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Abstract: In patients with sickle cell disease (SCD), transfusions pose risks like delayed hemolytic
transfusion reaction (DHTR) and hyperhemolytic syndrome (HHS). We present the case of a 61-year-
old Nigerian male patient with SCD, developing hyperhemolytic syndrome (HHS) post-orthopedic
surgery due to alloimmunization from blood transfusions. Surgery induced massive hemorrhage,
requiring RBC transfusions. Postoperatively, he developed HHS with jaundice, hemoglobinuria, and
fever. Despite additional transfusions, his condition worsened, leading to hematological consultation
on postoperative day +9. Laboratory findings showed positive DAT and multiple alloantibodies.
The diagnosis of HHS was established and treatment involved high-dose methylprednisolone, intra-
venous immunoglobulin (IVIG), and erythropoietin. The patient was discharged on postoperative
day +24 with stable hemoglobin levels, tapering doses of methylprednisolone, and continuous admin-
istration of hydroxyurea prescribed. HHS pathogenesis involves extensive intravascular hemolysis,
exacerbated by alloimmunization. Diagnostic challenges and therapy selection complexity under-
score the need for cautious transfusion strategies in HHS, reserving them for hemodynamic instability
or hypoxia. This case highlights promptly recognizing and managing HHS in SCD for improved
outcomes and avoiding unnecessary transfusions.

Keywords: sickle cell disease; delayed hematological transfusion reaction; hyperhemolytic syndrome;
transfusion; hemolysis; alloimmunization

1. Introduction

Sickle cell disease (SCD) is an autosomal-recessive clinical syndrome affecting millions
of people worldwide. It is caused by the homozygous form of hemoglobin S (HbS) due
to a point mutation in the beta-globin chain causing a gain of function mutation in the β

globin gene. HbS forms long polymers in the deoxygenated form; these semisolid HbS
aggregates are formed in the blood vessels, causing red blood cells (RBC) to become less
elastic, leading to the accumulation of rigid cells. This leadsto thrombosis and consequent
tissue ischemia. The rate of polymerization is proportional to the HbS concentration.

In parallel, the altered morphology of RBCs makes them less resistant to shear stress,
causing constant hemolysis and consequently, chronic anemia. The chronic hemolysis
causes increased plasma viscosity; this, together with the rigidity of the red blood cells
due to HbS polymerization and dehydration, leads to reduced blood flow through the
capillaries [1]. Vaso-occlusion is also enhanced by the interactions between the highly
expressed adhesion molecules on immature erythrocytes and endothelial cells [1]. It
is established that vaso-occlusive crisis (VOC) is initiated by hypoxia, stress, infection,
dehydration, and acidosis; thus, inflammatory cells are also activated in SCD, leading to
the activation of the endothelium. Moreover, it was shown previously that the activation
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of coagulation pathways also contributes to vaso-occlusion [2]. The rate of hemolysis
is usually stable between crises, but patients with a higher rate of hemolysis are more
likely to develop organ dysfunction and vascular stiffness, and the hemolysis itself causes
endothelial dysfunction. Hb is degraded to heme and heme iron which activate the
innate immune system. The products of hemolysis are also considered damage-associated
molecular patterns (eDAMPs), which lead to sterile inflammation in SCD patients [1].

SCD patients have various clinical manifestations that also differ in severity. The
most common symptoms are recurrent episodes of pain due to VOC, fatigue, anemia, and
increased sensitivity to infection (encapsulated bacteria) because of functional asplenia.
Moreover, patients could have acute chest syndrome with fever, cough, angina-like pain,
dyspnea usually caused by infection, fat embolism, and pulmonary infarction. Patients,
especially children have an increased risk of stroke. Besides these symptoms, long-term
complications are renal dysfunction, retinopathy, avascular necrosis, cholecystitis, skin
ulcers, and dactylitis. Aplastic crisis can occur due to Parvovirus B19 infection causing
splenic sequestration crisis, an acute painful enlargement of the spleen causing a sudden
drop in hemoglobin level [3,4].

The treatment of the disease intends to minimize severe pain, hydration, and trans-
fusions [3]. Transfusions remain a mainstay of supportive therapy, despite the increased
risk in patients with SCD [5,6]. Acute transfusion is recommended in symptomatic anemia.
Based on a previous pilot randomized study [7], there were no advantages of the use of
transfusion on opiate use or total stay in hospital. In patients with acute ischemic stroke,
acute chest syndrome exchange transfusions improve healing [5].

Chronic transfusion significantly reduces the risk of stroke by 90% in children with
transcranial Doppler (TCD) velocities [8]. The goal of treatment is to reserve a HbS level
below 30%; in younger patients, transfusions are recommended every 3–4 weeks, and in
adults, exchange transfusions can be used [5]. Hydroxycarbamide treatment was shown to
be as effective as transfusion for primary stroke prevention in children with abnormal TCD
(TWiTCH trial) [9]. Alloimmunization is a significant challenge in SCD patients [5].

