CASE IN POINT

Acetaminophen as Renoprotective Treatment
in a Patient With Severe Malaria
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Background: Severe falciparum malaria with renal impairment
carries a significant risk of poor outcomes, including death.
Previous randomized controlled trials using acetaminophen
as adjunctive treatment for malaria-associated renal failure
have demonstrated improvements in renal function and kidney
injury progression.

Case Presentation: A 50-year-old man with severe falciparum
malaria presented with hemolytic anemia, oliguric acute
kidney injury, nephrotic range proteinuria, and significant
architectural changes on renal ultrasound. Treatment with

oral acetaminophen 975 mg every 6 hours was based
on the randomized controlled trial protocol to salvage his
renal function and avoid dialysis. During the acetaminophen
course, urine output and cystatin C level improved with only
mild, asymptomatic elevations in aminotransferases that
were corrected on follow-up. The patient recovered without
requiring dialysis.

Conclusions: Acetaminophen’s potential to mitigate the
oxidative damage of hemoproteins suggests its use as a
treatment in severe malaria with renal impairment.
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malaria independently predicts a poor
outcome in both adults and children.!
Prompt recognition of malaria-associated
renal failure and immediate management
with renal replacement therapy reduces mor-
tality and can support the recovery of renal
function.”* In addition, adjunctive treat-
ment with acetaminophen has demonstrated
improvement in the level of creatinine and
reduced progression of kidney injury in a
randomized, controlled trial of patients with
severe falciparum malaria, particularly in pa-
tients with notable intravascular hemolysis.
In this open-label, randomized controlled
trial, 62 patients were randomly assigned to
receive acetaminophen (n = 31) or no acet-
aminophen (n = 31).> Antimalarial treatment
was with IV artesunate, followed by arte-
mether/lumefantrine. Median (IQR) reduc-
tion in creatinine after 72 hours was 23%
(37, 18) in patients assigned to acetamino-
phen vs 14% (29, 0) in patients assigned to
no acetaminophen (P = .04).> Acetamino-
phen showed renoprotection without evi-
dence of safety concerns in patients with
severe falciparum malaria, especially those
with prominent intravascular hemolysis.
Another study showed consistent find-
ings in other malarial infections with prom-
inent hemolysis, namely, Plasmodium
knowlesi malaria. In the PACKNOW open-
label, randomized controlled trial, 396 pa-
tients aged 12 to 96 years with knowlesi
malaria of any severity were randomized
to acetaminophen (500 mg or 1000 mg

Renal impairment in severe falciparum
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every 6 hours for 72 hours) vs no acet-
aminophen.® All patients received artesu-
nate and/or oral artemether-lumefantrine
for malaria.® No difference was seen overall
in patients with acute kidney injury (AKI);
however, in those with AKI and hemolysis,
creatinine fell by a mean (SD) 34.5% (20.7)
in the acetaminophen arm vs 25.9% (15.8)
in the control arm (P = .04).¢ Mixed-effects
modeling demonstrated a benefit of acet-
aminophen at 72 hours (P = .04) and 1 week
(P = .002) in patients with severe malaria
and with AKI and hemolysis (P = .03 and
P =.002, respectively).®

Earlier models suggest that the redox cy-
cling of hemoproteins between ferric and
ferryl states generates the radical species re-
sponsible for severe oxidative damage to the
kidneys and subsequent renal impairment.”
Reduction of heme-ferryl radicals with ther-
apeutic plasma concentrations of acetamin-
ophen can inhibit this oxidative process.”
Rhabdomyolysis models treated with acet-
aminophen have shown reduced oxidative
damage to the kidneys and improved renal
functioning, supporting acetaminophen as a
potential therapeutic option for disease pro-
cesses involving hemoprotein-mediated oxi-
dative injury.” In this case report, we discuss
the use of acetaminophen as a renoprotective
treatment in a patient with renal impairment
associated with severe falciparum malaria.

