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INTRODUCTION

Summary

Delayed haemolytic transfusion reaction (DHTR) is a life-threatening haemolytic
anaemia following red blood cell transfusion in patients with sickle cell disease,
with only scarce data in children. We retrospectively analysed 41 cases of DHTR
in children treated between 2006 and 2020 in a French university hospital. DHTR
manifested at a median age of 10.5 years, symptoms occurred a median of 8 days after
transfusion performed for an acute event (63%), before surgery (20%) or in a chronic
transfusion programme (17%). In all, 93% of patients had painful crisis. Profound
anaemia (median 49 g/L), low reticulocyte count (median 140 x10°/L) and increased
lactate dehydrogenase (median 22391U/L) were observed. Antibody screening was
positive in 51% of patients, and more frequent when there was a history of alloim-
munisation. Although no deaths were reported, significant complications occurred
in 51% of patients: acute chest syndrome (12 patients), cholestasis (five patients),
stroke (two patients) and kidney failure (two patients). A further transfusion was
required in 23 patients and corticosteroids were used in 21 to reduce the risk of addi-
tional haemolysis. In all, 13 patients subsequently received further transfusions with
recurrence of DHTR in only two. The study affords a better overview of DHTR and
highlights the need to establish guidelines for its management in children.
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Sickle cell disease (SCD), a frequent inherited disease world-
wide, leads to the production of abnormal haemoglobin S
(HbS), which causes vaso-occlusion, haemolytic anaemia,
inflammatory state and chronic vascular injuries.! Despite
broad use of hydroxycarbamide and the development of

© 2022 British Society for Haematology and John Wiley & Sons Ltd.

news drugs,z’3 red blood cell (RBC) transfusion is essen-
tial to manage certain complications of SCD in children,
including acute chest syndrome (ACS), acute splenic se-
questration or cerebral vasculopathy. Delayed haemolytic
transfusion reaction (DHTR) is a rare and potentially
life-threatening complication leading to destruction of
both transfused and autologous RBCs. It is characterised
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by severe haemolytic anaemia with Hb levels below pre-
transfusion levels and inappropriately low reticulocyte
counts, usually within 6-10days after RBC transfusion.*
The incidence in patients with SCD ranges from 4% to 7%
after ABO Rhesus (Rh) Kell-matched RBC transfusion.* ¢
Most studies have described DHTR in adult patients and
only a few small paediatric cohorts have been reported.®™
DHTR manifests as painful crisis (PC) and haemolysis with
dark urine and jaundice.>”'* DHTR is frequently followed
by an ACS, kidney or liver failure and an increased risk
of mortality (~10%).%” Several risk factors for DHTR have
been identified in a prospective study in adults, and include
history of DHTR, alloimmunisation or low number of RBC
transfusions.” Antibody screening is positive in 50%-60%
of cases,>”'” frequently with antibodies of unclear signifi-
cance.”!” Although the pathophysiology is not fully under-
stood, identification of alloantibodies suggests involvement
of the immune system® and complement activation.'"
According to recently published guidelines,'” if anaemia is
well tolerated, RBC transfusion should be avoided due to
the risk of exacerbating haemolysis. Immunomodulatory
treatment, including corticosteroids (CSs), intravenous
polyvalent immunoglobulins (IVIGs), rituximab and/or
eculizumab, should be considered especially if RBC trans-
fusion is required. In this retrospective single-centre study,
we describe the clinical and laboratory features of DHTR in
41 children with SCD, with a focus on management, as only
scarce data are reported in children.

METHODS

All children with SCD experiencing DHTR and treated at
Robert Debré University Hospital in Paris, a tertiary centre
with intensive care unit, between January 2006 and May
2020, were consecutively included in this retrospective study.

