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Abstract 

Blood transfusions cause to increase oxygen-carrying capacity and 

intravascular volume. Despite all the benefits of transfusion, it may have some 

complications. When mistransfusion occurs or when no other option is 

available, incompatible packed-cells may be infused, which puts the patient at 

risk of experiencing a hemolytic transfusion reaction (HTR). The HTRs are 

classified as acute or delayed reactions have wide spectrum of clinical 

presentations. In this report, we present a case of delayed hemolytic reaction 

due to rhesus factor (Rh) incompatibility in the operation room. Critical 

incident reporting and evaluation of adverse transfusion reactions may provide 

data for effective patient management and prevent the occurrence or repetition 

of these events.  
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Introduction 

In general, incompatible transfusions should be 

strictly avoided, as hemolysis of the transfused red 

blood cells (RBCs) can happen with potentially fatal 

outcomes, known as hemolytic transfusion reactions 

(Figure 1) (1).  

Clinical presentations of an incompatible 

transfusion cover a broad spectrum: in mild cases, the 

patients become immunized with alloantibodies 

bearing a potential risk for later transfusions or their 

pregnancies. Sometimes, serological tests become 

positive after the transfusion without any clinical 

presentations. In some other cases, the positive effect 

of the transfusion (e.g. rising of hemoglobin) is missing 

or too short lasting, but in a number of cases, severe or 

life-threatening events may occur (2). 

According to published statistics (2011-2015), 

about 14% of all deaths due to blood transfusion were 

related to non-ABO-dependent types (3-4). In fact, by 

implementing this process, the serum IgM levels 

increase sharply. This causes intravascular hemolysis, 

which ultimately ends in renal dysfunction, shock and 

death. Although immunoglobulin M hemolytic 

transfusion reactions (IgM-HTRs) have lower 

prevalence rates than HTRs (IgG-HTRs), the severity 

of degradation due to increased IgM-HTRs is more 

than other types (5-7). 

Antibody-induced hemolysis generally occurs 

by one of these two mechanisms; first, RBCs can be 

lysed intravascularly when complement is activated to 

form the Membrane Attack Complex (MAC). (8-11). 

This is usually due to IgM binding to the RBC 

membrane but can also occur with IgG (5-7). 

1. Anesthesiology Research Center, 

Shahid Beheshti University of Medical 

Sciences, Tehran, Iran 

 

 

 

Corresponding Author:  

Ronak Karbalaeifar, MD, 

Anesthesiology Research Center, 

Shahid Beheshti University of Medical 

Sciences, Tehran, Iran; (Fax): +98-21-

22432572; e mail: 

ronak_k1990@yahoo.com 

mailto:ronak_k1990@yahoo.com


 Moshari et al.                                                  Rh-Incompatibility-Induced Delayed Hemolytic Transfusion Reaction … 

Journal of Cellular & Molecular Anesthesia (JCMA) 
82 

Phagocytes can also opsonize the RBCs, a process 

called as extravascular hemolysis. If activation of 

complement does not lead to MAC formation to the 

extent that rapid intravascular hemolysis occurs, then 

C3 deposited on the RBC surface may convert to C3b 

and iC3b. In this case, Complement Receptors on 

phagocytes (i.e., CR1, CR2, and CR3) can consume 

C3b-coated RBCs. Second, antibody-induced 

opsonization can occur as a result of Fc domains of IgG 

bound to RBCs, which are recognized by Fcγ receptors 

(FcγRs) on phagocytes intravascularly (12-15). There 

is significant data mostly in animal models, which 

demonstrates the existence of each of these 

mechanisms of RBC clearance after binding to 

antibodies (8-11). 

Regardless of the canonical pathways described, 

alternative mechanisms of IgG-mediated RBC 

clearance have been suggested, which involve neither 

complement nor FcγR pathways. These include 

destabilization of the RBC membrane by antibody 

binding which can induce eryptosis (programmed RBC 

death) (12-18). 

