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Introduction: Reporting of transfusion reactions is good practice and required by many guidelines. Errors in the transfusion chain
can also lead to severe patient reactions and depend on active error reporting. We aimed to characterize transfusion incidents and asked
whether workup of transfusion reactions may also contribute to revealing logistical errors.

Methods: Transfusion medical records from 2011 to 2019 at our tertiary medical centre, as well as forensic autopsy reports, digitized
sections, and court records from 1990 to 2019 were analysed. A total of 230,845 components were transfused between 2011 and 2019
at our own institution.

Results: Overall, 322 transfusion incidents were reported. Of these, 279 were from our own institution, corresponding to a frequency
of 0.12% of all transfusions. The distribution of reaction types is consistent with the literature, with allergic reactions (55.9%), febrile-
non-hemolytic reactions (FNHTR, 24.2%), hemolytic reactions (3.4%) and other types at smaller frequencies (<3%). Twenty-nine
(10.4%) of the 279 reports revealed logistical errors, including hemoglobin above guideline threshold (4.3%), incorrect or non-
performed bedside tests (3.2%), inadequate patient identification (2.5%), laboratory and issuing errors, missed product checks or
failure to follow recommendations (1.1% each). Eight of 29 (27.5%) of the logistical errors were detected by serendipity during
workup of incident reports. In addition, 8/932 autopsy cases under code A14 (medical treatment errors) were found to be transfusion-
associated (0.9%).

Conclusion: Systematic workup of transfusion incidents can identify previously undetected errors in the transfusion chain. Passive
reporting of errors through the recording of side effects may serve as a tool to assess more closely assess the frequency and quality of
handling errors in real life, and thus serve to improve patient safety.
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Introduction
Blood transfusions rank among the most frequently performed procedures in clinical practice.! Despite multiple
precautious measures, transfusion-related adverse effects still cause significant morbidity in patients and may also lead
to death.”> Transfusion reactions have been classified into several main types by international consensus criteria such as
by the International Haemovigilance Network.®® The term “transfusion incident” includes, in addition to transfusion
reactions, any unintended effect in the patient and/or deviation from established rules and guidelines that occurs before,
during or after a transfusion,®’ whereas “near miss” refers to any error that, if not noticed, may lead to faults such as
incorrect determination of the blood group or transfusion of the wrong blood product but has been noticed before
administration.” '" The recording of handling errors, logistical difficulties and uncertainties as well as near miss events
have not been regulated uniformly worldwide and currently lack international standardisation.

The aim of our study was to explore adverse transfusion reactions using a retrospective observational analysis and to
identify handling errors and other logistical deficiencies by potential co-reporting in incident reports. This would allow
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improving patient safety and provide learning material to further sensitize transfusion staff to the handling of blood
products.

Materials and Methods

At our institution, an active error reporting system is in place, with obligatory reporting of all suspected and obvious
transfusion incidences. These are discussed with the transfusion officer of the respective department and with the head of
the immune hematology laboratory. The reports are finalized and submitted to the supervisory authority by a designated
person for pharmaceutical alerts. A total of 322 transfusion incidents, 314 of which had been reported in the Paul Ehrlich
Institute documentation form (Langen, Germany, www.pei.de/haemovigilanz-formulare) between January 1, 2011 and

December 31, 2019 to the Institute of Transfusion Medicine Leipzig were included in the study. Of these, 279 occurred at
the University Hospital Leipzig covering a total of 230,845 transfusions comprising 150,775 erythrocyte concentrates
(RCC), 43,247 platelet concentrates (PC) and 36,823 units of frozen fresh plasma (FFP). Another 35 cases were reported
by external hospitals and medical practices supplied with blood products from the Institute of Transfusion Medicine
Leipzig. Incompletely documented cases (2.8%) were recognized by absence of documented symptoms and excluded
from evaluation. Forensic autopsy reports were available for a period from 1990 until 2019 and reported an additional 8
cases related to transfusions in an extended period (in total: 322 cases). Furthermore, all files with the code A14 (medical
treatment errors) from 1990 to 2019 at the Institute of Legal Medicine of Leipzig University were consulted (n = 932),
and a selection of medical records from the years 2010 to 2019 at the Institute of Legal Medicine of the University of
Dresden and the Public Prosecutor’s Office in the City of Chemnitz were made available by personal communication.
Inclusion criteria were documented occurrence or suspicion of a transfusion reaction in the course of the hospital or
outpatient unit stay or the presence of a documented transfusion incident evaluated as contributing to the course of the
disease. The study protocol was approved by the institutional ethics committee. For statistical analysis, SPSS statistics
was used (JMP Statistical Discovery LLC, D- 69188 Heidelberg). Cramér’s V calculations were used to measure the
effect strength for chi-square tests. Values are between 0 and 1, with higher values indicating a stronger relationship
between two nominally scaled variables. Statistical significance was assumed if p < 0.05."?