Delayed hemolytic transfusion reaction (DHTR) occurs in about 4% of adult patients
receiving occasional transfusions [10]. DHTR is an umbrella term, primarily caused by RBC
alloimmunization due to differences in blood groups between donors of Caucasian origin
and recipients of African ancestry [11]. However, many cases have been described in the
literature with no detectable antibodies, which raises uncertainty regarding the underlying
pathogenesis [12].

In DHTR, hemolysis occurs between 24 h and 21 days after the last transfusion.
However, it is hard to differentiate between other acute complications of SCD, but it has to
be considered if the worsening of hemolysis is occurring immediately after the transfusion.
Acute hemoglobinuria or the detection of new alloantibodies confirms the diagnosis. The
direct or indirect antiglobulin (DAT) test could be positive or negative [5]. Based on
previous reports, the occurrence of severe DHTR is 11.5–16% with ABO and Rh matching,
while it is 4–7% in Rh and K matching [6]. The mortality of severe DHTR is high, accounting
for 4.2% of all causes of death in patients with SCD [6].

The most severe form of DHTR is hyperhemolysis or hyperhemolytic syndrome
(HHS), which clinically presents with fever, acute pain, and jaundice. In HHS, there is an
acute increase in total bilirubin and/or lactate dehydrogenase (LDH) levels, a decrease in
hemoglobin levels following RBC transfusion, and acute reticulocytopenia followed by
marked reticulocytosis [11]. HHS can be classified as acute and delayed forms; the acute
form occurs within 7 days of transfusion without alloantibody formation and the DAT test
is negative. The delayed form occurs later than a week, alloantibodies can be detected, and
the DAT test would be negative or positive [13].

The role of RBC transfusions in HHS is controversial [11–15]. Treatment of HHS is
avoiding the use of transfusions; if transfusions are still necessary, then premedication
with corticosteroids or intravenous immunoglobulin (IVIG) could be used. Based on the
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previous findings, in some case reports, HHS was treated with IVIG (0.5 g/kg/day for
5 days) and methylprednisolone 0.5 g/day for 2 days [16,17].

Herein, we present the case of a patient with SCD who developed HHS in the setting
of alloimmunization via RBC transfusion, after orthopedic surgery.

2. Case Report

We present the case of a 61-year-old male patient from Nigeria with a history of
sickle cell disease (c.20A > T; rs334 point mutation in the hemoglobin beta gene). He was
hospitalized because of several vaso-occlusive crises, and his history included several
uncomplicated blood transfusions. He was on hydroxyurea therapy for only a short,
6-month period. As a complication of his SCD, he developed bilateral avascular necrosis of
the femoral condyles, requiring bilateral total endoprosthesis (TEP) in 1996, and thereafter,
he had multiple revision procedures (in 2017 and 2019).

The patient was admitted to the Department of Traumatology, University of Debrecen,
for an elective left-hip TEP revision surgery. The surgery was performed on 20 December
2022, at which time, the hemoglobin (Hgb) level was 97 g/L (normal value: >130 g/L)
(Figure 1). During the surgery, a massive venous hemorrhage developed in the pelvic
region. The Hgb level dropped to 65 g/L and TEP implantation could not be performed.
Hemorrhagic shock emerged and four units of red blood cell (RBC) transfusions and two
units of fresh frozen plasma concentrates were administered due to a vital indication.
Blood-group serology testing was carried out two days before surgery and the test verified
six alloantibodies (anti-D, anti-C, anti-E, anti-Fya, anti-S, and anti-Jkb) at baseline, and the
direct antiglobulin test (DAT) was negative.
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Figure 1. Changes in hemoglobin levels and reticulocyte count in the peri-operative phase.

Considering the hemodynamic instability and the resulting need for combined high-
dose vasopressor therapy, his postoperative care commenced at the Intensive Care Unit
(ICU).

Under supportive therapy, his condition gradually improved; the Hgb level increased
to the preoperative level of 91 g/L, the need for vasopressor therapy was resolved, and
extubation could be performed. However, on the third day of ICU treatment (postopera-
tive day +3), the patient developed jaundice, hemoglobinuria, fever, and an elevation of
inflammatory markers. Hgb level decreased to 52 g/L, equivalent to a 43% reduction from
baseline. The possibility of recurrent hemorrhage was ruled out, and hepatic or post-hepatic
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causes of jaundice were also excluded. A marked elevation of LDH and indirect bilirubin
was explained by hemolysis (Figure 2).
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Figure 2. Changes in lactate dehydrogenase (LDH) enzyme and total bilirubin levels in the peri-
operative phase.

