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Background. Hyperhemolysis syndrome (HS) is a severe hemolytic transfusion reaction that can cause hemoglobin and hematocrit
levels to drop below pretransfusion levels, leading to severe anemia. HS most commonly occurs in patients with a pre-existing
hemoglobinopathy such as sickle cell disease (SCD) or beta-thalassemia.Methods. We report a case of HS, occurring in the absence
of hemoglobinopathy, making the diagnosis challenging. Te patient reported was also afected by a CIC-rearranged sarcoma. As
part of the workup, the patient received a bone marrow biopsy for suspected hemophagocytic lymphohistiocytosis. Results. Tis
provided a rare biopsy specimen to correlate reticulocytopenia with marked erythroid hyperplasia in the marrow, supporting the
hypothesis of reticulocyte destruction as a contributing cause of anemia in these patients. Tis patient had demonstrable al-
loantibodies to the Jk(a) and P1 antigens as potential triggers for HS. Conclusions. It is vital that a diagnosis of HS be correctly
made in these patients with severe anemia, as blood transfusions generally lead to worsening of their conditions.

1. Case Presentation

A 42-year-old woman with newly diagnosed capicua tran-
scriptional repressor (CIC)-rearranged sarcoma (CIC--
DUX4 translocation positive) had recently completed cycle 1
of VAI (vincristine 2mg, doxorubicin 750mg/m2 with
dexrazoxane, and ifosfamide 2000mg/m2) at our institution
and was discharged to home. Five days later, she presented to
an outside institution with a hemoglobin (Hgb) of 6.4 g/dL.
She received her frst ever blood transfusion, which was 2
units of packed red blood cells (pRBCs). Tese were well
tolerated and resulted in a posttransfusion Hgb of 8.0 g/dL.
Nine days later, she presented to the same institution with
chills, fu-like symptoms, headache, and dark amber-
colored urine.

Dipstick urine was positive for blood (“large”) and 2+ for
protein and negative for bilirubin, nitrites, ketones, and
leukocyte esterase. Urine microscopic analysis revealed nine
white blood cells and one red blood cell per high power feld
and trace bacteria. A computed tomography scan of her
chest, abdomen, and pelvis was unremarkable. Laboratory
fndings showed an Hgb of 8.5 g/dL. She was diagnosed with
a presumed urinary tract infection, received one dose of
intravenous ceftriaxone, and was discharged home with
seven days of cefalexin.

Te following day, she presented again to the outside
institution with excessive fatigue and reported passing blood
in her urine. Te complete blood count (CBC) showed an
Hgb of 7.0 g/dL, a WBC of 2.96 K/uL, a platelet count of
17×109/L, a mean corpuscular volume of 92 fL, and a red
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cell distribution width of 18.2%. A comprehensive metabolic
panel (CMP) revealed mild hyponatremia at 132mmol/L
and hypokalemia at 3mmol/L, normal creatinine at 0.9mg/
dL, elevated blood urea nitrogen (BUN) at 18mg/dL, ele-
vated total bilirubin at 4.1mg/dL, elevated aspartate

aminotransferase at 134 IU/L and alanine transaminase at
38 IU/L, low alkaline phosphate, elevated lactate de-
hydrogenase at 2248 IU/L, and undetectable haptoglobin.
She was transfused 2 units of pRBCs and 2 units of single-
donor platelets. Te following morning, her Hgb

Table 1: Laboratory values at initial presentation at our institution.

Complete metabolic panel Range Result
Sodium 136–144mmol/L 135↓
Potassium 3.3–5.0mmol/L ∗

Chloride 102–110mmol/L 106
Carbon dioxide 20–26mmol/L 21
Blood urea nitrogen (BUN) 8–24mg/dL 22
Creatinine 0.57–1.11mg/dL 1.2↑
Glucose 64–128mg/dL 189↑
Calcium 8.4–10.5mg/dL 8.5
Protein, total 6.5–8.4 g/dL ∗

Albumin 3.5–5.0 g/dL 3.2↓
Bilirubin, total 0.2–1.4mg/dL 3.4↑
Alkaline phosphatase 38–126U/L 44
Aspartate transaminase (AST) 16–40U/L ∗

