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Introduction

Dengue fever is the most significant arbovirus infection 
in Malaysia and tropical countries, with an upward 
trend from 44.3 cases/100,000 population in 1999 
reaching 181 cases/100,000 population in 2007.[1] The 
World Health Organization (WHO) ranks dengue as 
the most crucial mosquito‑borne viral disease in the 
world. This infectious disease affects more than 100 
endemic countries including regions of Asia, Americas, 
Africa, and Eastern Mediterranean, many of which are 
rural and developing nations, causing about 50–100 
million new dengue infections occurring each year. The 
dengue virus is a global pandemic threat which has 

increased incidence of 30‑fold in the past five decades, 
with multiple new outbreaks.[2] Although the reported 
number of patients having intracranial hemorrhage 
(ICH) caused by dengue virus is rare and only 20 
cases excluding those in our series have been reported 
so far, it is likely that its incidence is under‑reported 
or under‑diagnosed with the current global disease 
burden. There were 5866 reported dengue cases and 17 
dengue‑related deaths in Penang, Malaysia, from January 
2014 till June 2015. At least five deaths were associated 
with ICH.[3] The dengue virus, a member of the flavivirus 
group in the family Flaviviridae, is a single‑stranded 
enveloped RNA virus, of which there are four known 
serotypes, namely DENV 1–4. Its main vectors are the 
Aedes aegypti and Aedes albopictus mosquitoes. Dengue 
infection understanding has improved tremendously, 
but still no cure has been devised and the best strategy 
so far to curb the disease is through prevention and 
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control of its mosquito vectors. Dengue vaccines have 
been created but most are still undergoing the clinical 
development stage, and only Mexico and Philippines 
have approved its use so far.[4] With better understanding 
of the disease, WHO has proposed new classification 
schemes.[5‑7] The term “expanded dengue syndrome” 
was introduced to include unusual presentations of 
dengue fever with severe organ involvement including 
severe neurologic complications.[7] The incidence of 
dengue encephalopathy ranges from 0.5% to 6.2%.[8‑10] 
Out of the 5400 patients with dengue fever reported 
by Cam et al., only one had an ICH.[8] The mechanism 
of which patients with dengue infection may be more 
prone to ICH is complex, but the main contributors are 
coagulopathy, platelet dysfunction, thrombocytopenia, 
and vasculopathy.[8,11] Unfortunately, dengue fever with 
ICH has high morbidity and fatality, but little is known 
about it.

Methods

We collected data of all patients with ICH diagnosed 
via a plain computed tomography (CT) of the brain 
with positive dengue virus Type 1 nonstructural protein 
(NS1) antigen test or positive dengue serology IgM with 
thrombocytopenia from January 2014 till June 2015 at 
our center. A total of nine patients (Patient A to Patient I)  
were analyzed at our center. The data included were 
basic demographic data, existing comorbid, presenting 
symptoms, other dengue‑related complications, the day 
ICH was diagnosed in relation to onset of fever, Glasgow 
coma scale (GCS), and pupils size and light response 
on presentation, platelet counts during diagnosis of 
ICH, lowest platelet counts recorded, international 
normalized ratio (INR), activated partial thromboplastin 
time (APTT), dengue IgM and IgG seropositivity, type 
of ICH, volume of ICH, presence of midline shift and 
patency of basal cisterns, surgical intervention, and 
outcome.

Outcome was assessed using the GCS.[12] The volumes 
of intracerebral hematomas were calculated using the 
well‑accepted ABC/2 “ellipsoid method.”[13‑15] In cases 
where there is a subdural hemorrhage, the maximum 
thickness of the hemorrhage was measured. We defined 
an intracranial lesion needing surgery as: (1) any 
intracranial lesion causing a midline shift of 5 mm or 
more, and/or, (2) effacement of basal cisterns on CT brain.

There are three methods of laboratory detection in our 
center, namely, Panbio dengue IgM Capture ELISA 
(sensitivity of 94.7% for primary infections, 55.7% for 
secondary infections and specificity of 100%), Diaxis™ 

dengue NS1 Antigen test (sensitivity of 97.9% and 
specificity of 99%), and Acco dengue IgG/IgM‑NS1 
Combo rapid detection kit (IgG/IgM: Sensitivity 90% 
and specificity 100%, NS1: Sensitivity 96% and specificity 
100%).