Based on laboratory and clinical parameters, the patient met the criteria for HHS; how-
ever, no consultation for hematology was considered at that time. The patient received an
additional five units of RBC transfusion, but his Hgb decreased further (35 g/L). Peripheral
smear revealed anisopoikilocytosis with numerous nucleated red blood cells, blister cells,
schistocytes, and only occasional sickle cells (due to hyperhemolysis, the occurrence was
reduced) (Figure 3).
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Figure 3. Peripheral smear of the patient showing anisopoikilocytosis with schistocytes (yellow
arrow), nucleated red blood cells (blue arrow), sickle cells (black arrow) (May–Grünwald–Giemsa
staining, 100× oil).

On postoperative day +9, a consultation for hematology was arranged, in which a
strong suspicion of HHS was raised and retrospectively established based on available
laboratory data and blood group serology. He was admitted to the Division of Hematology,
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Department of Internal Medicine, in a frail but hemodynamically stable condition. The new
serological blood testing carried out on day +9 confirmed the presence of the already known
six alloantibodies (anti-D, anti-C, anti-E, anti-Fya, anti-JKB, anti-S) and DAT positivity.

For the treatment of HHS, high-dose methylprednisolone (500 mg/day for 5 days,
equal to 8 mg/kg/day) and intravenous immunoglobulin (IVIG, 30 g/day for 5 days,
equal to 0.4 g/kg/day) were initiated. In addition, the patient received three doses of
erythropoietin (40,000 IU epoetin alpha, weekly). Methylprednisolone was gradually
tapered down to a dose of 0.5 mg/kg. Although the general condition improved moderately,
hemodynamic instability did not develop. A gradual increase in his hemoglobin level
stabilized on postoperative day +21, with a concomitant normalization of the reticulocyte
count (Figure 1). Blood products were not administered despite extreme anemia (39 g/L).

As a supportive treatment, the patient received thromboprophylaxis (enoxaparin
4000 IU/day) for immobilization. Although there were no signs of manifesting respiratory
tract infection, targeted meropenem treatment was administered considering the previous
mechanical ventilation, positive tracheal lavage cultures, and increased susceptibility
to infection.

The patient was discharged on postoperative day +24. To prevent recurrent HHS,
prolonged tapering of methylprednisolone from the dose of 0.5 mg/kg/day for 8 weeks,
and permanent hydroxyurea treatment (500 mg/day) were prescribed for continuous use.
Hematological control on day +38 revealed further improvement. No recurrent episodes
of HHS developed, and no transfusions were required within one year of diagnosis. The
patient is planning to undergo a repeated TEP replacement. The laboratory parameters of
the patient are summarized in Table 1.

Table 1. Laboratory results (Hgb—hemoglobin, LDH—lactate dehydrogenase enzyme, tBi—total bilirubin,
diBi—direct bilirubin, CRP—C-reactive protein, P+—postoperative days, NA—not performed.

Days Baseline P+ 1 P+ 3 P+ 9 P+ 11 P+ 16 P+ 24 P+ 38

Hgb (g/L) 97 65 52 39 35 67 77 81

LDH (U/L) 300 867 851 4221 2432 1329 799 642

tBi (umol/L) 39.8 NA 185.7 437.3 204 98.5 72.3 58.5

diBi (umol/L) 13.5 NA 86.1 249.8 170.9 82 60.1 41.3

CRP (mg/L) 4.4 NA NA 168 104 52 5.98

Haptoglobin (g/L) NA NA NA <0.1 <0.1 <0.1 <0.1 <0.1

Reticulocytes (G/L) NA NA 154 247 NA 50 49 155

3. Discussion

Hyperhemolysis or HHS, defined as transfusion-associated hemolysis with a rapid
decline in Hgb levels to below the pretransfusion level and an elevation in hemolysis
biomarkers (indirect bilirubin and LDH), is a potentially life-threatening reaction that
requires prompt intervention. The extensive intravascular hemolysis explains the severity
of the condition. The sudden release of large amounts of free heme (hemopexin, hemoxy-
genase) generates oxidative stress, which induces symptoms of vaso-occlusive crisis and
increases vascular endothelial cell damage. Simultaneously, the physiological protective
mechanisms against free heme become fulminant and the complement system, activated
through the classical or alternative pathways, generates extreme hemolysis via the mem-
brane attack complex. As a result, the red blood cells are destroyed as they are not only
sensitive to oxidative stress but also to the non-specific binding of activated complement
factors [11,18–21].

