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ABSTRACT

Background & objectives: Malaria is considered as the most important parasitic disease of humans, causing seri-
ous illness that can be fatal, if not diagnosed and treated immediately. It is a multisystem disorder affecting nearly 
every system of the body. The aim of the present study was to evaluate the involvement of cardiovascular system 
in severe malaria using non-invasive methods.
Methods: This prospective study was conducted on patients of severe malaria who were admitted between June 
and November 2015 in the Department of Medicine, Rajendra Institute of Medical Sciences and Hospital, Ranchi, 
Jharkhand, India. A total of 27 cases (18 males and 9 females; age ranging between 15 and 70 yr) of severe malaria 
(P. falciparum 24; P. vivax 1; mixed 2) were diagnosed by microscopic examination of peripheral blood smear and 
bivalent rapid diagnostic test (RDT) kit. The assessment of cardiovascular system was done by clinical examination, 
chest X-ray, ECG and transthoracic echocardiography.
Results: In all, 7 (26%) patients were found to be suffering from circulatory failure, out of which one was P. vivax 
case and rest were cases of P. falciparum infection with high parasite density. One patient died due to cardiovascular 
collapse. ECG revealed sinus bradycardia [Heart rate (HR): 40–60] in 7% of the cases, extreme tachycardia (HR: 
120–150) in 3.7% of cases and premature arterial ectopic with tachycardia in 3.7% of patients (p <0.05). The echo-
cardiographic findings were global hypokinesia with decreased left ventricular ejection fraction (<55%) in 11.1%, 
grade 1 left ventricular diastolic dysfunction in 3.7%, mild tricuspid regurgitation (TR) with mild pulmonary artery 
hypertension (PAH) in 3.7% and mild pericardial effusion in 3.7% of the cases. The ECG and echocardiography 
changes indicated myocardial involvement in severe malaria.
Interpretation & conclusion: The present study indicated involvement of cardiovascular system in severe malaria as 
evidenced from ECG and echocardiography. The study also revealed that cardiovascular instabilities are common 
in falciparum malaria, but can also be observed in vivax malaria. 
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INTRODUCTION

Malaria is a leading public health problem in  
Jharkh and state of India1. It is situated in the eastern part 
of India and surrounded by the states of Chhattisgarh in 
the west, Bihar in the north, West Bengal in the east, and 
Odisha in the south. The total population is 32,988,134 
(census 2011) with 28% of inhabitants being scheduled 
tribe (ethnic minority tribes). It is predominantly a rural 
state with 80% of the population living in rural settle-
ments. Roughly 30% of the land area is forested. Am-
bient temperature ranges between a maximum of 48°C 
and a minimum of 5 °C, while humidity ranges between 
28 and 80%.  Average rainfall is 1292 mm per year. The 
Jharkhand state is highly endemic for malaria, contribut-
ing about 7% of total malaria cases in the country. It has 
relatively stable malaria transmission with a yearly aver-
age slide positivity rate (determined from both passive 

and active surveillance) of 15% for the last three years. 
Plasmodium falciparum accounts for 44% of the cases 
while P. vivax accounts for 56%1. 

Four species of malaria parasites infecting humans, 
viz. P. falciparum, P. malariae, P. ovale, and P. vivax are 
present in Jharkhand state2-3. Plasmodium falciparum 
is the highly virulent species.  Malaria mostly affects 
children under the age of 5 yr and pregnant women, in 
developing countries. Pregnant women are more vulner-
able because they experience depressed immunity during 
pregnancy, endangering the lives of both mother and the 
child4. A similar problem arises with children below the 
age of five, as their immunity systems are not yet fully 
developed. A review of literature revealed, malaria may 
be complicated by cardiac involvement. In analogy to ce-
rebral malaria, cardiac involvement is mostly limited to 
acute infections with P. falciparum5. The aim of the present 
study was to assess the cardiac involvement of malaria in 
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patients using non-invasive methods. Therefore, a hospi-
tal based prospective observational study was conducted 
to describe the clinical profile, laboratory abnormalities, 
complications and outcome of P. falciparum malaria in 
the endemic tribal population in Jharkhand state, India. 

