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Abstract

Background: Thalassemias are inherited red blood cell disorders 
characterized by defective globin production, resulting in microcytic 
hypochromic anemia. Severe variants lead to transfusion dependence 
and consequent iron overload, often despite chelation therapy. The role 
of automated red blood cell exchange (RBCX) for transfusion-depend-
ent thalassemia (TDT) is unclear and previously there was no specific 
apheresis parameters specific for thalassemia defined. We present our 
experience with patients with TDT treated with RBCX using higher 
hematocrit parameters specifically tailored for this condition.

Methods: Five patients with TDT underwent chronic RBCX in place 
of simple transfusion with the primary goal of stabilizing iron over-
load. Novel parameters were established to satisfy the Thalassemia 
International Federation goal pre-transfusion hemoglobin of 9.5 g/dL, 
while targeting a post-transfusion hematocrit of 37-38%.

Results: RBCX was well tolerated with infrequent occurrences of 
vasovagal reactions, asymptomatic hypotension, citrate side effects, 
and vascular access issues. The transfusion interval increased from an 
average of 3 weeks with simple transfusions to 5 weeks with RBCX. 
Despite an increase in average blood utilization, serum ferritin levels 
remained stable.

Conclusion: RBCX with higher hematocrit parameters can be per-
formed safely and efficiently in TDT patients. To our knowledge, this 
is the first report of TDT-specific RBCX parameters. Though blood 
utilization is higher with RBCX, it offers longer intervals between 
transfusions and has no increase in iron overload, improving quality 
of life for patients.
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Introduction

Patients with transfusion-dependent thalassemia (TDT) are 
commonly treated with frequent simple transfusions, typically 
preformed every 2 - 4 weeks to suppress ineffective erythro-
poiesis and alleviate anemia [1, 2]. Iron overload (as a compli-
cation of transfusions) can lead to serious comorbidities relat-
ed to iron deposition in the liver, pancreas, and heart [2]. Iron 
chelators currently indicated for management of iron overload 
in TDT include deferoxamine, deferiprone, and deferasirox 
[3-5]. Red blood cell exchange (RBCX) has been used in the 
treatment of sickle cell disease (SCD), offering the dual bene-
fits of removing defective or senescent red blood cells (RBCs) 
and minimizing iron overload. For TDT, there is a paucity of 
literature evaluating RBCX as a chronic treatment modality, 
especially using hematocrit targets that reflect international 
guidelines [6].

Materials and Methods

Between 2019 and 2021, five patients with TDT were transi-
tioned from chronic simple RBC transfusions to RBCX after de-
veloping iron overload as evidenced by serum ferritin elevation 
with use of deferasirox, with a ferritin reference range of 23 - 340 
ng/mL for males and 11 - 310 ng/mL for females. At the time 
of RBCX initiation, patient A was an 11-year-old male (beta-
thalassemia major) with a peak ferritin of 7,077 ng/mL and T2-
weighted magnetic resonance imaging (MRI) suggestive of iron 
deposition. Patient B was a 19-year-old male (beta-thalassemia 
major) with a peak ferritin of 1,310 ng/mL and deferasirox use 
complicated by mild hearing loss. Patient C was a 14-year-old 
male (beta-thalassemia/HbE) with a peak ferritin of 1,400 ng/
mL and deferasirox management complicated by nephrotoxic-
ity. Patient D was a 15-year-old male (beta-thalassemia major) 
with a peak ferritin of 3,060 ng/mL. Patient E was a 14-year-old 
male (beta-thalassemia/HbE) with a peak ferritin of 3,404 ng/
mL who also experienced chelation-related nephrotoxicity.

The study has been approved by IRB. Since the study is 
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a retrospective review of data, the informed consent is not re-
quired.

The patients underwent RBCX with new parameters for 
TDT that we developed to satisfy international guidelines [7], 
while continuing to optimize chelation therapy. Procedures were 
performed on the Terumo BCT Spectra Optia Apheresis System, 
with donor blood matched for Rh (D, C/c, E/e) and Kell blood 
antigens to minimize risk of RBC alloimmunization. Routine 
complete blood count (CBC) and ferritin levels were obtained 
before each procedure, as was a post-procedure CBC. Addi-
tional data collection included transfusion frequency, chelation 
therapy, volume of blood administered, and any adverse events. 
The procedure parameters and intervals were adjusted based on 
hematocrit levels and tolerance of procedure.

