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Abstract

Introduction: Hyperhemolysis is a life-threatening condition of exaggerated hemolysis of red blood cells which occurs in

patients receiving chronic transfusion therapy. Results: We present a 19-year-old male with β-thalassemia major with an

episode of hyperhemolysis. Hemolysis was initially unresponsive to immunosuppression, but responded to with the addition of

eculizumab. Several weeks after stabilization, hemolysis returned which was also successfully managed with immunosuppression

and eculizumab. Discussion: Hyperhemolysis is unique in β-thalassemia due to the underlying dysfunctional erythropoiesis and

transfusion dependence. Immunosuppression with eculizumab successfully slowed the hemolysis and allowed for resumption of

transfusions.

Introduction

Hyperhemolysis is a rare, life-threatening condition, commonly occurring in the setting of chronic transfu-
sion therapy. Hyper hemolysis results in hemolysis of both transfused and patient red blood cells.1 Delayed
transfusion reactions, including hyperhemolysis reactions, have been shown to involve complement medi-
ated hemolysis.2 Complement triggers the hemolytic reaction, and also amplifies the inflammatory response
leading to enhanced tissue damage.3

A hyperhemolytic crisis is a grave situation with limited treatment options. Aggressive immunosuppression
is often implemented to dampen the level of hemolysis. Eculizumab is a complement inhibitor currently
approved for the treatment of complement mediated hemolysis in atypical hemolytic uremic syndrome (HUS)
and paroxysmal nocturnal hemoglobinuria (PNH). There are several previously reported cases of eculizumab
use in hyperhemolytic crises in sickle cell disease.4-9However, there is a paucity of evidence for eculizumab
in transfusion-dependent β-thalassemia. Dysfunctional erythropoiesis and ineffective hemoglobin within
red cells in β-thalassemia presents a unique challenge in the management of a hyperhemolytic crisis. We
demonstrated effective management of acute and chronic hyperhemolysis in a patient β-thalassemia using
eculizumab.

Case Description

Our patient is a 19-year-old male with β-thalassemia major on chronic transfusion therapy. He received
phenotypically-matched RBC transfusions (matched for E- K- S- Fya- antigens) every 3 weeks. Twelve
days after a transfusion, he presented with myalgias, fatigue, and low-grade fever, and was found to have
a hemoglobin (hgb) of 5.5 g/dL with concurrent evidence of hemolysis, concerning for a delayed hemolytic
transfusion reaction. The direct antiglobulin test (DAT) revealed panagglutination. He was admitted and
transfused one unit of matched packed red blood cells (PRBC). Immediately after the transfusion he produced
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. dark urine with urobilinogen and proteinuria concerning for hemolysis of the transfused unit. Hyperhemolysis
was suspected and aggressive immunosuppression was initiated consisting of intravenous methylprednisolone
(2mg/kg) every 6 hours and intravenous immunoglobulin G (IVIG) (1 gram/kg). Despite these interventions,
his hemoglobin dropped from 4.7 g/dL to 4.3 g/dL. Intravenous (IV) eculizumab (900mg) was initiated in
conjunction with continued IV corticosteroids and two additional doses of IVIG. Figure 1 details the lab
trend and interventions during his acute hospitalization.

The patient was monitored in the intensive care unit and further transfusions were avoided while immune
control was attempted. He remained stable with hemoglobin 3.1-3.4 g/dL until hospital day 8. At that
time, he had a hemoglobin of 2.9 g/dL with evidence of stable bilirubin and lactase dehydrogenase (LDH)
levels. The decision was made to start him on Rituximab (375mg/m2 IV) and transfuse one half of a unit
of phenotypically-matched PRBCs over four hours. He tolerated this well and followed with the second
half of the unit that evening. Repeat laboratory evaluation post-transfusion remained stable. He continued
to receive transfusions over several days with improvement in hgb, but without significant worsening of
hemolysis.

Additional transfusions were given and tolerated over the next week, reaching a maximum hgb of 12.3 g/dL
by hospital day 11. At this time, the methylprednisolone was transitioned to prednisone with a slow taper.
He was able to be discharged in stable condition after 15 total days in the hospital. During the acute phase
he received a total of three doses if IVIG daily in the first four days, two doses of weekly eculizumab, two
doses of weekly rituximab and high dose steroids followed by taper.

As an outpatient he completed a three-week prednisone taper and he continued weekly Rituximab for four to-
tal doses. Unfortunately, 44 days after his initial presentation (three weeks from his last dose of eculizumab),
hemolysis resumed with drop in hgb from 11.4g/dL to 7 g/dL and an increase in LDH. Figure 2 outlines
the outpatient course with labs and interventions. Eculizumab (900mg) was restarted weekly for four weeks,
along with prednisone (0.5mg/kg/day) and sirolimus (2mg) twice daily. He received a total of 11 doses of
eculizumab, he was given 900mg weekly for five doses, followed by 1200mg every other week for four doses,
then 1200mg every three weeks for two doses. The eculizumab treatment course was completed 176 days
from his initial presentation. The patient continues to tolerate transfusions without evidence of recurrence
of hemolysis on single-agent sirolimus for immunosuppression.

