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IntrOductIOn
Red Cell Exchange (RCE) is removal of abnormal red blood cells 
from the patient’s blood and replacing them by normal donor red 
blood cells either manually or using an automated cell separator. 
Though this procedure is most commonly employed in removing 
sickle cells in patients with sickle cell disease with complications, 
it is also useful to reduce the disease burden in severe cases 
of babesiosis, malaria and in certain types of overdose or 
poisoning. RCE is helpful to reduce iron overload due to top up 
transfusion in thalassaemia major [1-4]. RCE can be lifesaving 
if employed early in ABO mismatch transfusions. In SCD, RCE 
prevents new vaso-occlusive events by removing HBSS and 
HBSβ cells and provides added oxygen carrying capacity without 
increasing viscosity of blood. RCE can also be employed as a 
long term therapy to maintain a low level of HbS in primary and 
secondary stroke prevention in patients with homozygous Sickle 
Cell Disease (SCD) [5-7].

RCE offers adjunct and rapid approach in acute severe malaria 
with high parasitic index. RCE in severe cases of malaria is said to 
reduce parasitic load, remove toxic substances and also reduce 
microcirculatory sludging. Pregnant women, patients with renal, 
pulmonary and cerebral complications are most benefitted by 
RCE. Isolated parasitic index of 10% or above associated with 
clinical severity is an indication for RCE as per World health 
Organization – 2000, criteria in management of acute severe 
malaria [1,8-10]. RCE has been used in poisonings like carbon 
monoxide, nitrobenzene, arsenic and sodium hypochlorite, etc 
when the first line of management fails [1,11-13]. Only very few 

 

centers are performing RCE in India, here we present a study 
involving 21 RCE cases.

MAtErIALS And MEtHOdS
This retrospective study was conducted at a tertiary care center 
in southern India between April 2012 and December 2013. The 
study analyzed the clinical outcome, effectiveness, the challenges, 
and side effects of this procedure on 21 patients during the study 
period. Amongst the 21 patients who underwent the procedure, 
18 patients underwent RCE for complicated sickle cell anaemia 
(avascular necrosis) with high sickle cell percentage, Two patients 
for acute severe malaria with high parasitic index and one 
procedure was done on a patient with nitrobenzene poisoning 
with high methhaemoglobinemia. Spectra Optia® Apheresis 
System from Terumo-BCT Pvt Ltd was used to perform all the 
21 RCE procedures. Packed red cell suspensions (SAGM) that 
are leukoreduced by pre-storage leuko-filtration, that are less 
than one week old were used during RCE. Care was taken that 
these red cell units transfused were all negative for sickle cells 
(heterozygous) using High Performance Liquid Chromatography 
(HPLC). The number and volume of red cell units transfused was 
calculated based on the patients’ blood volume, haemoglobin 
percentage, sickling cell percentage and target haemoglobin 
percentage etc.

rESuLtS
Eighteen patients who underwent the RCE had the procedure 
done for sickle cell anaemia, among which seven were females 

Keywords: Abnormal red blood cells, Malaria, Sickle cell disease

 

P
at

ho
lo

gy
 S

ec
tio

nStudy of Twenty One Cases of 
Red Cell Exchange in a Tertiary 
Care Hospital in Southern India

M. JoShua Daniel1, PrakaSh h MuDDegowDa2, ChezhianSubaSh3, Jyothi b lingegowDa4, niranJan goPal5, kriShna PraSaD6 

ABStrAct
Introduction: Red Cell Exchange (RCE) is removal of a patient’s 
red blood cells while replacing with donor red blood cells either 
manually or using automated systems. RCE is beneficial in 
patients with Sickle Cell Disease (SCD) either during sickling 
crisis or prior to major surgical procedures to bring down the 
sickling percentage as high sickling percentage during prolonged 
anaesthesia may lead to vaso-occlusive crisis. It is also employed 
in patients infested with malaria and babesiosis where parasitic 
index remain high despite medical management. RCE is also 
tried as an adjuvant therapy in certain poisons like nitrobenzene 
and carbon monoxide when first line management fails. 

Aim: To study the effectiveness, clinical outcome, challenges 
and complications of RCE in various clinical scenario and to 
understand how this procedure can be effectively utilized in the 
management of patients in Indian scenario.

