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Abstract:

Introduction: Blood transfusion is essential in medical practice but carries a risk of adverse events.  The complexity 

of diagnostic criteria and the shortage of medical personnel with expertise in transfusion medicine often result 

in the underreporting of these incidents.  Improving the reporting system’s efficiency is imperative.  Objective: 

To develop a web application for diagnosing transfusion reactions using patient symptom data and automated 

database recording.  Materials and Methods: We developed a web-based application to facilitate the diagnosis 

of acute transfusion reactions based on Centers for Disease Control and Prevention (CDC) case definitions.  Each 

diagnostic step was validated by specialists.  The application’s efficacy was evaluated through a blind test, 

comparing diagnoses made by the application with those made by specialists.  Statistical analysis included 

calculating agreement using Cohen’s Kappa coefficients.  Results: Tests were conducted on 256 cases reported 

from King Chulalongkorn Memorial Hospital (KCMH) from January 2022 to April 2024.  Specialists’ diagnoses 

included febrile non-hemolytic transfusion reaction (FNHTR) (49.6%), allergic reaction (30.8%), and others (19.6%). 

The application demonstrated a Kappa coefficient of 0.982 (95%CI: 0.959-1.000).  Conclusion: The diagnostic 

results showed a high level of agreement between the application and specialists’ diagnoses, demonstrating the 

application’s potential for implementation in the hospital settings.  With patients’ data management and review 

features, the application offers broad benefits for the healthcare system, contributing to the development of the 

hemovigilance system.
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นิพนธต์น้ฉบบั

การพฒันาโปรแกรมวนิิจฉยัและบนัทกึภาวะแทรกซอ้นของการรบัโลหติ
ณฐัวชิ  วงัววิฒัน์1 และ รตัตพร  วชิติรชันีกร 2

1ฝ่ายเวชศาสตรช์นัสูตร โรงพยาบาลจฬุาลงกรณ ์สภากาชาดไทย  2ภาควชิาเวชศาสตรช์นัสูตร คณะแพทยศาสตร ์จฬุาลงกรณม์หาวทิยาลยั

บทคดัย่อ

บทน�ำ  การใหโ้ลหติและส่วนประกอบของโลหติมคีวามส�ำคญัในเวชปฏบิตั ิในขณะเดียวกนัเป็นการเพิม่ความเสีย่งต่อการเกดิเหตกุารณ์

ไมพ่งึประสงค ์แต่ดว้ยเกณฑก์ารวนิิจฉยัทีซ่บัซอ้น ประกอบกบัการขาดแคลนแพทยด์า้นเวชศาสตรบ์ริการโลหติ ส่งผลใหก้ารวนิิจฉยัและ

การรายงานต�ำ่กวา่ทีค่าดการณไ์ว ้การพฒันาระบบเพือ่ช่วยวนิิจฉยั จงึมคีวามส�ำคญัในการพฒันางานดา้นธนาคารเลอืด  วตัถุประสงค ์

พฒันาแอพลเิคชนัเพือ่การวนิิจฉยัเหตกุารณไ์มพ่งึประสงคจ์ากการรบัโลหติโดยอาศยัขอ้มลูอาการและอาการแสดงของผูป่้วยและบนัทกึ

ในฐานขอ้มลูแบบอตัโนมตั ิ วสัดุและวธิกีาร สรา้งและออกแบบเวบ็แอปพลเิคชนั โดยยดึหลกัเกณฑก์ารวนิิจฉยัตามมาตรฐานสากลของ

องคก์ารควบคมุโรคตดิต่อสหรฐัอเมริกา (CDC) โดยอลักอริทมึของโปรแกรมผ่านการรบัรองโดยแพทยผู์เ้ชีย่วชาญเวชศาสตรบ์ริการ

โลหติ ผูว้จิยัไดท้�ำการทดสอบจากขอ้มลูผูป่้วยจริงโดยใหแ้พทยท์ ัว่ไปใชแ้อปพลเิคชนั เปรียบเทยีบผลการวนิิจฉยักบัแพทยผู์เ้ชีย่วชาญ 

และประมวลผลทางสถติโิดย Cohen’s Kappa coefficient  ผลการศึกษา ผูว้จิยัรวบรวมขอ้มลูผูป่้วยทีม่รีายงานเหตกุารณไ์มพ่งึ

ประสงคใ์นโรงพยาบาลจุฬาลงกรณ ์256 ราย ระหวา่งเดือนมกราคม พ.ศ. 2565 ถงึเดือนเมษายน พ.ศ. 2567 โรคทีว่นิิจฉยัโดยแพทยผู์ ้

เชีย่วชาญ ไดแ้ก่ febrile non-hemolytic transfusion reaction (FNHTR) 49.6%, allergic reaction 30.8% และโรคอืน่ๆ 19.6%  