CASE PRESENTATION
A 50-year-old man with comorbidities, in-
cluding hypertension, hyperlipidemia, and
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TABLE Laboratory Values

Day, time AST, IU/L ALT, IU/L sCr, mg/dL BUN, mg/dL  SCysC, mg/L
Day 1
14:10 46 71 3.4 45
18:29 57 54 3.7 49
Day 2
1:05 53 54 4.3 54
9:15 53 53 5 64
19:00 55 51
Day 3
4:00 62 50 6.3 73
8:45 57 45 6.9 79
11:00 62 46 6.6 80
18:50 7.1 76
20:45 53 43
Day 4
4:00 59 43 7.3 88
8:00 67 48 71 82 4.03
11:15 67 50 7.3 84
17:30 62 48 7.4 83
Day 5
1:00 56 46 7.3 86
4:00 59 50 8 84 3.67
14:20 74 56 7.6 82
Day 6
4:00 96 7.4 83
7:15 125 110 7.8 79
Day 7 138 160 8.2 77 3.49
Day 11
8:45 47 67 6.5 49
8:46 49 66 6.7 49
Day 15 29 34 6 46
Day 21 22 19 4.7 43
Day 32 22 14 4.5 48
Day 77 24 13 2.7 28 1.62

Abbreviations: ALT, alanine transaminase; AST, aspartate aminotransferase; BUN, blood urea
nitrogen; sCr, serum creatinine; SCysC, serum cystatin C.

chronic kidney disease stage 2, with a base-
line creatinine level of 1.4 mg/dL presented
with severe falciparum malaria with renal
impairment. About 7 months prior, the pa-
tient received treatment for his first known
case of Plasmodium falciparum (P falci-
parum) infection. He again contracted P fal-
ciparum for a second time after traveling to
a malaria-endemic country without taking
prophylactic medication before travel.

The patient reported fevers, chills, night
sweats, and progressive fatigue. His vital
signs recorded a fever of 38.9 °C with tachy-
cardia and relative hypotension. A thin blood
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FIGURE 1 Renal Ultrasound With
Severe Falciparum Malaria and
Associated Renal Impairment

smear revealed P falciparum with approxi-
mately 8.5% parasitemia. Laboratory tests
confirmed hemolytic anemia and thrombo-
cytopenia reflected by consistently decreased
hemoglobin, hematocrit, haptoglobin, and
platelets with elevated lactate dehydrogenase
and hyperbilirubinemia. Initial renal func-
tion testing included an elevated creatinine
level of 3.4 mg/dL and an elevated blood urea
nitrogen (BUN) level of 45 mg/dL. Creati-
nine and BUN levels peaked at 8.2 mg/dL
and 88 mg/dL, respectively. Cystatin C levels
ranged from 4.03 to 3.49 mg/dL before the
patient left (against medical advice). Renal
ultrasound demonstrated significantly in-
creased renal length, echogenicity, abnormal
cortical-medullary differentiation, and cor-
tical thickening typically indicative of sig-
nificant inflammation associated with acute
tubular necrosis (Figure 1). Hepatic func-
tion testing included mild elevations in ami-
notransferases. The patient did not meet the
criteria for rhabdomyolysis with a creatine ki-
nase level of 25 U/L.

The patient received multiple boluses of
IV isotonic fluids and a single maximum
dose of atovaquone and proguanil before
procurement of IV artesunate to manage the
malaria. Good response with IV artesunate
lowered parasitemia from a high at admission
of 10.5% to 0.1% before transitioning to oral
artemether and lumefantrine. Concomitantly,
the patient’s oliguric renal failure continued
to progress early during the hospital stay, and
he consented to anticipated dialysis.