Materials and Methods: This retro prospective study was 
conducted in tertiary care center in southern India which 
analyzed 21 RCE procedures performed on patients with different 
clinical conditions. Of the 21 RCE performed, 18 procedures 

were performed on patients with case of sickle cell disease, Two 
procedures were performed on patients infested with severe 
falciparum malaria and one procedure was performed on a patient 
with nitrobenzene poisoning. All procedures were performed using 
Spectra Optia® Apheresis System - Terumo BCT. 

results: All the 18 patients who underwent the RCE for sickle 
cell anaemia were admitted for hemi-arthroplasty for avascular 
necrosis of the head of femur. The average initial HbS levels 
were between 73-85% and post RCE it was brought down to 
22-29% and was achieved in a single sitting in all the cases. 

Among the two patients infested with severe falciparum 
malaria, RCE helped in reducing the infestation rate. In case of 
nitrobenzene poisoning, RCE helped in improvement of oxygen 
saturation and patient showed significant improvement.

conclusion: RCE is a safe and clinically effective therapeutic 
modality with very minimal to nil side effects. RCE is possibly 
underutilized therapy in developing world like India due to various 
reasons like inadequate awareness/ technical expertise, lack of 
equipments and facilities to identify the clinical conditions per 
se etc. 
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and eleven were males, the ratio being 1 to 2.6. Seventeen 
patients had haemoglobin SS on Hb electrophoresis while one 
patient had haemoglobin SC pattern. All the 18 patients were 
admitted for hemi-arthroplasty for avascular necrosis of the head 
of femur. Amongst them, 15 patients had unilateral disease, 1 
patient presented with bilateral problem and remaining 2 patients 
were admitted for recurrent disease on the opposite hip. Age 
group of patients was between 12 to 28 years with a mean age 
of 19 years. The average initial HbS levels were between 73-85% 
and post RCE it was brought down to 22-29%. Hb-A levels were 
maintained between 75% and 88% with a target haematocrit of 
approximately 33%. In all cases confirmation Hb-A % was done 
through HPLC. Target Hb% was achieved in a single sitting in all 
the cases. 

Among the two patients infested with malaria, first patient was 
a 13-year-old female who presented with 11% infestation rate 
(percentage of infestation rate being calculated using the formula 
number of infested RBCs divided by unaffected RBCs multiplied 
by hundred) not responding to medical management. RCE was 
performed on day 4 of admission as an adjuvant to anti-malarials 
and other supportive management. The infestation rate dropped 
to 6% on single RCE procedure and top up transfusions were also 
given on subsequent days to combat anaemia and to improve the 
oxygen carrying capacity. Patient expired due to acute respiratory 
failure and renal syndrome on day 8, despite all possible efforts. 
Second case was a 21-year-old male, who presented with 10% 
infestation rate. The patient was put on RCE along with anti-
malarials and other medical management on the day of admission. 
The infestation rate dropped to 7% during the first exchange and 
to 4 % on subsequent exchange. Three units packed red blood 
cells were transfused post exchange to improve the haematocrit. 
Patient recovered without any complication haemoglobin 
concentration during discharge was 12 g%. 

The last case in the study where RCE was used was a 25-year-
old male, who was admitted into emergency ward with suspected 
organophosphorous poisoning. On day two, it was noted that the 
patient’s oxygen saturation did not improve despite management 
and the clinical signs and symptoms did not correlate with 
organophosphorus poisoning. Suspicions about possibility of 
nitrobenzene poisoning rose as methhaemoglobinemia was 
present and there was a disagreement between the percentage 
of arterial saturation report obtained through arterial blood gas 
analysis and the reading in the pulse oxymeter revealed 80% 
saturation while pulse oximeter showed normal saturation of 96%. 
Haemoglobin electrophoresis was done and presence of a raised 
methhaemoglobin level was noted. Treatment with methylene 
blue to reduce methhaemoglobin levels was not promising, as the 
oxygen saturation was consistently low. One volume RCE was 
initiated on day three and oxygen saturation improved and patient 
showed clinical signs of improvement. One volume therapeutic 
plasma exchange was also performed on this patient as his serum 
showed the presence of free haemoglobin which is most probably 
due to intravascular haemolysis. 

dIScuSSIOn
RCE is an effective treatment modality that can be used safely in 
a large number of conditions. Though the efficacy is well defined 
in many conditions in clinical trials, its clinical benefit still remain 
controversial certain conditions like acute severe malaria with high 
parasitemia and in certain poisonings [1,4,8].

