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Abstract

Background: Effective waiting list management and comprehensive prioritisation can provide timely delivery of
appropriate services to ensure that the patient needs are met and increase equity in the provision of health
services. We developed a prioritisation framework for patients in need of coronary artery angiography (CAA).

Methods: We used a multi-methods approach to elicit effective factors that affect CAA patient prioritisation.
Qualitative data wase collected using semi-structured interviews with 15 experts. The final set of factors was
selected using experts’ consensus through modifed Delphi technique. The framework was finalised during expert
panel meetings.

Results: 212 effective factors were identified based on the literature review, interviews, and expert panel discussion
of them, 37 factors were selected for modifed Delphi study. Following two rounds of Delphi discussions, seven final
factors were selected and weighed by ten experts using pair-wise comparisons. The following weights were given:
the severity of pain and symptoms (0.22), stress testing (0.18), background diseases (0.15), number of myocardial
infarctions (0.15), waiting time (0.10), reduction of economic and social performance (0.12), and special conditions
(0.08).

Conclusion: Clinical effective factors were important for CAA prioritisation framework. Using this framework can
potentially lead to improved accountability and justice in the health system.

Keywords: Coronary artery angiography, Waiting list management, Patient prioritisation, Health policy and services
research, Quality of care

Background
In recent decades, the staggering growth in the number
of people on the waiting lists for certain health care ser-
vices has exacerbated concerns about patients safety, the
quality of health care services and risk of injustice, and
led to patients’ dissatisfaction [1, 2]. In general, the cre-
ation of a waiting list for a health care service can indi-
cate the presence of high and excessive demand,

deficient supply, or a lack of effective planning and pri-
oritisation. Regardless of reasons, extended waiting times
were previously shown to negatively impact patients
health and quality of life [3]. Increased waiting time was
also shown to affect the patient’s functional improve-
ment, patient’s performance and recovery after the oper-
ation [4, 5].
Different countries have implemented explicit and implicit

priority setting processes according to their circumstances.
The factors that can determine the order of patients on the
waiting list and related waiting time may include non-clinical
(e.g., quality of life, patient experiences, duration, distance
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from residence to hospital) and clinical factors (e.g., sex, pain
intensity, complications and disability ([4, 6–8]. In New Zea-
land and Canada, priority-scoring systems were used to
prioritaze the patients, and in Norway, decisions are made in
accordance with medical guidelines by allocating ICD10
codes to the medical descriptions [9–12].
Overall, effective prioritisation of patients should be one

of the cornerstones of any health care sector and can help
to ensure timely service provision that is essential for the
improvement of the quality of care. It is also important to
observe equity in health care services access and prioritise
the provision of health care services in medical centres to
patients with greater or more urgent needs. These import-
ant indicators should be given special attention in the
evaluation of health and treatment departments where
clinical and non-clinical factors for prioritisation should
be considered simultaneously [13, 14].
Coronary artery disease as the most common type of

heart disease and is one of the leading causes of death in
various countries [15, 16]. While there are several ways
to diagnose coronary artery disease, coronary artery
angiography (CAA) remains to be thus far the most de-
finitive way [17]. In Iran, those in need of CAA currently
experience long waiting times, sometimes up to five
months [18]. Such long waiting times can potentially
lead to negative health impacts (e.g., pain, heart function,
and deterioration in the quality of life [19, 20]. It was
previously suggested that in addition to the clinical fac-
tors (based on the severity of the symptoms and the out-
come of the exercise test), prioritisation of CAA should
also consider social factors [21, 22]. However, in Iran,
the current prioritisation process for CAA is based pri-
marily on “first-come, first-serve” basis (or traditional
methods). Such prioritisation principle led to observance
of a minimum clinical etiquette, reports of injustice, in-
creased the informal patients payments and unnecessary
service provision, as it does not account for patient’s
needs and urgency of the condition [23–25]. This
present study aims to develop a waiting list framework
for patients in need of CAA in Iran to ensure timely
CAA provision that takes into account both clinical and
non-clinical priorities.

