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Exchange transfusion in complicated pediatric
malaria: A critical appraisal

Himesh Barman

Abstract

Complicated falciparum malaria is a killer disease resulting in high mortality in spite of
appropriate treatment. Some workers have reported improved survival when adjunct
exchange blood transfusion is included in the treatment modality while others opine
against it. This review is an effort to address and critically appraise current evidence for
the treatment mode for severe malaria. The literature was searched with a specified
search strategy to identify reports of children who underwent exchange transfusion
for severe malaria. Total 23 children who underwent exchange transfusion for severe
falciparum malaria published by 9 authors were identified. Age ranged from 5 months to
|6 years with a mean age of 6.4 years.The average preprocedure parasite index (Pl) was
41.4% (95confidence interval [CI]; 31.2-51.4).The average blood volume exchanged was
118.6% (95% CI; 94.7-143) of the circulating blood volume. The average postexchange
reduction in Pl was 34.1% (95% CIl; 25.4-42.8). Three out of 23 children encountered
some complications. All the children survivedKeywords: Exchange blood transfusion,
parasite index, pediatric Intensive Care Unit, red cell exchange, severe falciparum malaria.
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Introduction

Malaria is a protozoan disease caused by five species
of Plasmodium. Out of which Plasmodium falciparum is
the major killer as it causes the most serious disease.
Antimalarials are the mainstay of treatment, which
may sometime fail due to overwhelming parasitic
load and/or lack of enough time for the drug to act
before the disease kills. Exchange blood transfusion
(EBT) was first performed in 1974. Since then there have
been several anecdotal reports and case series claiming
benefit for EBT in severe malaria though no comparative
trials exits. Till now there is no consensus as to how it
might work or whether it reduces mortality or not.!
The current status, technique, benefits and controversies
surrounding EBT are reviewed in this article. Keeping
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in mind the abundance of malaria and resource limited
nature of these areas; both doing and not doing the
procedure may have huge implication in terms of lives
saved, blood units consumed and optimum manpower
utilization.

Applied microbiology

Malarial infection in the human being stated with
inoculation of plasmodial parasite by female anopheles
mosquito. The parasite pass through the developmental
phase in the parenchymal cells of the liver then enter the
red blood cells (RBCs) where they undergo erythrocytic
schizogony leading to rupture of RBCs releasing 8-32
merozoites. These merozoites invade other RBCs and
continue the cycle. Plasmodium vivax and Plasmodium
ovale infects young RBCs (reticulocytes), Plasmodium
malariae infects old RBCs, and P. falciparum infects both
young and old RBCs. Hence, counts of parasitized RBCs
are around 25,000/ ul with P. vivax, P. ovale, P. malariae
but may exceed 500,000 with P. falciparum.?? After
parasite invasion, RBCs are progressively modified.
New structures appear inside the RBCs, and novel
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parasitic proteins are exported to cell the membrane.
Radical biochemical, morphological and rheological
alteration results in increased RBC membrane rigidity
and reduced RBC plasticity and the greater adhesiveness
of the cell membrane, which leads micro vascular
slugging and capillary clogging.*#! Activation of the
inflammatory system with production of cytokines leads
to complication of severe falciparum malaria.*™

Hyperparasitemia as a marker of disease severity

A high parasite load accelerates pathological process,
which increases the likelihood of developing severe
malaria leading to higher treatment failure rates. Of
particular concern is resistance to antimalarials, which
is most likely to arise in patients with heavy parasite
burdens.'2 In the absence of any direct way to measure
the parasite load and peripheral parasitemia has been
used as a surrogate marker. Patients with high parasite
index (PI) are known to be at increased risk of dying,
although the relationship between parasite counts
and prognosis varies at different levels of malaria
endemicity. World Health Organization (WHO) define
hyperparasitemia as >5% in low transmission setting
and >10% in high transmission setting." In P., falciparum
infection parasitized erythrocytes may be sequestrated
inside the tissue capillaries resulting in a falsely
low PLE7# In such instances the development stages of
the parasite seen on painful bladder syndrome help to
access the severity better than PI alone. The presence
of more mature parasite forms (>20% of parasites as
late trophozoites and schizonts) and of more than 5%
of neutrophils containing malarial pigment indicates
advanced disease and worse prognosis.*”!

Rationale for exchange blood transfusion
Hyperparasitemia is associated with increased

mortality. Rapidly bringing down parasitic index is

expected to cause survival benefit. Several case repots

and series have concluded that EBT used in adjunct to

chemotherapy can rapidly reduce parasitic index more

rapidly compared to chemotherapy alone resulting in

survival benefit.'*»! The postulated mechanisms by

which EBT is proposed to work effectively as adjunct

therapy are following:171011]

* Decreases the parasitic burden quickly

* Improves red cell deformability and microvascular
clogging

* Decreases risk of intravascular hemolysis

* Increases hematocrit and thereby improves
oxygen-carrying capacity of blood

* Removes toxic substances like tumor necrosis factor
alpha and other pro-inflammatory cytokines.