Major advantage of RCE in SCD is its iron neutrality, since the 
removed HbS has just as much iron as the administered HbA. 
Several studies have demonstrated stable iron levels in RCE [6]. 
Treatment of patients of SCD with bone marrow necrosis and multi-
organ failure is mainly supportive. RCE is effective in management 
of both acute and chronic complications of sickle cell disease. 

However, American society for apheresis advises RCE to be used 
as a first line or adjunctive second line therapy for cerebrovascular 
accidents and acute chest syndrome. The role of RCE in multi 
organ failure is not yet established and should be used on case to 
case basis [1,14,15].

Most of the RCE in the present study were uneventful except for 
few allergic and febrile reactions. None of the patients had any 
reactions due to citrate toxicity, as the anticoagulant used during 
these procedures gets metabolized in the liver within minutes and 
the ratio of anticoagulant used is generally 1:10, which is very low. 
None of these patients showed the presence of any allo or auto 
antibodies during antibody type and screen except one sickle cell 
patient who had anti-D allo-antibody. Studies suggest that SCD 
patients may benefit from extended antigen matching, especially 
in patients who have already made allo-antibodies or patients with 
warm reacting auto-antibodies [16,17]. No comparable studies 
regarding RCE and avascular necrosis of the head of femur in SCD 
was found in pubmed literature search. Most of the studies have 
advocated RCE in acute chest syndrome and SCD [3,4]. None of 
the patients who underwent the procedure presented with acute 
chest syndrome either during or after RCE. 

RCE is frequently used as adjunctive treatment in management 
of acute severe malaria with high parasitic index when first line 
management fails. Though its efficacy as initial therapeutic choice 
remains controversial, some questions based on theoretical basis 
of exchange transfusion note that sequestered parasites, which 
cause most of the pathology associated with severe malaria is 
not removed. Studies have shown a greater benefit from adjunct 
transfusion in Asia, compared with patients of Africa attributing it 
possibly to virulence and anti-malarial sensitivities of Plasmodium 
falciparum. Mortality in this clinical scenario remains high and 
studies have reported high mortality rates in RCE in patients with 
acute severe malaria and high parasitic index. In our study, one 
patient died due to multiple organ failure [2,9,18-20].

Nitrobenzene, also known as nitrobenzol, mirbane oil or essence 
of mirbane, when introduced into the body, is metabolized 
to aniline. Nitrobenzene and aniline are typical aromatic 
nitrocompounds and aromatic nitro amino compounds that cause 
methhaemoglobinemia. Nitrobenzene is commonly available in 
printing dyes, ether and soap industry and is used as a suicidal 
poison. Patient initially presents with cyanosis and progresses 
to dyspnoea and tachycardia. At high saturation of above 70% 
methhaemoglobin, it can even cause death. This patient presented 
with cyanosis and dyspnoea with methhaemoglobin percentage of 
75%. Significant methhaemoglobinemia due to acute nitrobenzene 
poisoning is uncommon and is a rare life threatening emergency. 
Once poisoning is suspected, clinical evaluation and early effective 
management with methylene blue will improve the clinical outcome. 
Diagnosis is generally based on persistent cyanosis despite 
oxygen therapy. As in the present case, there will be a difference 
between observed (pulse oximetry) and calculated (arterial blood 
gas) oxygen saturation. RCE is very effective in patients who are 
refractory to conventional management i.e. methylene blue. This is 
the first reported case of RCE done on acute severe nitrobenzene 
poisoning in Indian scenario [11,13]. 

LIMItAtIOn
The main limitation of the study could be the low number of 
procedures, partly limited mainly due to procedure rarity and 
clinicians knowledge. Larger numbers of procedures would be 
helpful in identifying more pro and cons of the study

cOncLuSIOn
RCE is safe and clinically effective procedure with minimal or no 
side effects when initiated at the right time by trained personnel’s. 
The main challenges in performing RCE in developing countries 
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are lack of awareness, technical expertise, infrastructure, early 
identification of disease condition, limited supply of safe blood, 
etc. These things make RCE limitedly available to many needy 
patients across the country.
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