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A b s t r ac t
Aim and objective: This manuscript reports a case of severe traumatic brain injury in a patient complicated by Falciparum malaria with review
of the literature and discussion of possible underlying mechanism aggravating the secondary brain injury.
Background: Plasmodium falciparum (P. falciparum) malaria accounts for more than 90% of deaths caused by malaria in the world. Parasitized
red blood cells sequester and cause capillary occlusion, endothelial damage, cytokine activation, and dysregulation of coagulation leading to
exacerbation of secondary injury after traumatic brain injury.
Case description: The case reports highlight a rare case of 38-year-old patient admitted after traumatic brain injury with rapid deterioration.
Patient was found to have P. falciparum malaria with 3.9% parasitised RBC. CT head revealed a large right sided subdural haemato-hygroma,
midline shift and ischemia in the right posterior cerebral artery territory. Despite timely intervention and evacuation of subdural haematoma,
patient had a poor outcome with multiple infarcts, hemorrhagic transformation, and early hydrocephalus. Patient remains in a vegetative state
in a long-term unit.
Conclusion: Combined effect of endothelial, microcirculatory, inflammatory, and clotting dysfunction caused by traumatic brain injury and
parasitaemia leading to aggravation of secondary brain injury.
Clinical significance: This case report highlights the intricate relationship between endothelial, inflammatory, and coagulation cascade triggered
after brain injury. The nature of coagulopathy in such patients is complex with state of hypo-coagulation early followed by a hyper-coagulatory
state in the late phase.
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B ac kg r o u n d
Annual incidence of traumatic brain injury is high in Middle
Eastern countries. Hamad General Hospital (HGH) is the only
level 1 trauma center in the state of Qatar, admitting more
than 300 patients with severe traumatic brain injury every
year.1 Qatar’s has a large population of expatriate workers
representing myriad nationalities and ethnic groups. Malaria is
still a leading cause of morbidity and mortality in the developing
world. World Health Organization's world malaria report 2020,
stated that more than 400,000 people die of malaria with
Plasmodium falciparum (P. falciparum) accounting for more
than 90% of the world’s malaria mortality. 2 P. falciparum is
transmitted by female Anopheles mosquitoes. The parasite once
transmitted undergoes development inside the liver. The hepatic
phase is followed by the erythrocyte cycle that is responsible
for the clinical manifestation of the disease. Malarial infection
can lead to brain damage. It has been postulated that cerebral
manifestations of malaria are underpinned by occlusion of brain
capillaries due to swelling of endothelium and sequestration
of infected red blood cells (IRBCs). 3,4 Endothelial injury leads
to activation of clotting cascading resulting in ischemia and
microhemorrhages. Here we describe a patient who presented
with severe traumatic brain injury and P. falciparum malaria. 5
While TBI and malaria are common in many parts of the
world, we could not find a single report of their combination.
We report a rare case of a patient admitted with severe TBI
complicated by malaria, review the literature and discuss the
possible underlying mechanisms.
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Case Description
Patient is a 38-year-old male who recently travelled from Uganda
to Qatar with history of fever, headache, and abdominal pain.
Patient was feeling dizzy and fell down while trying to walk up
to the toilet. His initial Glasgow Coma Score (GCS) reported to
be 15/15 with bilaterally reactive pupils. Patient’s GCS dropped
rapidly during the transport to trauma resuscitation unit. On arrival
in trauma resuscitation unit patient developed anisocoria with a
GCS of 3/15 and was intubated with rapid sequence intubation.
An urgent trauma whole body CT scan revealed a large subdural
haemato-hygroma causing mid-line shift of 16 mm and multiple
frontal and temporal contusions with effacement of basal cisterns
(Figs 1A and B). Admission CT also showed a subtle hypodensity
in the posterior cerebral artery territory (Fig. 1C). Patient was
taken for a lifesaving evacuation of subdural hematoma. In view
of the history of travel, fever and low platelets on presentation,
malaria screen was also performed in addition to routine
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Figs 1A to C: (A) Axial sections from first CT brain at the time of admission showing a large right-sided subdural hematohygroma (Thin white arrows),
midline shift and frontal contusions; (B) Section at the level of lower midbrain and upper pons, showing bilateral uncal herniation and obliterated
perimesencephalic cisterns; (C) Subtle hypodensity is seen in the posterior cerebral artery territory (Thick white arrow) and diencephalic shift