Results

Between January 1, 2011 and December 31, 2019, 314 cases of transfusion incidents were reported and filed. A total of
279 cases were reported from the University Hospital, and 35 from other institutions to which blood components were
delivered, including other hospitals and external medical practices. At the Institutes of Legal Medicine, 8 autopsy cases
were reported as associated with transfusions between 1990 and 2019. Three additional cases in the hospital cohort were
associated with death (total, 11). The patients’ age ranged from 0 to 92 years (M = 53.0 years, median = 60.0, SD = 24.4
years). The disease reports originated mainly from hematology (34.4%), from surgical departments (21.5%), or other
departments of internal medicine (17.1%; Figure 1A and B). The highest proportion of transfusion incidents was reported
in standard care wards (78.9%) and intensive/intermediate care wards (13.4%). Other documented locations were
outpatient units (3.4%), accident and emergency department (1.6%) and operating theatres (0.9%). In 1.8%, information
on the site was missing.

In 80.4% of cases, treating physicians followed the guidelines of the Federal Medical Association'? for the workup of
transfusion incidents and provided answers to all items. This included laboratory diagnostic parameters, immunohema-
tology and microbiology. In 19.6% of the cases, only partial or no information was provided. As shown in Table 1,
indications for transfusions were described most frequently as anemia, thrombocytopenia, and decreased hemoglobin
(84.1% of cases). No information on the indication was given in 27 cases (8.4%). Multiple nominations were possible.
Clinical symptoms of a reaction after administration of the blood product were documented in 96.3% of incidents. The
most common causes were discomfort, increased temperature, chills and urticaria/itching (Figure 2).

Transfusion reactions were recorded most frequently in the departments of Surgery (19.9%), Internal Medicine (13%)
and Intensive Care (11.8%). About 98.4% of all cases were reported as incidents. Three of the incidents were falsely
reported as “near miss” events (0.9%), ie they were found to be adverse events, but the report classified them as a near
miss. Incidents were noticed by clinical symptoms in 89.4% of the cases. Table 2 shows a breakdown of the types of
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Figure | Epidemiological parameters and patient distribution. (A) Distribution by age of transfusion incidents from 1990 to 2019. (B) Distribution of patients by medical
discipline. In 25 cases, no information was available.
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Table | Distribution of Transfusion Indications in the
Study Period

Transfusion Indication Frequency Percentage
Anaemia 16 36.0
Thrombocytopenia 98 30.4
Decreasing hemoglobin 57 17.7
Bleeding 27 8.4
Shock 6 1.9
Others 26 8.1
Total 295 91.6
Missing information 27 8.4

reaction. The most commonly classified type of incident was allergic reaction (55.9%), followed by FNHTR (24.2%) and
hemolytic reactions (3.4%). Incompletely documented cases resulted in non-classified reactions and occurred in 2.8%.
Other types of reactions represented reactions upon suspected causative factors including immunohematological reac-
tions, incompatible cross-matches and bacterial contamination.

Severe reactions were defined when they were either fatal or life-threatening, or accompanied by disability, or when
resulting in an extended hospital stay.® Transfusion reactions were classified as non-severe in 49.4% of cases (n = 159)
and severe in 24.5% (Table 2). Allergic reactions and FNHTR were the most commonly reported. This was followed by
hemolytic events and TACO/TRALI. Information on severity was missing in 26.1% of cases (n = 84). If the patient
showed symptoms, but they did not meet the criteria for a transfusion reaction, a transfusion incident was documented as
non-causative or unlikely.

