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Abstract The case of a 56-year-old female tourist who
survived cerebral Plasmodium falciparum malaria with
disseminated intravascular coagulation and symmetrical
peripheral gangrene, ultimately requiring amputation of
her left-sided fingertips and toes, is reported. While
symmetrical peripheral gangrene has been described
rarely in Asian, African, and American patients with
Plasmodium falciparum malaria and disseminated intra-
vascular coagulation, no such case has been reported in
travelers returning from endemic areas.

Introduction

During recent decades, malaria has become an increas-
ingly important and serious health problem among
Europeans traveling to endemic areas [1]. The number
of patients who contract Plasmodium falciparum malaria
is about 8,000 per year in countries of the European
Union, and about 60% of these are infected in West
African countries [1]. We report the first case of a
Caucasian traveler returning from Africa with cerebral
falciparum malaria complicated by disseminated intra-
vascular coagulation (DIC) and symmetrical peripheral
gangrene (SPG). Both cerebral malaria and SPG are
linked pathogenetically to vascular occlusion, which
results either from adhesive properties of the infected
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erythrocytes [2] or from DIC [3]. Therapeutic options are
briefly discussed.

Case Report

A 56-year-old woman was admitted to the intensive care unit in
January 2002 after she had been found nonresponsive in her flat.
Two days previously, she had returned from a trip to Sao Tome and
Principe, West Africa. She had had no antimalarial chemoprophy-
laxis. The day before admission, she took acetylic salicylate
because of fever up to 39°C. Her personal history was unremark-
able except for nicotine (60 pack-years) and alcohol use.

On examination, she was stuporous, with a Glasgow coma scale
rating of 8. Her temperature was 39.4°C, pulse rate 140/min, and
blood pressure 135/60 mmHg. Cardiopulmonary examination was
normal except for tachypnea (24/min). All peripheral pulses were
palpable. There was no focal neurological deficit, and meningism
was absent. Examination of the abdomen was normal. A stick test
was positive for Plasmodium falciparum. A peripheral blood smear
revealed high parasitemia, with 10.3% of erythrocytes infected with
Plasmodium falciparum. A total of eight bacterial blood cultures
drawn on days 1, 3, 5, and 9 remained sterile. Blood tests showed
severe thrombocytopenia (13x103/mm?), absence of leukocytosis
(8x10%/mm?), mild anemia (hemoglobin 10.9 g/dl), an elevated C-
reactive protein (175 mg/l, normal<5), and severe lactic acidosis
(lactate, 8 mmol/l; normal, 0.6-1.7; pH 7.33). There was no
hypoglycemia. Creatinine concentration was increased (140 pmol/l;
normal, 58-96 umol/l).

Treatment with intravenous quinine and doxycycline was
initiated. On the next day, the patient was responsive but
disoriented, parasitemia decreased to 2.4% at 24 h and to 0.5% at
36 h after the start of treatment. Mechanical ventilation was
initiated because of respiratory insufficiency and worsening lactic
acidosis (14 mmol/l, pH 7.16). No vasopressors had to be
administered. On day 3, acral discolorations of her fingers and
toes on the left were observed. Low fibrinogen concentration (1.2 g/
I; normal, 2-4 g/l), elevated D-dimers (>8,000 pg/l; normal,
<500 pg/l), prolonged prothrombin time (international normalized
ratio [INR] value, 1.7), and a persistently low platelet count (9x103/
mm?) suggested disseminated intravascular coagulation (DIC). Low
doses of heparin (5,000 U/24 h), platelets, and fresh frozen plasma
were repeatedly administered. Eight days after admission, the
patient was extubated. Thirty days after admission, she was
transferred to a neurorehabilitation clinic because she had various
neuropsychological deficits. The tips of her second, third, and
fourth fingers of her left hand and all toes of her left foot (Fig. 1)
remained gangrenous and were amputated 6 months later. Further
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Fig. 1 Left foot of the patient on day 20 of hospitalization

evolution was uneventful, and after 1 year the patient had fully
recovered and took another trip to Africa.

