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Abstract

Malaria is a life-threatening mosquito-borne parasitic disease, with a 
wide clinical spectrum and multisystem involvement. It is associated 
with high rates of mortality and morbidity worldwide, particularly in 
Africa and Southeast Asia. Cases are now being reported in devel-
oped countries resulting from global and international travel. Given 
the varied presentation and multisystem involvement, patients with 
malaria may present for surgery, thereby necessitating anesthetic 
care. We present a 4-year-old child from Burkina Faso, Africa, with a 
known diagnosis of Plasmodium falciparum malaria, who presented 
for anesthetic care for a magnetic resonance imaging of the lumbar 
spine, requiring general anesthesia. The etiology and presentation of 
malaria are discussed and its end-organ involvement is reviewed with 
emphasis on the anesthetic implications of the disease.
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Introduction

Malaria is a life-threatening multi-organ systemic infectious 
disease that is endemic throughout most of the tropics. In 2015, 
malaria was reported to be endemic in 91 countries and terri-
tories in the tropics and subtropics, with approximately half of 
the world population at risk for infection. The World Health 
Organization (WHO) estimated that 212 million cases of ma-
laria occurred worldwide in 2015, resulting in 429,000 deaths. 
The African region accounts for an estimated 92% of all ma-
laria deaths with Plasmodium falciparum and vivax causing 
the majority of the morbidity and mortality worldwide [1-3].

The Plasmodium parasite is transmitted by the infected fe-

male Anopheles mosquito. The bite from an infected mosquito 
introduces Plasmodium sporozoites from the mosquito’s saliva 
into the patient’s blood. Following introduction into the blood-
stream, the sporozoites travel to the liver and undergo matu-
ration. The Plasmodium life cycle consists of exoerythrocytic 
and erythrocytic stages. During the exoerythrocytic phase, the 
sporozoites invade hepatocytes and divide until schizonts are 
formed containing thousands of merozoites. The schizonts 
rupture and release merozoites into the bloodstream, which 
invade red blood cells (erythrocytic phase). Asexual reproduc-
tion within erythrocytes eventually results in hemolysis of the 
red blood cells, releasing thousands more merozoites into the 
bloodstream. This release can result in a pro-inflammatory cy-
tokines response. The released merozoites may then infect new 
red cells, while others differentiate into gametocytes, which 
circulate in the bloodstream until they are ingested by a mos-
quito to continue the transmission cycle [2].

Malaria is a multisystem disease with a varied clinical 
spectrum based on the parasite species, epidemiology, immu-
nity, and age. Groups at highest risk include young children 
and pregnant women. Features of complicated malaria may in-
clude cerebral malaria, renal impairment, non-cardiogenic pul-
monary edema, anemia, thrombocytopenia, and hepatic dys-
function. Patients with malaria may present for anesthetic care 
during radiological imaging or surgical procedures [4, 5]. We 
present a case of a 4-year-old child, with P. falciparum malaria 
infection, secondary anemia and thrombocytopenia, who re-
quired anesthetic care for magnetic resonance imaging (MRI) 
of lumbar spine. The multisystem involvement of the disease 
process is presented and anesthetic implications are discussed.