ผลการเปรียบเทยีบการวนิิจฉยัมค่ีา Kappa coefficient ที ่0.982 (95%CI: 0.959-1.000)  สรุป แอปพลเิคชนัสามารถใหก้ารวนิิจฉยั

ทีแ่มน่ย�ำเทยีบกบัแพทยผู์เ้ชีย่วชาญ และมศีกัยภาพทีจ่ะใชง้านในโรงพยาบาลทัว่ไป ประกอบกบัความสามารถในการบนัทกึและแกไ้ข

ขอ้มลู จงึมปีระโยชนส์ �ำหรบัระบบสาธารณสขุในวงกวา้งในการพฒันาความปลอดภยัในการใหโ้ลหติและส่วนประกอบของโลหติต่อไป

คำ�สำ�คัญ :	l ภาวะไม่พึงประสงค์จากการรับส่วนประกอบโลหิต  l ระบบเฝ้าระวังอาการไม่พึงประสงค์จากการรับโลหิต

			   l แอปพลิเคชันเพื่อการวินิจฉัย

วารสารโลหิตวิทยาและเวชศาสตร์บริการโลหิต. 2567;34:237-45.



The development of computerized program-based diagnosis 239

J Hematol Transfus Med  Vol. 34  No. 4  October-December 2024

Introduction

Blood transfusion plays a crucial role in medical 

practice, yet it is not without risks of adverse events1–5. 

To improve the quality and safety of blood transfusion 

services, a system of surveillance procedures known 

as hemovigilance has been developed.  Hemovigilance 

covers the entire transfusion chain and enables hospital 

personnel to report transfusion reactions to centralized 

databases for analysis, helping to identify trends and 

shape policies for prevention.  The incidence rate of 

transfusion reactions varies widely, ranging from 120.5 

to 413 per 100,000 units transfused6–10.  However, the 

complexity of diagnostic criteria and the shortage of 

medical personnel with expertise in transfusion medicine 

often result in the underreporting of these incidents. 

Yeh, et al., demonstrated that reliance on clinical 

judgment from nurses and time-consuming paperwork 

led to underreporting of transfusion reactions in their 

institute.  The implementation of an online transfu-

sion reaction reporting system for nurses significantly 

increased the documented incidence of these reactions, 

highlighting the benefits of integrating such tools into 

the patient care system.  However, their system lacked 

a diagnostic algorithm, and they did not assess the 

accuracy of the reported reactions against the final 

diagnosis, limiting the system’s effectiveness in ensuring 

accurate reporting11. 

A study conducted by Jhaveri P, et al., revealed 

significant discrepancies in the diagnosis of transfu-

sion-related adverse reactions between electronic health 

records and blood bank databases, attributed to various 

factors such as differing diagnostic criteria, communica-

tion gaps between clinical teams and blood banks, and 

variability in clinician knowledge regarding transfusion 

reactions12.  This inconsistency underscores the need 

for effective diagnostic tools. 

Our study aims to address this gap by developing 

a web application that utilizes patient symptom data 

and automated database recording for the accurate and 

timely diagnosis of transfusion reactions.

Materials and Methods

We constructed a diagnostic model based on the 

case definition provided by the Centers for Disease 

Control and Prevention (CDC) in the United States13. 

We categorize acute transfusion reaction in 5 main 

categories: 1) pulmonary complications: consisting of 

transfusion-associated circulatory overload (TACO) and 

transfusion-related acute lung injury (TRALI),  2) infection: 

transfusion-transmitted infection (TTI),  3) hemolytic 

reaction: acute hemolytic transfusion reaction (AHTR), 

4) allergic complications: including mild allergic reaction 

and severe allergic reaction (anaphylaxis) and 5) others: 

comprising febrile non-hemolytic transfusion reaction 

(FNHTR), transfusion-associated dyspnea (TAD) and 

unclassified.

Our diagnostic algorithm operates on a sequential 

basis, resembling a structured ‘Sequence’ of diagnostic 

steps.  The first component, the ‘Approach Algorithm’, 

determines the initial starting point based on the presented 

symptoms and patient information, allowing flexibility 

to start at different points within the sequence.  Each 

step in the sequence is a ‘Diagnosed Algorithm’ node, 

which compares the patients’ features, including signs, 

symptoms, and laboratory data, against the standard 

diagnostic criteria outlined by the CDC.

If the symptoms meet the criteria, a diagnosis is 

made at that node.  If the criteria are not met, the 

Diagnosed Algorithm proceeds to the next node in the 

sequence.  The application can differentiate between 

multiple main symptoms and continues if there are 

unexplained symptoms, generating a comment alongside 

the diagnosis.  The sequence progresses forward only, 

potentially skipping nodes based on the presented signs 

and symptoms (Figure 1).