Methodology

Defined search strategies were employed to search
MEDLINE using limit of age 0-18 years.

e Strategy 1: (“Exchange Transfusion, Whole
Blood” [Mesh]) AND (“Malaria, Falciparum” [Mesh]
OR “Malaria, Cerebral” [Mesh] OR “Malaria” [Mesh]
OR “Blackwater Fever” [Mesh]) - yielded 36 papers.
Ongoing through the abstracts, only 6 articles found
to report on exchange transfusion in malaria in
children#

* Strategy 2: Erythrocytapheresis AND malaria yielded
3 relevant results.?

Informal search of the literature yielded another
relevant publication.®! However, there is the apparent
duplication of the cases of reference 30 in reference 31.
Hence, these cases of reference 30 were excluded from
the analysis.

Results of the literature search

A 4 case series and 5 case reports of EBT in severe
malaria in children were found. This included
23 children - 15 children undergoing manual exchange
and 8 therapeutic red cell exchange (TREX) and tabulated
in Table 1. The mean age was 6.4 years with a range of
5 months to 16 years. No controlled trial of exchange
transfusion in severe malaria in children was found.

Indications and technique

All except one, exchange transfusions were done
in children presenting with hyperparasitemia >5%.
The average preprocedure hyperparasitemia was
41.4% (95% confidence interval [CI]; 31.2-51.4) and all of
them had one or more complications of severe malaria
apart from hyperparasitemia. Only one case underwent
exchange transfusion for severe malaria without
hyperparasitemia.”! In most cases, exchange transfusion
was resorted to once there was no improvement on
conventional therapy alone. Some authors did it within
hours of admission in cases with severe malaria and
hyperparasitemia. The manual procedures were done
via central venous catheters by push-pull technique or
pull from the radial artery and push by a peripheral vein.
Erythrocytapheresis were done via central catheters.
TREX tended to take less lime compared with the manual
exchange.

Blood volume used
Different authors used different blood volumes for
exchange transfusion ranging from partial exchange
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transfusion (40 ml/kg) to double volume exchange
transfusion (160 ml/kg). In this article, the proportion
of blood volume exchanged is expressed in percentage
of total circulating blood volume. The average volume
used was 118.6% (95% CI; 94.7-143) of the circulating
blood volume of the child. Mean blood volume used
in TREX and manual exchange was not significantly
different (mean: 115.5 [95% CI; 78.0-153.0] vs. mean:
120 [95% CI; 87.5-152.5], P = 0.84).

Efficacy

On an average around 4/5" of preexchange PI was
reduced by exchange transfusion (mean 81.2% [95%
CI; 74.7-84.5]) and it happened irrespective of the
preexchange PI (r> = 0.01). Therefore, as would be
expected, the absolute reduction in PI (preexchange
PI — postexchange PI) was more when preexchange PI
was high (> = 0.89) [Figure 1]. The average absolute
postexchange reduction in PI was 34.1% (95% CI;
25.4-42.8). The decrease in Pl in manual exchange (mean
31.9[95% C119.7-44.1]) and TREX treated children (mean
38.12 [95% CI; 27.0-49]) were not statically
different (P = 0.46). There was no correlation between the
percentage of blood volume exchanged and reduction in
PI (r=-0.26, ¥»=0.07). Whether quinine or artisunate was
used did not determine the relative drop of PI (P =0.2).
All the children survived intact without and sequelae
and required around 5-10 days to get a discharge.

Safety

Some adverse events such as seizure during procedure,
hypocalcemia, oozing from lines and bradicardia were
reported in 3 out of 23 children. All the reported adverse
events were in manual exchange group.
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Figure |: Scatter diagram showing the relation of preexchange parasite
index (PI) (X-axis) and the absolute drop in Pl postexchange transfusion

(Y-axis)

Discussion

Though exchange transfusion has come with big
expectation but it is still far from being uniformly
accepted. The indications of EBT and amount of blood
to be exchanged are still hazy. Though there are in
literature regarding its efficacy and safety in adults, the
evidence base in children is very small. Main outcome
variables highlighted in most reports are rapidity of
parasite clearance and survival. A striking drop of Pl has
been demonstrated irrespective of the technique used
or percentage of blood volume exchanged. All reported
children survived. However, absence of a control arm
in any of the reports makes the interpretation difficult.
Postexchange rise in hematocrit as an outcome variable
could not be determined by this review due to lack of
data. Apparently, TREX took lesser time and is better
tolerated but at added cost. On other hand, quite a
number of reports also exist in the literature questioning
the place of exchange transfusion in complicated malaria
with hyperparasitemia.