Alanine transaminase (ALT) 5–60U/L 41
Anion gap 8–14mmol/L 8
Lactate dehydrogenase 100–253U/L 4233↑
Magnesium 1.6–2.6mg/dL 1.9
Phosphorus, inorganic 2.2–4.5mg/dL 2.3
Procalcitonin ≤0.07 ng/mL 24.77↑
Uric acid 2.5–7.5mg/dL 5.8
Complete blood count Range Result
White blood cells 4.30–11.30 k/uL 1.37↓
Red blood cells 4.08–5.47M/uL 1.59↓
Hemoglobin 12.6–15.9 g/dL 5.5↓
Hematocrit 36.0–49.0% 16↓
Mean corpuscular volume (MCV) 81.9–101.0 fL 100.6
Mean corpuscular hemoglobin (MCH) 25.8–33.1 pg 34.6↑
Mean corpuscular hemoglobin concentration (MCHC) 31.2–34.5 g/dL 34.4
Red cell distribution width (RDW) 11.5–15.3% 19.1↑
Platelet 159–439 k/uL 10↓
Immature pit fraction 1.0–11.4% 19.5↑
Neutrophil count 2.0–7.4 k/uL 0.8↓
Reticulocyte number 47.0–127.0 k/uL 42↓
Reticulocytes (%) 1.0–2.6% 2.6
Total lymphocytes (%) 17–50% 30
Total neutrophil (%) 39–73% 57
Other studies Range Result
Iron 30–160 ug/dL 189↑
Iron-binding capacity 240–450 ug/dL 213↓
Transferrin saturation 20–50%sat 89↑
Bilirubin direct 0.0–0.5mg/dL 0.5
Bilirubin, total 0.2–1.4mg/dL 3.3
Ferritin 12–240 ng/mL 10,258↑
Folate, serum ≥5.9 ng/mL >22.3
Haptoglobin 30–200mg/dL <10↓
Coagulation Range Result
Prothrombin time 12.0–15.5 sec 13.7
International normalized ratio (INR) Ratio 1.1
Partial thromboplastin time (PTT) 24–35 sec 35
Fibrinogen 150–430mg/dL 478↑
D-dimer 0.0–0.4 ug/mL 14.4↑
ADAMTS13 activity ≥61% 70
∗Unable to quantitate due to hemolysis of the sample. Bold values represent the abnormal values.
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posttransfusion remained at 7.0 g/dL. She therefore received
another unit of pRBCs and was transferred to our institution
for further management.

On arrival at our institution (Day 0), she reported on-
going fatigue and passing dark-colored urine. Laboratory
values showed worsening anemia suggestive of hemolytic
anemia (Table 1). A peripheral smear showed marked
macrocytic anemia with numerous teardrop cells and rou-
leaux, absolute neutropenia with toxic granulation, and
marked thrombocytopenia.

Te following day (Day +1), her Hgb continued to drop
despite receiving 5 units of pRBC in the past 24 hours. Her
Hgb incremented from 4.8 g/dL to 6.1 g/dL with two units of
pRBC transfusion only to fall back to 4.7 g/dL after an
additional 3 units of pRBC. With no signs of active bleeding,
a concern for autoimmune hemolytic anemia was raised, and
she was started on 1mg/kg prednisone daily on Day +1. In
addition, due to elevated ferritin levels of 10,258 ng/mL and
soluble plasma interleukin-2 receptor of 4364 pg/mL (range:
266.5–1410.4), a bone marrow biopsy was performed on Day
+2 to rule out hemophagocytic lymphohistiocytosis. Tis
revealed a hypercellular marrow (80%) with erythroid-
predominant trilineage hematopoiesis and erythroid hy-
perplasia, with minimal hemophagocytosis present
(Figures 1(a) and 1(b)).

Testing resulted from a specimen collected on Day
0 revealed alloanti-Jk(a) and alloanti-P1 in plasma reactive at
the Coombs phase with polyethylene glycol (PEG) en-
hancement. Te reactivity strength was microscopic for
both. A direct antiglobulin test was microscopically positive
using a polyspecifc reagent (combined IgG+C3d), and
monospecifc testing was also microscopically reactive for
anti-C3d (anti-IgG monospecifc testing was negative). An
elution was performed on RBCs from this sample which
again revealed microscopic reactivity at the Coombs phase
with Jk(a)- and P1-positive cells. Notably, she reported
feeling worse with each transfusion that she received, and
attempts to transfuse pRBC units that were antigen negative
for Jk(a) and P1 did not result in an appropriate response in
terms of her hemoglobin and hematocrit. Importantly, her
Hgb continued to drop to below pretransfusion levels several
times following each pRBC transfusion (Figure 2).

A diagnosis of delayed hemolytic transfusion reaction
(DHTR) was made, as well as acute hemolytic transfusion
reaction (AHTR) during the active hemolysis process oc-
curring on Day +1. Te patient was also suspected to have
hyperhemolysis syndrome (HS) despite no known history of
hemoglobinopathy. Intravenous immunoglobulin (IVIG) at
0.5 g/kg ideal body weight was initiated on Day +3 for four
consecutive days, and prednisone at 1mg/kg was continued.
No further blood transfusions were recommended unless
she was to develop symptomatic anemia or other evidence of
organ hypoperfusion.