Discussion

According to the current World Health Organization
definition, the presence of one or more of the following
clinical or laboratory findings is diagnostic for severe
Plasmodium falciparum malaria [4]. Clinical findings
include an impaired level of consciousness, respiratory
distress and pulmonary edema, multiple convulsions,
circulatory collapse with hypotension refractory to treat-
ment, abnormal bleeding, and jaundice. Relevant labora-
tory findings include severe anemia, hypoglycemia,
acidosis, hyperlactatemia, hyperparasitemia (>5%), and
renal impairment. In nonimmune subjects, mortality from
severe Plasmodium falciparum malaria is about 11% in an
intensive care setting [5]. DIC is observed in up to 30% of
nonimmune patients with imported malaria in the tem-
perate zone [5, 6, 7], and indicates poor outcome [5, 7].
Development of SPG has been described in few Asian,
African, and American patients with Plasmodium falci-
parum malaria and DIC [8, 9, 10, 11, 12, 13, 14]
(Table 1), but not in travelers returning from endemic
areas.

Several factors play a role in the development of tissue
necrosis and SPG. Fibrin thrombi were found in skin
biopsy specimens of patients with SPG [8, 14] and,
postmortem, in the capillaries of various organs, suggest-
ing DIC [3]. Laboratory markers consistent with DIC
include increased concentrations of fibrin degradation
products such as D-dimers [15], low fibrinogen concen-
tration, prolonged prothrombin time (increased INR
value), and low platelet counts. The blood coagulation
cascade is activated by changes in the erythrocyte
membrane that occur during infection with Plasmodium
falciparum [6, 16, 17, 18]. During hemolysis, negatively
charged phosphatidylserines are exposed from the inner
leaflet of the erythrocyte membrane bilayer, which trigger
the formation of prothrombinase [19]. In addition,

Table 1 Clinical features of reported cases of Plasmodium falciparum malaria associated with disseminated intravascular coagulation (DIC) and peripheral gangrene

Anticoagulants

Antimalarial
therapy

Clinical features

Platelet count
(x103/ul)

Hemoglobin

(g/dl)

Parasitemia

Age in Country
(%)

Case no.
[ref.]

years,

gender

21, M

none
none
none
heparin

chloroquine,

artesunate
quinine

quinine
quinine

DIC, gangrene of fingers and toes on day 3

DIC, gangrene of fingers and toes on day 3
DIC, gangrene of both feet

DIC, necrotic area on right hand

210
100
110

21

RN —=\Q
O —
—

NA
NA
NA
NA

Zimbabwe

India
India
India

59, M
35, F
11, M

1 [8]
2 [8]
3 8]
4 9]

heparin,

quinine,

10 cerebral malaria, DIC, purpura fulminans
of both feet on day 3

12.9

Zimbabwe

9, M

5 9]

streptokinase

none

chloroquine

quinine
quinine
quinine
quinine
quinine

DIC, gangrene of both feet

160

5.0
7.6

46, F India

6 [10]
7[11]
8 [11]
9 [12]
10 [13]
11 [14]

cerebral malaria, gangrene of toes on day 3

46
<50

NA

Thailand

13, F

NA

cerebral malaria, DIC, gangrene of toes on day 3

gangrene of fingers and toes

Thailand

India
India
Haiti

10, F

NA

10.0

26, F

NA
heparin

chloroquine
quinine,

gangrene of fingers and toes
DIC, gangrene of toes on day 3

190
28

13.0
7.5

22, M
44, F

heparin

cerebral malaria, DIC, gangrene of fingers

13.9 13
and toes on day 3

European tourist,
Sao Tome

56, F

12 [present

doxycycline

report]

NA, not available



inflammatory cytokines, especially TNF-a and interleu-
kin-6 [20, 21], increase tissue factor expression on
mononuclear cells, leading to thrombin formation.