Operational errors by staff were found in 29 (10.4%) of the 279 incidents reported from the University Hospital where
a total of 230,845 components were transfused, resembling a rate of 1.26 per 10,000 transfusions (0.12%; Table 3). These
included transfusion above the upper limit of the hemoglobin threshold (4.3%), omission or incorrect performance of the
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Figure 2 Frequencies of clinical symptoms in patients with reported transfusion incidents. Multiple citations were possible. The category “others” describes individual
symptoms of patients that are not classically associated with transfusion events and that are not explicitly listed in the clinical forms and include circulatory instability, joint
pain, increased lactate, pallor, edema, cardiac or ophthalmological complaints, cough, hematemesis or neurological symptoms.
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Table 2 Distribution of Transfusion Incidents by Type of Reaction

Type of Transfusion Reaction, Including Suspicion Thereof Number | Percentage Blood Products Number of
Administered Severe
Reactions

EC | PC | FFP

Allergic reaction 180 55.9 85 89 I 22
Febrile, non-hemolytic reaction 78 24.2 68 I 0 17
Hemolytic reaction I 34 I 0 0 9
Other types of reaction (immunohematological reactions, unclear I 34 6 6 2 6

interpretation of findings, incompatible cross-matches, bacterial
contamination)

TACO or TRALI 10 3.1 10 | | 8
Mistransfusion/ incompatibility 8 2.5 5 | 2 6
Anaphylactic reaction 6 1.9 3 3 0 6
No transfusion reaction/transfusion not causal or unlikely 9 2.8 9 | 0 2
Total 313 97.2 197 | 112 16 76
Missing information 9 28 (na.) 3

Abbreviations: EC, Erythrocyte Concentrate; PC, Platelet Concentrate; FFP, Fresh Frozen Plasma; n.a., not applicable.

Table 3 Distribution of Errors and Relative Frequencies

Operational Staff Errors Number Frequency Percentage of

(per 10.000 All Reported
Transfusions) Incidents

Pretransfusion hemoglobin value above highest guideline threshold 4 (4% 434* 4.3*

Failure or incorrect execution of the bedside test 9 (2% 0.39 32

Insufficient identity control of patient and blood product transfused 7 2% 0.30 2.5

Faulty lab result or wrong product issued 3 0.13 1.1

Product quality not checked 3 0.13 1.1

Transfusion recommendation not followed (warm transfusion with cold agglutinins) 3 0.13 1.1

Total 29 (8%) 1.26 10.4

Notes: "Numbers in brackets indicate accidentally detected errors, ie incidence reports were for medical adverse effects, and only retrospective workup revealed
a logistical error; *For the frequency calculation, only RCC transfusions were taken into the calculation, and the value was extrapolated from 4/92 analyzed RCC
transfusions. Data were from Transfusion Incident Reports of University Hospital Leipzig.

bedside test (3.2%), insufficient identity control of the blood product and the patient resulting in transfusing the blood
product to the wrong patient (2.5%), lab errors, con-compliance with transfusion recommendation (eg warm transfusion)
or omitted product quality check (eg expired product; 1.1% each). Operational errors were classified as serious incidents,
except for hemoglobin values exceeding the upper guideline limit.

In addition to the cases identified through the hemovigilance system, we analyzed autopsy reports to search for
transfusion errors that may have contributed to fatal outcome. Eight cases were identified in the Legal Medicine
institutions as associated with a transfusion from a total of 932 section reports between 1990 and 2019. Table 4 shows
the diagnoses, symptoms and their potential relation to the transfusion. In one case, transfusion of ABO incompatible
RCC was considered a major contributing cause.
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Table 4 Legal Medicine Cases Associated with Blood Transfusions and Nature of Reported Transfusion Incidents (Observation Period
from 1990 to 2019)