Transfusion intervals were individualized based on the 
patient’s pre-transfusion hematocrit levels to target a pre-trans-
fusion hematocrit of 29% or higher, based on the Thalassemia 
International Federation guidelines of transfusing to maintain 
hemoglobin above a level of 9.5 to suppress ineffective eryth-
ropoiesis and its sequelae [7]. The post-transfusion hematocrit 
targets were set to 37-38%, allowing maintained or extended 
transfusion intervals before reaching the higher pre-transfu-
sion target. This is in contrast to the recommended maximum 
hematocrit in SCD, in which the increased viscosity of higher 
hematocrits may precipitate sickling. For several patients, a 
post-RBCX hematocrit of 40% was attempted with an increased 
rate of vasovagal reactions observed. The fraction of cells re-
maining (FCR) was set to 30%. To preserve blood products 
with the increased hematocrit goals, isovolemic hemodilution 
was not performed. Performing isovolemic hemodilution with 
FCR30% was not possible by machine settings. To achieve 
high post-transfusion hematocrit target with isovolemic dilution 
performed, the machine required lower FCR and higher blood 
volume to use. The hematocrit of transfused units was assumed 
to be at 60%. As summarized in Table 1, these RBCX settings 
differ from those commonly used for treatment of SCD.

Data were retrospectively analyzed after several years of 
RBCX. Ferritin levels from 1 year prior to RBCX and the sub-
sequent 2 years of receiving RBCX were analyzed using a Wil-
coxon signed-rank test to assess the primary endpoint of con-
trolling iron overload, with analysis conducted in SAS version 
9.4. The volume of transfused blood was compared between 
the 3 months prior to and after initiation of RBCX. All proce-
dures performed up to the time of analysis were evaluated for 
adverse reactions.

Results

The patients underwent RBCX over a range of 2 - 4 years, 
encompassing a total of 188 procedures at the time of analysis. 
Of these, 17 vasovagal reactions were observed, which pre-
dominately occurred with post-transfusion hematocrits of 40% 
or higher. Additionally, eight asymptomatic hypotensive reac-
tions were noted during routine vital sign monitoring, and four 
citrate toxicity reactions occurred that were abrogated with co-
infusion of intravenous calcium gluconate. No other transfu-
sion or apheresis reactions were observed.

The procedures (despite higher blood utilization) were ef-
fective in stabilizing iron overload in conjunction with iron 
chelation therapy as described in Table 2. The median pre-
RBCX ferritin level for the study group was 2,489.3 ng/mL, 
and the median post-RBCX ferritin level was 1,329.3 ng/mL. 
After subtracting the post-RBCX ferritin level from the pre-
RBCX ferritin level for each patient, the median change for 
the group was 457 ng/mL (P = 0.06; P < 0.05 is considered 
statistically significant). The trends of ferritin for the individ-
ual patients are shown in Figure 1. The ferritin comparison is 
done.

The patients were largely able to maintain similar defera-
sirox doses while on RBCX. At the time of initiating RBCX, 
patient A was receiving 720 mg/day, which was increased to 
900 mg/day 2 years later. Patient B remained on 1,080 mg/
day. Patient C was on 360 mg/day and discontinued chelation 
therapy by the 2-year time point due to ongoing nephrotoxic-
ity. Patient D increased from 900 to 1,080 mg/day. Patient E 
increased from 360 to 1,080 mg/day.

RBCX required increased blood product utilization com-
pared to simple transfusion. The average blood use per patient 
was 4,085 mL more over a 3-month period with RBCX. How-
ever, the transfusion interval also increased for each patient, as 
described in Table 2. The average time between simple trans-
fusions was 3.2 weeks, compared to 5 weeks after transitioning 
to RBCX. Despite increased exposure to RBC units, none of 
these patients have developed RBC antibodies while on RBCX 
to date.