When merozoites mature to the trophozoite and
schizont stages, the infected erythrocytes change their
membrane composition, and knobs appear on their
surfaces [2]. The altered erythrocyte surface mediates
both cytoadherence to host receptors on endothelial cells
and adhesion to noninfected and other infected erythro-
cytes. By acquiring these adhesive properties, parasitized
erythrocytes are sequestered in the microcirculation, and
vascular obstruction occurs [2, 8]. This potentially
reversible mechanism was reported to be of importance
in the pathogenesis of cerebral malaria.

DIC due to bacterial infections is the major cause of
symmetrical peripheral gangrene [8, 22]. However, the
negative blood cultures obtained serially in the present
patient practically ruled out a concomitant bacterial
infection. Nevertheless, the irreversible gangrene of
fingers and toes was likely due to DIC and probably
was not solely a consequence of erythrocyte sequestration
because laboratory markers were consistent with DIC at
the time tissue necrosis developed. Moreover, in the
present case and in most of the cases reported (Table 1),
signs of tissue necrosis were first observed after 3 days of
effective antimalarial therapy, at which time the propor-
tion of infected erythrocytes had fallen to below 5% of its
initial value. Patients treated with high doses of norepi-
nephrine and those with peripheral arterial disease or
vasculitis are at particular risk of developing SPG.

While the management of severe Plasmodium falci-
parum malaria is well established [4], effective treatment
options for patients with malaria and DIC are limited [7]
except for the use of antimalarial chemotherapy. The
clinical course of Plasmodium falciparum malaria is not
positively influenced by the use of heparin [23], but low
doses of heparin (300-500 U per hour [21]) are recom-
mended in patients with DIC and extensive deposition of
fibrin, as occurs with purpura fulminans or acral ischemia.
If tissue necrosis is extensive, the use of thrombolytic
agents may be considered [9]. However, the risk of
bleeding associated with such therapy in severely throm-
bocytopenic patients is high; thus, these agents cannot be
generally recommended. Depending on the final extent of
the necrotic areas, surgical options should be considered
[8, 10, 12]. The potential benefit of blood transfusions in
patients with severe falciparum malaria is discussed
controversially [24]. Excessive hydration must be avoided
to prevent pulmonary edema [7]. On the other hand,
overzealous fluid restriction may contribute to renal
failure and may further impair tissue perfusion. Careful
monitoring of fluid balance, therefore, is mandatory [7]. It
is recommended that the central venous pressure be
maintained at about 5 cm of water after rehydration.

In summary, the outcome of severe falciparum malaria
depends on early diagnosis, rapid initiation of antimalarial
chemotherapy, and supportive intensive care. In addition,
as emphasized by the present case report, adequate
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antimalarial chemoprophylaxis is essential to prevent
such severe complications.

References

1. Jelinek T, Schulte C, Behrens R, Grobusch MP, Coulaud JP,
Bisoffi Z, Matteelli A, Clerinx J, Corachan M, Puente S et al.
(2002) Imported falciparum malaria in Europe: sentinel
surveillance data from the European Network on Surveillance
of Imported Infectious Diseases. Clin Infect Dis 34:572-576

2. MacPherson GG, Warrell MJ, White NJ, Looareesuwan S,
Warrell DA (1985) Human cerebral malaria. A quantitative
ultrastructural analysis of parasitized erythrocyte sequestration.
Am J Pathol 119:385-401

3. Jaroonvesama N (1972) Intravascular coagulation in falciparum
malaria. Lancet i:221-223

4. World Health Organization, Communicable Diseases Cluster
(2000) Severe falciparum malaria. Trans R Soc Trop Med Hyg
94 (Suppl 1):1-90

5. Bruneel F, Hocqueloux L, Alberti C, Wolff M, Chevret S,
Bedos JP, Durand R, Le Bras J, Regnier B, Vachon F (2003)
The clinical spectrum of severe imported falciparum malaria in
the intensive care unit: report of 188 cases in adults. Am J
Respir Crit Care Med 167:684—-689

6. Clemens R, Pramoolsinsap C, Lorenz R, Pukrittayakamee S,
Bock HL, White NJ (1994) Activation of the coagulation
cascade in severe falciparum malaria through the intrinsic
pathway. Br J Haematol 87:100-105