Case Report

Institutional Review Board approval is not required for pres-
entation of single case reports at Nationwide Children’s Hos-
pital (Columbus, OH). At the time of surgery, the patient was a 
4-year-old, 15.4-kg child, from Burkina Faso, Africa, who was 
scheduled for MRI of the lumbar spine under general anesthe-
sia. Her past history was significant for an anorectal malforma-
tion, which had previously required surgical correction with a 
colostomy. She was also diagnosed with P. falciparum infec-
tion 1 week prior to this hospitalization after presenting with 
intermittent episodes of high-grade fever. She had subsequent-
ly developed thrombocytopenia and anemia secondary to the 
malarial infection. There was no history of previous problems 
with general anesthesia during her surgical procedures. Her 
immunization status was incomplete and she had no known 
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allergies. Current medications included atovaquone/proguanil 
HCl (Malarone), acetaminophen and ibuprofen oral suspen-
sion, and multivitamins with iron oral drops. On the morning 
of the procedure, her physical examination and preoperative 
vital signs were unremarkable. Preoperative laboratory stud-
ies demonstrated hemoglobin of 8.9 g/dL, hematocrit 28.6%, 
and a normal platelet count. Renal and hepatic function tests 
had normalized. After the initiation of treatment, the peripheral 
blood smear demonstrated no parasites. The anesthetic plan, 
risks, benefits and alternatives to general anesthesia were dis-
cussed with the parent and informed consent for general an-
esthesia was obtained. The patient was held nil per os for 6 
h and was transported to the operating room. After arrival in 
the operating room (OR), the patient was placed in the supine 
position and standard American Society of Anesthesiologists 
(ASA) monitors were placed. The induction of anesthesia was 
carried out with the incremental inhalation of sevoflurane in 
nitrous oxide and oxygen. After anesthetic induction, periph-
eral intravenous access was obtained under aseptic conditions 
with a 22-gauge intravenous catheter, and a laryngeal mask 
airway (LMA) was placed. The patient was then positioned, 
padded and secured under the MRI scanner for imaging of the 
lumbar spine. Maintenance anesthesia included sevoflurane in 
air/oxygen with spontaneous ventilation. Additional medica-
tions included dexamethasone (4 mg), ondansetron (1.5 mg), 
glycopyrrolate (0.15 mg), and dexmedetomidine (5 µg). Intra-
operative fluids included 250 mL of lactated Ringers. The MRI 
was completed with no intraoperative complications. The total 
anesthetic time was 60 min. At the completion of the proce-
dure, the LMA was removed and, the patient was transported 
to the post-anesthesia care unit (PACU) in stable condition. 
She was discharged to home later that day and her post-dis-
charge course was unremarkable.

Discussion

Malaria should be suspected as a potential diagnosis in patients 
with a febrile illness if they lived in or visited an endemic re-
gion. The initial symptoms of uncomplicated malaria are non-
specific and can vary greatly, with non-specific presenting 
features including tachycardia, tachypnea, fever with chills, 
fatigue, diaphoresis, headache, anorexia, nausea, vomiting, 
abdominal pain, diarrhea, and myalgia [3]. Regardless of the 
species involved, a malaria infection may result in no clinical 
symptoms and be considered uncomplicated. However, such 
patients may still transmit the disease.

P. falciparum is most commonly associated with compli-
cated malaria, although patients with severe vivax infection 
may also manifest severe end-organ involvement including 
pulmonary complications and adult respiratory distress syn-
drome (ARDS). Major risk factors for increasing severity of 
infection include immunocompromised and asplenic patients, 
children 6 - 59 months of age, and pregnant women. Some of 
the common manifestations of severe malaria which can her-
ald a grave prognosis and warrant immediate treatment include 
altered consciousness with or without seizures, circulatory col-
lapse, ARDS, hepatic and renal failure, acidosis and severe hy-

poglycemia. Cerebral malaria is the most fatal complication of 
malaria. It is an encephalopathy presenting with altered con-
sciousness with or without seizures and neurologic deficits, 
arising from multifactorial causes including, sequestration of 
malarial parasitized erythrocytes within cerebral capillaries, 
impairment of the blood-brain barrier, parasite-induced apop-
tosis, and tissue degeneration, as well as decline in neuropro-
tective angiogenic growth factors [3, 6-8].

Changes in the structure and function of parasitized eryth-
rocytes are implicated in the pathogenesis of severe falciparum 
malaria. The deformability of the erythrocyte cell membrane is 
decreased and its osmotic fragility is increased because of the 
parasites within the erythrocytes. Specific membrane glyco-
proteins are subsequently expressed leading to adherence of 
erythrocytes to the surface of the vascular endothelium (cyto-
adherence), resulting in microvascular obstruction of capil-
laries and small venules. The parasitized erythrocytes also 
trigger the release of pro-inflammatory cytokines, leading to 
systemic inflammatory effects, fever, hyperdynamic circula-
tion, and direct myocardial suppression. These effects may 
result in mortality from severe malaria through impairment of 
both mitochondrial function and oxygen utilization [9-11]. Ad-
ditionally, it is imperative to rule out concomitant infections. 
There is a proven association between malaria, human immu-
nodeficiency virus (HIV), malnutrition, and invasive bacterial 
infections. The immunosuppression caused by HIV increases 
the severity and degree of parasitemia, hindering the treatment 
process [12].