In our case, alloimmunization due to RBC transfusion necessitated by a hemorrhagic
condition led to the development of HHS. The acute hemolysis following the administra-
tion of blood products supports the diagnosis. Alloimmunization is a huge problem in
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patients who need long-term transfusions, especially in those SCD patients who are treated
in foreign countries. The red cell antigen profile of a Nigerian SCD patient is significantly
different from the donor population’s antigen profile in East-Central Europe [5]. This differ-
ence leads to new alloantibody and autoantibody formation. Our patient developed fever,
jaundice, elevation of inflammatory markers, and hemoglobinuria on postoperative day 3+,
developing acute hyperhemolytic crisis. Blood serology showed the same alloantibodies
seen previously before the surgery, but the DAT test became positive, highlighting the
autoimmune mechanism. During HHS, massive reticulocytosis was observed, which nor-
malized as the crisis resolved. Unfortunately, the baseline reticulocyte count is unavailable,
although its diagnostic value is debated [14], but on presentation, there were no signs of
hemolysis, so investigation of the reticulocyte level was not justified.

HHS is suspected when both transfused and autologous red blood cells are destroyed.
In HHS, the ratios of HbS and HbA both decrease concurrently after a transfusion, indi-
cating the lysis of autologous and transfused red blood cells [20]. In this case, the HbS
ratio at the peak of hemolysis (postoperative day +11) was 51.9% and the HbA ratio was
43.1%. The change in HbS ratio is unknown due to the absence of baseline data, but in
homozygous SCD, the HbS ratio is usually above 90%.

The exact mechanism of HHS is not established but there are different theories to
explain severe hemolysis. One theory is the “bystander complement activation”; after
transfusion, both the donor and recipient RBCs are destroyed by a non-specific antibody
activating the complement system [17,19], which leads to a lower post-transfusion Hgb
level. This mechanism could be the background of our case. The second mechanism
is “suppressed erythropoiesis”, which explains acute reticulocytopenia [17,19], just like
the immune-mediated hemolysis of the RBC precursors. Moreover, sickled RBC highly
expresses phosphatidylserine, drawing the activated macrophages’ attention to these cells
to be removed from circulation [17].

While HHS requires prompt intervention, evidence to guide optimal therapy is lim-
ited. Currently, no guidelines exist for using steroids or IVIG as a first-line treatment,
and no evidence-based studies support the use of one over the other [11,14,22]. Based on
the evidence presented by previous case-control studies and according to institutional,
consensus-based guidelines, we simultaneously administered IVIG and steroid therapy.
EPO treatment was also applied after a cost/benefit assessment. In addition to the above,
the literature data demonstrate that rituximab, a monoclonal antibody against CD20,
is a good choice to treat the underlying autoimmune condition and could also rapidly
re-establish the reticulocyte count [17]. Menakuru et al. administered tocilizumab, a mono-
clonal antibody against IL-6 (interleukin-6) and a targeted therapy used in autoimmune
conditions, to treat patients with severe acute HHS, supporting the macrophage activation
mechanism [22]. Eculizumab, which is a C5-convertase inhibitor, could interfere with
the “bystander complement activation” by inhibiting the complement cascade [23]. The
newer disease-modifying treatment approved for the treatment of SCD is voxelotor, which
inhibits HbS polymerization and prevents sickle cell formation, while crizanlizumab is an
antibody against P-selectin, blocking the interaction between sickled RBCs and P-selectin,
thus preventing vaso-occlusive crisis. These may also be effective treatment options [24,25].
Conventional treatment, such as hydroxyurea, increases the formation of HbF in SCD
patients and can prevent complications and acute crises [25].

There is no consensus in the scientific community regarding liberal versus restrictive
transfusion strategies for HHS [14,26,27]. Several authors continue to recommend transfu-
sion in HHS. Jacobs et al. demonstrated no significant difference in the median hemoglobin
nadir between those who received an RBC transfusion during HHS compared to those who
did not. Patients receiving a supportive RBC transfusion experienced a longer hospital
stay [26]. As the risk of transfusion in HHS is high and unpredictable, we did not give
any further transfusions to our patient after confirmation of HHS. A rescue transfusion in
life-threatening anemia would have been indicated only in the case of hemodynamic insta-
bility or in the presence of hypoxia. No such deterioration occurred with our transfusion
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strategy. There were no adverse events until the beneficial effect of the immunosuppressive
therapy developed.

4. Conclusions

In SCD, the transfusion of blood products increases the risk of DHTR and HHS. The
risk increases with each transfusion given, especially in those cases when the recipient’s
antigen profile is significantly different from the donors’ antigen profile. In such cases,
prophylactic matching for the known antigens could reduce the risk of DHTR and HHS. In
definitive HHS, further transfusions may lead to increased hemolysis, thereby worsening
anemia. In such cases, is important to avoid using transfusions and start high-dose corti-
costeroid and IVIG treatment; in severe, life-threatening cases, plasmapheresis also has to
be considered [28]. Our case illustrates that successful immunosuppressive treatment of
HHS in SCD is possible with a restrictive transfusion approach. In HHS, the transfusion
of blood products is only recommended in the presence of hemodynamic instability or
tissue hypoxia.
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