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INTRODUCTION

Malaria constitutes a signifi cant public health problem 
in India and contributes 77% of  the total malaria 

in Southeast Asia. In 2012 alone, the National Vector 
Borne Disease Control Program(NVBDCP) detected 
and treated 1.06 million cases, out of  which, around 50% 
were due to Plasmodium falciparum. About 80% of  the 
cases were restricted to a small indigenous population 
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residing in remote, mountainous regions. About 30-40% 
of  Assamese population is at a high risk of  malaria.[1]

Introduction: There is no comprehensive data or studies relating to clinical presentation and prognosis of cerebral malaria 
(CM) in the tribal settlements of Assam. High rates of transmission and deaths from complicated malaria guided us to conduct 
a prospective observational cohort study to evaluate the factors associated with poor outcome and prognosis in patients of 
CM. Materials and Methods: We admitted 112 patients to the Bandarpara and Damodarpur Tribal Health Centers (THCs) 
between 2011 and 2013 with a strict diagnosis of CM. We assessed the role of clinical, fundoscopy and laboratory fi ndings 
(mainly lactic acid) in the immediate outcome in terms of death and recovery, duration of hospitalization, neurocognitive 
impairment, cranial nerve palsies and focal neurological defi cit. Results: The case fatality rate of CM was 33.03% and the 
prevalence of residual neurological sequelae at discharge was 16.07%. These are signifi cantly higher than the previous 
studies. The mortality rate and neurological complications rate in patients with retinal whitening was 38.46% and 23.07%, 
with vessel changes was 25% and 18.75%, with retinal hemorrhage was 55.55% and 11.11% and with hyperlactatemia was 
53.85% and 18.46%, respectively. Three patients of papilledema alone died. Conclusion: Our study suggests a strong 
correlation between hyperlactatemia, retinal changes (whitening, vessel changes and hemorrhage) and depth and duration 
of coma with longer duration of hospitalization, increased mortality, neurological sequelae and death. Plasmodium vivax 
mono-infection as a cause of CM has been confi rmed. Prognostic evaluation of CM is useful for judicious allocation of 
resources in the THC.
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Assam contributes to more than 5% of  malaria cases in 
India. Mosquitoes breed aggressively in the hot and humid 
climate with prolonged rainfall, periodic fl oods and vast 
forest ranges present in Assam. Lack of  health care workers 
in tribal settings, far-off  locations of  tertiary health centers, 
paucity of  referral services and transportation facilities, 
migration of  population from high endemic areas and 
emergence of  resistant parasites are important factors 
responsible for persistence of  malaria in tribal zones of  
Assam. Of  the total burden of  malaria in India, North 
Eastern states contribute 10% malaria, 11% P. falciparum 
cases and 20% malaria deaths.[2]

Cerebral malaria (CM) is a major cause of  malaria-related 
deaths. Most studies in CM have been done in Africa. There 
is a paucity of  studies conducted in India. Adult CM in 
India has poor prognosis, high mortality and a relatively 
greater number of  Plasmodium vivax positivity.[3-5]

In this cohort study, we intend to evaluate the various 
clinical and biochemical factors that correlate with the 
prognosis and immediate outcome of  an admitted adult 
patient of  CM. Predicting a CM with poor prognosis will 
salvage both resources and time in these resource-deprived 
forests.

MATERIALS AND METHODS

Study site

The prospective observational cohort study was conducted 
in the Tribal Health Center (THC) in Kokrajhar’s tropical 
rain forest in the Northeastern part of  Assam. The forests 
receive an annual rainfall of  2300-2500 mm and have 
temperatures peaking to 86-88°F during summer and falling 
as low as 50-55°F during winter. The fl ood prone rivers 
intersecting the hills and a relative humidity of  75-85% 
make the overall environment conducive for intense all-year 
round transmission of  malaria.[6] The deaths occurred 
mostly in the rainy season (April-September) and among 
all age groups of  both sexes.[7]

Setting

Health services in the area include two THCs assisted by 
6 tribal outreach ambulatory clinics which serve 16 tribal 
settlements in the Chakrashila forest. The referral hospital 
was the Rup Nath Brahma Civil Hospital that served the 
entire Kokrajhar district and also the adjoining forests.