Discussion and Conclusion

Current guidelines have established the utility of RBCX 

Table 1.  RBCX Parameters Utilized for the Described TDT Patients Versus Previously Described Exchange Parameters Utilized for 
Patients With SCD

Parameter TDT RBCX SCD RBCX
Transfusion interval (weeks) 4 - 6 4 - 7
Pre-transfusion hematocrit 29 (Hb 9.5 g/dL or higher) 25 - 27
Post-transfusion hematocrit target 37 - 38 30 in acute states; 32 - 34 in chronic exchanges
Isovolemic hemodilution Omitted Performed, if pre-transfusion hematocrit allows
FCR 30 30

Pre- and post-transfusion hematocrit targets were higher for TDT patients when compared to SCD parameters while the FCR goal was the same for 
both groups. FCR: fraction of cells remaining; RBCX: red blood cell exchange; SCD: sickle cell disease; TDT: transfusion-dependent thalassemia.
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primarily for various states of SCD, including acute stroke 
and stroke prophylaxis as the only first-line indications, and 
as second-line therapy for acute chest syndrome and liver 
disease in erythropoietic protoporphyria. While RBCX has 
been used for many other conditions (including TDT), its 
role remains unclear and decision-making is individual-
ized [8]. While no established guidelines exist for RBCX in 
thalassemia, several studies have reported its effective use 
in thalassemic patients for reducing hemoglobin F levels, 
thereby promoting wound healing [3, 9] or alleviating res-
piratory distress from cor pulmonale [10]. Here in this paper, 
we do not address efficiency and clinical utility of RBCX 
in thalassemia; the case series is not an appropriate study 
for that. Rather, we suggest that if individualized decision 
is made to pursue RBCX in these patients, one can safely 
utilize the RBCX parameters discussed here in the article to 
comply with internation guidelines [7].

This case series found that when higher hematocrit targets 
are used for RBCX, complication rates are low, RBC alloan-
tibody formation is not increased, ferritin levels are stabilized 
or decreased, and time in between transfusions is increased. 
These findings contrast with a recent study suggesting no util-
ity for RBCX in place of simple transfusions for the same type 
of TDT [11]. Our approach differs significantly in that the 
previous study used RBCX hematocrit levels appropriate for 
SCD. We believe that the different outcomes are due to the 
use of higher hematocrit RBCX targets appropriate for the use 
of thalassemia, providing the dual benefit of suppressing inef-
fective erythropoiesis and partially removing old, previously 
transfused erythrocytes to control iron overload.

The observed ferritin levels in all patients show an overall 
downward trend, though not statistically significant, despite 
increased blood utilization. It is also notable that patient C, 
who experienced chelation-related nephrotoxicity, was able to 

Table 2.  Mean Ferritin Levels, Blood Utilization, and Transfusion Intervals for Each Patient

Patient
Mean ferritin 
pre-RBCX (1 
year prior)

Mean ferritin 
post-RBCX 
(1 year post)

Differ-
ence in 
ferritin

Blood utili-
zation pre-
RBCX (mL)

Blood utili-
zation post-
RBCX (mL)

Simple transfu-
sion interval 
(weeks)

RBCX transfu-
sion interval 
(weeks)

A 6,530 1,382 5,148 4,200 5,625 2 4
B 1,220 880 340 2,400 8,100 4 5
C 1,076 633 443 1,200 5,200 3 5
D 2,503 2,118 385 1,800 7,700 4 6
E 2,718 1,282 1,436 1,500 4,900 3 5

Mean serum ferritin decreased for the five patients once transitioned to chronic RBCX. Blood utilization (mL) increased on chronic RBCX while trans-
fusion intervals (described in weeks) increased. RBCX: red blood cell exchange.

Figure 1. Serum ferritin level trends pre- and post-transition to RBCX. Serum ferritin levels were trended for patients at 3-month 
intervals which showed ferritin stability or improvement as patients continued RBCX. RBCX: red blood cell exchange.
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discontinue chelation entirely and manage iron overload with 
RBCX alone, achieving reduced ferritin levels compared to 
pre- RBCX values. Our experience can potentially support the 
use of RBCX to stabilize iron overload and offers a potentially 
novel option for patients who are refractory to or intolerant of 
chelation therapy. We hypothesize that the mechanism of iron 
overload stabilization via RBCX is by removing senescent au-
tologous or previously transfused cells from circulation before 
they can be taken up by reticuloendothelial macrophages and 
add to the iron deposits.

We demonstrate that RBCX can be considered safe and 
has a possibility to be an effective management for TDT with 
iron overload, offering the additional benefit of reduced pro-
cedure burden. A drawback to this approach is the increased 
blood utilization, which if broadly applied to patients with 
TDT, could present supply challenges. This needs to be taken 
in the account, especially if the treating institution experiences 
frequent “blood shortages”. We also understand that the results 
of this case series are based on a small number of patients and 
need to be interpreted with caution hoping that additional data 
in the future will be able to clarify the clinical efficacy of this 
approach.
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