
R E S E A R C H Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Molaahmadi-Hassanabadi et al. BMC Health Services Research         (2023) 23:1169 
https://doi.org/10.1186/s12913-023-10113-6

BMC Health Services Research

*Correspondence:
Mohammad Hossein Mehrolhassani
mhmhealth@gmail.com

Full list of author information is available at the end of the article

Abstract
Background and purpose  Hemovigilance is a set of monitoring methods that covers the blood transfusion chain, 
from collecting blood and blood products to monitoring the blood recipients. To this end, any error in this process 
can have serious and irreparable consequences for patients. The present study aimed to investigate the quality of 
hemovigilance process in Iran, using the first two steps of Six Sigma model.

Methods  This was a quantitative cross-sectional study that was conducted over 6 months (from August 20, 2021, to 
February 20, 2022) at Afzalipour Hospital in Iran, using the first two steps of Six Sigma model. The study population 
comprised of all inpatients who needed blood or blood product transfusion in various departments of Afzalipour 
Hospital, among whom 477 patients were selected via stratified sampling in three shifts (morning, evening, and 
night). The datasheet was used to record errors in the three shifts. This research was conducted, using the DMAIC 
cycle’s “define” and “measure” steps.

Results  In the define step, the hemovigilance process at Afzalipour Hospital was divided into two categories 
of normal process and emergency process. Each of these processes consists of several sub-processes, including 
“phlebotomy,“ “requesting blood and blood products from the department,“ “preparation of application by the 
blood bank,“ " sending a request from the blood bank to the blood transfusion center,“ “transfusing blood and blood 
products,“ and “returning the blood and blood products to the blood bank and waste disposal.“ In the measure 
step, the quality of hemovigilance process was evaluated based on sub-processes and labels at morning, evening 
and night shifts. The sub-process of sending a request from the blood bank to the blood transfusion center had 
the highest error rate with a sigma level of 1.5. Also, the evening and night shifts had a sigma level of 1.875, and 
the clinical and registration labels had a sigma level of 1.875. The overall sigma level of hemovigilance process was 
calculated to be 2.

Conclusion  The results of this study showed that the quality of hemovigilance process at Afzalipour Hospital was 
poor. By employing the first two steps of Six Sigma method, we identified the existing errors in the hemovigilance 
process of Afzalipour hospital in order to assist hospital managers to take the necessary measures to improve this 
process.
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Introduction
Patient safety, as one of the healthcare priorities, is 
defined as “reducing the risk of healthcare-related harm 
to minimum”. Despite efforts being made to improve 
patient safety in healthcare, unsafe clinical care and ser-
vices continue to occur, resulting in approximately 15% of 
total hospital costs in addition to patient harm [1, 2]. The 
medical diagnosis laboratory is one of the most impor-
tant departments in every hospital, as more than 70% of 
crucial medical diagnosis decisions rely on the outcomes 
of laboratory tests. Errors in this department’s work 
processes can result in the wrong or delayed treatment, 
which consequently endanger patient safety [3]. This is 
while most errors are preventable [4].

Many processes are performed in medical diagnosis 
laboratories, including hemovigilance process [5]. The 
term hemovigilance is a combination of the Greek word 
“hema = blood” and Latin word “vigilance = alertness”. 
Hemovigilance is a collection of monitoring methods 
that covers the blood transfusion chain (from blood or 
blood product collection to monitoring the recipient) for 
the purpose of data collection and evaluation [6]. Blood 
transfusion is a complex process consisting of several 
sub-processes [7]. It involves various individuals, includ-
ing physicians, nurses, blood bank personnel, hospital 
porters, hospital drivers, and personnel of blood transfu-
sion center [8]. Also, any error in each of the blood trans-
fusion sub-processes can have severe and irreparable 
consequences for patients [9].

The Serious Hazards of Transfusion (SHOT) report 
in 2018 showed that 84% of error reports were related 
to human errors, and only 10% were unavoidable [4]. 
Errors can occur at any stage of blood transfusion pro-
cess, including improper collection and labeling of blood 
samples, improper transportation of blood and blood 
products from the blood transfusion center to the hos-
pital blood bank and sending them to the departments, 
improper identification of blood group and crossmatch-
ing, and failure to check the patient’s information before 
transfusing the blood. These errors occur as a result of 
not following the hemovigilance procedure’s guidelines 
and standards [6, 7].

To prevent the occurrence of errors and improve the 
quality of blood transfusion services, it is necessary to 
employ a variety of management approaches and tech-
niques that help to predict the occurrence of errors 
and implement the required safety measures [10]. The 
Six Sigma method is an effective method for identi-
fying errors and improving processes. Six Sigma has 
been regarded as a systematic and effective method for 

promoting and enhancing the quality of healthcare ser-
vices, controlling costs, and improving patient safety [11]. 
Six Sigma is implemented with the assistance of a stan-
dard DMAIC cycle and special tools, such as fishbone 
diagram and SIPOC (Suppliers, Inputs, Processes, Out-
puts, and Customers). The steps of DMAIC cycle include 
define, measure, analyze, improve and control [12].