Discussion:

Hyperhemolysis is a hematologic emergency with limited options for treatment. Hyperhemolysis in individ-
uals with β-thalassemia presents additional challenges, as they are unable to effectively compensate for the
hemolysis due to dysfunctional erythropoiesis. In this case presentation, initial immunosuppression slowed
the hemolysis, but was insufficient to allow for the resumption of necessary transfusions. His hgb reached a
critically low level and his condition was tenuous while waiting for immunosuppression to take effect.

Complement plays a crucial role in red blood cell hemolysis in the hyperhemolytic crisis. In one study, an
in vitro model demonstrated complement deposition on healthy cells, sickle cells and cells lines of patients
with PNH.4 In this model, hemolysis was only seen among the PNH cell lines, despite evidence that the
sickle cells were similarly decorated.4 Increased concentrations of complement were seen in the setting of
simulated infection supporting that infections and inflammation can trigger complement activation on the
RBC surface leading to hemolysis.4

Complement mediated hyperhemolysis in β-thalassemia may share similar features to hemolysis in PNH.
PNH results from a structural defect in the red cell membrane resulting in a lack glycosyl-phosphatidyl
inositol (GPI) anchor protein synthesis. This results in a chronic hemolytic anemia. The anemia in patients
with PNH is less severe because they are able to effectively synthesize their own red cells. The downstream
effect is a lack of CD55 (Decay Accelerating Factor) and CD59 (Membrane Inhibitor of Reactive Lysis)
protection from red cell complement-mediated hemolysis.10 Decreased expression of CD55 and CD35 has
also been demonstrated in patients with β-thalassemia major, suggesting that these cells may exhibit a
similar mechanism of red cell lysis during a hyperhemolysis episode.11
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. Thus, complement blockade with eculizumab, through the binding of complement component 5 (C5), was
a logical choice for managing this condition. In this case, the use of eculizumab successfully slowed the
hemolysis and allowed for safe transfusion. After recovery from the acute episode, hemolysis recurred while
his immunosuppression was being managed solely with corticosteroids. He required resumption of comple-
ment blockage with eculizumab. This blunted the hemolytic process before it resulted in a critical degree of
anemia.

This case demonstrates that ongoing complement blockade with eculizumab allowed for successful resumption
of immunosuppression with a prednisone taper and maintenance sirolimus without recurrence of hemolysis.
Additionally, this can serve as a model for the successful management of this rare, potentially fatal syndrome
in individuals with β-thalassemia.
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disclose.

Disclaimer: The views expressed in this article are those of the authors and do not reflect the official policy
of the Department of Defense or the U.S. Government.

References:

1. Danaee A, Inusa B, Howard J, Robinson S. Hyperhemolysis in Patients With Hemoglobinopathies: A
Single-Center Experience and Review of the Literature. Transfus Med Rev. 2015;29(4):220-230.

2. Ness PM, Shirey RS, Weinstein MH, King KE. An animal model for delayed hemolytic transfusion
reactions. Transfus Med Rev.2001;15(4):305-317.

3. Roumenina LT, Bartolucci P, Pirenne F. The role of Complement in Post-Transfusion Hemolysis and
Hyperhemolysis Reaction.Transfusion medicine reviews. 2019;33(4):225-230.

4. Boonyasampant M, Weitz IC, Kay B, Boonchalermvichian C, Liebman HA, Shulman IA. Life-threatening
delayed hyperhemolytic transfusion reaction in a patient with sickle cell disease: effective treatment with
eculizumab followed by rituximab. Transfusion.2015;55(10):2398-2403.

5. Dumas G, Habibi A, Onimus T, et al. Eculizumab salvage therapy for delayed hemolysis transfusion
reaction in sickle cell disease patients.Blood. 2016;127(8):1062-1064.

6. Unnikrishnan A, Pelletier JPR, Bari S, et al. Anti-N and anti-Do(a) immunoglobulin G alloantibody-
mediated delayed hemolytic transfusion reaction with hyperhemolysis in sickle cell disease treated with
eculizumab and HBOC-201: case report and review of the literature.Transfusion. 2019;59(6):1907-1910.

7. Vlachaki E, Gavriilaki E, Kafantari K, et al. Successful outcome of hyperhemolysis in sickle cell disease
following multiple lines of treatment: the role of complement inhibition. Hemoglobin.2018;42(5-6):339-341.

8. Chonat S, Quarmyne M-O, Bennett CM, et al. Contribution of alternative complement pathway to
delayed hemolytic transfusion reaction in sickle cell disease. Haematologica. 2018;103(10):e483.

9. Gupta S, Fenves A, Nance ST, Sykes DB, Dzik WS. Hyperhemolysis syndrome in a patient without a
hemoglobinopathy, unresponsive to treatment with eculizumab. Transfusion. 2015;55(3):623-628.

10. Risitano AM, Rotoli B. Paroxysmal nocturnal hemoglobinuria: pathophysiology, natural history and
treatment options in the era of biological agents. Biologics. 2008;2(2):205-222.

11. Kurtogllu AU, Koctekin B, Kurtoglu E, Yildiz M. The effect of splenectomy on complement regulatory
proteins in erythrocytes in beta-thalassemia major. Arch Med Sci. 2019;15(1):191-195.

Figure Legend:

Figure 1: Labs and Interventions During Acute Episode
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. Figure 2: Labs and Interventions During Chronic Episode
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