosis can 

intensify the inflammatory response, creating a 

self-perpetuating cycle of endothelial injury, clot 

formation, and organ dysfunction. 

NETs formation is triggered by stimuli, including 

microbial products, inflammatory cytokines, and 

activated platelets. Once released, NETs can trap 

not only pathogens but also red blood cells, 

platelets, and coagulation factors, creating a pro-

thrombotic environment. Components of NETs, 

including histones and neutrophil elastase, 

possess both antimicrobial and cytotoxic 

properties. These molecules can disrupt cell 

membranes, aggravating endothelial cells and 

exacerbating inflammation [27]. Histones, 

particularly H2A, have been shown to effectively 

combat pathogens like E. coli and 

Staphylococcus species, while simultaneously 

contributing to cytotoxicity [27]. Elastase, 

another key component of NETs, further 

exacerbates endothelial injury, highlighting the 

dual role of NETs in both antimicrobial defense 

and promoting thrombosis.  

While the dual role of NETs in antimicrobial 

defense and thrombosis underscores their 

complex function, it also highlights the risks 

associated with excessive NET formation, 

particularly in conditions like PF where their 

harmful effects are pronounced. The harmful 

effects of excessive NET formation in PF 

emphasize the potential of targeting NETs as a 

therapeutic strategy. Research into inhibitors of 

NETosis, such as DNase, shows promise in 

degrading NETs and reducing their inflammatory 

impact, without compromising pathogen 

clearance. Understanding the signaling pathways 

that trigger excessive NET formation may lead to 

the development of more refined interventions, 

offering a balance between modulating the 

immune response and preserving antimicrobial 

defense. 

2.3. Current Treatment Strategies 

The management of purpura fulminans centers 

on addressing the underlying cause, controlling 

the thromboinflammatory cascade, and 

preventing tissue damage. A cornerstone of 

treatment is anticoagulation, which aims to 

prevent further thrombus formation. Heparin and 

low molecular weight heparin (LMWH) are 

commonly used, with heparin inhibiting 

thrombin and LMWH inhibiting factor Xa. 

However, anticoagulation presents a significant 

challenge due to the associated risk of bleeding, 

especially in critically ill patients. Careful 

monitoring and dose adjustment are crucial to 

balance the prevention of thrombosis with 

minimizing bleeding complications. 

Additionally, the timing of anticoagulation 

initiation is crucial [28]. Studies have shown that 

early initiation of anticoagulation significantly 

reduces mortality, highlighting the importance of 

timely treatment. 

Managing infections that precipitate purpura 

fulminans is equally critical. Sepsis is a common 

trigger, necessitating prompt antibiotic or 

antiviral therapy. Broad-spectrum antibiotics are 

typically initiated empirically and then tailored 

once the specific pathogen is identified. In cases 
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of PF linked to meningococcemia rapid 

antimicrobial therapy is crucial due to the potent 

inflammatory response triggered by 

meningococcal lipooligosaccharide (LOS), 

which is significantly more inflammatory than 

the lipopolysaccharide (LPS) from other bacteria 

like E. coli [29]. This increased potency 

highlights the heightened inflammatory and 

thrombotic response induced by meningococcal 

infections, explaining why PF associated with 

meningococcemia can progress so rapidly and 

severely. Effective management of such 

infections is pivotal in mitigating the systemic 

inflammatory response and improving patient 

outcomes. Early identification and aggressive 

management of infectious sources are essential to 

prevent further progression of purpura fulminans. 

Immunomodulatory therapies such as 

intravenous immunoglobulin (IVIG) and 

corticosteroids are also utilized in the treatment 

of purpura fulminans. IVIG is thought to 

modulate immune responses by neutralizing 

antibodies and inhibiting cytokine release, 

proving particularly useful in autoimmune or 

idiopathic cases [30]. It has demonstrated success 

in rapidly reducing inflammation and resolving 

symptoms in conditions like Kawasaki disease 

[30]. A case report by Ghosh et al. discusses how 

IVIG has been anecdotally used to neutralize 

exotoxins in PF, highlighting the need for further 

research to clarify supporting the notion that 

long-term outcomes and optimal dosing 

regimens for these therapies are still unclear and 

require further study [31]. This supports the 

notion that while IVIG can be beneficial, its 

precise role in managing purpura fulminans is not 

yet fully understood. 