Unfortunately, despite the importance of patient safety 
in the hemovigilance process in hospitals, over the past 
few years, errors and challenges in this process have 
resulted in unwanted and undesirable patient complica-
tions. This study is one of the few studies conducted in 
Iran to employ the Six Sigma methodology to examine 
the quality of hemovigilance process. Considering the 
importance of hemovigilance process in patient safety, 
this study was conducted to investigate the quality of 
hemovigilance process at Afzalipour Hospital, using the 
first two steps of Six Sigma method.

Method
Study design
This was a quantitative cross-sectional study that was 
conducted to investigate the quality of hemovigilance 
process over a period of 6 months from August 20, 2021, 
to February 20, 2022 at Afzalipour Hospital, Kerman, 
using the first two steps of Six Sigma model. The Afzali-
pour Hospital, which is located in the center of Kerman 
province (the southeast of Iran), has a super-specialized 
oncology, transplant, women, children, surgical and med-
ical wards that offer various services to the members of 
public. This hospital has 700 active beds and an annual 
average of 160,000 admissions.

The population and sample
The study population consisted of all inpatients who 
required blood or blood product transfusion in different 
departments of Afzalipour Hospital. Using the stratified 
sampling method and following formula, and assuming 
10% error rate, the number of samples in each process 
was calculated to be 90 patients, and in total processes, 
the sample size was determined to be 477 patients.
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Six Sigma model
The Six Sigma approach, which is used to identify and 
eliminate process errors that occur within DMAIC cycle, 
consists of two parts. The first part is related to “under-
standing and identifying problems”, and has three initial 
steps of define, measure, and analyze. The second part of 
the cycle includes “problem-solving”, and consists of two 
steps of “improve” and “control” [12]. This study was con-
ducted based on the two steps of “define” and “measure” 
in the first part of DMAIC cycle.

Study implementation steps
Define step
To obtain a comprehensive definition of hemovigilance 
process at this step, the national guidelines of blood 
transfusion center, and also the internal regulations and 
guidelines of Afzalipour Hospital were reviewed. After 
attending the hospital departments and blood bank, the 
researchers directly observed the hemovigilance process 
in the hospital, and also conducted four semi-structured 
interviews with the head of blood bank unit, the head of 
blood transfusion center, the educational supervisor, and 
the nursing hemovigilance officer to collect information 
and complete the observations (Additional file 1). A writ-
ten informed consent was taken from all participants.

All steps of hemovigilance process were drawn by the 
BPMN.2 standard in the Visual Paradigm software, using 
the information obtained from the previous steps with 

the research team’s opinion. The SIPOC tool was also 
used at this step to create a process map and identify sup-
pliers, inputs, outputs, and customers in the hemovigi-
lance process (Fig. 1).

Finally, after analyzing the interviews and observations, 
and also reviewing the regulations and instructions (doc-
ument review), the standards, actions, and activities in 
each process, as well as any potential errors, were deter-
mined. During this step, the clinical activities performed 
by nurses, midwives, physicians, phlebotomists, and 
blood bank personnel were considered as clinical labels, 
and activities related to the equipment in the blood bank 
and hospital departments were regarded as equipment 
labels. The activities associated with completing the 
information on the blood transfusion form or register-
ing information in the hospital information system (HIS) 
were also considered as registration label, and activi-
ties performed by the hospital driver and porter were 
regarded as a support label. Accordingly, the analysis of 
findings was categorized.

Measure step
This step is related to measuring the error rate and deter-
mining the correct measurement scale. To this end, the 
error rate was determined by investigating the hemovigi-
lance process for inpatients who required blood or blood 
product transfusions, and its compliance with the stan-
dards established in the define step.

Fig. 1  Suppliers, inputs, process, outputs and customers diagram of the Hemovigilance process in Afzalipour hospital
*Each step included both normal and emergency activities
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The data collection tool in this step included the 
datasheet form (laboratory non-conformity forms in 
the hospital), which was developed by reviewing inter-
nal guidelines and documentation, and also conduct-
ing interviews with experts. The validity of this tool was 
confirmed by the manager of blood transfusion center, 
educational supervisor, blood bank manager and the 
research team (Additional file 1). The researcher gathered 
data through direct observation by visiting the blood 
bank and various hospital departments in three morning, 
evening and night shifts, while using a datasheet form. 
After collecting the data, they were analyzed by Micro-
soft Excel, and the error rate was calculated.