A repeat DAT on Day +4 was microscopically positive
for IgG and negative for C3d and remained reactive for anti-
Jk(a) and anti-P1. In addition, reactivity for Cw (RH8)
antigen-positive cells was noted (a rare antigen in the Rh
system present in ∼1-2% of donors). An erythropoietin-
stimulating agent, epoetin alfa, was initiated on Day +6 and
was given every two days until Day +12. She was discharged
on Day +12 with an Hgb of 6.0 g/dL with plans to taper of
the prednisone dose. On Day +18, her Hgb had improved to
9.2 g/dL. Te patient was counselled that if she required
future transfusion, she should receive Jk(a)-negative, Cw
(RH8)-negative, and P1-negative blood.

2. Discussion

HS is a severe hemolytic transfusion reaction in which
hemoglobin and hematocrit levels drop much lower than
pretransfusion levels, leading to life-threatening anemia. In
addition to decreased hemoglobin levels, laboratory fndings
indicative of HS include evidence of hemolysis such as el-
evated lactate dehydrogenase, elevated bilirubin, low hap-
toglobin, and low reticulocyte count. Presenting symptoms
often include fever and pain, and cases of both acute and
delayed HS have been recorded. Depending on the severity
of hemolysis, patients can present with evidence of impaired
oxygen delivery and lactic acidosis [1].

Te vast majority of patients with this condition have
a pre-existing hemoglobinopathy such as sickle cell disease
or beta-thalassemia [2]. Although there have been notable
cases reported in patients with leukemia or lymphoma [3–6],
HS is rarely reported in any other patient population.

(a) (b)

Figure 1: Bone marrow histology in hyperhemolysis syndrome. Hematoxylin and eosin stains of bone marrow core biopsies show increased
erythroid-predominant hematopoiesis at (a) 4x and (b) 40x magnifcations.
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HS is particularly dangerous because it involves the
destruction of both transfused and autologous red blood
cells. Tus, hemoglobin levels can drop well below pre-
transfusion levels, with additional blood transfusions only
accelerating hemolysis. Tis is opposed to other transfusion
reaction syndromes, such as typical delayed hemolytic
transfusion reactions (DHTRs), in which only transfused red
blood cells (RBCs) are hemolyzed by alloantibodies and
autologous RBCs are spared, causing hemoglobin to only
drop to its pretransfusion level [3].

Reticulocytopenia is another deleterious efect of HS as
opposed to normal hemolytic reactions where the marrow
attempts to compensate for the drop in HCT by causing
reticulocytosis. It is hypothesized that reticulocytopenia is
caused by peripheral destruction of reticulocytes by mac-
rophages via contact lysis and hemophagocytosis. Another
proposed mechanism is “bystander hemolysis,” in which
antibodies against human leukocyte antigens on donor
RBCs and plasma proteins start the cascade that leads to
complement activation, which increases destruction of au-
tologous RBCs.Tis mechanism is supported by the fact that
in some cases of HS, no RBC alloantibodies are identifed.

Over one third of DHTRs are due to anti-Jk(a), which is
known to cause rapid hemolysis that is often fatal. It remains
unknown if Jk antibodies are more common in HS [7]. Anti-
P1 antibodies are a rarer cause of HS, as in the case of our
patient.Te P1 phenotype of the RBC surface P1PK complex
is found in the majority of people of European or African
descent. Anti-P1 antibodies are found in approximately 67%
of people without the P1 phenotype but are typically clin-
ically insignifcant, as they usually only react in colder
temperatures (≤25°C) [8]. Te anti-P1 antibodies present in

the serum of our patient were found to be reactive at body
temperature, suggesting one etiology for the patient’s HS
after previous transfusions. In addition, reactivity for Cw
(RH8) antigen-positive cells was noted in the patient’s se-
rum. Anti-Cw is directed against a low incidence antigen
present in 1-2% of the population; therefore, the vast ma-
jority (98-99%) of donor units are Cw negative, and we do
not suspect this antibody as the cause of HS in this patient.

Several potential causative mechanisms were discussed
previously, including macrophage hemophagocytosis and
“bystander hemolysis.” In support of the activated macro-
phage hypothesis, recent case reports have indicated that
treatment with tocilizumab can result in resolution of he-
molysis in refractory or difcult cases [9–11]. Tocilizumab is
a humanized monoclonal antibody directed against the
interleukin-6 receptor (IL-6R) [12]. IL-6 signaling con-
tributes to macrophage activation [13], and tocilizumab
ameliorates deleterious macrophage activation in other
disorders [14]. Te emergence of new targeted therapeutics
such as tocilizumab aimed at the underlying pathogenetic
mechanism has the potential to shorten disease duration and
improve outcomes in HS. Te level of evidence to support
the use of these agents in the treatment of HS could be
expanded by randomized controlled trials.