blood tests. Patient was transferred to trauma intensive care unit
after the evacuation with anisocoric pupils that were sluggishly
reacting to light. Patient’s conventional clotting tests on arrival
showed low platelet count of 43,000 per microliter. Remaining
conventional clotting tests were within normal limit. Rotation
thromboelastometry showed mild increase in clot formation time
(CFT) of 149 sec with mild reduction in amplitude 10 minutes after
clotting time (A10) of 43 seconds.
Patient received multiple transfusion of platelets both in
intraoperative and postoperative period to maintain platelets
above 80,000 per microliter. The malaria screen confirmed presence
of P. falciparum in early trophozoite ring stage with 3.9% parasitized
red blood cells. Antimalarial treatment was commenced on
antimalarial treatment in the form of Atovaquone and Proguanil.
Patient underwent a repeat CT brain on day 2 of the admission that
revealed evolving infarcts in the posterior cerebral artery territory
(Figs 2A to D) with interval evolution of temporal contusions on
the right side (Fig. 2C).
Patient remained in a state of eyed close coma and GCS
of 3/15 with intact bilateral corneal, vestibulo-ocular, cough
reflexes, and spontaneous respiration. Deep venous thrombosis
chemoprophylaxis was commenced after 24 hours. On 4th day of the
admission, patient underwent per-cutaneous tracheostomy. A repeat
CT head was performed on the 5th day of admission due to bilateral
increment in size of his pupils. The CT scan revealed a nonobstructive
hydrocephalus, established infarcts in MCA, and PCA territory with
a new intraparenchymal bleed in the posterior temporal lobe.
exerting a mass effect (Fig. 3). External ventricular drain (EVD) was
inserted to treat hydrocephalus. CT head was done before EVD was
removed on 11th July 2021 that showed resolution of hydrocephalus,
established infarcts in anterior, and posterior vascular territory
including midbrain and regression of intraparenchymal hemorrhage.
He was discharged from ICU after removal of the EVD and remains
in a stable, self-ventilating condition with no neurological recovery
showing extensor posturing, mid-sized unreactive pupils, and an
eye closed coma in a long-term facility (Fig. 4).

Discussion
This case above describes a rare case of traumatic brain injury
in a patient with P. falciparum malaria. We hypothesize that this
patient’s outcome was adversely affected by the presence of
falciparum malaria. Cerebral malaria is defined by the World Health

Organization as a clinical syndrome characterised by a coma
which persists longer than 1 hour after termination of a seizure or
correction of hypoglycemia with the presence of asexual forms of
parasites on peripheral blood smears and no other cause to explain
the coma.6 The patient described above did not meet the criteria for
cerebral malaria before the injury however the presence of malarial
infection may have exacerbated the secondary brain injury.
The pathophysiology of neuronal injury caused by cerebral
malaria is not well understood. Much of the insight into the
pathogenesis comes from autopsy studies,7 which probably
represents the most severe manifestation of the illness.
Sequestration of IRBCs in the cerebral microvasculature is believed
to be the key factor in pathogenesis of brain injury in cerebral
malaria. The process of sequestration starts with the adherence
of IRBCs to the intercellular adhesion molecule-1 (ICAM-1) in the
vascular endothelium facilitated by P. falciparum erythrocyte
membrane protein-1 (PfEMP) expressed on the surface of
infected erythrocytes. 3 The sequestration is self-perpetuating
due to the adherence of noninfected RBCs with the infected
RBCs leading to the formation of rosettes. The process of
sequestration and formation of rosettes causes perfusion deficit
with reduction in the supply of the neural substrates (glucose
and oxygen) leading to neuronal death responsible for both
acute and chronic sequelae of the cerebral malaria. Furthermore,
the parasitic antigen released at schizogony stage triggers a
cytokine and chemokine response, which potentiate neuronal
injury.4 P. falciparum malaria infection is also accompanied by
a state of dysregulation of coagulation characterized by low
platelets, low circulating levels of anti-coagulants, generation of
activated thrombin, and pro-coagulant microparticles. 5 Clinical
manifestation of the complex syndrome as spontaneous major
intracranial hemorrhage albeit rare has been reported. The pattern
of bleeding reported ranges from SAH, subdural to intracerebral
hemorrhage and even extradural hemorrhage. 8-13 A prospective
study14 of 21 patients with P. falciparum malaria correlated
imaging characteristics with postmortem findings, found seven
patients with normal CT scan, eight with diffuse cerebral edema
of which two died. Both patients had renal failure and one had
disseminated intravascular coagulation. Five patients out of
21 had cerebral edema with bilateral thalamic and cerebellar
hypoattenuation on CT brain with no survivors. These patients
had a median day one APACHE II score or 26 and failure of
two or more organs. Postmortem examination of these five
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Figs 2A to D: (A) Post right-sided subdural evacuation CT scan; (B) Established posterior cerebral artery territory infarction; (C and D) Infarction
seen in vein of Labbe territory (white arrow)