Alternatively, corticosteroids are potent anti-

inflammatory agents that reduce immune-

mediated damage and inflammation. Their use 

must be carefully balanced, as they carry risks 

such as immunosuppression and increased 

infection susceptibility. The decision to use 

IVIG, corticosteroids, or both depends on the 

underlying cause, with IVIG showing efficacy in 

immune-mediated PF and corticosteroids more 

commonly used to dampen severe inflammatory 

responses [32]. Although these therapies have 

shown efficacy, their application remains 

variable and should be tailored to the specific 

etiology and patient presentation. Lastly, 

plasmapheresis, also known as therapeutic 

plasma exchange, offers an additional treatment 

option by removing pathogenic antibodies, 

immune complexes, and inflammatory mediators 

from circulation. This therapeutic approach has 

been used in both sepsis-related and autoimmune 

forms of PF, particularly when conventional 

therapies such as anticoagulation or 

immunosuppression fail to adequately control the 

coagulation cascade or inflammatory response. 

In cases involving antiphospholipid syndrome or 

post-infectious autoimmune mechanisms, 

plasmapheresis is often combined with 

immunosuppressive agents like corticosteroids to 

achieve better outcomes [33]. For example, in PF 

secondary to autoimmune clearance of protein S, 

plasmapheresis may be used alongside fresh 

frozen plasma and immunosuppression to restore 

adequate coagulation [5]. While further studies 

are needed to refine the exact indications, 

frequency, and duration of plasmapheresis in 

various clinical scenarios, its role in managing 

severe or refractory purpura fulminans remains 

pivotal. It also has the added benefit of 

preventing fluid overload in patients requiring 

large-volume resuscitation, adding to its value in 

critical care settings.  

Case studies emphasize the importance of a 

multidisciplinary approach to the treatment of 

purpura fulminans, which often involves 

infectious disease specialists, hematologists, 

critical care teams, and occasionally, 

rheumatologists. For instance, in cases of 

meningococcemia-associated PF, early 

recognition and aggressive antibiotic therapy, 

alongside timely initiation of anticoagulation 

have been linked to improved outcomes [6]. In 

autoimmune-related PF, the combination of 

IVIG, platelet transfusion, and corticosteroids, 

has shown favorable responses, particularly in 

cases complicated by immune thrombocytopenia 

[34]. These cases underlie the necessity of 

individualized treatment plans tailored to the 

underlying etiology and patient response, as well 

as the critical importance of early diagnosis and 

continuous monitoring to optimize patient 

outcomes. Timely intervention can prevent rapid 

progression and reduce risk of long-term 

complications, which is crucial in this life-

threatening condition. 

2.4. Challenges and Controversies in 

Management 

The successful management of purpura 

fulminans requires rapid implementation of 

supportive care and prompt recognition of the 

underlying cause. However, limited evidence 

supporting clinical decision-making, coupled 

with a lack of standardized treatment protocols, 

contributes to the variability in patient outcomes. 

Given the rarity of PF, many therapeutic 

guidelines draw from protocols for DIC, which 
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may not always address the complexities of PF. 

Additionally, the challenges of balancing pro-

coagulant and anticoagulant therapies highlight 

the need for more disease-specific approaches to 

improve patient outcomes. The continued 

development of therapies for this condition 

focuses on replacing depleted anticoagulants like 

protein C and antithrombin, which are critical to 

managing the coagulopathy that characterizes the 

disease. 

The use of anticoagulation therapy in purpura 

fulminans remains a subject of controversy, 

particularly in patients with concurrent DIC. 