Methods
We used a multi-methods approach to elicit effective fac-
tors that affected CAA patient prioritisation and con-
ducted our study using five steps (Fig. 1). First, we
performed a comprehensive literature review to identify
the effective factors influencing the prioritisation of elect-
ive patient. Second, we conducted semi-structured inter-
views to determine effective clinical and non-clinical
factors that influence priority setting for CAA patients ex-
clusively related to the country’s context. We interviewed
academics, clinical staff and other field experts that are

directly involved in the prioritisation of CAA patients.
Third, we conducted two sessions with a panel of experts
to compile the initial list of effective factors in prioritising
CAA patients, which was further narrowed down by using
a modifed Delphi technique. All effective factors were
judged using two criteria - measurement capability and its
importance in prioritising patients in need of CAA.
Fourth, we used hierarchical analysis to prioritise the se-
lected effective factors based on their importance in com-
parison with other factors. Finally, we held two expert
panel sessions to formulate the final prioritisation frame-
work for patients in need of CAA based on weights and
priority of the effective factors given by experts.

Step 1: comprehensive review
We conducted a comprehensive literature review to
identify the effective clinical and non-clinical factors
influencing prioritisation of elective patients. We
searched databases (Web of sciences, Scopus,
PubMed), using the following terms: waiting list, pri-
ority list, priority setting, effecting factors, factor, vol-
unteer patient, elective surgery, non-emergency
surgery (Additional file 1). No time limitation was ap-
plied, and we included articles that were published in
English only. The initial search showed that the num-
ber of studies on the prioritisation of cardiac patients
and waiting lists related to patients requiring CAA is
somewhat limited (less than 83 articles). Hence, we
expanded our search strategy to include all studies
that reported on the factors influencing the prioritisa-
tion of non-emergency patients or the management of
waiting lists. We then manually searched for add-
itional references cited in the selected articles.
Given that the selected keywords did not include the

words hospital, clinic, and health system, there was a
possibility that articles related to waiting list manage-
ment would include those from other non-health indus-
tries (e.g., banking or financial services). Such articles
were screened out. Extraction of data from the articles
(i.e., methodology, target population, clinical factors and
non-clinical factors) was done separately by two re-
searchers (RSh&RR), and in cases of disagreement, the
third researcher (LD) helped to reach the consensus. 45
articles (Additional file 5) met our inclusion criteria.we
read the articles and through content analysis, we identi-
fied 110 clinical and 119 non-clinical factors. After elim-
inating duplicates and merging similar factors in concept
but varying in the formulation, the factors were de-
creased to 81 clinical and 79 non-clinical factors
(Additional file 6).
The knowledge and insights gained at this stage were

used to design the interview guide form for semi-
structured interviews in Step 2.
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Fig. 1 Study Steps
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Step 2: semi-structured interviews
In order to elicit the clinical and non-clinical effective fac-
tors in prioritising patients who need CAA, we conducted
15 semi-structured interviews with experts, including car-
diologists (n = 2) and cardiovascular resident (n = 1), cor-
onary artery angiography specialists (n = 3), angiography
nurses (n = 4), faculty members (n = 3) and scheduling ex-
perts (n = 2). Participants were selected using targeted
sampling with maximum diversity method. The main in-
clusion criteria for participation were having at least a
bachelor’s degree for queuing experts, having at least five
years of work experience for cardiovascular specialists,
and willingness and consent to participate in research. We
got written consent from each participant before partici-
pation in the interviews. The interviews were conducted
using a semi-structured interview guide, continued until
the information saturation was reached, and lasted ap-
proximately one hour. To facilitate the interview process,
the participants chose the place of the interview. With the
conscious consent of the participants, a voice recorder
was used. Additionally, notes were taken during most
meetings and interviews. Content analysis was used to
analyze the data. Data coding was performed by two of
the researchers (LD&RR). Six main steps were followed to
conduct data analysis: familiarity with the data (data
immersion), identification and extraction of primary
codes, themes identification (putting primary extracted
codes in related themes), reviewing and completing identi-
fied themes, naming themes, ensuring the reliability of the
extracted codes and themes (reaching an agreement be-
tween the two coders by discussing and resolving issues).
Data analysis was done by hand.

Step 3: expert panel and modifed Delphi technique
Excerpts from semi-structured interviews and interview
notes were reviewed during two sessions with the panel
of experts. The expert panel consisted of three specialists
and a cardiovascular resident, four scheduling expert,
and two nurses. The initial list of factors influencing the
prioritisation of patients with cardiovascular problems
was provided to experts in the form of a modifed Delphi
technique. The main inclusion criteria for participation
in an expert panel were similar to those used in Step 2.
The questionnaire was used to perform the modifed Del-
phi technique, which was performed in two stages. In
these questionnaires, each of the factors was scored by
experts on two dimensions – measurement capability
and its importance in prioritising patients in need of
CAA – using a 9-point Likert scale. Factors were se-
lected if their average score was higher than seven. If the
median score of the factor ranged from four to seven,
the factor was entered into the second stage. All factors
with a median score below four were eliminated. An

overview of included and eliminated factors in Add-
itional files 2 and 3.