Definition

A DHTR was defined as: (i) anaemia with Hb equal to or
below the Hb level immediately before the triggering RBC
transfusion and, (ii) onset of symptoms within 3-30days
after the triggering RBC transfusion and, (iii) presence of
symptoms including asthenia, PC affecting >one bone," dark
urine and/or jaundice, and (iv) with or without the devel-
opment of antibodies against RBCs.*!> Complicated DHTR
was defined as the occurrence of at least one of the follow-
ing complications after the diagnosis of DHTR: (i) stroke; (ii)
ACS, defined as respiratory symptoms with new infiltrates
on chest X—ray16; (iii) kidney failure, i.e., increased plasma
creatinine >26.5pumol/L or >1.5-fold above baseline'’; (iv)
heart failure with left ventricular ejection fraction <50%; (v)
severe cholestasis, i.e., elevated total bilirubin >100 pmoL/L
with conjugated/total bilirubin >50% or liver failure with
a prothrombin time of <50% below normal in the absence
of vitamin-K deficiency. Acute splenic sequestration was

defined as acute anaemia with increased spleen size and
thrombocytopenia.'®

Transfusion protocol

All patients received phenotypically cross-matched RBC
transfusions compatible for ABO, Rh (D, C, E, ¢, e) and Kell
blood antigens. Patients with a history of alloimmunisation
received extended phenotype (EP) RBC transfusion matched
to the antibody specificity and to other immunogenic com-
mon antigens such as Duffy (Fya, Fyb), JK (Jka, Jkb), and
MNS (Ss).

Data collection

The data collected from medical records included sociode-
mographic and SCD characteristics, DHTR features (clinical
symptoms, laboratory features, complications), acute man-
agement and DHTR recurrence during follow-up.

Blood groups, antibody screening by direct and indi-
rect antiglobulin tests and antibody identification by indi-
rect antiglobulin test and enzyme technique (papain) were
retrospectively collected from the French Blood Agency
(EFS). The RBC panel was produced by National Blood
Service Reagents (CNRGS, Paris, France) and Diamed
(ID-Diapanel).

Statistical analysis

Quantitative variables are expressed as median and first and
third quartile (Q1-Q3) and qualitative variables as numbers
and frequencies (%). Pearson's chi-squared test using R soft-
ware (Version 4.2.0) was used to compare frequencies, with
a p<0.05 considered as statistically significant.

The study obtained a positive opinion (N°IRB00006477)
from the local Ethics Committee and complied with the
General Data Protection Regulation (N°20200721093713).
Parents and patients were informed in writing and oral con-
sent was collected.

RESULTS

Baseline characteristics before DHTR
occurrence

During the study period, 41 children with SS/S0 SCD were
treated in our hospital for DHTR and were included, rep-
resenting a prevalence of DHTR of 5% in SS/SPO children
transfused in the Robert Debré Hospital cohort. Baseline
characteristics are presented in Table 1 and Table S1. Four
patients (10%) had glucose-6-phosphate dehydrogenase defi-
ciency. All patients had already received RBC transfusion for
acute events before the transfusion associated with DHTR,
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TABLE 1 Baseline characteristics before delayed haemolytic
transfusion reaction occurrence in the 41 patients

Characteristic Value

Baseline characteristics before DHTR occurrence

Age at DHTR, years, median (Q1-Q3) 10.5 (7-15)
Female, n (%) 24 (59)
G6PD deficiency (n = 40), n (%) 4(10)
Baseline Hb, g/L (n = 40), median (Q1-Q3) 75 (70-85)
Born in Africa, n (%) 11 (27)
RBC transfusion in Africa, n/N (%) 6/11 (55)
Hydroxycarbamide treatment®, n (%) 12 (29)
Splenectomyb, n (%) 4 (10)

Past RBC transfusion history before DHTR occurrence, median

(Q1-Q3)

Number of RBC transfusions received 3(2-6)

Number of RBC units received 4(2-9)

Age at first RBC transfusion 4(2-7)

Indication for RBC transfusion, n/N (%)

Acute events® 35 (85)
Acute events and chronic transfusion 6 (15)
programme?

History of alloimmunisation, 7 (%) 11 (27)
With >1 classical antibodies® 9/11 (82)
With >1 other antibodies’ 6/11 (55)
With >1 auto-antibodies 2/11 (18)
Number of antibodies, n (%)

1 2/11 (18)
2 5/11 (46)
3 3/11 (27)
4 1/11 (9)

Abbreviations: DHTR, delayed haemolytic transfusion reaction; G6PD, glucose-6-
phosphate dehydrogenase; Hb, haemoglobin; RBC, red blood cell.

“For repeated painful crisis, acute chest syndrome and/or low baseline Hb.

®For repeated acute splenic sequestration.