7. Losert H, Schmid K, Wilfing A, Winkler S, Staudinger T,
Kletzmayr J, Burgmann H (2000) Experiences with severe P.
falciparum malaria in the intensive care unit. Intensive Care
Med 26:195-201

8. Anuradha S, Prabhash K, Shome DK, Gaiha M, Singh NP,
Agarwal SK, Mandal AK, Jain S, Chaturvedi KU, Sawlani KK
(1999) Symmetric peripheral gangrene and falciparum malar-
ia—an interesting association. J Assoc Physicians India
47:733-735

9. Edwards IR (1980) Malaria with disseminated intravascular
coagulation and peripheral tissue necrosis successfully treated
with streptokinase. Br Med J 280:1252-1253

10. Kochar Shubhakaran DK, Kumawat B, Kochar SK (1998) A
patient with falciparum malaria and bilateral gangrene of the
feet who developed arrhythmia/ventricular fibrillation after
quinine therapy. QJM 91:246

11. Chittichai P, Chierakul N, Davis TM (1991) Peripheral
gangrene in nonfatal pediatric cerebral malaria: a report of
two cases. Southeast Asian J Trop Med Public Health 22:190-
194

12. Jain D, Srivastave S, Singhal SS (1995) A rare presentation of
falciparum malaria. J Assoc Physicians India 43:582

13. Sharma SN (1987) Cutaneous gangrene in falciparum malaria:
an unreported manifestation. J Assoc Physicians India 35:150—
152

14. Keri JE, Thomas K, Berman B, Falabella A (2000) Purpura
fulminans in a patient with malaria. Eur J Dermatol 10:617-619

15. Mohanty D, Ghosh K, Nandwani SK, Shetty S, Phillips C,
Rizvi S, Parmar BD (1997) Fibrinolysis, inhibitors of blood
coagulation, and monocyte-derived coagulant activity in acute
malaria. Am J Hematol 54:23-29

16. Maguire PA, Prudhomme J, Sherman IW (1991) Alterations in
erythrocyte membrane phospholipid organization due to the
intracellular growth of the human malaria parasite, Plasmodium
falciparum. Parasitology 102:179-186

17. Mohanty D, Marwaha N, Ghosh K, Chauhan AP, Shah S,
Sharma S, Das KC (1985) Vascular occlusion and disseminated
intravascular coagulation in falciparum malaria. Br Med J
290:115-116

18. Schwartz RS, Olson JA, Raventos-Suarez C, Yee M, Heath RH,
Lubin B, Nagel RL (1987) Altered plasma membrane phos-



554

19.

20.

21.

pholipid organization in Plasmodium falciparum-infected hu-
man erythrocytes. Blood 69:401-407

Zwaal RF, Schroit AJ (1997) Pathophysiologic implications of
membrane phospholipid asymmetry in blood cells. Blood
89:1121-1132

Hemmer CJ, Kern P, Holst FG, Radtke KP, Egbring R,
Bierhaus A, Nawroth PP, Dietrich M (1991) Activation of the
host response in human Plasmodium falciparum malaria:
relation of parasitemia to tumor necrosis factor/cachectin,
thrombin-antithrombin III, and protein C levels. Am J Med
91:37-44

Levi M, Ten Cate H (1999) Disseminated intravascular
coagulation. N Engl J Med 341:586-592

22.

23.

24.

Davis MP, Byrd J, Lior T, Rooke TW (2001) Symmetrical
peripheral gangrene due to disseminated intravascular coagu-
lation. Arch Dermatol 137:139-140

Hemmer CJ, Kern P, Holst FG, Nawroth PP, Dietrich M (1991)
Neither heparin nor acetylsalicylic acid influence the clinical
course in human Plasmodium falciparum malaria: a prospective
randomized study. Am J Trop Med Hyg 45:608-612

Riddle MS, Jackson JL, Sanders JW, Blazes DL (2002)
Exchange transfusion as an adjunct therapy in severe Plasmo-
dium falciparum malaria: a meta-analysis. Clin Infect Dis
34:1192-1198