Several in vitro investigations suggested that 

IgM and IgG antibodies interact with complement in 

different ways; it showed that one molecule of IgM on 

a cell surface is sufficient to initiate complement 

fixation, but a doublet (two molecules side by side) of 

the IgG in serum is required to form a complement-

fixing site. Nevertheless, electron microscopic and 

molecular studies have suggested that IgG antibody, 

although inefficient at initiating fixation of 

complement, may produce more membrane damage in 

comparison to IgM. Meanwhile, a series of cell surface 

receptors have been described which improve the 

adherence of antibody and complement-coated 

erythrocytes to macrophages and lymphocytes. 

Receptors specific for IgM, IgG and complement on 

macrophages and for complement on lymphocytes; 

these cellular receptors play an important role in both 

sequestration and clearance (19-23). 

Reporting the adverse transfusion reactions is 

not to find a guilty person but to reveal the cause of a 

transfusion reaction in order to treat the patient 

adequately and to prevent the occurrence or repetition 

of an adverse event (24). 

 

Clinical Report 

A 16-month old boy with left lateral neck mass 

(rhabdomyosarcoma) was brought to our operating 

room by the ear, nose, and throat (ENT) surgeons for 

palliative resection of the mass (Figure2). He had had 

the swelling of his left lateral neck for 9 months and 

underwent surgery in respect of the mass when he was 

11-month old which was diagnosed as 

rhabdomyosarcoma in pathological studies. It started 

to grow again and became 62*31*52 millimeters 

involving facial muscles, candidate for palliative 

resection.  

 

 
Figure 1. The patient with mandibular 

rhabdomyosarcoma. 

 
On preoperative assessment, the patient 

weighed 12 kilograms. No other problem was found in 

history and physical examination except for being 

passive-smoker. The anteroposterior and lateral neck 

X-ray showed intact airway with small deviation of 

trachea to the right side (Figure 3). His blood group and 

Rh was B-negative and laboratory data was within 

normal range (hemoglobin = 11 gr/dL, hematocrit = 

33.7%). 

 

 
Figure 2. Anteroposterior and lateral neck X-ray. 
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Anesthesia induced using Sevoflurane 8% 

inhalation in oxygen; under basic monitoring 

(electrocardiogram, pulse oximetry, noninvasive blood 

pressure). Administering 0.25 mg atropine 

intravenously after about two minutes, the patient was 

successfully intubated in the first try by direct 

laryngoscopy using a #3.5 cuffed endotracheal tube. 

Then, 4 mg Atracurium and 25 microgram Fentanyl 

were infused through the intravascular (IV) line and 

maintenance of anesthesia was continued with 

Sevoflurane 2.5%. 

After 30 minutes of surgery, according to 

estimated blood loss (140 cc), we prescribed 20 cc of 

packed-cell for the infant. Soon after blood transfusion, 

blood bank informed us about sending the wrong unit 

of O-negative blood to the operation room. 

The transfusion was stopped. 200 mL of saline 

0.9% was administered over 15 minutes; Foley catheter 

was inserted,10 gr of mannitol was infused over 15 

minutes; 5 mg of Furosemide was injected; 10 mEq 

sodium bicarbonate was administered to alkalize the 

urine; the packed-cell and blood sample of patient was 

sent to the laboratory to repeat the crossmatch. Blood 

and urine samples were sent to the laboratory to check 

the blood cell count, partial thromboplastin time, 

fibrinogen level, direct coombs and urine analysis. 

Axillary temperature was 37.8ºC. 