“For acute anaemia, painful crisis or acute chest syndrome.

dFor cerebral vasculopathy, painful crisis despite hydroxycarbamide use or acute
splenic sequestration.

“Classical’ antibodies, known to be pathogenic: anti-Rh (three of 11 patients), anti-
Fya (one of 11), anti-Jkb (three of 11) or anti-S (five of 11).

“Other antibodies are antibodies not known to be pathogenic (anti-Lea/Leb: three
of 11 patients, anti M: one of 11) or directed against high frequency RBC antigens
(anti HI: one of 11 patients) and/or antibodies of unknown specificity (AUS, three
of 11 patients).

and six patients (15%) were also included in a chronic RBC
transfusion programme. In all, 11 patients (27%) had a his-
tory of alloimmunisation, nine of whom developed at least
one alloantibody known to be pathogenic. The other two de-
veloped only antibodies against Lewis antigens.

DHTR features

The DHTR features are presented in Table 2 and Table S1.
An inflammatory context (acute event, surgery) was
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present at the time of the triggering RBC transfusion or a
few days after in most patients (83%). In the seven patients
who had DHTR while on a chronic RBC transfusion pro-
gramme, DHTR after 1 or 2months in three patients and
after 12-36 months in the other four. Almost all patients
displayed PC (93%), requiring morphine (76%) and keta-
mine adjuvant treatment (45%), and three patients also had
acute splenic sequestration. The median nadir of Hb was
49 g/L. HbA levels were available for 15 patients and were
consistently low (median 8%), reflecting loss of transfused
RBCs. No deaths were reported. Complications occurred
in 21 patients (51%), including ACS (29%), severe choles-
tasis (12%), kidney failure not requiring dialysis (5%) and
stroke (5%).

Immunohaematological features are summarised in
Figure 1. During DHTR, patients with a history of al-
loimmunisation more frequently developed antibodies
than patients without previous alloimmunisation (82%
vs. 40%, p = 0.017). In all, 62% of patients who developed
antibodies (13/21 patients) developed more than one: two
antibodies (eight patients), three antibodies (three) or
more than four antibodies (two). Partial antigens in RHD
and RHCE gene loci were tested in 15 patients (37%) and
were identified after DHTR by molecular analysis in four
patients, two of whom developed antibodies associated
with these partial antigens and one who also developed
other classical antibodies. Of note, 17 patients out of 38
(45%) had a positive direct antiglobulin testing, mostly
with immunoglobulin G (Table 2).

Initial management of DHTR

Initial management of DHTR is described in Figure 2 and
Table S1. In all, 25 patients (61%) were admitted to the in-
tensive care unit. Six patients (15%) did not receive any
treatment and reached Hb levels 270 g/L in 2-14days (4/6
patients) after onset of symptoms. RBC transfusion was
required in 23 patients (56%) due to poorly tolerated anae-
mia, including seven patients transfused twice for poor RBC
transfusion yield. RBCs were either EP-RBCs in 17 patients
(74%) or phenotypically cross-matched RBCs compatible for
ABO, RH and KEL antigens in six patients (26%). RBC trans-
fusion was less frequent in the latter years of the study, 14 out
of 18 DHTRs (78%) occurring before 2013 and nine out of 23
(39%) after 2013. DHTR management included erythropoi-
etin (EPO; 22 patients [54%]), CSs (21 [51%)]), rituximab (six
[15%]), IVIGs (three [7%]) and eculizumab (two [5%]). CSs
were always used with RBC transfusion, including three pa-
tients in whom they were used after the failure of a first RBC
transfusion without CSs. CSs were used either with (9/21
patients) or without (12/21 patients) other immunomodula-
tory drugs and were usually administered as an intravenous
bolus at a dose of 2mg/kg/day (maximum 80 mg/day), fol-
lowed by progressive oral CSs tapering over 10-15 days, with
median 11.5days after 2013. Rituximab was used in associa-
tion with CSs and RBC transfusion (5/6 patients), mainly for
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TABLE 2 Delayed haemolytic transfusion reaction features

Variable

Triggering RBC transfusion, 7 (%)
Acute event®
Preoperative RBC transfusion”
Chronic RBC transfusion programme®
Clinical features

Timeframe between triggering RBC
transfusion and onset of symptoms,
days, median (Q1-Q3)