The sigma level was determined using the defects 
per million opportunities (DPMO) and defects per unit 
(DPU) The DPMO scale has been developed for times 
when DPU is normalized in terms of the complexity of 
operation and the way it is performed. It also means how 
much error occurs in that process for every one mil-
lion times the process is carried out. Using the following 
formulas and measurements, DPU was determined by 
dividing the number of defects in each unit and sample 
size. The resulting DPU was used to calculate the amount 
of DPMO. The result was multiplied by one million, then 
divided by the mean number of defect opportunities. 
All hemovigilance processes collected on the datasheet 
are considered total opportunities for defects to occur. 
Finally, all the formula-derived information was entered 
into Tables 1 and 2, and 3.

	
DPU =

number of defects

sample size

	
DPMO =

DPU ∗ 1000000
mean of defect opportunities

� (14)

Based on the above formulas, DPU and DPMO for sub-
process of “application preparation by the blood bank 
and sending it to the department” were calculated as 
follows:

	
DPU =

3074
90

= 34.15

	
DPMO =

34.15 ∗ 1000000
106.16

= 321684.2

Finally, based on the obtained DPM, the sigma level of 
the “application preparation by the blood bank and send-
ing it to the department” was determined to be 2 [15].

Results
Define step
The hemovigilance process at Afzalipour Hospital is gen-
erally divided into two categories of normal process and 
emergency process based on the severity of patient’s need 
for blood or blood products and the physician’s diag-
nosis. Each of these processes consists of several sub-
processes, including “phlebotomy,“ “requesting blood 
and blood products from the department,“ “the applica-
tion preparation by the blood bank and sending it to the 
department,“ “sending a request from the blood bank to 
the blood transfusion center, and delivering the required 
blood bags and blood products,“ transfusing blood and 
blood products in the department,“ and “returning the 
bloods and blood products to the blood bank and dispos-
ing them.“

Measure step
At this step, we measured the errors, and each error had 
a series of consequences. The errors were divided into 
four categories based on their consequences: (1) Errors, 
which had long-term consequences without having a 

Table 1  The evaluation results of the quality of hemovigilance process
Sub-processes sam-

ple 
size

number of 
defects (per-
centage of 
all defects)

number 
of defect 
opportunities

average 
of defect 
opportunities

DPU DPMO sigma 
level

sending a request from the blood bank to the blood transfu-
sion center and delivering the required blood bags and blood 
products

90 4656 (47.35%) 9437 104.85 51.73 493377.1 ≈ 1.5

Phlebotomy 27* 209 (2.12%) 587 21.74 7.74 356047.7 ≈ 1.875
Application preparation by the blood bank and sending it to 
the department

90 3074 (31.26%) 9555 106.16 34.15 321684.2 ≈ 2

Transfusing blood and blood products in department 90 1001 (10.18%) 4028 44.75 11.12 248491.6 ≈ 2.125
Requesting blood and blood products from the department 90 712 (7.24%) 4598 51.08 7.91 154849.9 ≈ 2.5
Returning the blood and blood products to the blood bank 
and waste disposal

90 180 (1.83%) 1620 18 2 111111.1 ≈ 2.75

Total 477 9832 (100%) 29,825 62.52 20.61 329654.5 ≈ 2
*: Since phlebotomy is mostly done in the morning shift, and also as phlebotomy is considered an emergency in the evening and night shifts, the sample size of the 
phlebotomy sub-process was less than the other sub-processes
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Table 2  The evaluation results of the quality of hemovigilance process in three shifts
sub-process 
location

sub-process shift sam-
ple 
size

number of 
defects (per-
centage of 
all defects)

number 
of defect 
opportunities

average 
of defect 
opportunities

average of defect 
opportunities

DPMO sigma 
level

blood bank sending a request 
from the blood 
bank to the blood 
transfusion center 
and delivering the 
required blood bags 
and blood products

E 30 1772 (18.02%) 3169 105.63 59.06 559166.9 ≈ 1.25
M 30 1293 (13.15%) 3198 106.6 43.1 404315.2 ≈ 1.75
N 29 1546 (15.72%) 2945 101.55 53.31 524957.6 ≈ 1.5

sending a request 
from the blood 
bank to the blood 
transfusion center 
and delivering the 
required blood bags 
and blood products 
(emergency)

N 1 45 (0.45%) 125 125 45 360000 ≈ 1.875

application prepara-
tion by the blood 
bank and sending it 
to the department

E 30 946 (9.62%) 3125 104.16 31.53 302707.4 ≈ 2
M 27 819 (8.32%) 2809 104.03 30.33 291550.5 ≈ 2
N 28 1127 (11.46%) 3040 108.57 40.25 370728.6 ≈ 1.875

application prepara-
tion by the blood 
bank and sending it 
to the department 
(emergency)

M 3 78 (0.79%) 359 119.66 26 217282.3 ≈ 2. 25
N 2 104 (1.05%) 222 111 52 468468.5 ≈ 1.625

returning the blood 
and blood products 
to the blood bank 
and waste disposal

M + N + E 
*

90 180 (1.83%) 1620 18 2 111111.1 ≈ 2.75

department requesting blood 
and blood products 
from the department

E 30 252 (2.56%) 1527 50.9 8.4 165029.5 ≈ 2.5
M 27 171 (1.73%) 1364 50.51 6.33 125366.6 ≈ 2.625
N 30 246 (2.50%) 1511 50.36 8.2 162806.1 ≈ 2.5

requesting blood 
and blood products 
from the department 
(emergency)