MATERIAL & METHODS

A prospective study was conducted on patients suf-
fering from severe malaria without a previous history 
of cardiac disease who were admitted during the period 
of June to November 2015, in the Department of Medi-
cine, Rajendra Institute of Medical Sciences (RIMS) and 
Hospital, Ranchi, Jharkhand. This hospital is a tertiary 
care hospital in Jharkhand. The hospital receives patients 
from all over Jharkhand and from adjacent districts of 
nearby states. Adult patients, presenting with an acute 
febrile illness to the emergency ward and/or with sign 
and symptoms of severe malaria in the medicine outpa-
tient/inpatient department were included in the study.  
A written informed consent was obtained from all the  
patients included in the study. In case of an obtunded  
patient and children the consent was obtained from the 
nearest relative. 

Ethical approval: Ethical clearance for the study was 
obtained from the Institutional Ethics Committee, Rajendra 
Institute of Medical Sciences and Hospitals, Ranchi.

The clinical diagnosis of severe malaria was based on 
WHO guidelines and confirmed using a rapid diagnostic 
test (RDT) kit (SD Bioline Malaria Ag Pf/HRP-2/Pldh, 
3 band kit, India). RDT positive cases were examined 
by thick and thin blood smears from finger prick blood 
samples. Slides were examined by trained microscopists 
under compound microscope at 100x magnification after 
staining with Jaswant Singh Bhattacharjee (JSB) stain 
(Rankem, India). Asexual forms of the parasite were 
counted against 200 leucocytes and parasite density was 
calculated as number of asexual parasites per µl of blood, 
assuming a mean normal leucocyte count of 800 µl. 

All patients were evaluated clinically by non-invasive 
methods including ECG and echocardiography within 
first three days of diagnosis, followed up on regular basis 
and discharged after improvement of clinical symptoms. 
Assessment for cardiovascular involvement was done by 
(a) clinical examination and chest X-ray. Chest X-ray was 
done to assess any evidence of cardiomegaly and lung 
field congestion; (b) ECG (12 lead) in which following 
points were analyzed—Heart rate, rhythm, PR interval, 
QRS interval, QT/QTc interval, P waves, QRS voltages, 
ST segments, T and  U waves.

Echocardiography
A complete echocardiographic examination was per-

formed using standard technique. Parasternal long and 
short axis and apical two and four chambers views were 
obtained for all the patients.

Other biochemical investigations
Complete blood count including TLC, DLC, Hb,  

ESR, PCV, PLT count, blood glucose level, serum urea, 
serum creatinine, serum bilirubin and SGOT/SGPT tests 
were performed for all the patients. Lumbar puncture and 
CSF analysis were performed in all the suspected cases 
to rule out meningitis and encephalitis. Dengue serol-
ogy was also carried out for suspected cases to rule out 
dengue fever. All patients were hospitalized for 3–14 
days. Slide positive cases were provided antimalarial 
treatment as per the guidelines of the National Vector 
Borne Disease Control Programme of the Government 
of India6-7.

Inclusion criteria
Patients aged >15, and < 70 yr were considered, and 

amongst them only the cases of severe malaria, having 
asexual form of Plasmodium in the blood in smear ex-
aminations were included in the study. The diagnosis of 
severe malaria was done as per the WHO guidelines.

Exclusion criteria
Patients who refused to give the written consent 

or had other concurrent illness or pre-existing diseases 
like hypertension, heart related diseases, diabetes melli-
tus and other chronically ill patients were not included in 
the study.

Statistical analysis
The patients with ECG abnormalities and those  

without were used as independent variables. The inde-
pendent student t-test was used to compare various attri-
butes. Probability (p-value) analysis was performed with 
the statistical package for the social sciences (SPSS). A 
probability value of p<0.05 was considered statistically 
significant.

RESULTS

During the study period, a total of 360 cases were 
diagnosed as malaria, and admitted in the various units 
of medicine. Amongst them, 27 cases were recorded as 
severe malaria (18 males and 9 females). Out of the 27 
cases, 24 were of P. falciparum, one was of P. vivax and 
two were mixed infections (Table 1).
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Table 2. Distribution and frequency of severe manifestations

Manifestations No. of patients 
presenting with 
illness (n=27)

% 
Distribution

% 
Frequency

Severe anaemia 10        37      12.5
Hepatitis 8        29.6      10
Respiratory distress 12        44.4      15
Cerebral dysfunction 20        74      25
Hypoglycemia 1          3.7        1.25
Acute renal failure 7        25.9        8.75
Thrombocytopenia 3        48.14      16.25
Circulatory failure 7        25.9        8.75
Multiorgan failure 2          7.4        2.5
Total 80    100

Table 1. Baseline characteristics including malaria species, 
parasitaemia and therapeutic regimen

Pa-
tient 
No.