The THC is a 12-bedded indoor facility equipped with all 
major intravenous (i.v.), intramuscular (i.m.) medications 

and basic resuscitation facilities. Of  all, 38 patients requiring 
advanced ventilatory support were transported to the Rup 
Nath Brahma Civil Hospital for critical care and data was 
followed up through discharge summaries and hospital 
records. All anti-malarial medications were available at the 
aforesaid hospital.

Patients

A total of  112 adults (>12 years) were included in the 
study. They comprised of  73 males and 39 females with 
CM admitted to the Bandarpara and Damodarpur THCs 
between March 2011 and November 2013. Patients were 
either detected in comb operations in the forest settlements 
or enrolled directly to the THC.

Cerebral malaria was taken to be the admission criteria 
according to the WHO defi nition: A person with coma 
persisting for more than 30 min after a generalized 
convulsion and with confirmed P. falciparum asexual 
parasitemia.[8] However, cases of  P. vivax with altered 
sensorium were also included in the study due to recent 
reports of  rise in vivaxcerebral malaria.[9] All other causes 
of  the altered sensorium viz., meningitis, encephalitis and 
postictal state were diagnosed clinically and with lab tests 
and excluded from the study.

Data collection

On admission, the demographic characteristics, symptoms, 
previous medical history and results of  physical examinations 
were recorded. To quantify the depth of  coma, Glasgow 
coma scale (GCS) score of  <9 was taken to be coma and 
5 or less was taken to be deep coma. Neurological and 
detailed fundoscopic examinations were done at admission 
and during discharge.

A sample of  5 ml of  blood was drawn for examination 
using IV cannula. The diagnostic methods used to detect 
malarial parasites were conventional thick and thin 
peripheral blood smears stained with Giemsa. The slide 
was considered negative when there were no parasites in a 
100 high-power fi eld. The parasite density was calculated 
against 200 white blood cells (WBCs) using the formula: 
Parasite density (parasite/μL of  whole blood) = (Number 
of  parasites counted/WBC counted) × WBC count/μL.

PCR studies targeted against the 18S ribosomal RNA gene 
were done only on the 38 patients referred to higher centers 
for identifying the exact genus of  infecting plasmodia. 
The primer sequences were modified for this study: 
59-ATCAGCTTTTGATGTTAGGGT ATT-39, genus-
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specifi c; 59-TAACAAGGACTTCCAAGC-39, P. vivax-
specifi c; and 59-GCTCAAAGATACAAATATAAGC-39, 
P. falciparum-specifi c. Each sample was subjected to a 
minimum of  four rounds of  PCR.

Using on admission values, severe anemia was indicated 
by a hemoglobin (Hb) <5 g/dl, acute renal failure by a 
serum creatinine >3 mg/dl, jaundice by a serum bilirubin 
>3 mg/dl, hypoglycemia by a blood glucose level 
<40 mg/dl and lactic acid was taken as signifi cant above 
45 mg/dl.

The retinal findings were documented by direct 
ophthalmoscopy, performed shortly after admission on 
administration of  a topical mydriatic [Figure 1]. Retinal 
whitening, vessel changes and retinal hemorrhage are 
diagnostic of  malaria. Papilledema was noted; however, 
taken alone it is not diagnostic of  CM. Retinal whitening 
occurs as less bright mosaic patterns found specifi cally 
in central temporal macula and fovea. Vessel changes are 
commonly seen in peripheral fundus esp. branch points and 
involve orange or white discoloration of  the vessels instead 
of  red. White-centered intraretinal blot hemorrhages 
similar to Roth spots are found in CM.