Microscopic visualization of the parasite within erythro-
cytes in Giemsa-stained films is standardly used to diagnose 
malaria, although a single negative blood film does not rule 
out the diagnosis. Visible parasitemia on the blood film may 
be obscured by sequestration of the parasites within deep tis-
sues. Other investigations used as an adjunct for diagnosis in-
clude rapid diagnostic tests for specific malarial antigens or 
enzymes. However, these do not quantify the level of para-
sitemia which is crucial in monitoring the response to treat-
ment [13, 14]. Laboratory evaluations may also demonstrate 
non-specific findings such as anemia, thrombocytopenia, el-
evated transaminases, mild coagulopathy, and elevated blood 
urea nitrogen (BUN) and creatinine.

The treatment strategies include those aimed at eradicat-
ing the disease causing organism and those aimed and prevent-
ing remission of disease. Prompt assessment and initiation 
of antimalarial therapy are essential, followed by concurrent 
supportive care to manage the life-threatening end-organ com-
plications of the disease. The WHO has laid out treatment 
guidelines based on species subtype and disease severity, with 
the first-line treatment options being primarily focused on the 
use of artemisinin-based combination therapies, chloroquine 
and primaquine [4]. Additional supportive care aimed at treat-
ing severe anemia with transfusion of blood, intravenous flu-
ids, appropriate management of coagulopathy, and measures 
towards replenishment of nutritional stores should be imple-
mented.

Patients with malarial infections may present for surgery. 
As with any anesthetic care, the first step is a thorough preop-
erative examination with identification of associated co-mor-
bid conditions as well as end-organ involvement of the disease. 
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One of the most common presenting conditions requiring sur-
gery for patients with malaria is tropical splenomegaly with 
splenic rupture due to traumatic or non-traumatic causes. Plas-
modium vivax and ovale remain dormant in the liver for long 
durations, and the stress associated with anesthesia and sur-
gery may induce relapse [15-17]. Complete general and sys-
tem-wise physical examination, along with preoperative labo-
ratory investigations including a complete blood count, blood 
type with cross-match, electrolytes, coagulation profile, renal 
and hepatics function tests, blood glucose and lactate, chest 
X-ray and electrocardiography should be performed. General 
intraoperative anesthetic goals adopted in patients with ma-
laria include maintaining hemodynamic stability, avoiding 
cerebral vasodilation and alterations of intracranial pressure 
(ICP), lung protective ventilation strategies with attention to 
peak inflating pressure (PIP) and the application of positive 
end expiratory pressure (PEEP) as needed, avoidance of fluid 
overload and hypoglycemia, and the transfusion of blood and 
blood products [4].

Cardiac system

In severe malaria, ischemic cardiomyopathy due to micro-
vascular occlusion of coronary arteries has been reported on 
postmortem examination. Conduction defects and electrocar-
diogram abnormalities may occur in patients on quinine thera-
py. Elevated levels of N-terminal pro-brain natriuretic peptide 
(BNP), indicating left ventricular dysfunction, has been dem-
onstrated in some patients [18-20].

Respiratory system

Respiratory involvement with cough and ARDS may occur 
with severe falciparum malaria. Respiratory compromise can 
arise from the effects of severe anemia, associated pneumo-
nia, non-cardiogenic pulmonary edema, cardiac dysfunction, 
and metabolic acidosis. Preoperative assessment of respiratory 
function with continuous intraoperative attention to respiratory 
mechanics including PIP along with adoption of lung protec-
tive strategies is suggested. In those with concurrent cerebral 
malaria, protective measures aimed at maintaining normocar-
bia and use of extracorporeal carbon dioxide removal devices 
may be beneficial [21]

Central nervous system (CNS)

