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INTRODUCTION

Malaria is one of the major health problems in the world. It 
is known to have caused an estimated 655,000 deaths in 2010, 
mainly due to Plasmodium falciparum infection. These fatalities 
usually occurred in patients with severe complications of ma-
laria, such as severe acute lung injury or adult respiratory dis-
tress syndrome (ARDS), cerebral malaria, hemoglobinuria, ab-
normalities in blood coagulation and thrombocytopenia, car-
diovascular collapse and shock, acute kidney injury, severe 
anemia, metabolic acidosis, hyperlactatemia, and hypoglyce-
mia [1]. Vivax malaria has been recognized as a benign and 
self-limited illness, but it can be severe and fatal in some cases, 

especially in endemic areas, and in patients with existing co-
morbidities [2,3]. It was widely believed that Plasmodium vivax 
was incapable of cytoadherence to endothelial cells and mi-
crovascular sequestration. However, it was recently document-
ed that P. vivax-infected erythrocytes can also cytoadhere to en-
dothelial cells in vitro [4]. Further, an autopsy study revealed 
that scattered parasitized erythrocytes were observed inside 
pulmonary capillaries, suggesting some sequestration in the 
lungs [5].

In the Republic of Korea (=Korea), there have been increas-
ing reports of vivax malaria and its related complications since 
the first case of reemerging malaria was reported in 1993 near 
the demilitarized zone (DMZ) [6]. Severe or life-threatening 
complications have also been reported, some of which include 
multiorgan failure and pulmonary hemorrhage [7], shock and 
pulmonary edema [8], shock and seizure [9], acute renal fail-
ure and jaundice [10], and splenic rupture [11]. Among these 
reported cases, 1 patient who presented with multi-organ fail-
ure and pulmonary hemorrhage died eventually [7].
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Extracorporeal membrane oxygenation (ECMO) is a thera-
peutic tool for providing life support in patients whose lungs 
or hearts cannot maintain sufficient oxygenation for the body. 
ECMO involves placing the patients on a vascular circuit with 
a membrane oxygenator that temporarily takes over the gas 
exchange function of the lungs. There have been an increasing 
number of clinical reports documenting the use of ECMO in 
severe ARDS patients who failed to respond to conventional 
mechanical ventilation therapy [12]. Further case reports have 
indicated that extracorporeal life support was used in 2 pa-
tients with falciparum malaria [13,14]. Herein, we describe a 
case of severe P. vivax infection complicated by multi-organ 
failure that was successfully managed with ECMO and contin-
uous venovenous hemofiltration (CVVH).

CASE RECORD

A 59-year-old man presented with fever and abdominal pain. 
One month prior, he had returned from a trip to Kanghwa-do 
(Island), a high-risk region of vivax malaria, located on the 
west coast and just below the DMZ of South Korea. Apart from 
hypertension, which had been managed for 5 years, he was 
otherwise healthy. Three days before presentation to our hos-
pital, he visited a nearby hospital for evaluation of fever and 
abdominal pain that he had been experiencing for 7 days. An 
abdominal computed tomography (CT) scan revealed edema-
tous wall thickening of the distended gallbladder, splenomeg-
aly, and fluid collection in the pelvic cavity. Under the tentative 
diagnosis of acute cholecystitis, he was treated with intrave-
nous (IV) antibiotics (meropenem and metronidazole); how-
ever, his clinical condition did not improve. After 2 days, his 
dyspnea became severe and a chest radiograph revealed hazi-
ness in both lungs. He was then intubated and transferred to 
our hospital.

On admission, his body temperature was 37.3 C̊, blood pres-
sure was 109/65 mmHg, and pulse rate was 180 beats per min. 
He exhibited a drowsy mental status and irritability. While the 
patient was maintained on a continuous mandatory ventila-
tion (CMV) mode with tidal volume of 450 ml, respiration 
rate of 20/min, FiO2 of 0.8, and positive end-expiratory pres-
sure (PEEP) of 15 cmH2O, arterial blood gas analysis (ABGA) 
revealed the following findings: pH, 7.22; PaCO2, 36.3 mmHg; 
PaO2, 101 mmHg; HCO3, 14.4 mmol/L; and O2 saturation, 
95.7%. Central venous pressure determined from the right 
jugular central venous catheter was 10 cmH2O. His hemoglo-