Mortality and discharge summaries were documented.

Management

The patients were treated with quinine. It was initially given 
intravenously and then orally, once the patients regained 
the ability to swallow. For the IV treatment, a loading dose 
(quinine 20 mg/kg, diluted in 10 ml/kg 5% dextrose) 
given over a period of  4 h followed by maintenance doses 
(quinine 10 mg/kg, diluted in 10 ml/kg 5% dextrose), each 

given over a period of  4 h, every 8 h. Subsequently, oral 
quinine (10 mg quinine sulfate/kg) was given every 8 h, to 
complete a 7-day course of  treatment.

Data analysis

Data entry was carried out in MS excel sheet and analysis 
was done using SPSS 19.0 version. Tests such as Chi-
Square and independent sample t-test were performed as 
test of  signifi cance. P value < 0.05 shall be considered as 
signifi cant. Logistic regression model was used to fi nd the 
prediction of  death among subjects.

RESULTS

Study subjects

Out of  112 patients of  CM, 65% were male; with ages 
ranging from 15 to 77 years. The age groups comprised 
of  13-20 (8%), 21-40 (38%), 41-60 (36%) and >60 years 
(18%). The patients belonged to the following tribes - Bodo 
(63%), Dimasa (10%), Sonowal (15%) and Turung (12%).

Clinical presentation

Of  all patients, 50% presented with vomiting, 56% with 
visual disturbances, 34% with headache, 38% with jaundice 
and 31% with prior seizures. About 47% had hypotension 
along with signs of  circulatory failure and 38% had 
profound coma with GCS <5 [Table 1]. Coma lasted from 
2 to 32 h before recovery or death. Patients with coma <3 h 

Figure 1: Fundoscopy of a patient showing retinal whitening and 
hemorrhage and cotton wool spots and solitary hemorrhage near 
macula in a cerebral malaria patient

Table 1: Distribution of study subjects according 
to clinical signs at the time of admission
Variables Mean (SD) RR χ2 test P

Deaths (37) Survived (75)

Age, mean (SD) 47.9 (16.8) 38.1 (16.2) - 72.98 0.043

Sex

Male 18 55 0.34 (0.15-0.78) 6.65 0.031

Female 19 20

Temperature, mean (SD) 100.6 (1.7) 100.1 (1.6) 3.16 (2.41-4.23) 4.81 0.002

Hypotension 24 29 2.92 (1.29-6.64) 6.82 0.031

Respiratory distress 18 8 3.49 (1.49-8.16) 8.74 0.029

ARF 19 63 0.2 (0.08-0.49) 13.46 <0.001

Jaundice 20 23 2.66 (1.18-5.59) 5.73 0.046

Hepatomegaly 8 14 1.2 (0.45-3.18) 0.13 0.068

Visual disturbances 37 26 0.34 (0.25-0.47) 42.9 0.008

Meningeal irritation 15 16 2.51 (1.06-5.92) 4.56 0.042

Retinal whitening 10 18 3.49 (1.48-8.16) 8.74 0.029

Vessel changes 8 24 0.34 (0.25-0.54) 4.18 0.02

Retinal hemorrhage 22 14 6.39 (2.66-15.35) 18.9 <0.001

Papilledema 15 16 2.51 (1.06-5.92) 4.56 0.036

PS for MP 29 58 1.06 (0.41-2.75) 0.01 0.072

ARF: Acute renal failure, PS: Peripheral smear, MP: Malarial parasites, 

SD: Standard deviation, RR: Relative risk
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recovered or were alive with neurological defi cit In 35% 
patients coma lasted for more than 8 h and they developed 
some form of  neurological sequelae or died. About 21% 
of  CM patients had hepatomegaly, 28% had splenomegaly 
and 29% of  patients had meningeal irritation in the form 
of  neck stiffness.

