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Partial exchange transfusion in the
treatment of severe falciparum malaria

Sr AQUINAS, C. ROSS, J. VINCENT, C. B. SRIDHAR

ABSTRACT
Background. Exchange transfusion as an adjunct to the

treatment of severe falciparum malaria has been widely rec-
ommended, although there is no well-designed clinical trial to
prove its efficacy. The amount of compatible blood required for
total exchange is rarely available in areas endemic for malaria
and the risks of the procedure including transfusion-related
infections are high.

Methods. Partial transfusion with four units of blood was
given to a patient with severe falciparum malaria (80%
parasitaemia) whose condition deteriorated on conventional
treatment with intravenous quinine.

Results. This brought about prompt clinical improvement
and reduction in parasitaemia.

Conclusion. Partial transfusion with one to two litres of
blood is a promising and viable alternative to total exchange
transfusion.
Natl Med J India 1996;9:163-5

INTRODUCTION
Exchange transfusion (En of blood as an adjunct to the treatment
of severe falciparum malaria was first reported in 1974.1 The
rationale for ET is based on (i) rapid reduction in the parasite load
by direct removal, (ii) decreased risk of severe intravascular
haemolysis and its consequences (disseminated intravascular
coagulation and renal failure), (iii) improved rheology with trans-
fused blood and reduced microcirculatory sludging, and (iv)
improved oxygen carrying capacity of the transfused red blood
cells. A MEDLINE search ofthe literature since 1974 gave reports
of 75 cases of successful ET. As there are no reports from India,
we evaluated the role of partial ET as an effective therapeutic
adjunct in the management of severe falciparum malaria.

CASE SUMMARY
A previously healthy 35-year-old male patient was referred to our
hospital with fever, headache, jaundice of four days duration and
altered sensorium for one day. He was admitted to the medical
intensive therapy unit with a provisional diagnosis of acute
fulminant hepatitis. On examination, the patient was pale and
deeply jaundiced. He was afebrile and had acidotic breathing. The
blood pressure was 110/80 mmHg. Abdominal examination re-
vealed tenderness in the right hypochondrium. The liver span was

SI. John's Medical College Hospital, Bangalore 560034, Karnataka, India
Sr AQUINAS, C. ROSS, J. VINCENT. C. B. SRIDHAR

Department of Medicine

Correspondence to Sr AQUINAS

© The National Medical Journal of India 1996

within normal limits. The spleen was not palpable and there was
no ascites. Neurological examination revealed that he was drowsy,
but rousable. There were no localizing signs of a cranial nerve
lesion. Fundoscopic examination was normal.

The results of the investigations were:
HaematoLogy. Haemoglobin 8.4 g/dl; total white cell count

9700/cmm; neutrophils 68%; lymphocytes 12%; band forms 5%;
monocytes 2%; metamyelocytes 13%.

Blood smear examination. This showed numerous ring forms
of PLasmodium fa lcipa rum (P. falciparum).

Biochemistry. The liver function tests showed the following
results: total proteins 5.5 g/dl; albumin 2.9 g/dl; total bilirubin
>25 mg/dl; conjugated bilirubin> 15 mg/dl; aspartate aminotrans-
ferase 93 UIL; alanine aminotransferase 77 UIL, alkaline phos-
phatase 258 UIL; gamma glutamyl transpeptidase 65 U/L; lactate
dehydrogenase 4208 UIL; prothrombin time 13 seconds (control
13 seconds). The other biochemical results were: blood urea 175
mg/dl; serum creatinine 3.53 mg/dl; sodium 138 mEqIL, potas-
sium 3.4 mEqIL; chloride 100 mEqlL.

Arterial blood gases. pH7.35; pC0220mmHg; p0281 mmHg;
HCO) 10.9 mmIL; TC02 11.5 mmlL.

Others. The chest X-ray and electrocardiogram were normal.
The patient was started on an infusion of quinine hydrochlo-

ride in a dose of 10 mg/kg body weight over 4 hours. He also
received 3 tablets of sulphadoxine-pyrimethamine and tetra-
cycline 500 mg 6-hourly through a Ryle's tube, together with
supportive management. His central venous pressure (CVP) and
blood pressure were within normal limits. In spite of therapy, the
patient's sensorium worsened after 24 hours and he lapsed into
deep coma with a rising serum bilirubin level and deteriorating
renal function. His haemoglobin had dropped to 5.2 gldl and the
parasite load was assessed to be 80%. At this juncture, we
performed partial ET using 2 litres of blood.

