
158

The explosive release of pro-inflammatory 
cytokines in patients with dengue virus infection has 
cascading effects on endothelial cells lining blood 
vessels so that the endothelial lining resembles a 
‘war zone’1. The activated endothelium is sticky; 
dysfunctional endothelium may be leaky. These 
transient endothelial phenomena (battle scars) are more 
pronounced in patients with dengue haemorrhagic fever 
(DHF) and dengue shock syndrome (DSS) compared 
to those with uncomplicated dengue fever. The sticky 
activated endothelium causes platelets to adhere to it, 
thus decreasing the number of platelets free-floating 
in circulation and possibly is a major mechanism of 
thrombocytopenia in dengue infection. Reduced organ 
perfusion as platelets sticking onto the endothelium 
occlude its microvasculature may contribute to organ 
(system) failure and death. Capillary leak seen in 
dengue virus infection is likely to be a consequence of 
endothelial dysfunction, as the integrity of the vessel 
wall barrier is affected.

Thrombocytopenia is a defining characteristic of 
dengue infection. The spectrum of illness caused by 
dengue infection includes asymptomatic infection, acute 
febrile illness and severe forms such as DHF or DSS, 
which can even lead to death. Atypical presentations 
of dengue, wherein an isolated organ is affected or 
an isolated organ system fails, are now increasingly 
reported from India and other parts of the world2.

Thrombocytopenia due to platelets adhering 
to sticky endothelium (and occluding the 
microcirculation), is classically described in primary 
thrombotic microangiopathies such as thrombotic 
thrombocytopenic purpura (TTP) and haemolytic 
uremic syndrome3. von Willebrand factor (vWF) 
is a protein stored within Weibel Palade bodies in 
the endothelium. Activation of endothelium leads 
to exocytosis of vWF onto endothelial surface. 
ADAMTS13 (a disintegrin and metalloproteinase with 

thrombospondin repeats) is a vWF cleaving protease. 
ADAMTS13 deficiency is now recognized as the 
cause of TTP (inherited deficiency) and haemolytic 
uremic syndrome (acquired deficiency caused by 
ADAMTS13 antibodies). Ultra-large (uncleaved) 
vWF multimers, secondary to ADAMTS13 deficiency, 
are extremely adhesive and trap platelets forming 
platelet microthrombi, which in turn can lead to 
microcirculatory occlusion of vital organs, organ 
failure and death. Infusions of fresh frozen plasma/
cryosupernatant provide ADAMTS13 supplementation 
and have been shown to dramatically improve survival 
in TTP3.

(High) vWF-(low) ADAMTS13 imbalance 
predisposing to platelet microthrombi in 
microvasculature, is now documented in a variety of 
acute thrombocytopenic conditions (such as dengue4,5, 
malaria6, unselected critical illness with multi-organ 
failure7) and chronic thrombocytopenic conditions 
(like hypersplenism in portal hypertension)8.

In a study of children with multi-organ failure 
associated with thrombocytopenia admitted to 
Intensive Care Unit, low plasma ADAMTS13 and 
high vWF levels were seen7. In children who died, 
autopsies revealed vWF rich microthrombi. Children 
treated with intensive plasmapheresis (which corrects 
the vWF–ADAMTS13 imbalance, by removing vWF 
multimers and providing ADAMTS13 by fresh frozen 
plasma infusions) had increase in plasma ADAMTS13 
activity and reversal of organ failure7. Thus, the 
sequence in critically ill patients who die of multi-
organ system failure and thrombocytopenia appears 
to be systemic inflammatory response syndrome, 
leading to endothelial activation, platelet sequestration 
onto endothelium occluding microvasculature, organ 
system failure and death.

In patients with dengue infection, studies document 
thrombocytopenia, high vWF level, evidence of 
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endothelial activation (proteins contained within 
Weibel Palade bodies are increased in circulation 
suggesting exocytosis of the contents of Weibel Palade 
bodies), low ADAMTS13 level and ultra-large vWF 
multimers4,5. Plasma levels of vWF antigen were the 
best predictor of progression to DHF. These studies 
clearly document that inflammatory cytokinemia, 
endothelial activation and propensity for microvascular 
occlusion by platelets are more marked in patients with 
DHF and DSS.

Dengue infection occurring during pregnancy can 
become life-threatening. Intensive plasma exchange 
has been used to treat TTP-like illness in a pregnant 
woman infected with dengue9. Increased platelet 
adherence to the endothelium in dengue is likely to be 
of profound clinical significance. It appears dangerous 
to transfuse platelets to a patient with dengue, in whom 
the activated sticky endothelium traps platelets in 
microcirculation, and can lead to (or cause progression 
of) organ system failure.