Malarial retinopathy is the most sensitive indicator of  
CM. Retinopathy presents as retinal whitening, vessel 
aberrations, or retinal hemorrhage. These fi ndings can 
present together with papilledema. Of  all, 51% had normal 
fundoscopy fi nding, 12% had papilledema alone, 16% had 
only retinal hemorrhage and 17% had both papilledema 
and retinal hemorrhage.

Laboratory fi ndings

In the laboratory work-up, 26% of  CM patients were 
severely anemic (Hb <5), 13% had severe thrombocytopenia 
(platelets < 50,000/μL), 58% of  patients had elevated 
serum lactate (>45 mg/dl), 28% had serum bilirubin 
>3 mg/dl and 27% had serum creatinine >3 mg/dl 
[Table 2].

Parasite density had statistically signifi cant association with 
CM and case fatality. We found that 46% of  CM patients 
had parasite density of  >500,000/μL with case fatality rate 
of  59.62%. CM is commonly associated with P. falciparum. 
Our study also found few cases suffering from CM due to 
P. vivax exclusively. 78% had CM due to P. falciparum and 

22% due to P. vivax. Mortality was 33% in P. falciparum and 
32% in P. vivax. In P. falciparum CM, neurological sequelae 
were observed in 51% and full recovery in 16%. In P. vivax 
CM, neurological sequelae were observed in 16% and full 
recovery in 52%.

Outcome

The mortality rate and neurological complications 
rate in patients with retinal whitening was 38.46% and 
23.07%, with vessel changes was 25% and 18.75%, with 
retinal hemorrhage was 55.55% and 11.11%, and with 
hyperlactatemia was 53.85% and 18.46% respectively 
[Table 3]. There were three deaths observed in patients with 
papilledema alone. Patients with combined papilledema 
and hemorrhage were admitted for a period of  5-10 days 
whereas those with retinal hemorrhage alone were admitted 
for 9-12 days. Papilledema in CM was found to be 
independent of  the other signs of  malaria retinopathy 
in predicting death. Our study suggests that this malarial 
retinopathy can be used to identify prognosis of  adult CM, 
as has already been established in children.

About 54% of  patients with serum lactate >45 mg/dl 
died, 18% developed neurological defects and 28% fully 
recovered. Our study corroborates the important prognostic 
signifi cance of  serum lactate with high mortality in CM.

Case fatality rate of  our study is (37/112) 33.03%. Out of  
112 patients, 16.07% (18) developed neurological sequelae 

Table 2: Distribution according to laboratory markers
Variables Mean (SD) t-test P

Deaths (37) Survived (75)

Blood glucose, mean (SD) 57.67 (14.7) 65.09 (19.64) 6.14 0.032

Serum lactate, mean (SD) 76.76 (14.33) 44.34 (18.24) 9.45 0.040

Total bilirubin, mean (SD) 3.04 (1.27) 2.22 (0.82) 4.09 <0.001

Serum creatinine, mean (SD) 2.91 (1.88) 2.06 (1.39) 2.7 <0.001

Parasite density, mean (SD) 642,773 (204,850.2) 401,319 (186,194.5) 6.24 0.066

WBC, mean (SD) 17,405.4 (7280.9) 10,524.6 (3898.2) 6.52 <0.001

WBC: White blood cells, SD: Standard deviation

Table 3: Logistic regression model for predicting death
Clinical features Full recovery (57) (%) Neurological sequelae (18) (%) Death (37) (%) Adjusted OR (95% CI) P

Respiratory distress 6 (10.5) 10 (55.5) 18 (48.6) 0.681 (0.225-2.061) 0.496

Decerebrate rigidity 10 (17.5) 8 (44.4) 22 (59.4) 0.624 (0.214-1.024) 0.064

Retinal whitening 12 (46.15) 6 (23.07) 10 (38.46) 2.14 (1.61-4.92) 0.02

Vessel changes 18 (56.25) 6 (18.75) 8 (26) 1.86 (1.12-3.84) 0.032

Retinal hemorrhage 9 (15.7) 5 (27.7) 13 (35.1) 6.39 (2.66-15.35) <0.001

Papilledema 10 (17.54) 6 (33.3) 15 (40.5) 2.51 (1.06-5.92) 0.03

Hyperlactatemia 18 (31.57) 12 (66.6) 35 (94.5) 4.14 (2.72-6.80) 0.042

Parasite density (>500,000/
μL)