Malaria 
species

Parasite density  
(Parasitaemia 

µl)

Previous 
history of 
malaria

ECG ECHO Drugs

1. Pf 57206 No AS
2. Pf 37254 No AS
3. Pf 10627 No + AS
4. Pf 46197 No AS
5. Pf 59050 No PE* AS
6. Pf 10567 No AS
7. Pf 60059 No AS
8. Pf 26542 No + AS
9. Pf 95882 No AS
10. Pf 25791 No GH+LVSD* AS
11. Pf 507 No AS
12. Pf 65762 No AS
13. Pf 28298 No AS
14. Pf 955 No + GH+LVSD* AS
15. Pf 218719 No AS
16. Pf 17670 No AS
17. Pv Nil No AS+PQ
18. Pf 1655 No AS
19. Pf 627 No AS
20. Pf 6089 No + AS
21. Pf Nil No LVSD AS
22. Pf 33059 No AS
23. Pf 2010 No AS
24. Pf Nil No AS
25. Pf 2806 No AS
26. Pv+Pf 9624 No AS+PQ
27. Pv+Pf 4418 No AS+PQ

*p<0.05; Pf—Plasmodium falciparum; Pv—P. vivax; ECG—
Electrocardiogram; ECHO—Echocardiogram; (+) Abnormalities; 
AS—Artesunate; PQ—Primaquine; PE—Pericardial effusion; GH—
Global hypokinesia; LVSD—Left ventricular systolic dysfunction; 
LVDD—Left ventricular diastolic dysfunction.

Initially, most of the patients presented with dyspnea, 
tachypnea, sinus tachycardia, pallor and tender hepato-
megaly. All the patients were clinically examined and 
among them three had flow murmur and five had loud S1 
on auscultation. No other abnormal sounds were heard/
observed. 

The true density of parasite may not be observed in 
many of the patients, as they had been treated by some lo-
cal practitioners and quacks; additionally, sequestration of 
falciparum parasites may yield an artificially low parasite 
count on examination of peripheral blood smear. Mani-
festations of the severe malaria were: Severe anaemia (Hb 
<5 g/dL) in 37% patients, hepatitis in 29.6%, respiratory 
distress (difficulty in breathing) in 44.4%, cerebral 

dysfunctions in 74%, hypoglycemia in 3.7%, acute 
renal failure in 25.9%, thrombocytopenia in 51.8%, 
circulatory failure in 22% and multiorgan failure in 
7.4%. (Table 2)

Out of 27 cases of severe malaria, seven were found 
to be suffering from circulatory failure. Cardiovascu-
lar involvement was more common in P. falciparum 
malaria. Patients of circulatory failure presented with 
tachycardia, tachypnea, decreased urine output, feeble 
pulse and hypotension (Table 2). One out of the seven 
patients with circulatory failure died (mortality 14.2%). 
Bivalent, RDT was positive for P. vivax in one patient 
but the blood slide was negative. The patient came with 
the complain of high grade fever, tachycardia, short-
ness of breath and altered sensorium, but responded well 
on artesunate and was advised to take primaquine at a 
dose of 0.25 mg/kg body weight daily for 14 days under  
supervision.

The most common finding in ECG was sinus tachy-
cardia (HR 120–150) which was present in about 40% of 
the patients at the time of admission which settled down 
to the normal range within two to three days of treatment; 
among them 3.7% had premature atrial ectopic with 
tachycardia. About 7% of the patients showed sinus bra-
dycardia (HR 40–60) (Fig. 1). The result was not signifi-
cantly different (p < 0.05) between the patients with ECG 
abnormalities and those without. 

The significant echocardiographic findings were 
global hypokinesia with decreased left ventricular ejec-
tion fraction (< 55%) in 3 (11.1%), grade left ventricular 
diastolic dysfunction in one (3.7%), mild TR with mild 
PAH in one (3.7%), and mild pericardial effusion in one 
(3.7%) of the patients. Other findings were within normal 
limits (Table 3).
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DISCUSSION

In recent years, limited number of studies have fo-
cused on cardiac involvement in severe malaria, and 
most of them are case reports on P. falciparum8-11. Severe 
and fatal malaria continues to be a burden in endemic re-
gions12. Cardiac functions during and following the ma-
laria infection has not been studied in tribal populations 
of Jharkhand. Therefore, present study was conducted 
to investigate the cardiovascular manifestation in severe 
malaria using 12 lead ECG and high-resolution transtho-
racic echocardiography. In the study, 27 patients were 
evaluated for acute and in particular long-term effects of 
malarial infection on the heart. The ECG results revealed 
sinus bradycardia (HR: 40–60) in 7% of cases, extreme 
tachycardia (HR: 120–150) in 3.7% of cases and prema-
ture atrial ectopic with tachycardia in 3.7% of patients 
(p < 0.05). The echocardiographic findings were global 
hypokinesia with decreased left ventricular ejection frac-
tion (< 55%) in 11.1%, grade 1 left ventricular diastolic 
dysfunction in 3.7%, mild TR with mild PAH in 3.7% and 
mild pericardial effusion in 3.7% cases. Other findings 
were within normal limits.