Compared to other blood products, blood banks 
use added precautions when platelets are isolated and 
stored. Storage of platelet concentrates is associated 
with loss of viability as well as activation of platelets. 
Keeping the stored platelets in continuous motion 
(using platelet agitators) is one of the measures used in 
blood bank to try and reduce these damages to stored 
platelet concentrates. Transfusion of activated platelet 
concentrates may have pro-thrombotic side effects10. 
Thus, there is a potential for harm when isolated platelet 
transfusions (which may contain activated platelets) are 
given to a patient with dengue and thrombocytopenia 
(who probably has activated endothelium, onto which 
platelets stick). While isolated platelet transfusions are 
the most common blood product transfused in dengue 
patients, most prophylactic platelet transfusions 
given in patients with dengue infection are deemed 
unnecessary11,12.

Have platelet transfusions been shown to be 
harmful in patients who have thrombocytopenia, 
secondary to endothelial sequestration of 
platelets? Platelet transfusion, given to manage 
thrombocytopenia, during surgery and in immediate 
perioperative period independently predicts 
death after liver transplantation13. Transient 
vWF/ADAMTS13 imbalance occurs during and 
immediately after liver transplantation14. In another 
scenario, in a thrombocytopenic patient with severe 
ADAMTS13 deficiency, raised plasma vWF levels 

and portopulmonary hypertension, isolated platelet 
transfusions led to an acute rise in pulmonary 
hypertension; subsequently, with long-term fresh 
frozen plasma infusions (providing ADAMTS13 
supplementation) the pulmonary hypertension 
decreased. The authors felt that in this patient, the 
transfused platelets got deposited in pulmonary 
microvasculature, leading to a sudden increase in 
pulmonary artery pressure15. It was clear that in both 
these clinical scenarios, isolated platelet transfusions 
were harmful.

Do we currently have definitive data that isolated 
platelet transfusions are harmful in dengue patients? 
This information is not available now. However, the 
theoretical basis for the potential for harm is quite 
strong, based on accruing data, as presented above. 
Prophylactic platelet transfusions in stable patients 
with dengue fever may delay normalization of platelet 
counts and may actually increase the duration of 
hospitalization12,16. However, the potential for harm by 
isolated platelet transfusions will be markedly higher 
when the endothelium is more activated. Marked 
endothelial activation is seen in DHF and DSS. It is 
also possible that isolated organ system involvement 
termed ‘atypical presentation’ of dengue may reflect 
more pronounced endothelial activation in the 
microvasculature in that organ. The increasing reports 
of ‘atypical presentation’ of dengue may be a harmful 
consequence of the currently popular practice of using 
isolated platelet transfusions17. Activated endothelium 
of microvasculature expresses more vWF (the platelet 
adhesive protein), acting as traps for platelets. This 
platelet trapping in microvasculature leads to reduced 
perfusion, ischaemia and failure of the affected organ. 
Thus, the potential for harm by isolated platelet 
transfusions are higher in patients with DHF, DSS and 
possibly, in atypical presentation of dengue, compared 
to patients with stable uncomplicated dengue fever.

The current guidelines on the use of blood products 
in dengue virus infection do not specify against the 
use of isolated platelet transfusions18. The following 
two suggestions may be useful for the use of platelet 
transfusions in patients with dengue. First, avoid 
isolated platelet transfusions if possible (however, the 
need for platelet transfusion needs to be decided by 
the treating clinician in each patient, on a case by case 
basis). Second, if platelet transfusions are required for a 
patient, first infuse fresh frozen plasma/cryosupernatant 
(providing ADAMTS13 supplementation), then infuse 
platelets.
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The need of the hour is systematic studies to 
assess if these suggestions for transfusion practices 
translate into a reduction in multi-organ system failure 
and mortality as well as decrease in the incidence of 
isolated organ system failure (atypical presentations) 
in patients with dengue virus infection.

C.E. Eapen1,* & S.C. Nair2

Departments of 1Hepatology & 2Transfusion 
Medicine,  Christian Medical College,  

Vellore 632 004, Tamil Nadu, India
*For correspondence:

eapen@cmcvellore.ac.in
Received June 14, 2016

References
1. Basu A, Chaturvedi UC. Vascular endothelium: The battlefield 

of dengue viruses. FEMS Immunol Med Microbiol 2008; 53 : 
287-99.