Fever (n = 40), n (%)
Painful crisis, n (%)
Requiring morphine, 7/N (%)
Requiring ketamine, n/N (%)
Clinical jaundice, n (%)
Dark urine, n (%)
Acute splenic sequestration, # (%)
Complications during DHTR, 7 (%)
Death
Acute chest syndrome
Requiring non-invasive ventilation
Severe cholestasis
Acute kidney failure
Stroke

Length of hospital stay, days, median
(Q1-Q3)
Laboratory features

Nadir of haemoglobin, g/L, median
(Q1-Q3)

Loss of haemoglobin, g/Lc1 (n=37),
median (Q1-Q3)

Haemoglobin A, % (n = 15), median
(Q1-Q3)

Nadir of reticulocyte count, x10°/L,
median (Q1-Q3)

Nadir of platelet count, x10°/L, (n = 40),
median (Q1-Q3)

Maximum of leucocyte count, x10°/L,
median (Q1-Q3)

Plasma lactate dehydrogenase, IU/L
(n = 33), median (Q1-Q3)

Total bilirubin, pmol/L (n = 40), median
(Q1-Q3)

Conjugated bilirubin, pmol/L (1 = 38),
median (Q1-Q3)

Plasma AST, iu/L (n = 40), median
(Q1-Q3)

Plasma ALT, iu/L (n = 40), median
(Q1-Q3)

Nadir of prothrombin time, % of control

value (n = 29), median (Q1-Q3)

C-reactive protein, mg/L, median

(Q1-Q3)

Value

26 (63)
8 (20)
7 (17)

8 (6-10)

25 (62)

38 (93)
29/38 (76)
17/38 (45)
39 (95)

21 (51)
3(7)

0

12 (29)
7/12 (58)
5(12)

2 (5)
2(5)

11 (7-18)

49 (37-57)

47 (32-57)

8(2-18)

140 (104-230)

231 (166-335)

23.9 (16.6-29.62)

2239 (1382-3240)

91 (66-147)

18 (11-57)

108 (79-187)

44 (27-74)

65 (55-71)

125 (45-241)

TABLE 2 (Continued)

Variable Value
Nadir of natraemia, mmol/L, median 134 (131-136)
(Q1-Q3)
Positive direct antiglobulin test® (n = 38), 17 (45)
n (%)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase;
DHTR, delayed haemolytic transfusion reaction; RBC, red blood cell.

*For painful crisis or acute chest syndrome.
bCholecy’stectomy (five patients), tonsillectomy (three).

“Abnormal transcranial Doppler ultrasound without cerebral stenosis (four
patients), low baseline haemoglobin (two), frequent painful crisis (one).

dBetween haemoglobin level post-RBC triggering transfusion and nadir of
haemoglobin during DHTR.

“Positive for immunoglobulin G (12/17 patients), positive for complement C3d (one
of 17) and positive for both (four of 17).

a second RBC transfusion (4/6 patients). IVIGs were used
with CSs and RBC transfusion (2/3 patients), including one
patient with a second RBC transfusion. Eculizumab was
used in two patients after 2018 always with RBC transfusion,
CSs and EPO: one with profound anaemia (Hb 27 g/L) and
one with severe cholestasis.

Evaluation of RBC transfusion yield

In the absence of quantification of HbS/HbA in all patients,
we used a ‘practical’ definition of RBC transfusion yield. We
defined efficient RBC transfusion yield as an increase in Hb
concentration of >20 g/L, for at least 21 days, with no need for
a second RBC transfusion and with no clinical signs of hae-
molysis (dark urine, jaundice). Poor transfusion yields were
observed in 61% of patients (14/23 patients) for the first RBC
transfusion, including 80% of patients transfused with no
immunomodulatory treatment (4/5 patients), 55% of patients
treated with CSs (10/18 patients) and no patients treated with
eculizumab. Five of the six patients transfused with non-EP-
RBCs had a good transfusion yield: they had received CSs
and one of whom had also received eculizumab. All seven
patients requiring a second RBC transfusion received CSs
and EP-RBCs, as well as rituximab (4/7 patients), and three
of the patients also underwent emergency total splenectomy
for concomitant acute splenic sequestration. Efficient RBC
transfusion yields were observed in all three patients who
underwent splenectomy (two also receiving rituximab) and
in one patient on rituximab alone. The course of individual
Hb concentrations after DHTR is provided in Figures S1-S3.
Overall immunomodulatory treatments and EPO were well
tolerated in most patients; however, two patients who re-
ceived CSs for >3 months experienced PC. Moreover, stroke
occurred in two patients without clinical sequelae. One had
reversible cerebral vasoconstriction syndrome in the absence
of underlying vasculopathy and in the context of a sudden
and major increase in Hb from 27 to 114g/L after eculi-
zumab. In the other patient, stroke revealed undiagnosed
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History of
alloimmunization
n=11/41 (27%)