M 3 43 (0.43%) 196 65.33 14.33 219387.8 ≈ 2.25

transfusing blood 
and blood products 
in department

E 53 645 (6.56%) 2413 45.52 12.16 267153.3 ≈ 2.125
M 8 94 (0.95%) 355 44.37 11.75 264818.6 ≈ 2.125
N 29 264 (2.68%) 1260 43.44 9.03 207872.9 ≈ 2.375

phlebotomy M 24 187 (1.90%) 522 21.75 7.79 358237.6 ≈ 1.75
N 3 22 (0.22%) 65 21.66 7.33 338461.5 ≈ 1.875

blood 
bank and 
departments

total processes Total 
evening 
shift

143 3615 (36.76%) 10181 71.19 25.27 354965.6 ≈ 1.875

Total 
morning 
shift

122 2658 (27.03%) 8795 72.09 21.78 302122.3 ≈ 2

Total 
night 
shift

122 3352 (34.09%) 9139 74.9 27.47 366755.7 ≈ 1.875

total shift 477 9832 (100%) 29825 62.52 20.61 329654.5 ≈ 2
*M + N + E: Since blood reports and returned products were not registered separately by shift, all three shifts were considered together

M = morning

N = night

E = evening
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immediate effect within the hospital environment, often 
occurred after patient discharge from the hospital. These 
errors were outside our control and we could not report 
such consequences. (2) Errors such as registration errors 
that did not result in serious consequences. (3) Errors 
that had serious clinical consequences and were observ-
able. (4) Errors that could have immediate effect and con-
sequences within the hospital environment, but we were 
not aware of such consequences.

Since many errors overlap between sub-processes, 
shifts and labels, only the serious consequences of most 
frequent errors that occurred within sub-processes were 
discussed in this study. Additionally, the number of 

errors that occurred was identified for the most impor-
tant actions and activities.

The sub-process of sending a request from the blood 
bank to blood transfusion center and delivering the 
required blood bags and blood products had the high-
est error rate with a sigma level of 1.5, while the process 
of returning the blood and blood products to the blood 
bank and waste disposal had the lowest error rate with a 
sigma level of 2.75. The overall sigma level of hemovigi-
lance process was 2 (Table 1).

During the sub-process of sending a request from the 
blood bank to blood transfusion center and delivering the 
required blood bags and blood products, activities such 
as “delivery of thermometer and standard cold box for 

Table 3  The evaluation results of the quality of hemovigilance process based on labels
sub-process label sam-

ple 
size

number of de-
fects (percentage 
of all defects)

number 
of defect 
opportunities

average of defect 
opportunities

DPU DPMO sigma 
level

sending a request from the 
blood bank to the blood 
transfusion center and 
delivering the required blood 
bags and blood products

clinical 89 462 (4.71%) 710 7.97 5.19 650704.2 ≈ 1.125
support 89 467 (4.76%) 1641 18.43 5.24 284582.6 ≈ 2.125
equipment 89 372 (3.79%) 1157 13 4.17 321521.2 ≈ 2
registration 89 3310 (33.80%) 5804 65.21 37.19 570296.3 ≈ 1.375

sending a request from the 
blood bank to the blood 
transfusion center and 
delivering the required blood 
bags and blood products 
(emergency)

clinical 1 0 6 6 0 0 0
support 1 0 14 14 0 0 0
equipment 1 4 (0.04%) 13 13 4 307692.3 ≈ 2
registration 1 41 (0.41%) 92 92 41 445652.2 ≈ 1.625

application preparation by 
the blood bank and sending 
it to the department

clinical 85 1235 (12.61%) 3414 40.16 14.52 361553.8 ≈ 1.875
support 85 0 875 10.29 0 0 0
registration 85 1621 (16.55%) 4630 54.47 19.07 350,101 ≈ 

1.875
application preparation by 
the blood bank and send-
ing it to the department 
(emergency)

clinical 5 60 (0.61%) 226 45.2 12 265486.7 ≈ 2.125
support 5 6 (0.06%) 66 13.2 1.2 90909.09 ≈ 2.875
registration 5 114 (1.16%) 285 57 22.8 400,000 ≈ 1.75

returning the blood and 
blood products to the blood 
bank and waste disposal

clinical 90 0 90 1 0 0 0
support 90 0 90 1 0 0 0
registration 90 180 (1.83%) 1440 16 2 125,000 ≈ 2.625

requesting blood and 
blood products from the 
department

clinical 87 0 87 1 0 0 0
support 87 14 (0.14%) 354 4.06 0.16 39548.02 ≈ 3.25
registration 87 655 (6.68%) 3961 45.52 7.52 165362.3 ≈ 2.5