bin level was 11.1 g/dl, hematocrit was 33.6%, WBC count was 
9,910/µl, and platelet count was 37,000/µl. Serum blood urea 
nitrogen (BUN) and creatinine levels were 38.1 mg/dl and 1.35 
mg/dl, respectively. Total and direct bilirubin levels were 9.3 
mg/L and 7.8 mg/L, respectively; aspartate aminotransferase, 
183 IU/L; alanine aminotransferase, 115 IU/L; and alkaline 
phosphatase, 423 IU/L. Other laboratory tests revealed glu-
cose, 161 mg/dl; C-reactive protein, 210.1 mg/L; lactic acid, 2.8 
mmol/L; activated partial thromboplastin time, 48.9 sec; pro-
thrombin time, 18.9 sec; and D-dimer, 14.20 μg/ml. A test for 
anti-HIV antibody was negative. The levels of muscle enzymes 
for detection of myocardial infarction were normal, and an 
electrocardiogram showed sinus tachycardia and there was no 
evidence of myocardial ischemia. A chest radiograph (Fig. 1A) 
and a chest CT scan (Fig. 1B) revealed haziness in both lungs. 
The malaria rapid antigen test (SD Bioline Ag P.f/pan Rapid) 
(SD BIOLINE, Seoul, Korea) was performed; the test was posi-
tive for P. vivax but negative for P. falciparum. 

Microscopic examinations of a peripheral blood smear re-
vealed P. vivax at a density of 16,380/µl. Chloroquine (10 mg 
of base/kg followed by 5 mg/kg at 12, 24, and 36 hr) was ad-
ministered via a Levin tube. An IV quinine (20 mg/kg followed 
by 10 mg/kg every 8 hr) was administered because there was a 
possibility of poor intestinal absorption of chloroquine. Intra-
venous meropenem was added to empirically cover bacterial 
coinfection. Physiologic doses of steroid (hydrocortisone, 200 
mg/day) were also administered as an adjuvant therapy for re-
fractory shock. Ten hours after admission, his systolic blood 
pressure could be maintained between 100 and 110 mmHg 
when the following vasopressors were used simultaneously: 
dopamine, up to 30 µg/kg/min; dobutamine, up to 30 µg/kg/
min; norepinephrine, up to 43 µg/min; and vasopressin, up to 
2 units/hr. 

A follow-up ABGA revealed an exacerbated pulmonary sta-
tus: pH, 7.11; PaCO2, 54.0 mmHg; PaO2, 69.0 mmHg; HCO3, 
17.2 mmol/L; and oxygen saturation, 86.0%. The patient was 
on a CMV mode with a tidal volume of 430 ml, respiratory 
rate of 26/min, FiO2 of 1.0, and PEEP of 15 cmH2O. His BUN 
and creatinine levels increased to 72.5 mg/dl and 3.9 mg/dl, 
respectively, and urine output decreased to less than 10 ml/hr. 
To deliver sufficient oxygen and to avoid pulmonary oxygen 
toxicity, venovenous ECMO was instituted. In addition, CVVH 
of blood drawn from the ECMO circuits was initiated to re-
duce fluid overload and to maintain renal function during 
acute kidney injury. Over 3 days after the initiation of ECMO 
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and CVVH, radiographic abnormalities, vital signs, and arterial 
oxygenation progressively improved. On hospital day (HD) 4, 
ECMO and CVVH were discontinued because bleeding from 
the catheter sites was uncontrollable and the ECMO catheter 
lumen was blocked by blood clots despite the use of regional 
heparinization. Bloody secretion through an endotracheal tube 
was also observed, even though platelets and fresh frozen plas-
ma were replaced daily from HD 2 to HD 6. 

After removal of the ECMO catheters, conventional venove-
nous hemodialysis via a central femoral venous catheter was 
continued for an additional 4 days, and the mechanical venti-
lator was applied on a synchronized intermittent mandatory 
ventilation mode with tidal volume of 400 ml, respiration rate 
of 20/min, FiO2 of 0.5, and PEEP of 10 cmH2O. Thereafter, with 
the above ventilator settings, adequate oxygenation could be 
maintained. On HD 5, his urinary output began to increase to 
50 ml/hr. On HD 14, he became alert and was weaned from 
the ventilator completely.

The parasitized erythrocytes levels decreased as follows: 
16,380/µl on HD 1, 2,411/µl on HD 3, 1,552/µl on HD 4, and 
166/µl on HD 5. On HD 6 and thereafter, P. vivax was not ob-
served in blood films. Chloroquine was administered daily 
until HD 6, and the IV quinine was discontinued on HD 8. 

The cultures of blood, sputum, and urine taken on admission 
revealed no growth of pathogens, and pneumococcal and legi-
onella antigens were also not detected in the urine. Intrave-
nous meropenem was discontinued on HD 14, and prima-
quine (15 mg/day) was administered from HD 18 for 14 days. 
He was discharged to home without sequelae after a total of 7 
weeks in the hospital.

DISCUSSION

We experienced a case of P. vivax infection complicated by 
multi-organ failure in an adult patient who, with the excep-
tion of hypertension, had no comorbidities. The patient had 
no travel history abroad and, therefore, there was no possibili-
ty of undiagnosed mixed P. falciparum infection, given that in-
digenous P. falciparum infection is not possible in Korea. Fatal 
cases of vivax malaria have usually been reported in countries 
like Indonesia, Papua New Guinea, Brazil, Thailand, and In-
dia. These fatalities occurred in patients with comorbid condi-
tions and conditions of compromised immunity such as preg-
nancy, childhood, or HIV infection [2,3]. 