Ethics Committee Approval

We have attained approval from the Medical Research 
and Ethics Committee of Malaysia.

Search Strategy and Selection Criteria

For our literature review, we performed a PubMed and 
Google Scholar search using the keywords “dengue,” 
“intracranial hemorrhage,” and “intracranial bleed” 
without specifying a time interval. The same data 
as our series were collected and tabulated wherever 
possible. Reports where diagnosis of dengue infection 
is questionable or very limited information of the case 
is explained were excluded from the study. A total of 
twenty patients from other case reports and series were 
analyzed.

Results

Our findings are summarized in Tables 1 and 2. Fever and 
vomiting were seen in all patients, and surprisingly, only 
55% of them had a history of headache at presentation. 
This of course may be due to the low GCS of patients 
where history from family members may not be accurate. 
Sixty‑seven percent of the patients had altered or 
reduced conscious level. The mean age was 59.3 years 
(range 43–86 years old) and seven of the patients were 
males. The day of detection of ICH from fever onset 
ranged from 4 to 22 days. The ICH of Patient I was most 
likely detected late as the CT of the brain was done 
only after the patient had poor GCS recovery when 
sedation was stopped. Five patients had hypertension, 
and two patients had diabetes mellitus. Four of the 
patients had other bleeding tendencies and three of the 
patients were in clinical shock at the time of diagnosis 
of ICH. Both patients who had hematemesis died. The 
mean platelet count, INR, and APTT were 31 × 109/L 
(range 2–80 × 109/L), 1.2 (range 0.9–2.3), and 37.3 (range 
27.7 ‑ more than 180), respectively. The lowest platelet 
count was the platelet level at diagnosis for three of the 
patients but was even lower for six of the patients. Seven 
patients had raised alanine transaminase (ALT) levels 
(range 30–784 U/L). Out of the nine patients, eight had 
positive NS1 test, two had positive IgM test, and three 
had positive IgG test. It is interesting that three of the 
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patients with positive IgG had ICH requiring surgery and 
all of them died whereas two patients with negative IgG 
did not have ICH requiring surgery and survived. It is 
unfortunate that IgG was not done for all patients. Four 
patients had cerebral convexity subdural hemorrhage, 
two patients had intracerebral hemorrhage, two patients 
had subarachnoid hemorrhage, and two had tentorium 
cerebelli subdural hemorrhage.

All patients with intracranial lesions requiring surgery 
had GCS of eight or less and died. The other 4 patients 
had GCS of 14 or 15 and was discharged from the hospital, 
albeit one patient with a Glasgow outcome scale (GOS) 
of 3. Five patients had surgical lesions, but only two 
patients underwent craniectomy. The other three patients 
were poor surgical candidates in terms of hemodynamic 
instability or persistent low platelet counts below 
100 × 109/L despite multiple units of platelet transfusions. 
Patient B’s platelet levels remained low with the highest 
platelet level of 46 × 109/L during admission and the patient 
required 4 types of inotropic support for shock [Figure 1]. 
Patient F underwent cardiopulmonary resuscitation 
on presentation for cardiac arrest and required 2 types 
of inotropes. Patient G required 3 inotropes and the 
highest recorded platelet count was 68 × 109/L [Figure 2]. 
Patient A received platelet and fresh frozen plasma (FFP) 
transfusion till platelet level reached 101 × 109/L, INR 
1·2, and APTT 33.8. The patient then underwent a right 
decompressive craniectomy, evacuation of subdural 
hemorrhage, and external ventricular drainage catheter 
insertion for intracranial pressure monitoring 8 h after 
admission [Figure 3]. Patient C also received multiple 
units of platelet transfusion till platelet levels reached 
109 × 109/L. The patient then underwent a parietal 
craniectomy 8 h after admission, but excessive bleeding 
complicated the procedure and the attempt to evacuate 
the entire clot was abandoned [Figure 4]. Both patients 

who underwent surgery were nursed in the Intensive 
Care Unit with cerebral resuscitation care. Unfortunately, 
both patients deteriorated soon after the operation and 
died.