Step 4: hierarchical analysis
The hierarchical analysis was used to prioritise the se-
lected effective factors based on their importance in
comparison with other factors. All factors were sub-
jected to the pair-wise comparison by experts. For each
factor in a pair, experts assigned a numerical score that
indicated the preference or importance of a factor. Pref-
erential values and corresponding descriptions used for
scoring are presented in Additional file 4. Expert Choice
software was used to analyse the results. Based on the
software output, the priority and weight of the factors
were determined.

Step 5: expert panel
Two expert panel sessions were used to formulate the
final prioritisation framework for patients in need of
CAA based on weights and priority of effective factors
given by experts in Step 4. The main inclusion criteria
for participation in an expert panel were similar to those
used in previous steps. Experts discussed the frame-
work’s reliability and possible limitations. Each patient
was given one of the scales 1 to 10 by the physician ac-
cording to their circumstances. This process was re-
peated for all factors. Finally, the score given to each
factor was multiplied by the weight gained by the hier-
archical analysis factor. In the end, the total score of
each patient will be determined the patient’s row in the
waiting list.

Results
Comprehensive overview
The extracted factors were classified into two categories;
clinical and non-clinical factors. The most important
clinical factors including pain (n = 24), severity of disease
(n = 15) and distress (n = 4) and the most important
non-clinical factors including age (n = 15), waiting time
(n = 13), ability to work (n = 10), disability (n = 7) and
sex (n = 7).
Factors were extracted from studies conducted in 11

countries (Canada (11), New Zealand (8), Spain (7), Eng-
land (7), Netherlands (5), Finland (2) and Australia (1),
Iceland (1), Italy (1), Ireland (1) and Norway (1)). Most
studies used a mixed-methods approach (n = 16). Other
studies used qualitative methods such as interviews, ex-
perts panel and open-ended questionnaires and quanti-
tative methods such as statistical modelling.

Semi-structured interview
We interviewed fifteen experts. After implementing and
analysing the interviews, the list of factors was limited to
46 clinical and 21 non-clinical factors. After coding all
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factors, 28 factors were removed due to their generality,
non-relevance, and alignment. After eliminating repeti-
tive items, we obtained the final list of 39 effective fac-
tors in the prioritisation of CAA patients (Table 1).

Expert panel
Based on the expert panel discussion, the set of factors
was limited to 21 clinical and 16 non-clinical factors
(Additional file 2).

Modifed Delphi technique
Thirty-seven factors entered the first stage of modifed
Delphi method. In the first stage, after analysing the
scores of 15 experts, 17 factors were removed from the
study due to low scores. Eight factors achieved a median
above 7, and 13 factors advanced to the second stage
(Additional files 2 and 3). Considering that the amount
of agreement between the opinions in the first and sec-
ond stages of modifed Delphi was obtained in the
remaining 13 factors above 80% [26, 27], so the Delphi
ended in the second stage and according to the re-
searcher’s opinions, 11 factors with an agreement rate
above 80%, along with eight other factors, were selected
as final factors. After two stages of the used delphi tech-
nique, the number of factors was limited to six clinical
and 13 non-clinical factors. To finalise the list of the af-
fecting factors on prioritisation, we performed an expert
panel. Some of the identified factors were merged or re-
moved, reducing the number of factors to seven.

Hierarchical analysis
Ten experts that participated in the modifed Delphi
study conducted a pair-wise comparison of the
remaining seven factors. The resulting weights of factors
are ranked and presented in Table 2.

Expert panel
In order to provide a prioritisation framework for non-
emergency patients for angiography, the framework
resulting from Step 4 was discussed by the expert panel.
Following the discussion, the weights remained un-
changed. Within the proposed framework, each factor
gained weight. Clinical and non-clinical factors were
assigned a score (from 1 to 10). Next, each score was
multiplied by its corresponding weight, and the final
score per patient was obtained by summing values for all
seven factors (Table 3). Patients were then ranked based
on their final scores. Based on panel recommendations,
patients who get 80 points and higher should be the
prioritised and seen within a month, patients with 50 to
80 points would get the second priority and shall be seen
within two months, and all other patients get the third
priority and shall be seen within three to four months.