The clinical features of the present case was similar to those 
of a previously reported Korean patient, who had fever for 10 

Fig. 1. A chest radiograph (A) and a contrast-enhanced chest CT scan (B) taken on admission are showing haziness in both lungs; con-
fluent haziness in the right lung and patchy alveolar infiltrates in the left lung. A perihilar distribution of pulmonary infiltrates suggests non-
cardiogenic pulmonary edema.
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days and abdominal pain for 1 day and presented to a hospi-
tal with shock, acute kidney injury, jaundice, and coagulation 
failure. Forty-eight hr after admission, ARDS and pulmonary 
hemorrhage also developed [7]. In the current and previously 
reported Korean cases, the above mentioned risk factors were 
apparently absent; however, from an immunological point of 
view, Korean adults are affected similarly as are children in ar-
eas where vivax malaria is hyperendemic. The absence of vivax 
malaria for 17 years, i.e., between 1977 and 1993, in Korea has 
resulted in a large population of non-immune adults, which 
seems to be an important contributing factor for the severity 
of vivax malaria in the present case. Hypertension might pre-
dispose the patient to clinical decompensation. The patient al-
leged that he had managed his hypertension well, although 
complications of arterial hypertension such as ischemic heart 
disease or renal damage might have been present. Further, the 
patient presented with abdominal pain, and the abdominal 
CT scan suggested acalculous cholecystitis, a condition second-
ary to serious clinical conditions such as sepsis, which made 
the diagnosis difficult and delayed administration of appropri-
ate treatment. Although vivax malaria is generally known to be 
a self-limited illness, delayed treatment may result in relatively 
high-density parasitemia as was observed before [15], and may 
have contributed to the severe course in the present case. The 
patient’s age may also have contributed to the severity, given 
that fatality rates are higher in older patients with severe ma-
laria [3,16]. Additionally, older patients with vivax malaria 
have higher levels of inflammatory cytokines than do younger 
adults [17]. Finally, pulmonary hemorrhage secondary to coag-
ulation failure may be superimposed on ARDS in the present 
case. 

To treat ARDS caused by P. vivax, oxygen supplementation, 
noninvasive positive pressure ventilation, or artificial ventila-
tion with high PEEP [18] is usually sufficient to maintain arte-
rial oxygenation. However, in certain patients, as in the case of 
our patient who presented with shock and oliguria in addition 
to ARDS, the outcome could be fatal, as previously reported [7, 
19]. The presentation of shock necessitates an infusion of large 
volumes of fluid, which may aggravate pulmonary edema. 
Further, oliguria makes the management of volume status dif-
ficult. Even though volume overload can be managed with 
CVVH, concurrent hypoxia refractory to maximal ventilator 
care could be life-threatening, and oxygen toxicity is an irre-
versible complication associated with the administration of 
high concentrations of oxygen for an extended period of time. 

For these reasons, ECMO is a good treatment modality for ma-
laria patients with ARDS refractory to conventional ventilator 
therapy, especially if ARDS is accompanied with shock or acute 
kidney injury.

In the present case, ECMO was useful as a bridge to conven-
tional ventilator therapy. However, we experienced some diffi-
culties during ECMO. In particular, bleeding was excessive in 
our patient, and it was thought that platelet alteration along 
with disseminated intravascular coagulation due to malaria, 
the bleeding tendency associated with renal failure, and hypo-
prothrombinemia due to the antibiotics were responsible. Be-
cause all these abnormalities could not be corrected immedi-
ately, bleeding aggravated in the patient despite replacement 
of platelets and fresh frozen plasma. Another factor to be con-
sidered in such a case is the pharmacokinetics of the medica-
tions administered. ECMO involves massive influx and efflux 
of fluids via catheters, consequently altering the volumes of 
distribution, elimination half-lives, and protein bindings of 
drugs. Furthermore, adsorption of the drugs into ECMO cir-
cuits may lower the plasma levels of the drugs. For these rea-
sons, dose requirements may change if ECMO is being insti-
tuted. Since there are only a limited number of studies in this 
area of practice, current dosing recommendations are mainly 
for antibiotics and only for neonates [20]. No study has eluci-
dated the dosage adjustment of chloroquine or quinine in 
adults during ECMO. Furthermore, concomitant use of CVVH 
with ECMO made the dosage adjustment more complicated. 
In fact, the clearance of parasitemia in the present case seemed 
to be delayed by 1 to 2 days, possibly due to the low plasma 
levels of chloroquine and quinine. Because the pharmacoki-
netic parameters of chloroquine and quinine during ECMO 
could not be predicted, we administered the antimalarial 
agents until the parasitemia was resolved. For patients with se-
vere malaria who will be managed with ECMO or other life 
support procedures, therapeutic drug monitoring may be help-
ful in affirming the therapeutic blood levels of antimalarial 
agents.
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