Results of Other Case Reports and Series

The presenting complaints in other reports are 
summarized in Table 1 as well.[16‑27] Overall, fever, 
reduced or altered consciousness, vomiting, and 
headache are the top complaints. Three of the patients 
had shock of which two died. Platelet counts on 
diagnosis ranged from 15 to 100 × 109/L. As in our 
series, it is seen again that patients with lower platelet 
levels did not necessarily have worse outcomes and 
that higher platelet levels did not seem to protect 
patients from fatal ICH. Nine of the reported patients 
had elevated ALT levels. Dengue IgG was detected in 
two patients where one died and another had outcome 
of GOS of 3 or 4. Intraparenchymal hemorrhage was 
seen in 13 patients, pontine hemorrhage in two patients, 
intraventricular hemorrhage in two patients, medullary 
hemorrhage in one patient, cerebellar hemorrhage 
in one patient, and subdural hemorrhage in four 
patients. All the case reports did not state the volume 
or thickness of the bleeds, or whether the basal cisterns 
were effaced or patent. Midline shift was detected in six 
patients, but the extent of the shift was not specified to 
determine if surgery was required. It is highly possible 
these six patients required surgery by reviewing the 
pictures that were included in the reports. Three 
patients underwent neurosurgical intervention and 
survived. Our series has dissimilar findings where all 
patients requiring surgery died soon after admission. 
Out of 20 patients, 11 died, six had GOS of 2–4, and 
three had GOS of 5 [Table 3].

Table 1: Presenting symptoms of the patients
Symptoms Number of 

patients in 
our center

Percentage 
of patients 

in our center

Number of 
patients in other 

reports and series

Percentage of 
patients in other 

reports and series

Total number of 
patients including other 

reports and series

Percentage of 
total number 
of patients

Fever 9 100 20 100 29 100
Vomiting 9 100 11 55 20 68
Reduced/altered 
consciousness

6 67 11 55 17 58

Headache 5 55 10 50 15 52
Other bleeding 
tendencies

4 44 3 15 7 24

Seizures 1 11 5 25 6 21
Focal neurological 
deficit

0 0 8 40 8 28

Rash 1 11 6 30 4 14
Diarrhea 3 33 1 5 2 7
Abdominal pain 0 0 1 5 1 3
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Table 2: Characteristics of patients from our center
Characteristics A B C D E F G H I
Age 47 43 54 59 86 66 62 69 48
Gender Male Male Male Female Male Male Male Male Female
Comorbids - DM/HPT - - DM/HPT HPT - HPT HPT
Presence of shock 
during diagnosis 
of ICH

No Yes No No No Yes Yes No No

Other dengue 
complications

No Pleural 
effusion, 
UGIB, 
myocarditis, 
hepatitis

No Gum 
bleeding

Gum 
bleeding, 
hepatitis

No UGIB No Ascites, 
pleural 
effusion

Day of detection of 
ich from fever onset

7 6 7 9 5 5 6 4 22

Platelet when ICH 
diagnosed (x109/L)

31 2 24 3 80 66 14 21 36

Hematocrit on 
presentation (%)

42.7 41.7 43.1 24.8 33 39.4 34.1 32.4 43

INR on presentation 2.3 1.2 1 1.1 0.9 1 1 1 1.2
APTT on 
presentation

>180 (out of 
detectable 
range)

45.4 35 27.7 34.6 37.2 38.4 39.8 40.5

Lowest platelet 
(x109/L)

31 2 15 3 74 66 8 17 4

Albumin (g/L) 40.7 13 15 27 30 27 32 28 26
ALT (U/L) 65 146 44 70 107 31 53 30 784
NS1 antigen Positive Negative Positive Positive Positive Positive Positive Positive Positive
Dengue IGM Negative Positive Positive Negative Negative Not done Negative Negative Negative
Dengue IGG Positive Postive Not done Negative Negative Not done Positive Not done Negative
GCS E1V1M3 Patient was 

intubated and 
sedated for 
respiratory 
failure

E1V1M3 E4V5M6 E4V4M6 E1V1M1 E1V1M3 E4V5M6 Patient was 
intubated and 
sedated for 
respiratory 
failure