Various case series and case reports in adults have
documented a significantly more rapid decline in
peripheral parasitemia with use of adjunct exchange
transfusion when compared to antimalarials alone.
The procedure had an added benefit of elevating
the hemoglobin without causing volume overload.
All of the studies in this review show a positive
outcome and a 100% survival points toward the
possibility of publication bias. No reports comparing
exchange transfusion in children with chemotherapy
alone was found. Therefore, exchange transfusion
in severe malaria with hyperparasitemia in children
is far from being a “magic bullet”. Mordmiiller and
Kremsner demonstrated successful treatment of
complicated malaria in children with hyperparasitemia
up to as high as 81% with chemotherapy alone and
questioned the need for exchange transfusion for
hyperparasitemia.® A large retrospective series in
adults by Burchard et al. found that exchange transfusion
did not significantly improve the unfavorable prognosis
in cases of severe falciparum malaria.® A meta-analysis
by Riddle ef al. including 8 studies in adult derived
a similar conclusion.’ They found that the use of
exchange transfusion was not associated with an
increased survival rate, however, patients treated with
exchange transfusion had higher levels of parasitemia,
and higher number of WHO criteria met. When
adjusted for malaria-immunity status, the initial level
of parasitemia, and number of WHO criteria met, the
use of exchange transfusion was still not associated with
an increased survival rate. When stratified by degree of
parasitemia or by number of WHO criteria met, there
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was no evidence of an improved survival rate among
patients treated with exchange transfusion who had
any level of parasitemia or met any number of WHO
criteria for severe or complicated malaria. This analysis
looked only at survival as the outcome. However, other
important outcomes to measure the success of adjunct
exchange transfusion such as length of coma, duration
of stay in an intensive care unit, duration of fever in the
hospital, and onset or presence of residual complications
needs to be investigated.

Currently, centers for disease control recommends
that exchange transfusion be performed in P. falciparum
infection when parsitemia is 210%. In patients with
coma, renal failure, or adult respiratory distress
syndrome, EBT is recommended regardless of the
level of parasitemia even if <10%.°! However, in
absence of consensus on the indications, benefits and
dangers involved, or on practical details such as the
volume of blood that should be exchanged, WHO
expressed inability to make any recommendation
regarding its use.l'l As most studies of EBT are carried
out in quinine treated patient, its relevance in the
context of rapid malaricidal ability of artemisinin
compound is a different arena. A recent study in adults
has demonstrated no benefit of adjunct exchange
transfusion in artemisinin treated patients.’ In our
current literature search, the drug used did not impact
the reduction in hyperparasitemia. However, only 7
children treated with exchange transfusion were treated
with artisunate, and the number is too small to draw a
valid conclusion.

Points to ponder in exchange transfusion for malaria

* No controlled trial in children is available to prove
the efficacy of exchange transfusion in complicated
malaria with hyperparasitemia. Even in adults, there
is no well-designed randomized controlled trial with
sufficient power till date. The efficacy is highlighted
by case series and case reports only. Publication bias
is a real possibility as workers with negative study
results are less likely to publish their results

* Peripheral blood parasitemia may not be the
surrogate marker for disease severity as there is
no correlation between peripheral parasitemia
and sequestrated parasitized RBCs. Most harmful
proportion of parasitized RBCs is not exchanged as
they are locked in capillaries

* The main idea about exchange transfusion is
peripheral parasitemia rapidly which is also achieved
by artisunate therapy. Hence, it makes a strong case

against exchange transfusion. Most comparative
studies are undertaken in-patient receiving quinine
as chemotherapy

* If exchange transfusion fails to show more efficacy
compared to artemisinin compound, packed red
blood cell (PRBC) transfusion may cause more rise of
hematocrit and thereby better red cell deformability
and oxygen-carrying capacity per unit blood used
compared to exchange transfusion. This may have a
huge implication in resource limited areas

* The potential benefit of elimination of inflammatory
mediators and toxins are probably not important
because TREX, where unlike manual exchange, the
plasma is returned back to the patient, has also been
proved to be equally effective.

Conclusions

Exchange transfusion is far from being practical
and proven mode of therapy in the malaria endemic
developing nations areas where it is needed most.
Though a sizable number of case report and a series
or nonrandomized trial showed benefit in adults, the
evidence base in children is very small, and it may
have to be interpreted with caution. A well-designed
randomized controlled trial with sufficient sample size
is a necessity as publication bias is a real possibility. This
labor-intensive method may be reserved as a salvage
therapy only and not a routine for all complicated
malaria with hyperparasitemia in areas where blood
and intensive care facilities are not plentiful. In such
areas, judicious use of blood to treat anemia by PRBC
transfusion may be able to save more lives than using
several unit for every single exchange. Partial exchange
transfusions if proved to be beneficial will be boon to
such areas. It may also be interesting to see whether,
in the absence of TREX, manual partial exchange
transfusion with PRBC instead of whole blood will me
more effective in elevating hematocrit without losing
efficacy of lowering parasitemia.
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