Other severe manifestations included cerebral dys-
functions in 74%, thrombocytopenia in 51.8%, respira-
tory distress in 44.4%, severe anaemia in 37%, acute renal 
failure in 25.9%, and hepatitis in 29.6%. The study cor-
roborates the findings of other studies done previously13-18.

Interestingly, one case of P. vivax infection associ-
ated with serious cardiovascular complications was also 
observed, which is rare.  Earlier studies by Kaur et al19 in 
Delhi and Kochar et al14, in Bikaner, India have shown 
vivax malaria to be associated with acute renal failure, 
thrombocytopenia, acute respiratory distress syndrome 
and hepatic dysfunction. It was observed, that two cases 
of mixed infection with severe malaria (Pv+Pf) had clini-
cal findings similar to that of severe P. falciparum mono 
infection. The research on impact of mixed infections on 
human health is controversial. Some researchers believe 
it to be beneficial, whereas others consider it to be detri-
mental20-25.

The pathology for myocardial injury is due to direct 
toxic effects of etiological agent as well as excessive  
production of cytokines. Immune mediators have  
been identified to cause dysfunction. Major pathophysi-
ological processes typical for P. falciparum malaria are 
the parasite adhesion to the endothelium resulting in the 
sequestration of parasitized and unparasitized red blood 
cells in peripheral small blood vessels, and the decreased 
deformability of RBCs resulting in impaired microcircu-
lation and lactic acidosis. Parasite toxins or host immune 

Table 3. Summary of ECG and ECHO findings of the patients at 
initial presentation

Tests No. of patients 
(n=27)

ECG
Extreme tachycardia
Premature atrial ectopic with tachycardia
Bradycardia 

1
1
2

ECHO
Global hypokinesia with LVEF <55%
Grade 1 diastolic dysfunction
Pericardial effusion
Cardiac thrombi
Valvular dysfunction

3
1
1        
0                  
0

Fig. 1: ECG of patient No. 8 showing premature atrial ectopic with 
tachycardia (a); patient No. 14 showing extreme tachycardia 
(b); and patient No. 20 showing sinus bradycardia (c).

(a)

(b)

(c)
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mediators or both may have suppressive effects on myo-
cardial functions. It has been shown that plasmodial toxin 
glycosylphosphatidylinositol augments apoptosis rate 
in cardiomyocyte culture. In addition to this, secondary 
infections, severe anaemia, hyperpyrexia, dehydration 
or fluid overload, metabolic acidosis, hypoxia and dis-
seminated intravascular coagulation also contribute to the 
cardiovascular problems in malaria. Pre-existing cardiac 
decompensation may be complicated by malaria and even 
prove fatal for patients26.

Reported autopsies carried out in fatal malaria cas-
es have revealed myocardial capillaries blocked with  
parasites and parasitized red blood cells, resulting in 
ischaemic cardiomyopathy27-30. It has been observed that 
cytoadherence exhibits a predilection for cerebral ves-
sels (cerebral malaria), but it has been also observed in 
other organs, such as the heart. In addition, cardiac or cir-
culatory failure in malaria might be due to toxic effects 
(myocarditis) by some yet unknown agent(s). More recent 
studies have indicated tumor necrosis factor (TNF) as a 
potential mediator31.

CONCLUSION

In summary, myocardial damage might be due to 
multifactorial pathogenesis, being probably the result of 
vascular obstruction, metabolic and humoral mechanism. 
The results indicated that cardiovascular instabilities are 
common in falciparum malaria; however, the involve-
ment of vivax species in cardiovascular system was an 
interesting report. A multi-centric study is further required 
involving larger patient population with significant num-
ber of P. vivax cases for further confirmation. Hence, myo-
cardial involvement should be considered as a potential 
complication in severe P. falciparum as well as P. vivax 
malaria cases.
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