Pupils Anisocoria 3/2 Anisocoria 4/2 Fixed 
dilated 5/5

Equal 
reactive 
3/3

Equal 
reactive 
2/2

Fixed dilated 
5/5

Anisocoria 
4/3

2/2 
reactive

2/2 reactive

Type of ICH Right convexity 
SDH

Right basal 
ganglia ICB, 
IVH

Right 
convexity 
SDH

Right 
parietal 
SDH

SAH left 
basal 
cistern

Left basal 
ganglia ICB, 
frontal ICB, 
generalized 
SAH

Left 
convexity 
SDH

Tentorium 
cerebelli 
SDH

Tentorium 
cerebelli SDH

Volume/max 
thickness

3 cm thickness 30 ml 1 cm 
thickness

0.5 cm 
thickness

Minimal Basal ganglia 
70 ml, frontal 
lobe 24 ml

2 cm 
thickness

Minimal Minimal

Midline shift 20 mm to the 
left

8 mm to the 
left

10 mm to 
the left

None None 20 mm to 
the right

10 mm to 
the right

None None

Basal cisterns Partially 
effaced

Fully effaced Fully 
effaced

Patent Patent Fully effaced Fully 
effaced

Patent Patent

Surgery Decompressive 
craniectomy

None Parietal 
craniectomy

None None None None None None

Outcome GOS 1 1 1 5 3 1 1 5 5
DM: Diabetes mellitus, ICH: Intracranial hemorrhage, UGIB: Upper gastrointestinal bleeding, INR: International normalized ratio, APTT: Activated partial 
thromboplastin time, ALT: Alanine transaminase, GCS: Glasgow coma scale, SDH: Subdural hemorrhage, IVH: Intraventricular hemorrhage, ICB: Intracerebral 
bleeding, SAH: Subarachnoid hemorrhage, GOS: Glasgow outcome scale, HPT: Hypertension, NS1: Type 1 nonstructural protein

Discussion

Laboratory challenges in the early diagnosis of dengue 
infection and significance of early IgG dengue antibody 
detection in relation to intracranial bleeds
There are no specific symptoms that clearly differentiate 

dengue fever from other common febrile infectious 
diseases such as chikungunya, leptospirosis, malaria, 
and influenza. While chikungunya infection may be 
distinguished from dengue fever, as chikungunya may 
cause significant postillness arthralgia and potentially 
debilitating polyarthralgia, objective assessment lies 
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with antibody detection. Initial suspicion of dengue 
fever usually rests upon the finding of leukopenia and 
thrombocytopenia from a full blood count.[28] The most 
common tests used routinely are dengue IgM, IgG, and 
NS1, but only NS1 seems useful in making an early 
and accurate diagnosis. Each of these tests has its own 
disadvantages and cannot be used in isolation for every 
case. In primary infection, IgM antibodies are detectable 
in 50% of patients by days 3–5, increasing to 80% by 
day 5, 99% by day 10, and peak about 2 weeks of illness 
before declining to undetectable levels over 2–3 months. 
IgG antibodies are generally detectable at low titers at 
the end of the 1st week of illness and increasing slowly 
thereafter. During a secondary dengue infection, IgGs 
are the main antibodies and are detectable at high levels 
even in the acute phase. Early convalescent stage, IgM 
levels are significantly lower in secondary infections than 
in primary ones and may be undetectable.[6,29]

In secondary dengue infections, IgM was only detected 
in 78% of patients after day 7 in one study.[28] If dengue 

IgM was the only test performed, it is reported that 28% 
of secondary dengue infections would be missed.[30] This 
drawback limits the usefulness of IgM detection for 
diagnosing dengue infection in the acute phase of the 
illness when most patients present with complications 
such as ICH. NS1 antigen detection rate is significantly 
better in the acute phase of the disease. Unfortunately, it 
is found that its usefulness declines on day 4–5 of illness 
but there are studies which show that NS1 antigen may 
be still be detected until the 14th day of illness.[31‑33]

A primary dengue infection invokes the immune system 
to protect the patient from a secondary infection from 
the same serotype. However, a phenomenon known 
as antibody‑dependent enhancement of dengue virus 
infection may actually cause a more severe form of 
dengue infection. It is well accepted that patients with 
secondary dengue infections have a higher risk of 
developing more severe forms of dengue infection.[34] 
Multiple methods such as using the IgM/IgG antibody 
ratios have thus been created to distinguish primary 

Figure 3: Computed tomography of the brain of patient A

Figure 1: Computed tomography of the brain of patient B

Figure 4: Computed tomography of the brain of patient C

Figure 2: Computed tomography of the brain of patient G
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from secondary infections more accurately during the 
acute phase.[6,35,36]

In our series, detection of IgG early in the course of the 
disease with a positive NS1 antigen test and negative 
IgM would most likely mean that the patient has a 
secondary infection. It is unfortunate that we do not have 
the titers of IgM and IgG to confirm this observation. In 
this series, all the patients had a positive NS1 test except 
for one, which could be due to sampling time after day 
5 of illness. It is highly likely that the three patients with 
positive IgG had secondary dengue infection and thus 
were predisposed to have a more severe ICH. Even 
though sound clinical judgment would still be the best 
guidance for now, patients with a suspected secondary 
dengue infection should be monitored more closely and 
thresholds for diagnostic CT of the brains lowered when 
suspicion of ICH is present.