Discussion
We developed a framework for prioritisation of patients
in need of CAA based on clinical and non-clinical fac-
tors. This framework includes seven effective factors:
pain intensity and symptoms, stress test results, under-
lying diseases, presence of risk factors, the percentage of
damage caused by a heart attack, the waiting time, the
reduction in economic and social performance and other
specific circumstances. Pain intensity and symptoms re-
ceived the highest weights, while the patient’s special

Table 1 Effective factors in prioritising patients for cardiac
angiography/ Extracts from interviews

No. Effective factors No. Effective factors

1 The severity of the pain 21 Social value (apparent value, for
example, a rich person)

2 Illness severity
(diagnostic group)

22 Priority to be a colleague

3 Disability 23 Electrocardiogram (ECG or EKG*)

4 Delay costs 24 History PTCA*

5 Number of EF* 25 The probability of success after the
operation

6 Expected clinical benefit
(cost versus efficiency)

26 Underlying diseases such as
diabetes, high blood pressure and
BMI*

7 Number of blocked
arteries

27 Being a smoker

8 Diabetes 28 Permission for another operation
(priority of another surgery)

9 Exercise test result 29 Recommended patient or
hospitalisation

10 Heart pumping power 30 Human capital/ social position

11 Number of previous
infarcts

31 Decreased ability of the individual
(daily work - job problem)

12 Stress while waiting 32 History of heart valve surgery

13 Family history 33 Risk of death

14 Social issues 34 Special patient conditions (e.g.,
lack of access in case of urgent
need)

15 The importance of the
vessel requires
intervention
(e.g., left main coronary)

35 History of coronary artery
intervention

16 Complications of staying
on the waiting list

36 Unstable angina

17 The severity of the
disease progresses

37 Social dysfunction

18 Possible risk of
angiography

38 The importance of the individual
for society (e.g., the importance of
the surgeon for society)

19 Duration of waiting time 39 Symptoms of psychosis

20 Number of persons
under the sponsorship

Note: EF: Ejection Fraction; ECG/EKG: Electrocardiogram; PTCA: Precutaneous
Tranluminal Coronary Angioplasty; BMI: Body Mass Index

Doshmangir et al. BMC Public Health         (2021) 21:1997 Page 5 of 8



conditions got the lowest weight. We used a multi-
methods approach to benefit from the ability to improve
the quality of the research process, increase the accuracy
and quality of data, generate real information, increase
the validity of the study, reveal the various dimensions
of the phenomenon under study, strengthen the reliabil-
ity, validity and comprehensiveness of the study [28].
Our framework accounted for both clinical and non-

clinical factors which complement each other. Not sur-
prisingly, the clinical factors that reflect medical urgency
received higher weights than non-clinical factors. By in-
cluding the non-clinical factors were aimed to account
for social justice. Previous studies suggest that complex
assessment criteria should include a social judgment that
it frequently being ignored by the clinical judgment [29,
30]. Nonetheless, others suggested that the number of
such non-clinical factors in decision making (i.e., priori-
tisation) should be limited [31].
Having a better understanding of possible disease

complications and related effective factors may help to
improve patient selection and reduce mortality during
the waiting period. Also, differentiating each criterion
and determining the time of occurrence of each of the
effective factors in a particular patient can help to regu-
late the timely receipt of service [32]. In this regard, the
results of studies showed that the use of clear and expli-
cit criteria could guarantee better health outcomes and

lead to patient satisfaction [33]. Therefore, in the present
study, in order to compare patients’ priorities more ac-
curately and fairly when scoring each factor, we consid-
ered intensity, extent and effective number in
prioritisation, used clear and explicit definitions accord-
ing to the documents extracted for the criteria. Despite
the results of some studies and the attention of some ex-
perts to patient factors (e.g., age and sex) in evaluating
patients for prioritisation, these factors did not reach the
quorum to enter the final framework and were not con-
sidered as a prioritisation criterion. Also, in line with
these results, other studies have shown that age, ability
to pay, treatment costs, education and being under the
care of individuals should not have much effect on pa-
tient’s prioritisation [34].
The results of the literature review showed that the