No history of
alloimmunization
n =30/41 (73%)

Negative antibody
screening after DHTR
n=2/11(18%)

Positive antibody
screening after DHTR
n=9/11 (82%)

Negative antibody
screening after DHTR
n =18/30 (60%)

Positive antibody
screening after DHTR
n=12/30 (40%)

Classical antibodies: n = 6/9 patients

Anti-S (n=4), anti-Jkb (n=3), anti-Fya (n=2), anti-M (n=2), anti-
C(n=1), anti-E (n=1)

Auto antibodies: n = 2/9 patients
Auto-antibodies (n=3)

Other antibodies: n = 7/9 patients
Antibodies of unknown specificity (n=4)

Classical antibodies: n = 9/12 patients

Anti-Jkb (n=4), anti-Fya (n=2), anti-Kell (n=1), anti-S (n=1),
anti-C (n=2), anti-e (n=1), anti-M (n=1)

Auto-antibodies: n = 1/12 patients
Auto-antibodies (n=1)
Other antibodies: n = 5/12 patients

Antibodies of unknown specificity (n=2)
Antibodies not known to be pathogenic: anti-Lea (n=1), anti-

Leb (n=1)
Antibodies against high-frequency antigens: anti-HI (n=1)

Antibodies not known to be pathogenic: anti-RH22 (n=1)

Antibodies against low- (anti-RH20: n=1, anti-Kpa: n=1) or
high- (anti-Jsb: n=1) frequency antigens

FIGURE 1 Immunohaematological parameters before and after delayed haemolytic transfusion reaction (DHTR). Red blood cell (RBC) antibody
screening by indirect antiglobulin test

DHTR
n=41

[ ]
15t RBC transfusion No RBC transfusion
n =23/41 (56%) n = 18/41 (44%)
T

Efficient RBC transfusion yield?!
n=9/23 (39%)

No treatment: n = 6/18

Poor RBC transfusion yield EPO alone: n = 10/18

n =14/23 (61%)

IM treatment + EPO: n = 2/18

No IM treatment: n = 4/14
EPRBCn=3;nonEPRBCn=1
with EPO, n=1

Corticosteroids alone: n = 8/14

No IM treatment: n = 1/9
EPRBCn=1

Corticosteroids alone: n = 6/9
EPRBCn=2;nonEPRBCn=4

Rituximab n =1, IVimmunoglobulins n = 1

EPRBCn =8 Eculizumab + corticosteroids + EPO: n = 2/9
with EPO, n=3
EPRBCn=1;non EPRBCn =1
Corticosteroids + EPO + other: n = 2/14
EPRBCn=2

Rituximab n = 1, IVimmunoglobulins n = 1

— Corti oids + spl y +ri b: n =2 (with EPO, n=1)

Efficient RBC transfusion yield?! Corti oids +
n=14/7 (57%) ' P
— Corticosteroids + rituximab: n =1

| y:n=1

2d RBC transfusion
n=7/14

IM: immunomodulatory
EPO: erythropoietin
EP RBC: extended phenotype
red blood cell transfusion

— Corticosteroids alone: n =1

Poor RBC transfusion yield
n=3/7 (43%)

EPRBCn =7 Corti oids + IV i lobulins: n=1

“— Corticosteroids + rituximab + EPO: n = 1

FIGURE 2 Initial management of delayed haemolytic transfusion reaction (DHTR). 'Increase in haemoglobin concentration of >20g/L for >21 days
with no second transfusion and without clinical sign of haemolysis

cerebral vasculopathy with tight stenosis of the right intra- ~ Long-term follow-up after DHTR
cavernous carotid artery 1 day after CSs treatment and RBC
transfusion followed by rapid haemolysis of the transfused

RBCs.