Should neurosurgical intervention be considered?
Whether surgery or optimal medical management 
should be the treatment of choice remains as the age‑old 
question of all ICH. Dengue infections causing ICH 
are inherently harder to manage in that the causative 
factors such as vasculopathy and platelet dysfunction 
are usually still present and irreversible while surgery 
is undertaken. Some measures of correcting platelet 
deficits and coagulation derangements with massive 
transfusions may be carried out but risks delay of 
surgery. When the availability of neurosurgical centers is 
limited and transportation of a critically ill patient entails 
long‑distance hazardous travel, the question of cost to 
benefit ratio becomes an issue. Considering the fact that 
the number of reported patients suffering ICH due to 
dengue infection is low, it is too early to advocate if these 
patients should be treated like any other spontaneous 
ICH. The latest guidelines from the American Stroke 
Association recommends that supratentorial hematoma 
evacuation in deteriorating patients might be a 
life‑saving surgery and that decompressive craniectomy 
may reduce mortality when there are large hematomas 
with significant midline shift or elevated intracranial 
pressure refractory to medical management.[37] Some 
authors have illustrated that surgical treatment may be 
of benefit compared to medical management, but it is too 
premature to conclude with these limited data.[26,27] The 
other question that needs to be answered is the timing of 
surgery. The debate remains on whether surgery should 
be done for these patients immediately with only platelet 
cover despite the low platelet levels or should adequate 
platelet levels as recommended by the guidelines 
be achieved first. The American Stroke Association 
advocates that early hematoma evacuation compared 
to hematoma evacuation when patient deteriorates 

does not show a clear benefit at the moment.[37] There is 
conflicting evidence from the available studies such as 
the STICH II trial that showed no statistical significance 
in outcome between early surgery compared with initial 
medical management with delayed surgery if the patient 
deteriorates and the meta‑analysis by another group 
which showed an improved outcome if surgery was 
performed within 8 h of hemorrhage.[38,39] It would be 
difficult to determine if these recommendations could 
apply to ICH in patients with dengue infection.

Recommendation for platelet and fresh frozen plasma 
transfusion
Since thrombocytopenia and coagulopathy are 
usually severe in patients with dengue‑related ICH, 
neurosurgeons and physicians alike would have 
difficulty in determining the target levels and amount of 
blood product transfusion before surgery is undertaken. 
When ICH is present in patients with dengue infection, 
there is no study as to whether the large amounts of 
platelets and FFP given would change the outcome. 
As bleeding in dengue fever is multifactorial and 
still poorly understood, contributing factors such as 
vasculopathy and platelet dysfunction may be a cause of 
the hemorrhage, and the efforts for correcting the deficits 
may prove to be a waste of precious blood product 
resources and prolong the time from diagnosis to 
surgery. Moreover, it is shown that duration of survival 
of transfused platelets ranges from only a few hours to a 
day in cases with shock and that would mean that great 
amounts of blood products would be needed to keep the 
levels up.[40] A recent randomized control trial on platelet 
transfusion in dengue fever showed that 53.6% of their 
patients did not respond to platelet transfusion and 
these patients were those with a lower baseline platelet 
count.[41] Unfortunately, current guidelines for platelet 
transfusion thresholds in thrombocytopenic surgical 
patients are mainly based on expert opinion and clinical 
experience. The current recommendation for platelet 
levels for neurosurgical procedures is 100 × 109/L.[42,43] In 
dengue patients, it is difficult to keep the perioperative 
platelet levels as recommended and it is shown that a 
perioperative platelet count below 100 × 109/L in patients 
who failed to respond to platelet transfusions had a 
higher risk of postoperative intracranial hematoma 
formation.[44] Recommendations for optimum INR before 
neurosurgical procedures range from 1.5 to 1.7.[45,46]