While anticoagulants like heparin are essential 

for managing large vessel venous thrombosis, the 

heightened risk of bleeding complicates their use 

[35]. Heparin’s efficiency is further challenged 

by the inflammation associated with PF, which 

can bind and inactivate the drug, necessitating 

higher doses for therapeutic effect. Careful 

surveillance of anti-Xa and partial 

thromboplastin time is recommended to optimize 

heparin therapy [6]. Despite these challenges, 

studies indicate that combining heparin with 

fresh frozen plasma (FFP) may mitigate heparin 

resistance and reduce bleeding risks. For 

instance, Chalmers et al.recommend using FFP 

alongside heparin to mitigate potential 

complications [5]. This combination is crucial, as 

FFP helps replenish deficient coagulation factors, 

which allows for more effective anticoagulation. 

For instance, a protocol developed by Branson et 

al., in which FFP administration preceded 

heparin treatment by seven days, demonstrated 

efficacy in treating a 5-year-old with PF [36]. 

This protocol evolved from a previous case of 

heparin-resistant PF, where FFP played a critical 

role in managing coagulopathy. Similar 

outcomes were observed by Gurgey et al., who 

initiated heparin therapy immediately following 

a single dose of FFP in 10 patients, suggesting 

that early FFP administration may prime the 

coagulation system and enhance subsequent 

heparin efficacy [37]. Further illustrating this 

approach, Pombar et al. reported favorable 

outcomes in an 8-year-old boy, where immediate 

initiation of FFP followed by heparin for 72 

hours, and subsequent enoxaparin therapy for 

several months, resulted in recovery [38]. This 

highlights the utility of sequential FFP and 

anticoagulation in managing pediatric PF, 

underscoring the need for standardized protocols. 

These case reports suggest that early 

administration of FFP primes the coagulation 

system, enhancing heparin’s efficiency while 

reducing resistance and bleeding risks. Further 

studies are needed to assess the optimal timing 

and combination of these therapies. 

Patients with DIC and purpura fulminans often 

exhibit low levels of protein C, a key factor in the 

disease’s pathophysiology. Studies have shown 

that in cases of acquired protein C deficiency 

secondary to meningococcal infection, protein C 

levels directly correlate with symptom severity 

[39]. This underscores the importance of 

monitoring protein C levels as a prognostic 

marker, guiding the urgency of therapeutic 

interventions to prevent disease progression. 

Activated protein C showed therapeutic promise 

in the 1990s but was withdrawn after the 

PROWESS-SHOCK trial failed to show 

significant differences in mortality compared to 

placebo [6]. Despite this, there is growing 

evidence supporting the use of protein C 

concentrate, the inactive form that activates in 

vivo, as a viable therapy. Protein C replacement 

has shown efficacy in reducing morbidity and 

improving coagulation parameters in severe 

meningococcal septicemia [5, 39]. Although 

protein C concentrate has not yet been approved 

for sepsis-associated purpura fulminans, it is 

approved for managing congenital protein C 

deficiency, highlighting its therapeutic potential. 

In congenital protein C deficiency, purpura 

fulminans can manifest within hours of birth, and 

immediate replacement of protein C is paramount 

to survival. FFP is often used as a temporary 

solution until protein C concentrate becomes 

available. Dinarvand et al. recommended an 

initial dose of 100 units/kg, followed by 50 

units/kg every 6–12 hours for active PF [40]. This 

dosing regimen ensures consistent and adequate 

replacement to manage the coagulopathy 

associated with PF. A case series by Manco-

Johnson et al. involving 25 patients with 

congenital protein C deficiency demonstrated 

good outcomes with doses of 60 units/kg daily 

during acute episodes [41]. While protein C 

concentrate is currently limited to congenital 

cases, its potential benefit in acquired deficiency 

suggests that expanding its approval could 

provide a critical therapeutic option for managing 

purpura fulminans. 