Surgery lasted for about 90 minutes. He was 

extubated and taken to recovery when able to cry and 

according to lab results there was no hemoglobinuria, 

coagulation profile was normal and direct coombs was 

reported negative; but after six hours, the lab results 

were changed as below: 

Hemoglobin: 6.3 g/dL, Platelet: 307000, 

Hematocrit: 20%, Reticulin count: 0.2% 

(corrected=1%), partial thromboplastin time: 30, 

prothrombin time: 12, International Normalized Ratio: 

1.1, Urine Analysis: RBC: 3-5, pH 7.5, Hemoglobin: 

+, total Bilirubin: 0.6 mg/dL, direct Bilirubin direct: 

0.2 mg/dL, Direct coombs: negative, Lactate 

Dehydrogenase: 870 U/L, Fibrinogen: 190 mg/dL.  

Fifteen cc/Kg of iso-group and iso-Rh packed-

cell was infused over 4 hours and 5 mg of furosemide 

was prescribed. Three hours after transfusion 

hemoglobin concentration was 9 gr/dL and no 

hemoglobinuria were found in urine sample. All other 

lab data was normal. He was discharged in a stable 

condition two days later, after removing the drain and 

hemovac. In a weekly follow-up of our patient during 

the next 2 months, no serum antibodies appeared. 

Discussion 

Human error is a substantial factor in iatrogenic 

injury (1). Fortunately, most of these errors do not 

result in patient injury, but a small number can have 

catastrophic effects and lengthen the hospital stay. 

The reasons for mistransfusions may occur in 

the pre-analytical, laboratory and/or clinical periods of 

transfusion. Examples of pre-analytical errors are 

incorrect patient identification, donor mix-ups, and 

incorrect blood bag labelling. Laboratory errors may 

cause incorrect blood grouping or cross-matching. 

Clinical errors may happen at bedside testing or when 

the units are being transfused. Electronic data 

processing systems and various hemovigilance 

systems have been established during recent years to 

prevent these mistakes (25). 

Chiaroni et al, found that during a 5-year period 

in France, the incidence of ABO discrepancies was 1 

per 3,400 tests performed. In their experience, most 

discrepancies (58%) were secondary to phlebotomy 

errors in which the samples were obtained from the 

wrong patient, whereas the second common cause of 

discrepancy was error during patient registration (30%) 

(25). In comparison, in a study that Figueroa et al. have 

done, 90% of errors were due to patient identification 

at the time of phlebotomy, and only 10% were due to 

admission or registration errors (26). 

MacDougall and co-workers have attempted to 

mitigate the risk of ABO mismatch associated with 

knowledge gap. Based on the findings, they found that 

the use of adaptive methods (for blood compatibility in 

ABO system) is helpful in blood donors and recipients. 

In fact, this can be done as a “forcing function” before 

the release of blood from the blood bank and before 

transfusion at the bedside to reduce transfusion 

mismatch associated with gaps in ABO compatibility 

knowledge especially in Fresh Frozen Plasma and 

Platelet transfusion (25). 

Some options include easy access to standard 

operating procedure instructions in work areas (25), a 

blood-component lock system that will not allow the 

issuance of a component unless there is a patient 

wristband and blood component match (26), and 
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computerized inventory control that will not permit 

issuance of a blood component that does not match the 

written request. Ultimately, automation may be the 

best solution. Handheld bar-code devices that may be 

used at the bedside can prevent the need for visual 

matching of data (26-28). 

Ahrens et al. reported that of 21 transfusion-

related errors, one (4.8%) was a pre-analytical error, 4 

(19.0%) were laboratory errors and 16 (76.2%) were 

clinical errors (28). Their results confirm that bedside 

testing is the weakest link in the safety chain of 

transfusion in medical practice (26-29). 

Delayed hemolytic transfusion reactions have 

been studied widely in the setting of sickle cell disease 

and beta-thalassemia, emphasizing the risk of adverse 

events in patients with baseline hematologic 

deficiencies (26-29). Chadebech et al, reported two 

cases of sickle cell disease with delayed hemolytic 

transfusion reaction in the absence of detectable 

antibody. Even in monthly follow-up of the serum of 

these patients in 6 months, no antibodies appeared (26). 