2. Gupta N, Srivastava S, Jain A, Chaturvedi UC. Dengue in 
India. Indian J Med Res 2012; 136 : 373-90.

3. George JN, Nester CM. Syndromes of thrombotic 
microangiopathy. N Engl J Med 2014; 371 : 654-66.

4. Djamiatun K, van der Ven AJ, de Groot PG, Faradz SM, 
Hapsari D, Dolmans WM, et al. Severe dengue is associated 
with consumption of von Willebrand factor and its cleaving 
enzyme ADAMTS-13. PLoS Negl Trop Dis 2012; 6 : e1628.

5. Sosothikul D, Seksarn P, Pongsewalak S, Thisyakorn U, 
Lusher J. Activation of endothelial cells, coagulation and 
fibrinolysis in children with Dengue virus infection. Thromb 
Haemost 2007; 97 : 627-34.

6. Bridges DJ, Bunn J, van Mourik JA, Grau G, Preston RJ, 
Molyneux M, et al. Rapid activation of endothelial cells 
enables Plasmodium falciparum adhesion to platelet-decorated 
von Willebrand factor strings. Blood 2010; 115 : 1472-4.

7. Nguyen TC, Han YY, Kiss JE, Hall MW, Hassett AC, Jaffe R, 
et al. Intensive plasma exchange increases a disintegrin and 
metalloprotease with thrombospondin motifs-13 activity and 
reverses organ dysfunction in children with thrombocytopenia-
associated multiple organ failure. Crit Care Med 2008; 36 : 
2878-87.

8. Goel A, Alagammai PL, Nair SC, Mackie I, Ramakrishna B,  
Muliyil J, et al. ADAMTS13 deficiency, despite well-

compensated liver functions in patients with noncirrhotic 
portal hypertension. Indian J Gastroenterol 2014; 33 : 355-63.

9. Deepanjali S, Naik RR, Mailankody S, Kalaimani S, 
Kadhiravan T. Dengue virus infection triggering thrombotic 
thrombocytopenic purpura in pregnancy. Am J Trop Med Hyg 
2015; 93 : 1028-30.

10. Naghadeh HT, Badlou BA, Ferizhandy AS, 
Mohammadreza TS, Shahram V. Six hours of resting platelet 
concentrates stored at 22-24 ºC for 48 hours in permeable 
bags preserved pH, swirling and lactate dehydrogenase better 
and caused less platelet activation. Blood Transfus 2013; 11 : 
400-4.

11. Chaurasia R, Zaman S, Chatterjee K, Das B. Retrospective 
review of platelet transfusion practices during 2013 dengue 
epidemic of Delhi, India. Transfus Med Hemother 2015; 42 : 
227-31.

12. Prashantha B, Varun S, Sharat D, Murali Mohan BV, 
Ranganatha R, Shivaprasad, et al. Prophyactic platelet 
transfusion in stable dengue fever patients: Is it really 
necessary? Indian J Hematol Blood Transfus 2014; 30 : 126-9.

13. Pereboom IT, de Boer MT, Haagsma EB, Hendriks HG, 
Lisman T, Porte RJ. Platelet transfusion during liver 
transplantation is associated with increased postoperative 
mortality due to acute lung injury. Anesth Analg 2009; 108 : 
1083-91.

14. Pereboom IT, Adelmeijer J, van Leeuwen Y, Hendriks HG, 
Porte RJ, Lisman T. Development of a severe von Willebrand 
factor/ADAMTS13 dysbalance during orthotopic liver 
transplantation. Am J Transplant 2009; 9 : 1189-96.

15. Elias JE, Mackie I, Eapen CE, Chu P, Shaw JC, Elias E. Porto-
pulmonary hypertension exacerbated by platelet transfusion in 
a patient with ADAMTS13 deficiency. J Hepatol 2013; 58 : 
827-30.

16. Lee TH, Wong JG, Leo YS, Thein TL, Ng EL, Lee LK, et al. 
Potential harm of prophylactic platelet transfusion in adult 
dengue patients. PLoS Negl Trop Dis 2016; 10 : e0004576.

17. John TJ, Eapen CE. Atypical features of severe dengue: 
Probable pathogenesis. Indian Pediatr 2015; 52 : 350-1.

18. Indications for platelet transfusion. National guidelines 
for clinical management of dengue fever. National Vector 
Borne Disease Control Programme, Government of India. 
Available from: http://www.pbhealth.gov.in/Dengue-National-
Guidelines-2014%20Compressed.pdf, accessed on January 16, 
2017.