3. Conclusion

Although HS is well documented in the hemoglobinopathy
population, it rarely occurs in the general population. In this
patient, the likely triggers for HS were alloantibodies to Jk(a)
and P1, which also caused AHTR and DHTR, confounding
the clinical presentation. In a patient with no
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Figure 2: Trends of hemoglobin levels throughout her hospitalization and on discharge.
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hemoglobinopathy, DHTR is most often suspected with
a presentation of chills, fu-like symptoms, headache, fever,
and dark amber-colored urine after a blood transfusion.
However, HS is an important diagnosis to consider, as
further blood transfusions will only worsen symptoms in
a patient with severe anemia caused by HS.

Data Availability

Deidentifed data used to support the fndings of this study
are available from the corresponding author upon request.

Conflicts of Interest

Te authors declare that they have no conficts of interest.

References

[1] J. Spring and L. Munshi, “Hematology emergencies in criti-
cally ill adults: benign hematology,” Chest, vol. 161, no. 5,
pp. 1285–1296, 2022.

[2] N. Win, “Hyperhemolysis syndrome in sickle cell disease,”
Expert Review of Hematology, vol. 2, pp. 111–115, 2009.

[3] J. G. Treleaven and N. Win, “Hyperhaemolysis syndrome in
a patient with myelofbrosis,” Hematology, vol. 9, no. 2,
pp. 147–149, 2004.

[4] M. Rogers and G. Smith, “Hyperhaemolysis in a patient with
chronic lymphocytic leukaemia,” Transfusion Medicine,
vol. 24, no. 2, pp. 123-124, 2014.

[5] A. Babb, N. Diamantos, and M. Sekhar, “Hyperhaemolysis
syndrome treated with corticosteroids and darbopoietin in
a patient with mantle cell lymphoma,” Transfusion Medicine,
vol. 22, no. 2, pp. 142–144, 2012.

[6] M. Yan, J. Callum, and Y. Lin, “Hyperhemolysis associated
with marginal zone lymphoma,” Leukemia and Lymphoma,
vol. 56, no. 3, pp. 829–831, 2015.

[7] L. A. Eberly, D. Osman, and N. P. Collins, “Hyperhemolysis
syndrome without underlying hematologic disease,” Case
Reports in Hematology, vol. 2015, Article ID 180526, 3 pages,
2015.

[8] D. Smith, T. Aye, L. S. Er, T. Nester, and M. Delaney, “Acute
hemolytic transfusion reaction due to anti-P1: a case report
and review of institutional experience,” Transfusion Medicine
and Hemotherapy, vol. 46, no. 5, pp. 380–383, 2019.

[9] J. Meenan, R. Hall, S. Badle, B. Chatterjee, N. Win, and
D. A. Tsitsikas, “Tocilizumab in the management of post-
transfusion hyperhemolysis syndrome in sickle cell disease:
the experience so far,” Transfusion, vol. 62, no. 3, pp. 546–550,
2022.

[10] C. Fuja, V. Kothary, T. C. Carll, S. Singh, P. Mansfeld, and
G. D. Wool, “Hyperhemolysis in a patient with sickle cell
disease and recent SARS-CoV-2 infection, with complex auto-
and alloantibody work-up, successfully treated with tocili-
zumab,” Transfusion, vol. 62, no. 7, pp. 1446–1451, 2022.

[11] S. R. Menakuru, A. Priscu, V. Dhillon, and A. Salih, “Acute
hyperhemolysis syndrome in a patient with known sickle cell
anemia refractory to steroids and IVIG treated with tocili-
zumab and erythropoietin: a case report and review of lit-
erature,” Hematology Reports, vol. 14, no. 3, pp. 235–239,
2022.

[12] I. Navarro-Millán, J. A. Singh, and J. R. Curtis, “Systematic
review of tocilizumab for rheumatoid arthritis: a new biologic
agent targeting the interleukin-6 receptor,” Clinical Tera-
peutics, vol. 34, no. 4, pp. 788–802, 2012.

[13] M. Kopf, H. Baumann, G. Freer et al., “Impaired immune and
acute-phase responses in interleukin-6-defcient mice,” Na-
ture, vol. 368, no. 6469, pp. 339–342, 1994.

[14] D. T. Teachey, S. R. Rheingold, S. L. Maude et al., “Cytokine
release syndrome after blinatumomab treatment related to
abnormal macrophage activation and ameliorated with
cytokine-directed therapy,” Blood, vol. 121, no. 26,
pp. 5154–5157, 2013.

Case Reports in Medicine 5