Antithrombin depletion also contributes to the 

coagulopathy in purpura fulminans, and 

replacement therapy has shown potential 

benefits. In a case series by Munteanu et al. three 

patients with severe PF and DIC demonstrated 

positive outcomes after antithrombin 

replacement, despite low levels of protein C [42]. 

These patients were treated with early plasma 

exchange followed by antithrombin replacement, 
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avoiding heparin, which can counteract 

antithrombin’s anti-inflammatory properties. 

Similarly, a study by Fourrier et al. showed 

successful outcomes in five patients with 

meningococcemia-associated PF treated with 

high doses of antithrombin [43]. These studies 

suggest that antithrombin may compensate for 

protein C deficiencies in managing the 

coagulopathy of purpura fulminans, though 

further research is needed to clarify its role in 

treatment protocols. Based on these findings, the 

Japanese Association for Acute Medicine 

(JAAM) has included antithrombin 

supplementation in their guidelines for managing 

sepsis-associated DIC [44]. 

Despite evidence supporting the therapeutic 

potential of antithrombin, its use in purpura 

fulminans remains controversial due to concerns 

for increased bleeding risk. A double-blind, 

placebo-controlled trial by Warren et al. found 

that while high doses of antithrombin reduced 

mortality in septic patients, it also significantly 

raised the risk of hemorrhagic complications, 

especially when used with heparin [45]. A 

follow-up study by Iba et al. showed improved 

outcomes of sepsis-associated DIC with 3,000 

IU/day of antithrombin without heparin, reducing 

bleeding risks compared to lower doses [46]. 

These findings underscore the need for careful 

consideration of bleeding risks in antithrombin 

therapy, particularly when combined with 

heparin, and suggest that plasma exchange timing 

could play a pivotal role in reducing 

complications. As research on antithrombin 

therapy in DIC and purpura fulminans 

progresses, continued research will be critical in 

identifying its optimal use and incorporation into 

standardized treatment protocols. 

2.5. Emerging Therapeutic Avenues 

Advances in understanding the 

pathophysiological mechanisms of purpura 

fulminans have led to the exploration of novel 

therapeutic strategies aimed at targeting the 

thromboinflammatory processes involved. Toll-

like receptor (TLR) inhibitors,such as TAK-242 

(a TLR4 inhibitor), are emerging as potential 

therapeutic agents by reducing the excessive 

inflammatory responses mediated by TLR 

activation [47]. Inhibiting this pathway could 

potentially alleviate the severity of PF by limiting 

innate immune overactivation. Another 

promising approach focuses on modulating 

NETs, which contribute to both thrombosis and 

tissue damage. Strategies such as the use of 

DNase to degrade extracellular DNA are being 

explored for their therapeutic potential [48]. This 

approach aims to reduce the thrombotic and 

inflammatory burden by breaking down the 

NETs that exacerbate the condition. 

Complement inhibition has also shown promise, 

particularly with agents like eculizumab that 

block complement activation. By doing so, these 

therapies can reduce endothelial damage and 

control the associated thrombosis and 

inflammation that characterize PF [49]. 

Alternatively, cytokines like IL-1 and TNF-alpha 

are key modulators in the inflammatory cascade 

in PF. Targeted therapies, such as anakinra (an 

IL-1 receptor antagonist) and infliximab (a TNF-

alpha inhibitor), aim to interrupt these pathways 

and alleviate both inflammation and thrombosis, 

potentially improving patient outcomes [50]. 

Together, these therapies emphasize the 

importance of targeting multiple pathways 

involved in the inflammatory and thrombotic 

processes of purpura fulminans.   

In addition, antithrombotic agents with anti-

inflammatory properties, such as direct oral 

anticoagulants (DOACs), are being explored for 

their potential to treat purpura fulminans, given 

their ability to inhibit thrombin and factor Xa 

while reducing inflammation [51]. However, 

more research is warranted to explore their 

efficacy and safety in this context. Further 

ongoing studies are investigating agents that 

stabilize endothelial function and therapies 

targeting specific coagulation pathways. 