requesting blood and blood 
products from the depart-
ment (emergency)

clinical 3 0 10 3.33 0 0 0
support 3 0 12 4 0 0 0
registration 3 43 (0.43%) 174 58 14.33 247126.4 ≈ 2.125

transfusing blood and blood 
products in department

clinical 90 862 (8.80%) 2778 30.86 9.57 310110.2 ≈ 2
support 90 28 (0.28%) 90 1 0.31 311111.1 ≈ 2
registration 90 109 (1.11%) 1152 12.8 1.21 94618.05 ≈ 2.875

phlebotomy clinical 27 181 (1.84%) 371 13.74 6.7 487870.6 ≈ 1.5
registration 27 28 (0.28%) 216 8 1.03 129629.6 ≈ 2.625

total processes total clinical 477 2800 (28.59%) 7692 16.12 5.87 364143.9 ≈ 1.875
total support 450 515 (5.25%) 3142 8.72 1.14 131126.7 ≈ 2.5
total equipment 90 376 (3.83%) 1170 13 4.17 321367.5 ≈ 2
total registration 477 6101 (62.30%) 17,754 37.22 12.79 343632.5 ≈ 1.875
total labels 1494 9792 (100%) 29,758 19.91 6.55 328980.4 ≈ 2
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transporting blood or blood products by the blood bank 
personnel to the hospital driver (n = 90),“ “placing bloods 
or blood products received from the blood transfusion 
center in the refrigerator in order of expiration date 
(n = 89),“ " attending the blood transfusion center with 
a specialized vehicle (n = 89),“ and “checking of blood or 
blood products and printed receipts by the blood bank 
personnel” accounted for the most errors, whereas “the 
transportation method of blood and blood products by 
the hospital driver” accounted for the least errors.

The errors in these actions and activities led to the 
incomplete preservation of cold chain during the trans-
portation of blood and blood products. Due to the lack of 
thermometer in the cold box, it was not possible to mea-
sure the temperature of blood bags and blood products, 
which could have resulted in temperature exceeding the 
standard limits.

In the phlebotomy sub-process, most errors were 
related to “obtaining informed consent from patient or 
patient’s trusted companion (n = 27)” and " identifica-
tion of patient by the nurse by asking patient if he is con-
scious, and checking the information of wristband and 
file number if he is unconscious.“ Also, the least errors 
were related to the “method of phlebotomy.“

The failure to obtain informed consent from patients or 
obtaining consent for transfusing blood or blood prod-
uct by the nurse using an incorrect method resulted in 
patient complaints and dissatisfaction.

The activities that demonstrated the most errors in 
the sub-process of “application preparation by the blood 
bank and sending it to the department, included “regis-
tering the hospital porter’s profile in the order book for 
sending blood or blood products to the department,“ 
“using the standard crossmatch label after preparing the 
blood bag or blood product,“ “using the slide test instead 
of tube test when determining blood group (n = 59),“ and 
“back type and cell type processes when determining 
blood group (n = 75),“, Also, the least number of errors 
were associated with “checking the request received from 
the department by blood bank personnel.“

An error in determining blood group by the blood bank 
personnel led to a wrong blood group being determined, 
which ultimately resulted in a reaction during blood 
transfusion to patient.

In the sub-process of transfusing blood and blood 
products, the activities that accounted for the most errors 
included; “mandatory presence of shift manager as a wit-
ness at the patient’s bedside”, “controlling the patient’s 
consent form for a blood transfusion by the nurse”, “iden-
tifying patient by the nurse by asking the patient if he is 
conscious and checking the information of wristband and 
file number if he is unconscious (n = 53)”, “matching the 
patient’s identity with the information of blood profile 
form sent to the patient and the blood or product request 

form by two nurses(one controlling the activity and the 
other carrying out the transfusion), (n = 52)”, “checking 
the vital signs of patient and recording it in the transfu-
sion monitoring form before the transfusion by the nurse 
administering the transfusion (n = 47)”, “being at the 
patient’s bedside and monitoring the patient in the first 
15 minutes of transfusion (n = 40)” and “providing com-
plete explanations to patient by the physician and the 
nurse about the advantages and possible side effects of 
transfusion,“. Meanwhile, the least number of errors was 
observed in the activity of “completing the transfusion 
reaction reporting form (TRRF).“

The errors in these actions and activities led to the 
death of an infant and an elderly patient during blood 
transfusion at the hospital. These two individuals died 
due to their weakened immune system, other clinical 
problems, and failure to follow hemovigilance protocol 
by nurses.