7 (12.2) 12 (66.6) 31 (83.7) 0.758 (0.272-2.114) <0.001

OR: Odds ratio, CI: Confi dence interval
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and 50.89% (57) fully recovered without neurological 
defects. Correlation of  independent findings with 
outcomes is summarized in Table 4.

DISCUSSION

Malaria has been researched extensively, but scant 
research has been done with regards to adult CM in 
tribal population. Moreover, CM due to P. vivax (which 
is rare to fi nd) has been studied. Considering the huge 
chunk of  tribal population living in highly malaria-
endemic areas and the scarcity of  resources available to 
treat fatal complications such as CM, we conducted a 
research study to help determine the prognosis of  such 
patients and allow for effi cient allocation of  resources 
to tackle them as timely and specifi c therapy can be 
lifesaving.[10-13]

Our study focuses on the prognostic significance of  
serum lactate, malarial retinopathy and parasite density 
in CM. The study provides data about P. falciparum and 
P. vivax CM in the tribal areas of  Kokrajhar, Assam. The 
case fatality rate of  CM has been determined in the tribal 
setup. The prognosis and outcome in terms of  duration 
of  hospitalization, depth of  coma, neurological sequelae, 
full recovery and death has been studied in depth. The 
neurocognitive outcomes could not be studied due to lack 
of  questionnaires in the local tribal languages.

The incidence of  fever and vomiting in the patient 
population was comparable to previous studies. 
There was a higher incidence of  headache, jaundice, 
hypotension with circulatory failure, deep coma (GCS 
<5) and lesser incidence of  splenomegaly compared to 
previous studies.[14,15]

The case fatality rate of  CM (33.03%) of  our study was 
signifi cantly higher than previously reported studies which 
were around 13-22%.[13,16,17] The reasons include late 
reporting of  the patients, paucity of  advanced treatment 
options for critically ill patients, poor connectivity to the 
tertiary care center, problems with transportation facilities 

and socio-cultural inhibition toward contemporary medical 
practices.

There has been proven evidence from studies in Gambia and 
Malawi of  serum lactate as a prognostic indicator of  CM in 
pediatric population.[18,19] Our study supports this fi nding in 
adult CM. Lactic acidosis (lactate >45 mg/dl) is associated 
with anemia, respiratory distress and is indirectly responsible 
for raised mortality.[18,20] Serum lactate can be increased due 
to high parasite density or metabolic acidosis due to hypoxia 
in host tissues. The major contribution is due to hypoxia 
caused by obstruction of  microvasculature by adhering 
parasitized red blood cells (RBCs).[18] Other contributing 
factor for raised lactate can be raised catabolism in muscle 
after seizure activity in some patients or decreased oxygen 
carrying capacity of  the blood due to hemolytic anemia.[18]

Lactic acidosis is believed to lead directly to a fatal outcome 
by the following processes impairment of  cardiac output 
and other vital cellular functions;[21] inhibition of  uptake of  
antimalarial drugs by infected erythrocytes[22] and increased 
cytoadherence of  infected erythrocytes to capillary 
endothelium.[23]