There are two schools of thought for platelet transfusion. 
One group suggests prophylactic transfusion of platelets 
when levels are under a certain threshold, of which 
the threshold values still vary at the moment. The 
other group prefers transfusion only when significant 
hemorrhage occurs. One study showed that a platelet 
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count of <50 × 109/L and hematocrit of more than 50 are 
associated with bleeding manifestations.[47] One more 
study of 225 dengue patients suggested that bleeding 
occurred more often in patients with platelet counts 
below 20 × 109/L and recommended prophylactic 
transfusion of platelets.[48] Other authors promote 
transfusion if platelet levels are below 10 × 109/L.[49,50]

In contrast, there was no correlation between bleeding 
tendencies and platelet counts in dengue patients in 
other studies.[51,52] For dengue fever without bleeding, one 
study showed that prophylactic transfusions of platelet 
are not recommended as it does not change or reduce the 
bleeding outcome in patients with dengue hemorrhagic 
fever and may increase risk of pulmonary edema.[53] 
Platelet transfusion in adult patients with dengue in 
the absence of bleeding when the platelet count was 
<20 × 109/L did not reduce bleeding or hasten platelet 
recovery, but there was potential harm by hampering 
recovery of platelet count to >50 × 109/L and prolonging 
of hospitalization.[54,55] In a retrospective analysis of 
256 dengue‑infected patients without prior bleeding 
and platelet counts <20 × 109/L, 188 were given platelet 
transfusion; it was found that subsequent bleeding, 
platelet increment, and platelet recovery were similar 
between the two groups.[56] A review article in 2011 
strongly concluded that prophylactic platelet transfusion 
is associated with hazards and wastage, which is not 
justified by any potential hematological benefit and 
therefore, should not be adopted as a routine clinical 
practice.[57] There was no clear mention of ICH in these 
studies.

Then again, a salient point that must be considered in 
patients with ICH is the significant morbidity that could 
be worse than mortality itself at times. The question 
arises as to whether prophylactic transfusion should 
be given to patients with very low platelet levels just to 
avoid devastating consequences of ICH even though it is 
a rare event. The range of lowest recorded platelet levels 
in our series was 2–76 × 109/L and five of the patients had 
coagulopathy. Our series shows that severe ICH may 
still occur even with a platelet count of 66 (Patient F) 
and a platelet count of 3 does not cause a more severe 
ICH (Patient D). It has long been established that there is 
abnormal hemostasis in patients with dengue fever with 
platelet dysfunction, coagulopathy, vasculopathy, and 
immune‑ or virus‑related destruction of platelets.[58,59] It 
may be possible that our approach of determining the 
absolute platelet counts and INR might not be entirely 
enough as we might be missing out on the actual ability 
of platelet function and coagulation in vivo. There are 
laboratory techniques to assess platelet function and 
blood coagulation, namely, thromboelastography, 

thromboelastometry, and platelet aggregometry. 
Although not widely available yet in developing 
countries, these tests might prove useful in determining 
a subset of patients that may benefit from prophylactic 
transfusions to prevent life‑threatening hemorrhages. 
To our knowledge, there has been no trial in the use of 
thromboelastography, thromboelastometry, or platelet 
aggregometry in predicting bleeding tendencies in 
patients with dengue fever.

When should a computed tomography scan of the brain 
be done?
Headache, fever, and vomiting are the most common 
manifestations of dengue infection. It is important 
to consider that these symptoms may also be the 
first symptom of an ongoing ICH. Unequivocal 
symptoms such as seizures, weakness, numbness, altered 
consciousness, and seizures would warrant CT of the 
brains, but these presentations may only be present 
when the ICH has expanded beyond treatment. Multiple 
methods of noninvasive monitoring and detection of 
raised intracranial pressure have been developed, but 
most are expensive and require much training.[60] In view 
of this, a simple noninvasive method to detect increased 
intracranial pressure is needed. In the setting where 
dengue infections are highest in developing nations 
and CT of the brains are not widely available, we can 
only recommend that fundoscopy to detect papilledema 
should be a routine assessment for dengue‑infected 
patients with suspected ICH. It is sad however that none 
of our patients had fundoscopy performed on them.