Most errors in the sub-process of requesting blood and 
blood products from the department were associated 
with “completing the blood and blood product request 
form by the phlebotomist and the physician” and “com-
pleting the blood sample label at the patient’s bedside 
(n = 43),“ while the least errors were associated with “reg-
istering the request in HIS by the nurse.“

The incomplete filling of blood and blood products 
request form by the phlebotomist and physician, and its 
submission to the blood bank, caused a delay in the blood 
bank testing process to the extent that the blood bank 
personnel had to complete this form instead of starting 
the relevant tests.

“Completing the form of non-use of blood and blood 
products monthly by blood bank personnel” was the 
most error-prone activity, while “labeling the returned 
blood bags and blood products on another sheet” and 
“sending the form or to the blood transfusion center” 
were the activities with the least errors in the sub-process 
of returning the bloods and blood products to the blood 
bank and waste disposal.

In Table 2, the quality of normal and emergency hemo-
vigilance processes was measured in three shifts (morn-
ing, evening, and night). The evening and night shifts had 
the highest error rate with a sigma level of 1.875, while 
the morning shift had the lowest error rate with a sigma 
level of 2. Among the hospital’s departments and blood 
bank, the blood bank experienced the most errors.

The most errors in the night shift were related to “com-
pleting the patient’s blood sample label information,“ 
“delivery of the thermometer and standard cold box for 
transporting blood or blood products by the blood bank 
personnel to the hospital driver,“ and " using the stan-
dard crossmatch label after preparing the blood or blood 
product,“ " attending the blood transfusion center with 
a specialized vehicle,“ " placing blood or blood products 
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received from the blood transfusion center in the refrig-
erator in order of expiration date”, “using the slide test 
instead of tube test when determining the blood group,“ 
and “checking the blood or blood product and printed 
receipt by the blood bank personnel.“ The least errors 
were associated with “matching the blood or blood prod-
uct request in the HIS with the request form by the blood 
bank personnel,“ “matching the patient’s profile on the 
sample to the profile on the blood and blood product 
request form by the blood bank personnel,“ “method of 
transporting the platelet product by the hospital driver,“ 
“checking the patient’s vital signs during the transfusion 
of each product and recording it in the transfusion moni-
toring form by the nurse administering the transfusion,“ 
and “the method of phlebotomy by the phlebotomist.“

In the evening shift, the most errors were related to " 
identifying patient by the nurse by asking the patient if he 
is conscious and checking the information of wristband 
and file number if he is unconscious “, “matching the 
patient’s identity with the information of the blood pro-
file form sent to the patient and blood or blood product 
request form by two nurses (one controlling the activity 
and the other carrying out the transfusion),“ and “control-
ling the patient’s consent form for a blood transfusion by 
the nurse.“ Also, “matching the requested blood or blood 
product in the HIS with the request form by the blood 
bank personnel”, “proper storage of blood or blood prod-
uct in the department until the time of transfusion by the 
nurse " and “how to transport blood and blood products 
using a cold box by the driver” accounted for the fewest 
errors during the evening shift.

Most errors occurred during the morning shift in the 
activities of the “delivery of thermometer and standard 
cold box for transporting blood or blood products by 
the blood bank personnel to the hospital driver,“ " using 
the standard crossmatch label after preparing the blood 
bag or blood product,“ and " identifying patient by the 
nurse by asking the patient if he is conscious and check-
ing the information of wristband and file number if he is 
unconscious.“ Also, “blood transfusion by only the nurse 
administering the transfusion,“ “recording the informa-
tion on the sample label,” “notifying the department by 
blood bank personnel if the information in the HIS does 
not match the written request,“ and “monitoring the 
patient’s vital signs during blood transfusion and record-
ing them on the transfusion monitoring form” accounted 
for the least errors.

In Table 3, the activities of hemovigilance process were 
separated based on clinical, support, equipment, and reg-
istration labels, so that the clinical and registration labels 
accounted for the most errors with a sigma level of 1.875 
and the support label accounted for the least errors with 
a sigma level of 2.5.

The most errors identified in activities involving clini-
cal labels included; “placing blood and blood products 
received from the blood transfusion center in the refrig-
erator in order of expiration date”, “checking the tempera-
ture of thermometer inside the cold box”, “checking the 
blood or blood products received from the blood trans-
fusion center by the blood bank personnel”, and “using 
the standard crossmatch label after preparing the bloods 
or blood products”. Also, the least errors were identified 
in activities such as"the timing of plasma transfusion”, 
“matching the requested blood or blood product in the 
HIS with the request form by the blood bank personnel”, 
“notifying the department by blood bank personnel if the 
information in the HIS does not match with the written 
request”, “blood transfusion by only the nurse adminis-
tering the transfusion”, “checking the vital signs during 
blood and blood product transfusion and recording them 
on the transfusion monitoring form by the nurse admin-
istering the transfusion”, “phlebotomy”, “crossmatch 
test”, and “placing platelets in the shaker as soon as they 
arrive from the blood transfusion center by blood bank 
personnel.“

Activities involving support labels that had the most 
errors included; “visual inspection of blood bags by the 
hospital driver during delivery from the blood transfu-
sion center” and “matching the blood bags and blood 
products received with the list of products sent from the 
blood transfusion center by the driver.“ In contrast, “the 
driver transporting only one type of blood product in the 
cold box,“ “the driver transporting platelet product,“ and 
“the hospital porter sending application forms and blood 
samples to the blood bank” accounted for the least errors.