The median (Q1-Q3) follow-up after DHTR was 3.7 (2-
7) years, with 18 patients having reached adulthood.
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Hydroxycarbamide was introduced or continued in all pa-
tients except five due to parental refusal. Two patients with
matched sibling donors underwent haematopoietic stem cell
transplantation (HSCT) preceded by exchange transfusion
with EP-RBCs, rituximab and CSs. During later follow-up, 13
patients (32%) required RBC transfusion for an acute event in
eight (PC, ACS) or planned RBC transfusion in five (HSCT,
2/5 patients; cholecystectomy, 1/5 patient; parotidectomy, 1/5
patient; chronic RBC transfusion programme, 1/5 patients).
Overall, 12 of the patients received CSs and EP-RBCs, and six
also received rituximab, including all five patients with planned
RBC transfusion. Only two patients had recurrence of DHTR
(15%): one after RBC transfusion for ACS despite CSs treat-
ment and one during an RBC transfusion programme before
HSCT despite four injections of rituximab. HSCT was post-
poned, and the patient received azathioprine and sequential
rituximab, which led to successful HSCT 2 years later. Of note,
one patient in a chronic RBC transfusion programme for cer-
ebral vasculopathy is currently receiving cross-matched RBCs
phenotypically compatible for ABO, Rh and Kell antigens, with
no recent immunomodulatory treatment 10years after initial
DHTR and with no recurrence of DHTR.

DISCUSSION

This study, describing 41 children with SCD with DHTR,
is the largest paediatric cohort of this rare complication.®™°

In most patients, DHTR occurred in an inflammatory
context, such as acute events or surgeries, as described in
the literature.” ®'° Nonetheless, in 17% of patients, DHTR
occurred within a chronic RBC transfusion programme,
with no inflammatory event. However, these patients were
at their first or second transfusion in the chronic protocol.
Therefore, DHTR should not be overlooked at protocol initi-
ation and the use of RBC transfusion before cholecystectomy
should be discussed.

Contrary to adult cohorts, we reported no deaths and fewer
complications, likely attributable to less underlying chronic
organ damage in children compared to adults.” However, we
also reported several as yet undescribed complications such
as stroke and acute splenic sequestration, both of which are
‘classical’ complications of SCD in children.'®' Specifically,
acute splenic sequestration increases anaemia due to RBC
trapping, making DHTR diagnosis more challenging.'®
Marked haemolysis, low reticulocyte counts, positive RBC
antibody screening and, more importantly, the context of re-
cent RBC transfusion should suggest DHTR. In children with
SCD, stroke can occur due to cerebral vessel stenosis and/or
poor arterial vessel adaptation and can be aggravated by pro-
found anaemia. On the other hand, increased blood viscosity
with a rapid rise in Hb can also lead to stroke.'® This issue,
avoiding both profound anaemia and rapid correction of Hb,
is illustrated by our two patients with stroke.

Monitoring HbA and HbS levels is extremely useful
for DHTR diagnosis, using the nomogram established by
Mekontso Dessap et al.,”’ with a drop in HbA and a sharp

rise in HDbS levels reflecting destruction of transfused
RBC. Unfortunately, this monitoring was available in only
a few patients in our cohort, in line with a study recently
published."’

We reported previous alloimmunisation in 27% of the
patients, which is lower than reported in other cohorts
(40%-60%).°">!° This could be due to the young age of the
patients and/or to failure to identify antibodies if RBC anti-
body screening was not performed at the proper time. Half
of the patients developed antibodies after DHTR, most of
whom had a history of alloimmunisation, and they often
developed several antibodies with at least one ‘classical
antibody’, as previously described.'® These data are con-
sistent with a ‘high responder’ phenotype described in the
literature, with a high risk of alloimmunisation after RBC
transfusion.”! Polymorphisms of genes involved in immune
response are believed to partially explain this phenotype.** ™
Importantly, absence of antibodies was frequent (49%) and
should not exclude the diagnosis of DHTR. A recently pub-
lished study showed that late screening up to 3 months after
the occurrence of DHTR could identify antibodies that were
not detected at the onset of DHTR.'” These antibodies need
to be taken into account for future transfusion to avoid im-
mune reactivation.® These data regarding antibody screen-
ing tests and monitoring of HbA levels, advocate in favour of
the need to establish standardised guidelines for the moni-
toring of patients with SCD after RBC transfusion, as well as
for establishing a national transfusion database for patients
with SCD.?® Partial antigens in RHD and RHCE loci are
frequent in people of African origin.”’ In our cohort, very
few patients had screening for partial antigens; however, the
relevance of antibodies against missing epitopes of a partial
antigen in the pathogenesis of DHTR is questionable, espe-
cially if multiple antibodies are present.””*® Nonetheless,
systematic RBC genotyping in patients with SCD should be
considered, especially in patients transfused in Africa, where
phenotyped RBC transfusions are frequently unavailable.