Case Diagnosis Type of Blood Type of Reported Main Cause of Death
Product Transfusion Reaction or Incident
| Chronic bleeding inflammation of RCC, PC Febrile, non-hemolytic reaction Gastric haemorrhage
the stomach and duodenum according to biopsy
2 Benign prostatic hyperplasia RCC Wrong blood product to wrong patient | ABO incompatibility,
hemolysis, multi- organ failure
3 Chronic pancreatitis RCC, PC No classified transfusion reaction/ Dilution coagulopathy
transfusion not causal or unlikely
4 Postpartum hemorrhage RCC, PC, FFP No classified transfusion reaction Hemorrhagic shock
5 Osteomyelofibrosis RCC TACO/TRALI Pneumonia
6 Pancreatic cancer RCC No classified transfusion reaction Anemia
7 Femoral fracture RCC Worong blood product to wrong patient | ABO compatible, mismatch
8 Myelodysplastic syndrome RCC TACO/TRALI Anemia

Clinical consequences were derived or recommended in 23.3% of the cases. In 14.7%, the conclusions addressed the
organisation of the transfusion chain. These included inspections by the transfusion officer and audits (2.7%), enforce-
ment of close patient monitoring during transfusion (6.7%), references to instructions (8.0%), recommendations for
training modules for transfusion staff (5.3%) and case review conferences (2.7%, multiple nominations were possible).

The indication for a red cell transfusion is defined via the pretransfusion hemoglobin value and the patient’s hypoxia
risk status.'>'* In patients without risk factors, a hemoglobin threshold of <7 g/dL (4.3mmol/L) is considered restrictive.
If there are risk factors, it is set between 7 and 10 g/dL (4.3—-6.2mmol/L). The indication for an RCC transfusion
according to hemoglobin value <6.2 mmol/L was given in 88/92 (95.7%) of the analysed RCC transfusions studied
(Table 5). In 4.3% (4/92 cases with available pretransfusion hemoglobin values), RCC transfusions were not indicated
according to the guidelines, representing too high hemoglobin as the most frequent transfusion error.

Statistical analysis explored potential associations between types of component administered, types of reaction, clinical
symptoms, severity of symptoms and patients age. Only a moderate effect size (Cramér’s V = 0.427, p < 0.001) was found for
the association between RCC administration and the type of transfusion incident, or type of transfusion reaction and
administration of FFPs (Cramér’s V = 0.232, p = 0.040) or PCs (Cramér’s V = 0.384, p < 0.001). All other associations
were not significant except for the clinical symptoms with FFP (Cramér’s V = 0.176, p = 0.002), incident type and clinical
symptoms (Cramér’s V = 0.739, p < 0.001) and severity of the transfusion reaction and RCCs.

Table 5 Available Hemoglobin Values of Patients Before RCC
Transfusion

Pretransfusion Hemoglobin Number of Cases %

(g/dL) (mmol/L)

<7 <43 43 511
7-9 4.3-6.2 41 46.6
>10 >6.2 4 4.3

Note: All values are in absolute numbers, RCCs were transfused in 92 cases.
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Discussion/Conclusions

In this study, we report on a total of 322 transfusion incidents, of which 279 were from our University Hospital
representing a total of 230,845 transfusions which allowed frequency calculations. The most frequently reported types of
incident were allergic reactions and FNHTR.

Clinical symptoms were reported in 96.3% of the patients and were mostly discomfort (44.1%) or an increase in
temperature (34.2%). No symptoms were reported in 3.1% of cases, and in 0.6% documentation was missing. The
comparative study by Hatayama et al 20187 reported that clinical symptoms were present in 99.9% of the cases. Here, the
largest group was allergic symptoms (urticaria, pruritus, rash) with 68.1%. These figures indicate that the recognition of
transfusion incidents might rely on subjective observation and interpretation of symptoms and relating them to the
transfusion.

The distribution of the types of adverse transfusion reactions corresponds to internationally reported data, including
Serious Hazards of Transfusion (SHOT) reports from the United Kingdom and reports from the International
Haemovigilance Network (IHN).*'® For example, allergic reactions and FNHTR were reported in a total of 80.1% of
all incidents in our study. Similarly, Saha et al 2020,"> Goel et al 2019'® and Moncharmont et al 2018'” also identified
these two types of incident as the largest groups. The observed frequency of incidents of 0.12% in our study is at the
lower end of the frequencies described by other authors, which ranked from 0.13% to 2.6%.%'>'"""?