Continued research is essential to translate these 

findings into clinical practice, and future trials 

must focus on the development of standardized 

protocols. Personalized medicine, incorporating 

genetic and clinical profiles, will likely play a 

crucial role in optimizing therapeutic outcomes 

for purpura fulminans. 

2.6. Future Directions and Research 

Although rare, purpura fulminans remains a 

formidable clinical challenge, largely due to the 

lack of high-quality evidence guiding its 

management. Current therapeutic strategies are 

primarily supported by case reports and small 

case series, limiting their generalizability. This 

reliance introduces potential publication bias, as 

successful treatments are more likely to be 

reported and published. Conducting placebo-

controlled trials, while ideal, is impractical in PF 

due to its severe and rapidly progressive clinical 

nature, making untreated control groups ethically 

untenable. Nonetheless, future large-scale 

observational studies are urgently needed to 

provide information regarding efficacy, safety, 

and dosing to develop a reliable protocol with 
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sufficient evidence to evaluate treatment 

efficacy, safety, and optimal dosing. The 

formation of complex interdisciplinary groups 

accelerates scientific development and improves 

patient outcomes by bridging the gap between 

scientific research and clinical practice [52]. The 

collaboration between basic scientists, clinicians, 

and industry partners is critical to accelerate the 

development of new therapies. 

One promising avenue for future research lies in 

the identification of purpura fulminans-specific 

biomarkers. For example,a study by He et al. 

identified 27 serum proteins uniquely expressed 

in patients with PF, offering potential targets for 

early diagnosis and therapeutic intervention [53]. 

Further exploration of these biomarkers could 

enhance our understanding of the molecular 

mechanism underlying PF and inform the 

developments of novel treatments. Additionally, 

genetic studies are essential to uncover 

predispositions to PF, particularly in cases linked 

to congenital deficiencies in protein C [40]. 

Expanding our understanding of the genetic 

landscape in purpura fulminans may pave the 

way for personalized medicine approaches, 

optimizing therapeutic strategies for 

individualized patients based on their genetic 

profiles.  

The skin microbiome also represents a novel 

research frontier in PF. Given the role of 

infections as a catalyst for PF, investigating how 

variations in the microbiome may influence 

susceptibility to PF could yield important insight. 

Furthermore, exploring how microbial diversity 

or lack thereof, affects disease progression may 

offer new preventive strategies. Lastly, 

integrating personalized medicine approaches, 

such as tailoring therapies based on biomarkers, 

genetic predispositions, and microbial profiles, 

will likely be critical in improving patient 

outcomes in the future. The development of these 

precision medicine strategies, coupled with 

ongoing research into the thromboinflammitory 

mechanisms of purpura fulminans, will be vital 

in establishing more effective, targeted 

treatments. 

3. CONCLUSION 

Purpura fulminans is a rare, life-threatening 

condition marked by a rapid and severe 

thromboinflammatory response, which can lead 

to significant morbidity and mortality. Despite 

advances in understanding its pathophysiology, 

management remains challenging due to the lack 

of standardized treatment protocols and robust 

clinical trials. Current treatment strategies, while 

promising, are supported mainly by limited case 

reports and series, underscoring the need for 

more comprehensive research. Emerging 

therapeutic avenues, targeting complement 

inhibitors, toll-like receptor antagonists, and 

antithrombotic agents, offer hope but require 

further investigation to assess their efficacy and 

safety in PF patients. Future research efforts 

should focus on large-scale studies to provide 

robust data on treatment efficacy, safety, and 

dosing. The identification of PF-specific 

biomarkers, genetic predispositions, and insights 

into the skin’s microbiome could offer new 

avenues for early diagnosis and targeted 

therapies. Additionally, interdisciplinary 

collaboration between scientists, clinicians, and 

industry partners will be crucial to accelerate the 

development of new treatments. Ultimately, the 

goal is to develop standardized, evidence-based 

treatment protocols that can improve survival 

rates and quality of life for patients affected by 

purpura fulminans. 
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