age factor could not be considered as an important, in-
fluential factor for prioritisation [35]. However, some
studies suggest that providing medical services to youn-
ger patients should be considered, especially for mental
health services [36]. Similarly, others suggest that age
and sex together should be considered for effective in
prioritisation in medical services [37]. We argue that
given all aspects of the issue, age and sex can be very im-
portant and effective in some diseases but not others. At
first, the discussion of sex seems fanatical, but there
could be systemic sex-related differences or even dis-
crimination in different cultures and countries. However,
with the rise of awareness and the level of cultures,
logically, no priority should be given to any sex in identi-
cal conditions.
The concept of severity of the disease seems simple,

but when it is compared across several patients, it is
quite difficult to assess and compare. The severity may
be defined as the severity of the pain and the extent of
the restrictions or the risk of death. Summarising the re-
sults of studies shows that the severity of the disease is
the result of the sum of the severity of the factors influ-
encing the decision to treat the disease. As a result, it is
not plausible to choose this option as an independent
factor [38].
The risk of premature death, as well as the severity of

the disease, could be a factor in prioritisation. However,

Table 2 Final list of factors influencing the prioritisation of
angiography candidate patients

No. Factor Weights

1 Pain severity and clinical symptoms (type of pain,
shortness of breath, weakness, etc.)

0.22

2 Stress test (exercise testing, echo stress, ECG changes) 0.18

3 Underlying diseases (associated) and risk factors
(diabetes, high blood pressure, high cholesterol and
other diseases)

0.15

4 Number of myocardial infarctions (heart failure rate) 0.15

5 Decreased economic and social performance 0.12

6 Duration of waiting time 0.10

7 Special circumstances (social importance of the
individual, being a colleague, etc.)

0.08

Table 3 Prioritisation framework for patients requiring coronary artery angiography

Effective Factors to prioritise patients

Patient’s
name

Pain severity and
symptoms

Stress
test

Underlying
Disease

Number
of EF

Duration of
waiting time

Decreased economic and
social performance

Special
circumstances

Total
points

0–22 0–18 0–15 0–15 0–10 0–12 0–8

Patient A

Patient B

Patient C

Notes: EF: Ejection fraction
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because it is generally expressed and there are several
factors affecting death, particularly among angiography
candidate, it was not included in the set of final factors.
We believe that this factor could be more important in
emergency patients and can be more effectively used in
the classification of emergency patients [38]. Another in-
fluential criterion in prioritising cardiovascular patients
is attention to body mass index. Body mass index has
been proposed in various studies, two articles related to
the heart and one article related to knee replacement. In
all three studies, this index is mentioned as an important
risk factor and is very important in diseases related to
movement organs [39]. Examination of the results of
studies showed that high blood pressure could also be
considered as a significant factor in prioritisation. The
most important complication of high blood pressure is
an increased risk of cardiovascular disease. High blood
pressure is also a risk factor for heart disease and can be
a factor in prioritising angiography candidates [40]. Also,
the results of studies showed that having malignant dis-
eases as an underlying disease along with heart disease
greatly increases the priority of coronary angiography
[41]. Nonetheless, none of these factors reached the
quorum by our expert to be included in the final
framework.
Among the non-clinical factors, we discussed work re-

lationships, family relationships and informal relation-
ships between people. These factors still lack proper
recognition and consideration for patient prioritisation.
It should be noted that the perceived value of a person
(e.g., based on social status, income or fame) should
never be a factor in prioritising because prioritising such
factors would mean denying transcendent human values.
However, some studies suggest that some medical staff
(i.e., surgeons) would consider prioritising hospital staff
or personal acquaintances over other patients [35].
The inability to implement the prioritization frame-

work was one of the most important limitations of the
present study, which could not be done due to the out-
break of the Coronavirus disease (COVID-19). To over-
come this limitation, it is suggested that future
researchers design and conducte studies to implement
the CAA patient prioritisation framework to evaluate the
effectiveness and validity of the framework.

Conclusion
We propose a comprehensive framework for prioritising
patients that require CAA. Our framework accounts for
effective factors and risk factors that could lead to re-
ceiving timely and quality services according to all clin-
ical and non-clinical factors. Using this tool and
replacing it with existing traditional methods of priori-
tisation can lead to the promotion of accountability and
justice in the health system, especially in the provision of

medical services, and create a dynamic and secure wait-
ing list. The developed framework can be used in many
different circumstances and diseases. We suggest that
managers and policymakers implement this framework
after modifying and localizing the framework based on
local conditions, in order to improve justice and accessi-
bility in organizations and communities. Also we invite
colleagues to test this framework, adapt and futher im-
prove it.

Abbreviation
CAA: Coronary artery angiography
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