Procedure

Four units of compatible packed cells and fresh frozen plasma
(FFP) were arranged. Venous access was established through a
femoral cannula. A three-way stop-cock was connected to it and
450 ml blood drained out over 10 minutes into the blood collect-
ing bag through one port. One unit of packed cells was transfused
through the other port over the next IS minutes. This process was
repeated four times, and one unit of FFP was given at the end of
the procedure. The entire process took three hours and the
patient's vital parameters were monitored throughout the proce-
dure. Infusion of isotonic saline was continued to maintain the
CVP at 5 em of saline. Immediately after the ET, the parasitaemia
level dropped to 4% and no ring forms were detected the follow-
ing day. The patient's sensorium also improved dramatically, and
he was fully alert 6 hours after the procedure (Table I).

DISCUSSION
Malaria is a disease where the concentration of the causative
organisms in the blood can be assessed. Complications or a fatal
outcome are almost always due to P.faLciparum. The mortality of
this disease is directly proportional to the degree of parasitaemia
in the blood. According to the World Health Organization criteria,
parasitaemia greater than 5% indicates severe falciparum
malaria.' When the parasite load exceeds 20%, the prognosis is
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Laboratory parameters Before ET After ET

Haemoglobin (g/dl) 5.2
Parasitaemia 80%
Blood urea (mg/dl) 175
Serum creatinine (mg/dl) 3.53
Total bilirubin (mg/dl) >25
Conjugated bilirubin (mg/dl) > 15

10.1
4%
173

3..16
>25
>15

poor.' When more than 50% of the red blood cells in the blood
smear contain parasites, a 63% mortality was reported in a
Malaysian study.'

The microvascular 'sequestration' of the parasitized erythro-
cytes in organs such as the brain, heart and kidney is the charac-
teristic pathological feature of fa\Ciparum malaria and is thought
to be a major causative factor for vital organ dysfunction. Such
vascular sequestration may also contribute to the rapid develop-
ment of anaemia in severe infections. Serial changes in the
peripheral venous haematocrit provide an indirect estimate of the
sequestered volume of erythrocytes!

Quinine has a rapid schizonticidal effect. Yet, when a major
proportion of the red blood cells is parasitized, drug therapy alone
may be insufficient to prevent a fatal outcome, because the degree
of intravascular haemolysis depends on the proportion of parasit-
ized red cells.

Our patient had 80% parasitaemia and severe intravascular
haemolysis leading to acute renal failure, severe jaundice and
anaemia, along with cerebral manifestations. The rationale for the
use of ET in this critically ill patient was to reduce the parasite
load rapidly from the circulation;' to quickly reduce the blood
concentration ofhannful metabolites, toxins, cytokines and other
mediators arising from the parasite-host response;" improve the
systemic oxygen delivery;" and to correct anaemia. All these goals
were achieved as indicated by a rapid reduction of parasite load to
less than 5% and improvement in the sensorium immediately after
the procedure.

Adequate schizonticidal drug therapy and blood transfusions
together can achieve these aims but using ET these will be achiev-
ed more rapidly in extremely ill patients.

Despite reports of over 70 cases of successful ET in the
treatment of fa\Ciparum malaria since 1974, the procedure still
remains controversial and its exact technique has been poorly
described. g ET is a simple procedure but the patient should be
admitted to an intensive care facility where the haemodynamic
parameters can be closely monitored.

Procedure of ET
I. Venous access is established, preferably through a central line.
2. Whole blood or packed cells are obtained using the manual

method or an automated cell separator. If packed cells are used
in manual Ef, FFP should be used intermittently to replace the
volume removed. Infused and removed volumes should be
equal to keep the circulating volume constant. Exchange of
each unit can be done over 20--30 minutes depending on the
patient's haemodynamic status.

3. The minimum volume of blood required for effective Ef has
not been defined but ranges from 15-20 units ofbloods.8•9 (1.2-
2 volume exchanges) to as little as 4 units.2.w The parasite
counts fall dramatically over time-the steepest decline
occurring early in the procedure. 11.12This is the rationale for
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using partial ET. Data from Thailand'? have shown the
effectiveness of partial ETwith 4 units of blood. Our experience
also suggests that partial ET with 4 units is an effecti ve adjunct
in the treatment of severe fa\Ciparum malaria.

4. During the procedure, the CVP, blood pressure, pulse and
urine output should be closely monitored, and the CVP kept in
the low normal range (5 ern of saline).

5. In patients with renal failure, concomitant haemodialysis may
be necessary.

6. Antimalarial drug therapy with intravenous quinine and other
drugs should be started before, during and after ET. The
dosage of quinine does not need to be adjusted.

There are still many unresolved questions regarding the use of
Ef as a therapeutic adjunct. These are: (i) specific indications to
start an ET, (ii) minimum effective exchange volume. (iii) choice
of whole blood or packed cells. (iv) the relative efficacy of
chemotherapy v. exchange transfusion in effecting a reduction in
the parasitaemia or clinical response. These issues will remain
unresolved until multicentre, randomized. double-blind. control-
led trials are performed.