patients showed diffuse cerebral edema with multiple petechial
hemorrhages scattered diffusely in the brain.
Histopathological examination revealed perivascular
aggregates of parasitized red blood, inflammatory cells, and
necrotic tissue with ring hemorrhages and parasitised red blood
cells in cerebral blood vessels.
Activation of host immune system in response to an infection
results also in activation of components of hemostatic system of an
organism. The presence of P. falciparum infected erythrocytes (PfiE)
triggers the upregulation of adhesion molecules on the endothelial
surface increased production of tumor necrosis factor (TNF) which
is a potent trigger of tissue factor initiating extrinsic clotting
pathway.4,15 Thrombocytopenia is a consistent feature of acute
P. falciparum infection which results from a combination of activation,
removal by the reticuloendothelial system and consumption of
platelets in different steps of coagulation.16 Patchy endothelial
damage seen in these patients is theorized to be caused by apoptosis
due to adhesion of PfiE on TNF-stimulated endothelial cells.19
Moreover, traumatic brain injury results in a state of coagulation
dysregulation with both hypo-coagulopathy and a prothrombotic
tendency occurring simultaneously. 20 Nearly two-thirds of
the patient with severe TBI, show clotting abnormalities on
conventional tests of clotting. 21 Impact on the brain results in
shearing and rupture of the microvessels resulting in contusions.
Peri-contusional area where the effect of injury is lower
136

triggers mechanosensitive molecular pathway thereby starting
a delayed disruption of microvasculature and blood brain
barrier. 22 Damage to microvessels and blood brain barrier results
in activation and subsequent consumption of platelets leading
to thrombocytopenia. The other characteristic of brain injury
is the hyper-fibrinolysis, thought to be caused by exaggerated
activation of clotting cascade via tissue factor (TF) with local
release of endogenous tissue-type plasminogen activator (tPA) and
urokinase-type plasminogen activator (uPA) from the contusional
brain injury. 23 Increase in fibrinolysis is indicated by increase in
concentrations of fibrinogen degradation products and predicts
progression of intracranial hemorrhage. 24
Our patient presented with a severe traumatic brain injury
with rapid neurological deterioration. Patient underwent
decompressive craniectomy in a timely fashion and despite
that he suffered a poor outcome. Low platelets, history of
fever, and travel prompted us to investigate him for malaria.
Postdecompression patient developed infarction inside multiple
vascular territories on the side of injuries. Patient had subsequent
hemorrhagic transformation of the infarction. Patient’s outcome
was worsened by combined effects of malarial parasite on the
brain with coagulation dysregulation caused by both malaria
and traumatic brain injury.
The mechanical shift of the brain and herniation of medial
temporal lobe across the tentorium cerebri causes the compression
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Figs 3A to D: Hemorrhagic conversion of the infarcted area; (A) Hypodensity in the anterior cerebral artery territory; (B to D) Hemorrhagic
conversion of the infarcted area

Fig. 4: Brain venous vascular territories showing the drainage area of vein of Labbe or inferior anastomotic vein. (Image reproduced under creative
common license, Case courtesy of Assoc Prof Craig Hacking, Radiopaedia.org, rID: 80,107)

of posterior cerebral artery against the rigid tentorium. The
incidence of PCA territory infarcts varies from 9–88%. Middle
cerebral artery infarction is caused by gross herniation or
cerebral edema or direct vascular injury. Gross mass effects can
produce stretching and compression of fine lenticulostriate
and thalamo-perforators resulting in infarctions. 25 The patient

described above developed ischemia very early, even the first CT
head showed early ischemic changes in the PCA territory.
Patient’s poor neurological outcome and a state of eye
closed unresponsiveness with intact vegetative functions is
most probably explained by compression of PCA and resultant
ischemia of the midbrain.
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Patient later developed a new intraparenchymal hemorrhage
in inferior right temporal lobe. As this bleed was located in the
drainage area of inferior mesenteric vein also known as vein of Labbe
(Fig. 4A)26 it is possible that is this was a hemorrhagic conversion of
a venous infarct (Figs 4B and C )27 The vein of Labbe injury is caused
by direct impact or counterblow to the cranium and is associated
with temporal bone fracture. One case series reported that vein
of Labbe injury was associated with temporal bone fracture in
15 out of 16 patients.28 Vein of Labbe can lead to traumatic cerebral
infarction and poor outcome.28 Venous infarcts can also be caused
by compression of the vein due to compression by the mass lesion.
It is also possible that an exaggerated coagulation dysregulation
due to malaria and traumatic brain injury resulted in the venous
thrombosis and subsequent hemorrhagic conversion.
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C o n c lu s i o n
This manuscript repots a rare case of a patient with P. falciparum
malaria, that complicating a traumatic brain injury. Our literature
search did not reveal any other case reports of traumatic brain
injury complicated by falciparum malaria.
The presence of malarial parasite in blood and its effect on the
brain worsened the secondary brain injury. Patient demonstrated
coagulopathy manifested by thrombocytopenia at the time of
admission to the hospital. The thrombocytopenia persisted well
into the postoperative period despite multiple blood and products
transfusion. Patient developed multiple, anterior, posterior
cerebral artery, and possible venous infarcts were possibly due
to a combination of mass effect caused by subdural haematoma
and clotting dysregulation due malaria and severe traumatic
brain injury.
This case provides a valuable insight into the intricate and
complex relationship that exists between inflammation and clotting
pathways both triggered after injury and probably amplifies by
presence of malarial infection. The case also highlights the clinical
complexity underpinned by dysregulated homeostasis and
accelerated rate of secondary injury and challenges faced by the
treating physicians.
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