Obstruction of the cerebral microvasculature by parasitized 
erythrocytes has been implicated in the pathologic process 
leading to cerebral symptoms. This can lead to hypoxia, is-
chemia, increased ICP, and seizures. Cerebral malaria is the 
most common fatal neurological presentation of falciparum 
malaria and is diagnosed by confirmation of parasitemia cou-
pled with altered consciousness, in the absence of other causes 
of coma. Volatile anesthetic agents should be used with caution 
as they may cause cerebral vasodilatation and increase ICP 

[22, 23]. Severe CNS involvement may necessitate continu-
ous ICP monitoring and aggressive therapies to treat elevated 
ICP. Benzodiazepines (lorazepam or midazolam), barbiturates, 
propofol or other standard anticonvulsant agents can be used 
to treat seizures.

Hematologic system

The hematologic complications include anemia, thrombocy-
topenia and coagulopathy. Thrombocytopenia and anemia are 
secondary to immune-mediated lysis and splenic sequestra-
tion of platelets and parasitized erythrocytes. Activation of the 
coagulation cascade and fibrinolytic pathway, with release of 
tissue factor, are implicated in the pathogenesis of coagula-
tion disturbances and disseminated intravascular coagulation 
which may occur with severe malaria [24].

Gastrointestinal system

Hepatic dysfunction, if present in P. falciparum, indicates a 
poor prognosis. The spleen is the main organ involved in the 
destruction and removal of parasitized erythrocytes. Impair-
ment of splenic function can impair the immune response to 
malarial parasites and antigens. The hyper-reactive malarial 
splenomegaly syndrome (HMS) is a leading cause of massive 
splenomegaly in malaria-endemic countries and is caused by 
chronic antigenic stimulation by malarial parasite. The en-
larged spleen can be injured in blunt abdominal trauma with 
splenic rupture presenting as hemoperitoneum or hemothorax. 
Acute acalculous cholecystitis has been reported in children 
with falciparum and vivax malaria [16, 25, 26].

Metabolic system

Malaria is often complicated by hypoglycemia, the symptoms 
of which may be masked by general anesthesia. Hypoglyce-
mia results from diminished hepatic glycogen stores, hyper-
pyrexia, and impaired hepatic gluconeogenesis with anaerobic 
glycolysis. Hypoglycemia may also be an adverse effect of 
quinine therapy. Metabolic acidosis may result from impaired 
hepatic function, tissue hypoxia and renal impairment. Para-
site lactate production, anaerobic glycolysis, tissue hypoxia 
and secondary to microvascular obstruction are the main fac-
tors for development of lactic acidosis. Fever is a common 
clinical finding, which under general anesthesia, along with 
the hyper-metabolic state seen in malaria, may lead to an in-
creased end-tidal carbon dioxide level, being mistaken for ma-
lignant hyperthermia [27-29]. Therefore, careful observation 
and perioperative monitoring of temperature and vital signs 
are essential in malarial patients. Patients with normal coag-
ulation function including platelet counts may be candidates 
for regional anesthetic techniques as an alternative to general 
anesthesia. However, use of neuraxial anesthesia in patients at 
risk for secondary bacterial infections with bacteremia is not 
without risk. The development of meningitis and vertebral col-
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umn abscess after regional anesthesia is rare, with sepsis and 
pregnancy being major risk factors. Recommended guidelines 
by the American Society of Regional Anesthesia (ASRA) are 
that patients with evidence of systemic infection may safely 
undergo spinal anesthesia after appropriate antibiotic therapy 
has been initiated and a response to therapy has been seen [30].

To date, there are only a limited number of reports in the 
literature regarding anesthetic care for patients with malaria 
(Table 1) [17, 31-34]. Anesthesia providers should be mindful 
of the end-organ effects of the disease process. A relevant his-
tory of the presenting illness, a thorough physical examination, 
and careful preoperative assessment of diagnostic laboratory 
investigations to identify the pathogen and assess the sever-
ity of disease are key to effective perioperative care. Intraop-
erative monitoring and choice of anesthetic agents are chosen 
based on the end-organ effects of the disease and the antici-
pated physiologic impact of the specific anesthetic agents.
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