Most authors recommend ET when: (i) the peripheral blood
parasitaemia exceeds 10% in the presence of pulmonary, renal.
cerebral orhaemostatic complications.v-" (ii) the peripheral blood
parasitaemia is above 50% in the absence of clinical complica-
tions. JS Some advocate ET if the parasitaemia is above 30% in the
absence of clinical complications.n.lo

The potential benefit from ET increases as the parasite burden
rises because each parasitized red blood cell will eventually
haemolyse (whether or not drug therapy is effective). A substan-
tial proportion of the non-exchangeable pool of parasites (seques-
tered) will reduce the efficacy of ET.II

Problems of ET such as availability of blood free from the
hepatitis virus, human immunodeficiency virus and parasites.
iatrogenic fluid overload, transfusion reactions, adult respiratory
distress syndrome 12and sepsis have to be weighed against the
benefits of partial ET in our country where malaria is an important
cause of mortality and morbidity.

Though ET has been widely recommended as an effective
adjunctive therapy for severe fa\Ciparum malaria, the success rate
of this mode of therapy is uncertain because we are not aware of
the number of unreported failures. The available reports suggest
that ET benefits patients with severe malaria, but are far from
conclusive." Moreover, in malaria-endemic areas where 0.5-2.5
million deaths occur each year, it is usually not possible to provide
this mode of therapy. Patients are nursed in busy general wards
where ET would be inappropriate. impractical and probably
dangerous and this together with a lack of blood banking facilities
makes it unlikely that even partial ET will alter the annual death
toll from cerebral malaria. 17

However, where monitoring facilities allow this and the screen-
ing of the donor blood is adequate, partial ET should be consid-
ered in patients severally ill from falciparum malaria who do not
respond to conventional treatment regimens. It should be consid-
ered particularly in pregnant patients especially in their third
trimester, in whom falciparum malaria can lead to life-threatening
complications. 18

Ef is an adjunct of, not a substitute for, adequate drug therapy
and where facilities are limited partial Ef is a promising alterna-
tive to total Ef.
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Biparietal diameter: A useful measure
for determining gestational age of
human abortuses

K. SAILAJA, R. K. AHUJA, G. GOPINATH

ABSTRACT
Background. The crown-rump length is conventionally

used to determine the age of human abortuses. However, it is
not reliable as it is dependent on the positioning of the
conceptus. We compared this with the biparietal diameter and
foot length for determining the gestational age.

Methods. Different measurements, commonly used to as-
sess gestational age, were measured in 146 human abortuses
for which an accurate obstetric history could not be elicited.
Measurements taken were crown-rump length, biparietal
diameter and foot length. These were correlated with the
observations at antenatal examinations before finalising the
approximate age.

Results. Multiple regression analysis of the data indicated
that of the three measurements, the biparietal diameter was
the most reliable for determining foetal gestational age be-
tween 8 and 26 weeks. The age determined with the biparietal
diameter correlated well with that of abortuses with an accurate
obstetric history.

Conclusion. The biparietal diameter of a human foetus may
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be used to determine its age if the obstetric history regarding
the period of gestation is vague or not available.
Natl Med J India 1996;9:165-7

INTRODUCTION
Accurate determination of foetal age is generally difficult in
developing countries due to uncertainty in the obstetric history
with regard to the last menstrual period. Often the obstetric
examination helps in deciding the gestational age. Different
measurements and external characteristics are used to estimate the
approximate age of aborted specimens. The 'measurements com-
monly used are the crown-rump length (CRL), biparietal diam-
eter (BPD) and foot length (FL). From our experience, the CRL
appeared to be the least reliable as the positioning of the conceptus
for this measurement is usually arbitrary. Conventionally age
determination for developmental studies is based on the CRL. t

Sequential developmental study of any organ requires accurate
age determination. We attempted to identify the most reliable
measurement for determining the gestational age of human
abortuses from fresh specimens.

MATERIALS AND METHODS
A total of 159 abortuses or hysterotomy specimens of the first and
second trimester collected for the 'Foetal Brain Repository', a
facility at the All India Institute of Medical Sciences, New Delhi
were used in the study. Specimens were obtained from drug-
induced abortions and hysterotomies performed under the
programme of medical termination of pregnancy for family plan-
ning in multiparous women with normal children. Written con-
sent to use the specimens for developmental studies was taken
from the mother with the permission of the attending obstetrician.
Institutional and National Ethics Committees had cleared the
studies. Details of the obstetric history were recorded whenever
available. Details of obstetric examinations were available in all
the cases. Of the 159 abortuses only 13 had an accurate obstetric
history. Immediately upon procuring the specimens, they were
cleaned to remove blood and amniotic fluid. Measurements were