Activities involving the equipment labels, includ-
ing “delivery of thermometer and standard cold box for 
transporting blood or blood products by blood bank per-
sonnel to the hospital driver,“ were evaluated as having 
the most errors, while the activities such as “delivery of 
necessary transportation equipment (ice pack, absorbent 
cloth, bubble wrap, and plastic envelope) from blood 
bank personnel to the driver” were evaluated as having 
the least errors.

The most errors in activities involving registration 
labels included; “completing the form of unused blood 
and blood products on a monthly basis,“ “registering 
the time of blood sample arrival to the blood bank and 
obtaining the signature of person delivering the blood or 
blood product in the crossmatch booklet by the blood 
bank personnel,“ “completing a printed receipt by the 
blood transfusion center,“ “recording the time of blood 
product arrival from the blood transfusion center in the 
blood and blood product request form by the hospital 
representative,“ and “recording the recommended time or 
speed of blood transfusion by the doctor in the blood and 
blood product request form.“ Meanwhile, the least errors 



Page 9 of 11Molaahmadi-Hassanabadi et al. BMC Health Services Research         (2023) 23:1169 

were related to activities, including “recording the phle-
botomy time and the name of phlebotomist on the blood 
sample label,“ “recording the patient’s medical history 
and the reason for blood or blood product transfusion 
by the doctor in the blood and blood product request 
form,“ “completing the platelet apheresis request form 
by the requesting physician,“ “completing the irradiated 
blood and blood product request form by the attending 
physician” and “completing the blood and blood product 
specification form sent from the blood bank by the blood 
bank personnel”.

Discussion
This study was conducted to examine the quality of 
hemovigilance process in the Afzalipour Hospital in Ker-
man, Iran, using the first two steps of Six Sigma method, 
and also to develop strategies for identifying and reduc-
ing error rates.

According to the results of two define and measure 
steps, the hemovigilance process included several sub-
processes such as phlebotomy, requesting blood and 
blood products from the department, preparing applica-
tion by the blood bank and sending it to the department, 
sending a request from the blood bank to the blood 
transfusion center and delivering the required bloods 
and blood products, transfusing blood and blood prod-
ucts, and returning the blood and blood products to the 
blood bank and waste disposal. Errors in three morning, 
evening and night shifts were observed and recorded in 
different departments as well as hospital’s blood bank.

According to the obtained sigma level, clinical label 
activities and actions, evening and night shifts, and hos-
pital blood bank accounted for the highest error rates. A 
study conducted by Kaur et al. in one of India’s hospitals 
revealed that the laboratory was responsible for 48% of all 
errors, while the departments were responsible for 46% 
of all errors. Also, the evening shift accounted for 49.4% 
of all errors while the night shift accounted for the most 
errors (30.1%). In addition, the lowest error rate (20.5%) 
was related to the morning shift. The most common 
causes of errors in this study included interruptions, dis-
traction, and heavy workload [16]. According to Sidhu’s 
research, most errors occurred during the pre-transfu-
sion phase in clinical services [17], as supported by the 
present study.

Also, the present study revealed that completing the 
blood sample label at the patient’s bedside and the blood 
and blood product request form by the doctor and the 
phlebotomist were among error-prone actions in the pro-
cesses of phlebotomy and requesting blood and blood 
products from the department. Meanwhile, identify-
ing patient, controlling the blood bags and blood prod-
ucts at the patient’s bedside, and checking the patient’s 
vital signs and recording in them in the transfusion 

monitoring form before transfusion, as the last safety 
measures before transfusion, require great care. This is 
one of the basic steps in improving the quality of clinical 
care, and failure to perform these steps correctly is the 
basis for subsequent errors in the hemovigilance process 
and the occurrence of blood transfusion reactions. As 
shown by the results of Karim’s study in Pakistan, accu-
rate patient identification is crucial in blood transfusion. 
The most common errors leading to wrong blood trans-
fusion are failure to identify patient and verify his/her 
identity correctly. Furthermore, human error is the only 
significant source of error in the patient identification. 
In addition, a blood sample with an incorrect label was 
identified as the main cause of blood bank’s distribution 
of incorrect blood or blood product [18]. Consistent with 
the current study, another study showed that most errors 
in the hemovigilance process occur during the comple-
tion and sending of request form for blood and blood 
products [19].

the findings of present study also showed that most 
errors that occur in the departments of Afzalipour Hos-
pital, included “failure to obtain informed consent from 
the patient or his/her trusted companion for the transfu-
sion” and “failure to provide full explanations to patient 
about the advantages and possible side effects of transfu-
sion by the nurse and physician.“