To halt progression of his renal injury, sal-
vage renal function, and avoid dialysis, the
nephrology team considered acetaminophen
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FIGURE 2 Creatinine and Cystatin C Levels With
Acetaminophen Administration
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975 mg tablets every 6 hours for 72 hours
per the Plewes and colleagues randomized
trial.> The patient met the criteria for severe
falciparum malaria per the inclusion criteria
in the Plewes and colleagues study and was
deemed eligible for acetaminophen-based
adjunctive treatment. The patient discussed
and considered both dialysis and a trial of
acetaminophen with the nephrology team,
and he understood all the associated risks
and benefits, including liver failure. The
patient agreed to a trial of acetaminophen
with close monitoring of his liver function.
Before starting acetaminophen, the pa-
tient’s aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) lev-
els both measured 53 IU/L or 1.3 times the
upper limit of normal (Figure 2). After ini-
tiating the acetaminophen therapy, the pa-
tient’s urine output increased and cystatin C
level improved from 4.03 to 3.67 mg/L. Elec-
trolytes, bicarbonate, and volume status re-
mained within satisfactory ranges, and he
never developed uremic symptoms. The pa-
tient did not meet accepted urgent indica-
tions for dialysis. At the latest follow-up, the
patient’s steadily decreasing creatinine level
appeared to stabilize at 2.7 with a BUN of 28.
The last cystatin C level was 1.62 mg/L. The
peak nephrotic range proteinuria of 11.2 g/g
decreased to 0.67 g/g at the last follow-up
level. The patient never required dialysis.
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DISCUSSION

AKI in malaria predominantly occurs with
P falciparum infection and represents a sig-
nificant independent factor in determining
morbidity and mortality in adults with se-
vere malaria.? In severe malaria, any hemo-
dynamic compromise likely contributes to
the development of acute tubular necrosis
(ATN) with insensible losses and poor in-
take decreasing renal perfusion.® Direct tu-
bular injury from hemoglobinuria or less
commonly myoglobinuria from concomi-
tant thabdomyolysis may also drive malar-
ial AKL® In addition, proposed mechanisms
explaining the pathogenesis of malarial AKI
include ATN secondary to disruptions in
renal microvasculature, immune dysregula-
tion with proinflammatory reactions within
the kidneys, and metabolic disturbances.®
Oxidate tubular damage caused by the re-
lease of cell-free hemoglobin during red
blood cell hemolysis represents 1 form of
metabolic derangement possibly responsi-
ble for renal impairment.® Acetaminophen
administration may help mitigate this oxi-
dative stress, especially in cases of signifi-
cant hemolysis.?

In this case of severe falciparum ma-
laria, the patient demonstrated renal impair-
ment with measured falciparum parasitemia.
His creatinine level and BUN appeared to
stabilize and improve after 72 hours of
acetaminophen administration. A recov-
ery of urine output and improvement in
cystatin C occurred during the 72 hours of
acetaminophen usage. Despite the patient’s
underlying chronic kidney disease, mea-
sured proteinuria, and significant changes
in renal architecture revealed by ultrasound,
he never showed signs of uremia, fluid over-
load, electrolyte derangements, or acidosis
requiring urgent renal replacement therapy.

The patient’s treatment for severe falci-
parum malaria, including a combination of
supportive management, acetaminophen,
and IV antimalarials, resulted in the reso-
lution of parasitemia and symptoms with
some recovery of renal function without
necessitating renal replacement therapy.
Maximum daily doses of acetaminophen
compared with the control in the Plewes
and colleagues acetaminophen trial resulted
in moderate increases in aminotransferases
not rising to the criteria of hepatotoxicity
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described in Hy’s law.’ Following acetamin-
ophen administration, in this case, AST and
ALT levels peaked at 130 and 168 TU/L,
2.8 and 3.8 times the upper limits of nor-
mal, respectively. These mild, asymptomatic
elevations in aminotransferases recovered
to within normal limits, measuring 24 and
13 TU/L at the follow-up.

CONCLUSIONS

The demonstrated recovery in renal func-
tion, with only a transient, moderate in-
crease in aminotransferases, supports the
value of adjunctive acetaminophen as a
renoprotective treatment in severe malaria.
This simple, readily available treatment
may significantly alter the morbidity and
mortality associated with severe malaria.
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prescribing information for specific drugs or drug combina-
tions—including indications, contraindications, warnings, and
adverse effects—before administering pharmacologic therapy
to patients.
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