To ensure the validity of each step in the diagnostic 

model, a content validity assessment was conducted by 

three specialists within our department. Subsequently, 

the refined model was transformed into a web-based 

application incorporated with a software engineer.  The 

effectiveness of the application was assessed through 
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Figure 1  Diagnosis model of the application.  The diagnosis begins with the patient’s symptoms.  The ‘Approach 

Algorithm’ determines the initial starting point within the ‘Diagnosed Algorithm’ nodes.  These nodes compare 

the patient’s features, including signs, symptoms, and laboratory data, against the standard diagnostic criteria 

outlined by the CDC.  The sequence continues until a diagnosis is made.

a blind test involving both specialists and general phy-

sicians.  This evaluation comprised two components: a 

retrospective test to validate the algorithm’s accuracy 

and a prospective test to determine its real-life efficacy. 

In the retrospective analysis, specialists and general 

physicians utilized information from electronic medical 

records.  In the prospective analysis, general physicians 

participated in transfusion reaction consultations within 

our department and employed the application to assist in 

diagnosis.  Diagnoses made by specialists and general 

physicians were compared immediately after diagnosis, 

and all relevant information was collected. 

The sample size was calculated using the sample 

size calculator for the Kappa statistic13.  We set the 

expected kappa to 0.9, with a precision of 0.1 and a 

95% confidence interval.  The proportion was calculated 

based on incidence rates of transfusion reactions at 

King Chulalongkorn Memorial Hospital.  The transfu-

sion reaction diagnosis was compared with that from 

specialist, and agreement was calculated with Cohen’s 

Kappa coefficients.  Sensitivity and specificity were not 

calculated for each specific diagnosis, as the study’s 

primary focus was on overall agreement. The data was 

analyzed with SPSS version 27, p-value < 0.05 is con-

sidered statistically significant. 

Results

The application features an interactive form on its first 

page, where patients’ main signs and symptoms, such 

as dyspnea, fever/chill, hypotension, and skin/mucosal 

symptoms are recorded.  Each diagnostic algorithm has 

its own dedicated page with a corresponding question 

list based on its diagnostic criteria.  Once a diagnosis 

is made, the result page is displayed, accompanied 

by a submit button to save all patient data along with 

the diagnosis (Figure 2).  Furthermore, the application 

includes a patient data management system, allowing 

viewing and editing of individual patient records (Figure 

3).  Users are categorized as administrators, doctors, 

or nurses, with varying levels of data access.  Admini- 
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Figure 2  Interface of application. (A), (B) The first page for inputting general information, vitals, and main symptoms 

of the patient. (C) The diagnostic page for entering detailed responses to questions. (D) The result page shows 

the most likely diagnosis along with imputability, severity, and comments in case a secondary diagnosis is made.
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strators have the authority to approve cases recorded 

by doctors and nurses.  A case management system 

ensures specialist evaluation of every diagnosis before 

export to the database.

The refined model of the application diagnosed acute 

transfusion reaction cases at King Chulalongkorn Memorial 

Hospital from January 2022 to April 2024.  The diagnoses 

were compared with those made by our transfusion 

medicine specialists for a total of 256 cases. The results 

were categorized into two subgroups: the retrospective 

group with 194 patients and the prospective group with 

62 patients.  The most common diagnosis was febrile 

non-hemolytic transfusion reaction (FNHTR) with 127 

cases (49.6%), followed by allergic reaction with 79 cases 

(30.8%) and others (19.6%) (Table 1).  The total Cohen’s 

Kappa result was 0.982 (95%CI: 0.959-1.000).  Subgroup 

analysis showed a Kappa of 0.992 (95%CI: 0.975-1.000) in 

the retrospective group and 0.956 (95%CI: 0.889-1.000) 

in the prospective group (Table 2).

Discussion

The application designed for diagnosing adverse 

events in blood transfusions demonstrated a high level of 

diagnostic accuracy, as indicated by the Cohen’s Kappa 

result of 0.982 (95%CI: 0.959-1.000).  This suggests a 

near-perfect agreement between the application and the 

diagnoses made by transfusion medicine specialists11. 

Such high concordance underscores the potential of 

the application to be integrated into hospital settings 

for routine use, improving the efficiency and accuracy 

of transfusion reaction diagnoses. 

In a previous study by Jhaveri P, et al., a significant 

discrepancy was observed between electronic medical 

records and the blood bank database, even for common 

diagnoses.  For instance, in the case of febrile non- 

hemolytic transfusion reactions (FNHTR), 119 cases were 

recorded in the medical records and 146 in the blood 

bank database, with only 31 cases overlapping between 

the two systems12.  In contrast, our study identified a 

Figure 3  Patient management system of the application. The ‘Resident’ column lists the general or resident 

physicians who registered each case, while the ‘Doctor’ column shows the transfusion medicine attending staff 

who approved the diagnosis. The ‘Most Likely Diagnosis’ column displays the diagnosis made by the application. 