In the study of Court et al. the physician and nurse’s 
failure to provide complete explanations about the 
advantages and possible side effects of transfusion and 
failure to obtain informed consent from the patient or his 
trusted companion were an indication of miscommunica-
tion between healthcare professionals and patients [20]. 
In addition, “absence of a witness at the patient’s bed-
side” and “absence of the nurse performing the transfu-
sion at the patient’s bedside during the first 15 minutes of 
blood transfusion” were identified as the most common 
errors in the blood transfusion procedure. In a study by 
Najafpour et al., failure to monitor the patient’s signs and 
symptoms within the first 15  min of blood transfusion 
was identified as an error associated with a serious trans-
fusion reaction. Since human factors play a crucial role in 
preventing complication related to blood transfusion, it 
is recommended that physicians and nurses receive train-
ing on blood transfusion instructions [21], which is con-
sistent with the findings of present study.

According to the results of present study, incorrect 
crossmatching, using the slide test instead of tube test 
in determining the blood group, not using the standard 
crossmatch label after preparing the blood bags or blood 
products, not checking the blood bag or blood products 
and the receipt printout sent from the blood transfusion 
center by the blood bank personnel, using a non-stan-
dard cold box and not having a thermometer in the cold 
box during transportation accounted for the most errors. 
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According to the findings of Elhence et al. the error in 
the standard crossmatch labels after the preparation of 
blood bag or blood product is one of the most common 
errors, and human error is the main factor in the major-
ity of errors [22]. According to a study by Aalaei et al., an 
increase in RBC temperature during the blood transfer 
due to the use of a non-standard cold box between differ-
ent departments may increase the RBC temperature out-
side the standard range, which is an error that can lead to 
RBC wastage [23].

According to the findings of present study, errors often 
occur in the clinical, human, equipment, support, and 
registration areas. Thus, in order to reduce these errors, 
perform safe blood and blood product transfusions, 
ensure the patient safety and prevent transfusion reac-
tions, the following suggestions have been made by the 
experts and the research team: The physicians, nurses 
and blood bank personnel should receive a continu-
ous education on the blood transfusion standards and 
instructions by the blood transfusion committee through 
educational workshops and practical training at the 
patient’s bedside. More supervision should be provided 
by the blood transfusion organization on the process of 
hospital’s hemovigilance system by increasing inspection 
programs, compiling educational pamphlets containing 
comprehensive information about the advantages and 
possible side effects of blood transfusion at the patient’s 
bedside, and incorporating a special educational unit of 
transfusion medicine into the curriculum of medical sci-
ence programs [16, 19, 21].

Other solutions that appear to be effective in this 
regard include requiring the nurse or phlebotomist to 
send a copy of blood transfusion consent form to the 
blood bank at the same time as sending the blood sample 
and checking the recipient’s blood group for the second 
time using the slide test by another technician in the 
blood bank before sending the blood or product to the 
department, in order to prevent ABO incompatibilities 
and phlebotomy errors [24].

As equipment factors play a significant role in prevent-
ing blood transfusion side effects, the use of new identi-
fication systems for patient and blood products, such as 
Bloodloc, radio frequency identification tags for match-
ing documents, blood group, and patient, and standard 
temperature monitoring device (STMD) will be an effec-
tive step in measuring and recording the temperature of 
blood bags and blood products during transportation 
[22, 25, 26].

Limitation
Since this study was conducted by direct observation 
during the COVID-19 pandemic, it was not possible 
to enter sensitive departments, such as bone marrow 
transplant departments due to the spread of virus and 

infection. Consequently, the research team investigated 
other departments to examine the quality of hemovigi-
lance process.

Strengths
This study is one of the few studies in Iran that has iden-
tified errors in the hemovigilance process using the first 
two steps of Six Sigma model in a detailed manner based 
on different work shifts, labels, and sub-processes.

Conclusion
The evaluation of hemovigilance process at Afzalipour 
Hospital revealed that the quality level of this process 
was low in that hospital. The results also showed that this 
process contains numerous errors, the majority of which 
occurring during sending a request from the blood bank 
to the blood transfusion organization and delivering the 
required bloods and blood products. We also found that 
most errors were happening at the night and evening 
shifts, mainly being related to clinical and registration 
labels. In this study, having completed only two steps of 
DMAIC cycle, we did not take any action or intervention 
to improve the hemovigilance process. However, by per-
forming the initial steps of define and measure, all errors 
in the hemovigilance process were identified in a precise 
manner. In this regard, the sub-processes, work shifts 
and labels accounted for the highest number of errors. 
These findings can assist hospital managers and officials 
of healthcare industry to take necessary measures to 
reduce such errors in evening and night shifts in hospi-
tals. This ultimately, would to prevent clinical and regis-
tration errors, particularly during the process of sending 
a request from the blood bank to the blood transfusion 
organization.
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