Within the pediatric population, allergic 

reactions to platelets and RBCs were the most common 

reported reaction types. As said by Vossoughi et al. the 

rate of allergic reactions to platelets was more than 

three times, and the rate of allergic reactions to RBCs 

was more than seven times the adult rate (26). 

Irani et al, reported a case of a delayed 

hemolytic transfusion reaction due to anti-e, an antigen 

in the Rh blood group system, after a liver transplant 

that was a consequence of receiving emergent 

incompatible RBC transfused during surgery that was 

treated successfully using an automated red cell 

exchange. According to this study, they stated that how 

a red cell exchange can reduce the potentially harmful 

effects of a delayed hemolytic transfusion reaction 

caused by anti-e or any clinically significant red blood 

cell antibody (26). 

Werch et al, reported two women in child 

bearing age who had D2 blood type and received two 

units of D1 RBCs. Prompt delivery of intravenous 

RHIG (Rh Immunoglobulin) prophylaxis could 

prevent alloimmunization and associated 

complications in those two patients (27). 

Arneja et al, have combined a recently 

developed mouse model for transfusion mediated RBC 

alloimmunization with mice genetically deficient in 

interleukin-6 receptor (IL-6Rα) to determine the role 

of IL-6Rα signaling in regulating RBC 

alloimmunization. The findings indicated that IL-6Rα 

signaling plays a key role in the generation of anti-

RBC alloantibodies in response to transfused RBCs. 

Based on these results, available biologics targeting IL-

6Rα can be a therapeutic option for the prevention of 

RBC alloimmunization (27). 

While much remains to be learned, better 

concept of the cellular and molecular mechanisms that 

govern the course of HTRs, will undoubtedly lead to 

better therapy and improved survival for patients 

suffering this life-threatening complication of 

transfusion and shorten the duration of their hospital 

stay. 

Conclusion 

   By decreasing the incidence of human errors we can 

prevent complications of mistransfusion. There are so 

many unknown aspects of cellular and molecular 

pathophysiology of mistransfusion which could be a 

good target for future researches. By preventing human 

errors and improving our knowledge and skill to face 

these kind of complications, we can hopefully improve 

survival of our patients. 

Acknowledgment 

The authors want to thank Dr Hengameh Asadi 

for her kind cooperation. 

Conflicts of Interest  

The authors declare that there are no conflicts of 

interest. 

References 

1. Vamvakas EC, Blajchman MA. Transfusion-related mortality: the 

ongoing risks of allogeneic blood transfusion and the available 

strategies for their prevention. Blood. 2009;113(15):3406-17. 

2. Zimring JC, Spitalnik SL. Pathobiology of transfusion reactions. 

Annual review of pathology. 2015;10:83-110. 

3. Mollison PL, Engelfriet P. Blood transfusion. Seminars in 

hematology. 1999;36(4 Suppl 7):48-58. 

4. Mollison PL. The genetic basis of the Rh blood group system. 

Transfusion. 1994;34(6):539-41. 

5. Kolins J. Fatalities from blood transfusion. Jama. 

1981;245(11):1120. 

6. Holness L, Knippen MA, Simmons L, Lachenbruch PA. Fatalities 



Rh-Incompatibility-Induced Delayed Hemolytic Transfusion Reaction…                                                                  Moshari et al. 

Vol 3, No 2, Spring 2018 
85 

caused by TRALI. Transfusion medicine reviews. 2004;18(3):184-8. 

7. Gaines AR. Disseminated intravascular coagulation associated with 

acute hemoglobinemia or hemoglobinuria following Rh(0)(D) 

immune globulin intravenous administration for immune 

thrombocytopenic purpura. Blood. 2005;106(5):1532-7. 

8. van der Schoot CE, de Haas M, Clausen FB. Genotyping to prevent 

Rh disease: has the time come? Current opinion in hematology. 