Recent guidelines are primarily based on expert opin-
ions and case reports.*'> RBC transfusion during DHTR
is not recommended to avoid haemolysis exacerbation.
In our cohort, 56% of the patients received RBC transfu-
sions for poorly tolerated anaemia or undiagnosed DHTR,
particularly in cases during the initial study period. As
reported, RBC transfusion yield was often poor despite
extensive use of EP-RBCs and associated immunomodula-
tory treatments.®”'° If RBC transfusion is needed, recom-
mended first-line treatments are CSs and/or IVIGs," and
CSs were mostly used in our centre. Although our study is
retrospective, some important elements concerning acute
management of DHTR should be highlighted. First, RBC
transfusion yield was almost always poor in the absence of
immunomodulatory treatment (4/5 patients), suggesting
that this management strategy is not safe if RBC transfu-
sion is required. Moreover, half of the patients transfused
with CSs had efficient yield, and CSs were well tolerated
for short regimens. Side-effects were only observed in the
first cases in our study where CS use was prolonged based
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on the protocol for management of acute haemolytic au-
toimmune anaemia. This suggests that CSs are both safe
and effective in association with RBC transfusion in line
with a recent study.10 Eculizumab, a monoclonal anti-
body blocking complement activation, is recommended
for severe forms of DHTR and its use for milder form is
currently debated.*'>? It was successfully used in two se-
vere patients. However, one patient presented a sharp rise
in Hb followed by onset of stroke, probably partially due
to hyperviscosity. Hb concentrations should therefore be
closely monitored after eculizumab use. Guidelines have
suggested that rituximab use in the initial phase of DHTR
can prevent the formation of additional antibodies if RBC
transfusion is required.'” Rituximab has also been used
successfully to prevent the occurrence of DHTR in adult
patients with a history of either DHTR or RBC alloim-
munisation.’>”! In our cohort, although some patients
had efficient RBC transfusion yields with rituximab, they
also required concomitant splenectomy making the spe-
cific effect of rituximab difficult to analyse. When acute
splenic sequestration occurs, emergency splenectomy
seems to be a reasonable option to control anaemia. The
use of immunomodulatory treatments in the absence of
RBC transfusion to reduce haemolysis of both transfused
and autologous RBCs is debated."” In these patients, the
use of EPO to support haematopoiesis could be beneficial,
although there is no consensus on administration modal-
ities."” In our cohort, patients most often received one or
two subcutaneous injections. EPO was very well tolerated
and should therefore be used early, especially in patients
with inadequate reticulocytes count or if the Hb concen-
tration is <70 g/L.

Lifelong restriction of RBC transfusion use after DHTR isa
matter of debate. If required, it should be discussed with both
haematologists and blood experts. In our study, RBC transfu-
sions after DHTR were well tolerated with a rate of recurrence
of DHTR lower than in other published cohorts.>”!° In our
cohort, we used almost exclusively EP-RBCs and immuno-
modulatory treatments such as CSs and rituximab, including
in patients with negative antibody screening. This might ex-
plain this lower rate of DHTR recurrence.

In conclusion, we report a large cohort of children with
DHTR in a French SCD reference centre and our experi-
ence of acute management. DHTR should be suspected in
patients with SCD if an acute event occurs during the month
after RBC transfusion. Although less severe than in adults,
DHTR in children can be associated with specific complica-
tions such as stroke and acute splenic sequestration. EP-RBC
transfusion with a short course of CSs may be a reasonable
option if anaemia is poorly tolerated or if complications
arise, highlighting the need for standardised management
guidelines.
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