Cerebral malaria is a diagnosis of  exclusion. Fundoscopy 
is a good tool to diagnose malarial retinopathy. Retinal 
whitening, retinal hemorrhage and retinal vessel changes are 
specifi c to CM due to vasculopathy. Papilledema may or may 
not be associated retinal fi nding. Presence of  papilledema 
suggests poor prognosis.[24] Our study corroborates the use 
of  malarial retinopathy as a diagnostic tool for adult CM 
as well as the use of  associated papilledema for assessment 
of  prognosis. It has been suggested that 2 pathways 
may predict poor outcome in CM: Increased intracranial 
pressure manifesting as papilledema and retinal edema and 
vessel abnormalities (probably related to glucose levels, 
hematocrit and lactate levels).[25] The unique white and 
pale orange retinal vessels seen in CM can be explained 
by the sequestration of  late-stage parasitized RBCs with 
reduced amounts of  Hb.[26] The mortality in patients having 
both retinal hemorrhage and papilledema was 66.6% as 
compared to 55.5% patients with retinal hemorrhage alone. 

Table 4: Correlation with prognosis
Variable Normal lactate Elevated lactate Papilledema absent Papilledema present Retinal hemorrhage absent Retinal hemorrhage present

Duration of hospitalization 5.23 10 7.1 7.94 6.88 9

Duration of coma 4 4.75 7.42 9.08 8.18 8.56

Mean GCS score 9.02 5.35 7.41 5.55 7.78 5.03

Mean time to death 4 14.74 14.95 13 11.4 16.04 

Mortality (%) 4.25 53.85 27.16 48.39 19.74 61.11

GCS: Glasgow coma scale
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This supports the results from Malawian study of  pediatric 
CM which had 18% case fatality with malarial retinopathy 
alone and 36% combined with papilledema.[25,27-29]

Our study substantiates the evidence of  high parasite 
density associated with CM.[30] We also conclude that the 
case fatality rate is higher in patients with raised parasite 
density (more than 500,000/uL). This can be explained 
by increased amount of  cytoadherence by parasitized 
erythrocytes, which results in raised lactate and higher 
mortality due to vascular pathology.

Clinical data provided by Kochar et al. indicates that P. vivax 
can cause both sequestration-related and nonsequestration 
related complications of  severe malaria, all of  which are 
commonly associated with P. falciparum infections.[31] Of  
the 38 patients referred to the higher center for critical 
care, 12 had P. vivax mono-infection, 21 had P. falciparum 
mono-infection and 5 had mixed infection. This is the 
highest number P. vivax CM cases reported in any study 
from India till now in adult cases. Kochar et al. reported 
14 cases of  CM out of  154 pediatric cases admitted for 
P. vivax malaria. Our study validates the previous study 
and hence shows that P. vivax can be responsible for adult 
CM. This demonstrates the need for change in the WHO 
defi nition of  CM which concentrates only on asexual stage 
of  P. falciparum (and not P. vivax) in blood smear.

Our study was undertaken with the intent of  initiating more 
clinical research in tribal setting in Assam. The data will help 
in learning the shortcomings of  health care set up and using 
serum lactate and retinopathy fi ndings for determining the 
prognosis of  patients. It will also help in using the limited 
supply of  antimalarials and referral services judiciously. 
Our study addresses major hurdles while doing research in 
tribal areas such as geography, language barrier, resource 
limitation and lack of  intensive care facility.

We recommend further randomized case–control studies 
to evaluate these prognostic factors. Retinopathy subsets 
such as whitening, vessel changes, hemorrhage and lactic 
acid levels should be studied in depth to create a prognostic 
classifi cation. Since neurocognitive outcome could not 
be evaluated due to lack of  questionnaires in local tribal 
language, further studies are recommended in this accord.

Our study demonstrates a strong correlation between 
retinal changes (whitening, vessel changes and hemorrhage) 
and a poor outcome of  CM. Combinations of  high parasite 
index, severe hypoglycemia, hyperlactatemia, retinal 
fi ndings and longer duration of  deep coma can be used to 
identify the prognosis in terms of  neurological sequelae, 

duration of  hospitalization and those with higher risk of  
death. Role of  P. vivax mono-infection as a rising causal 
factor for CM needs to be further evaluated in view of  
signifi cant number of  deaths due to complicated vivax 
malaria.
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