In addition to adverse events, we found actively reported administrative and logistic errors in about 13% of the reports,
corresponding to a rate of 1.26/10.000 transfusions (0.12%). Vossoughi et al'® report an error rate of about 0.15% of all
transfusions by active reporting. Similarly, the British SHOT system in the 2021 report®® summarized 2569 errors, which
corresponds to a reported error rate of approximately 0.1%. However, SHOT reported a total of 15 cases of ABO incompatible
RCC transfusions during the 2018-2021 period, corresponding to about 0.0001% (one per million), whereas our study based
on a “passive” co-reporting in cases of transfusion adverse events found three ABO incompatible RCC transfusions in 230,845
transfusions, corresponding to 0.001% (ten per million). Although the numbers are low, this suggests a trend towards a higher
rate of ABO incompatible transfusions compared with current SHOT data, and it corresponds to the rate of ABO incompatible
RCC transfusions that were measured in the UK SHOT systems in the late 1990s and early 2000s.%

The results of the workup of transfusion adverse event files yielded 8 accidentally detected errors within the 279
reports (2.7%; see Table 3) or of 0.003% (1:28.800) per 230,845 transfusions. This indicates that active reporting of near
miss events can be further developed in our hospital, in order to improve patient safety.

Interestingly, we found that staff errors were involved in 29/279 (10.4%) of the reported incidents. Of these, 8 (about
one-third; 2.9% of all reported incidents from the University Hospital) were not the cause of the report but were instead
detected by serendipity during the workup of the reported incidents. If this rate is applied to all transfusions, this would
amount to 6619 errors per 230,845 transfusions. These data point to the substantial potential of systematic workup of
transfusion incident reports to detect logistical errors. It demonstrates that the workup of transfusion incidents may reveal
information of logistical errors by a “passive” reporting more efficiently than an “active” reporting. Standardized and
detailed workup of transfusion reactions can therefore be employed to detect abnormalities and errors and may yield
additional detection of incidents reported by an active error reporting.

The second most frequent passively detected error after too high hemoglobin values was the incorrect execution or
omission of the bedside test (3.2% of all reported incidents). The bedside test is mandatory in Germany before all RCC
transfusions, including emergency transfusions.”! This points to deficits in compliance with the written operating
procedures and provides a strong basis for additional training of the transfusing personnel.

The limitations of this observational study were that not all reactions were reported in the same way and that some cases
were incompletely documented. Transfusion medical files were often lacking at least one parameter (n = 222) or were
completed in handwritten form. This problem did not occur in the sectional files of the forensic institutes, which were always
based on a schema with a defined sequence of documentation and which was available digitally. Reports from the UK SHOT
cohort? describe the benefits of a standardized collection of thematic data. Cases are centrally recorded and evaluated,
facilitating comparability with other registries.***** As a consequence at our University Hospital, we therefore introduced
a digital documentation instead of hand-written records in order to improve the quality of documentation.
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As a conclusion for clinicians, the importance of careful documentation of peri-transfusional data such as hemoglobin
value, bedside test and other irregularities should be highlighted in transfusion educational sessions, in the transfusion
committee, in audits and in case workups.

The reported transfusion incidents contained 4 actively reported “near miss” events, ie errors noticed before blood
products were administered and 8 more detected by serendipity. Here, regulated and efficiency-controlled staff training
using teaching examples can raise awareness that valuable clinical conclusions can be drawn from near misses to
improve patient safety.'*?

In summary, the results of the present study show the importance of implementing systematic and standardized data
acquisition in the context of hemovigilance systems to further expand the understanding of transfusion reactions and thus
increase the safety of patients during hemotherapy. Further studies could shed light on the advantages of this approach in an
international comparison or collect data beyond the nominal level in order to make even more differentiated statements about
patient groups and the relationship between transfusion and transfusion response.
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