Can risk factors for predicting severe dengue be used 
to predict the occurrence of intracranial hemorrhage?
It would seem from our series that prevention of ICH 
in patients with dengue should be the main aim as all 
patients who had a severe bleed warranting surgery 
deteriorated very quickly and both surgical and medical 
managements failed to stop the inevitable. If specific 
risk factors could be identified, perhaps, prophylactic 
transfusion and closer monitoring could bring about 
earlier detection or prevent ICH altogether. In terms of 
risk of bleeding, a study done in Malaysia found that 
prolonged duration of shock and low‑normal hematocrit 
at the time of shock suggesting blood loss in addition 
to capillary leakage were the strongest predictors of 
hemorrhage.[53] Only Patient G in our series who had 
upper gastrointestinal bleeding had a low hematocrit and 
shock. It is possible that patients with only ICH as the only 
bleeding tendency would not show a drop in hematocrit 
associated with shock as the volume of intracranial blood 
loss alone would not be sufficient enough to reduce 
intravascular volume. Other studies found that there was 
significant association between bleeding tendencies and 
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older patients, secondary dengue infection, high baseline 
hematocrit levels, low platelet levels, prolonged APTT, 
female gender, vomiting, high absolute lymphocyte 
count, and high aspartate aminotransferase level.[61,62] 
Even though these may be generalized to include ICH, it 
would be ideal if independent risk factors for ICH could 
be determined. Although not specific to ICH, Sahu et al. 
outlined the possible predictors for the central nervous 
system involvement that includes higher mean body 
temperature, elevated hematocrit, low platelet count, and 
liver dysfunction.[63] Three of our patients with positive 
IgG had ICH requiring surgery and all of them died, 
whereas two patients with negative IgG did not have 
ICH requiring surgery and survived; thus, it is possible 
that secondary dengue infection is also associated with 
a tendency to develop severe ICH.

Possible etiology of intracranial hemorrhage
The mechanisms of which patients with dengue infection 
may be more prone to ICH is complex and are postulated 
to be caused by coagulopathy, platelet dysfunction, 
thrombocytopenia, and vasculopathy.[8,11] To date, there 
is no proven explanation for ICH occurring in only 
a rare minority of patients with severe dengue. The 
blood–brain barrier and blood–cerebrospinal fluid (CSF) 
barrier have been shown to breakdown during dengue 
virus infection.[64,65] Dengue IgM, IgG, and NS1 Ag were 
also detected in CSF of patients with dengue.[65] It is 
plausible that ICH follows the same general mechanisms 
as bleeding elsewhere in the body and focal cerebral 
vasculopathy is worsened by the presence of IgG and 
NS1 Ag immunopathological‑related mechanisms. In 
general, immunopathological events involving T cells, 
cytokines such as tumor necrosis factor‑alpha (TNF‑α), 
and cross‑reactive antibody that enhances dengue virus 
replication leading to vasculopathy are still incompletely 
understood.[66,67] Thrombocytopenia may be caused by 
disseminated intravascular coagulation, bone marrow 
suppression, increased apoptosis, and destruction 
by the complement system.[68] There are many newly 
suggested detailed mechanisms for bleeding in 
dengue. Interestingly, NS1 antigens are found to induce 
production of plasminogen cross‑reactive antibodies 
and thus enhance plasminogen activation leading to 
increased plasmin and promoting fibrinolysis.[69] Platelet 
dysfunction and destruction have been attributed to 
the dengue virus and early studies reveal that dengue 
virus viremia seems associated with the megakaryocytic 
lineage and replication in platelets.[70,71] Much have been 
learned and platelets have been increasingly considered 
to play a key role in inflammation through inflammasome 
synthesis of interleukin‑1 beta (IL‑1β) which is a cytokine 
closely associated with endothelial dysfunction and 
coagulation disorders. Platelets activation by dengue 

virus through lectin receptor dendritic cell‑specific 
ICAM‑3‑grabbing nonintegrin resulting in production 
of IL‑1β has been shown[72,73] Using mouse models, 
Chen et al. observed that high viral titer, macrophage 
infiltration, and TNF‑α are three important events that 
lead to hemorrhage.[74] Chuang et al. found that dengue 
virus infection induced macrophage migration inhibitory 
factor (MIF) production may contribute to vascular 
hyperpermeability and hemostatic abnormality and 
thus blocking of MIF may be an answer for prevention 
of dengue hemorrhage.[75]

Conclusion

The rapid spread of dengue virus infection is alarming 
and needs global attention. This article highlights the 
deadly effect of dengue hemorrhagic encephalopathy 
and the limited weapons and knowledge we have against 
it. More research is needed in this field to determine 
possible predictors of ICH such as dengue IgG in dengue 
infection.
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