2017;24(6):544-50. 

9. Sandler SG, Chen LN, Flegel WA. Serological weak D phenotypes: 

a review and guidance for interpreting the RhD blood type using the 

RHD genotype. British journal of haematology. 2017;179(1):10-9. 

10. Quraishy N, Sapatnekar S. Advances in Blood Typing. Advances 

in clinical chemistry. 2016; 77:221-69. 

11. Belsito A, Magnussen K, Napoli C. Emerging strategies of blood 

group genotyping for patients with hemoglobinopathies. Transfusion 

and apheresis science: official journal of the World Apheresis 

Association: official journal of the European Society for 

Haemapheresis. 2017;56(2):206-13. 

12. Garratty G. Advances in red blood cell immunology 1960 to 

2009. Transfusion. 2010;50(3):526-35. 

13. Daniels G. A century of human blood groups. Wiener klinische 

Wochenschrift. 2001;113(20-21):781-6. 

14. Daniels G. Functional aspects of red cell antigens. Blood reviews. 

1999;13(1):14-35. 

15. Agarwal B. Autoimmune hemolytic anemia. Indian journal of 

pediatrics. 1998;65(5):663-8. 

16. Repsold L, Joubert AM. Eryptosis: An Erythrocyte's Suicidal 

Type of Cell Death. Biomed Res Int. 2018; 2018:9405617. 

17. Jemaa M, Fezai M, Bissinger R, Lang F. Methods Employed in 

Cytofluorometric Assessment of Eryptosis, the Suicidal Erythrocyte 

Death. BioMed research international. 2017;43(2):431-44. 

18. Farag MR, Alagawany M. Erythrocytes as a biological model for 

screening of xenobiotics toxicity. Chemico-biological interactions. 

2018;279:73-83. 

19. Wouters D, Zeerleder S. Complement inhibitors to treat IgM-

mediated autoimmune hemolysis. Haematologica. 

2015;100(11):1388-95. 

20. Lunn MP, Nobile-Orazio E. Immunotherapy for IgM anti-

myelin-associated glycoprotein paraprotein-associated peripheral 

neuropathies. Cochrane Database Syst Rev. 2016;10: Cd002827. 

21. Bakchoul T, Jouni R, Warkentin TE. Protamine (heparin)-

induced thrombocytopenia: a review of the serological and clinical 

features associated with anti-protamine/heparin antibodies. Journal of 

thrombosis and haemostasis : JTH. 2016;14(9):1685-95. 

22. Mousavi Hosseini K, Ghasemzadeh M. Implementation of 

Plasma Fractionation in Biological Medicines Production. Iranian 

journal of biotechnology. 2016;14(4):213-20. 

23. Greinacher A, Selleng K, Warkentin TE. Autoimmune heparin-

induced thrombocytopenia. Journal of thrombosis and haemostasis : 

JTH. 2017;15(11):2099-114. 

24. Leape LL. Error in medicine. JAMA 1994; 272:1851-7. 

25. Faber JC. Worldwide overview of existing haemovigilance 

systems. Transfus Apheresis Sci. 2004; 31:99–110. 

26. Chiaroni J, Legrand D, Dettori I. Analysis of ABO discrepancies 

occurring in 35 French hospitals. Transfusion. 2004; 44:860-864. 

27. Figueroa F, Priscilla I. "Nearly two decades using the check-type 

to prevent ABO-incompatible transfusions: one institution’s 

experience." American journal of clinical pathology. 2006;422-6. 

28. MacDougall, Nickolas, et al. "Preventing Mistransfusions: An 

Evaluation of Institutional Knowledge and a Response." Anesthesia 

& Analgesia. 2018.1;247-251. 

29. Newton JM, DeVeaux J, Brendel J, et al. Job aides, a novel 

approach to standardized blood collection (abstract). Transfusion. 

1999;39(Suppl):129S. 

 