Attending staff can review and edit all information for each case; any changes in the diagnosis are updated on 

this page.
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total of 127 febrile non-hemolytic transfusion reactions 

(FNHTR) cases, of which 125 were accurately diagnosed 

using the application.  This demonstrates that the diag-

nostic algorithm significantly improves consistency of 

diagnosis and potentially reducing discrepancies seen 

in previous studies.

However, the variability in user inputs presents a 

limitation.  Different users, based on their experience 

and perspective, may interpret symptoms differently, 

potentially leading to inconsistent diagnostic outcomes. 

For instance, in two of the 127 febrile non-hemolytic 

transfusion reactions (FNHTR) cases diagnosed by 

specialists, discrepancies arose due to differences in 

the interpretation of chest discomfort by general physi-

cians, resulting in a diagnosis of transfusion-associated 

dyspnea (TAD) instead.  To address this, the application’s 

review feature allows senior physicians or specialists 

to validate and refine the initial diagnoses, ensuring 

a higher level of consistency and reliability.  Despite 

these challenges, the application’s user-friendly inter-

face and structured diagnostic algorithms provide a 

robust tool for medical personnel, including those with 

less expertise in transfusion medicine.  The ability to 

switch languages further enhances its accessibility for 

a diverse user base. 

The study has another limitation.  The primary objective 

was to develop an application for diagnosing transfusion 

reactions, with the main outcome being the agreement 

between the application and specialist diagnoses.  Given 

the nature of our case collection, we did not calculate 

sensitivity, specificity, or other performance metrics 

for each specific diagnosis, as we only collected data 

from patients with confirmed transfusion reactions, not 

include patients without a diagnosis.  This approach  

did not provide the necessary true negative or false 

positive cases required for such calculations.  However, 

in the future, if sufficient cases for specific diagnoses 

are collected, sensitivity and specificity calculations 

could be performed to further validate the application’s 

diagnostic accuracy in comparison to specialists.

Table 1  Diagnosis results from application and transfusion medicine specialists

Diagnosis
Retrospective (N = 194) Prospective (N = 62) Total* (N = 256)

Application Specialist Application Specialist N (%)

Febrile non-hemolytic transfusion reaction 
(FNHTR)

99 99 26 28 127 (49.6)

Allergic reaction 64 65 15 15 79 (31.2)

Transfusion-associated dyspnea (TAD) 11 11 6 4 15 (5.9)

Transfusion-associated circulatory overload 
(TACO)

4 3 5 5 8 (3.1)

Anaphylaxis 7 7 5 5 12 (4.7)

Transfusion-transmitted infection (TTI) 1 1 2 2 3 (1.2)

Transfusion-related acute lung injury (TRALI) 1 2 0 0 2 (0.8)

Hypotensive transfusion reaction (HTR) 6 6 1 1 7 (2.7)

Acute hemolytic transfusion reaction (AHTR) 0 0 2 2 2 (0.8)

Unclassified 1 0 0 0 0

*Total number demonstrate diagnoses from specialists

Table 2  Cohen’s Kappa statistic 

Patients (N) Cohen Kappa (95%CI)

Retrospective 194 0.983 (0.956-1.000)

Prospective 62 0.956 (0.887-1.000)

Total 256 0.976 (0.948-1.000)
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The implementation of this application in clinical 

practice could significantly enhance the reporting and 

management of transfusion reactions, contributing to 

better patient outcomes and more efficient use of health-

care resources2.  Future improvements could focus on 

enhancing the algorithm’s ability to handle a broader 

range of symptoms and integrating more advanced 

data analytics to support continuous improvement in 

diagnostic accuracy15.

To our knowledge, there has been no previous 

development of a transfusion reaction diagnostic tool 

integrated with a reporting system like the one pre-

sented in this study.  This innovative approach not only 

streamlines the diagnostic process but also facilitates 

accurate reporting and data collection for hemovigi-

lance purposes.  This opens new possibilities for future 

developments in transfusion medicine, such as expanding 

the system to diagnose delayed transfusion reactions 

and improving its integration with hospital workflows 

to further enhance patient safety.

Conclusion

Overall, the computer-based diagnostic application 

provides a reliable and user-friendly tool for diagnosing 

transfusion reactions, with the potential to enhance 

clinical practice and patient outcomes.  The data collected 

from each case aligns with the National Hemovigilance 

format, making validation and reporting straightforward. 

The subjective nature of symptom interpretation under-

scores the importance of the review process to ensure 

high diagnostic accuracy and consistency. In conclusion, 

the application offers broad benefits for the healthcare 

system, contributing significantly to the development 

and efficiency of the hemovigilance system.
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