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ABSTRACT

Objective: To analyze the appropriateness of Coronary computed tomography angiography
(CCTA) referrals by cardiologists in selected tertiary care hospital of Oman.

Methods: In this study 220 patient’s records were randomly selected for retrospective study
of records of all eligible cases referred for coronary computed tomography angiography at
Sur Hospital in Oman from May 1, 2013 to December 31*, 2016.

Results: In total 220 patients screened out of which 175 were included in the study. The
majority of CCTA referrals were made for "Detection of Coronary Artery Disease (CAD)” in
suspected ischemia equivalent in 50.9% (n=89). The population's average age was 57.3 years,
and 61.1% of the population (n=107) were male. Followed by detection of CAD in
asymptomatic patients 21.1% (n=37). There were no patients referred to CCTA for the
indication of “Evaluation of cardiac structure and function”. It was found that 40% (n=70) of
our Cardiologists referrals for CCTA were within the “uncertain” category, while 36.6%
(n=64) were in the “appropriate” and 23.4% (n=41) were in the “inappropriate” category.
Conclusions: This study demonstrates a relatively inappropriate use of CCTA at Sur Hospital
in Oman. Installing a written protocol for CCTA referrals with line of the current guidelines

is recommended to improve quality and avoid the inappropriate requests and abuse of the
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CCTA modality. We recommend that there is a requirement of a local policy for these

situations until there is agreement on the "uncertain" signals in the guidelines, which is

necessary to expand our understanding of the appropriateness of CCTA referrals.

Keywords: Patient Referrals, Coronary computed tomography angiography, Coronary

artery disease, Sur Hospital, Oman, American College of Cardiology Foundation

INTRODUCTION

According to the recent studies it is
estimated that about 38 million citizens
loose their life every year due to non-
communicable diseases (NCDs). Especially
due to cardiovascular disease (CVD),
diabetes, respiratory diseases and the
cancer. Out of which 17.5 million mortality
is due to CVDs predominantly heart attack
and stroke [1, 2]. Unhealthy lifestyle,
aging, rapid unplanned urbanization are the
risk factors for these disease. It is also
proposed that globalization has led to
unhealthy way of life leading to increased
blood glucose level, rise in blood pressure,
obesity and the elevated blood lipids [3]. In
Oman, approximately 65-70% of total
death is caused by NCDs. Out of these
deaths, 33% are due to CVDs. Raise in
blood pressure of adults is seen in 25% of
population while, 21% of the population
have obesity [4]. According to the studies
hypertension associated cardiac diseases
are the most important and cause for the
worry as almost 71% of them lead to
ischaemic heart disease. Rate of acute
coronary syndrome among Omanis is
highest with basic incidence rate of 338 per

100,000 person-year. Congenital heart

disease affects the regular functioning of
the heart, with an incidence of 7 per 1000
birth in Oman [5].

Coronary atherosclerosis involves extended
asymptomatic progression phases, which
frequently result in nonfatal myocardial
infarction (MI) or sudden cardiac death.
includes

Structural heart abnormality

cardiomyopathy and congenital heart
disease which may effect in symptoms like
heart failure, fatigue, dyspnea, which
reduces the superiority of living [6]. The
64-slice cardiac computed tomography
angiography (CCTA), a non-invasive and
potent  image modalities  emerging
technology for the patient today, is
acknowledged as a first-line test for the
diagnosis of coronary artery and cardiac
structural and functional evaluation [7].
The advancement of computed tomography
(CT) technology, mostly due to

improvements in volume coverage,
temporal resolution, and spatial resolution,
has made it possible to clearly evaluate
coronary arteries and the structure of the
heart on a regular basis [8]. This
technology CCTA, has emerged as a result

and has been quickly used in clinics to
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examine individuals who may have
coronary artery disease (CAD). By using
fractional flow computed tomography
(FFRcrt), it is possible to determine the
degree of epicardial coronary thinning and
its physiological effects [9].

A relatively high radiation dose that was
high prior to the CCTA examination's
limiting factor has been significantly
decreased in patients, going from 15-20
mSv to less than 1-2 mSv. CTA has been
demonstrated to have equivalent diagnostic
accuracy to invasive coronary angiography
for the diagnosis of CAD; the calculation of
CCAT has been shown to be more accurate
than the SYNTAX score in comparison
[110. People who are suspected of having
CAD can benefit from CCAT because it
not only allows for a precise assessment of
the coronary arteries but also offers vital
details on other cardinal structures [11].
However, the rate of CCTA has
demonstrated in evaluating a number of
medical circumstances, and there have been
growing worries about its excessive use in
clinical settings, which is linked to the
potential to expose patients to unwanted
radiation in addition to placing a significant
financial burden on health services.
Therefore, the American College of
Cardiology Foundation (ACCF) conducted
a proper use analysis of a common clinical
where CCTA is

scenario frequently

considered, along with important specialty

and subspecialty associations.
Nevertheless, patients who were referred
for coronary CT angiography in
underdeveloping and/or developing nation
still differed significantly from the ACCF
appropriateness criteria [12].

Since May 2013, CCTA services have been
available at Sur Hospital. The purpose of
this retrospective study was to evaluate the
appropriateness of referrals for coronary
computed tomography angiography made
by cardiologists in the current clinical
settings at Sur Hospital in Oman because
the appropriateness of CCTA referrals has
not previously been addressed.

METHODS

Study design and patients

Out of 220 patients randomly selected, 175
were selected by simple randomization
table from the database available in the
hospital. These patients were referred for
64-slice CCTA at Sur Hospital in Oman, in
time period from May 1% 2013 to
December 31 2016.

Data collection and analysis

Patient data was recruited through data
collection form by cardiologists and
radiologists as a part of their daily work
from patient called

ALSHIFA 3+ SYSTEM which is applied

medical records
by Ministry of Health institutions of Oman.
These data were entered into an Excel
spread sheet. Data collection form was

designed to retrieve all information related
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to demographic data, clinical

characteristics, and symptoms and
determine appropriateness level. Additional
details were also retrieved along with the
family history, prior to acute coronary
syndrome, reason for recommendation to
CCTA, and coronary artery disease (CAD)
risk score such as Pre-test Probability for
Symptomatic patients and Framingham risk
criteria for asymptomatic coronary heart
disease patients.

Assessment of Appropriateness:

Once the information extracted from
ALSHIFA 3+ SYSTEM, every case was
dedicatedly evaluated according to the
guideline to evaluate appropriateness. All
grading systems and definitions that were
suggested or cited in the guideline were
applied to ensure that the results were
applicable. The suitability of the study was
judged
ACCF/ASNC/ACR/AHA/ASE/SCCT/SC
MR/SNM 2010 APPROPRIATE USE
SCORE CRITERIA for CCTA [13].

according to the

The indications were coded with their
corresponding appropriateness level. The
rating panel uses a scale of 1 to 9 to
determine if an imaging method is
appropriate for a certain indication or
situation. There are three different ways to
describe something being acceptable:
appropriate (7-9), uncertain (4-6), and
inappropriate  (1-3) [13]. Cases that

couldn't be determined from

recommendations based on the CT scan
and/or patient data were excluded.
Statistical analysis

The Kolmogorov-Smirnov test and a
histogram were used to determine whether
the data obtained using the data collecting
form had a normal distribution. While
categorical data are represented as
frequency (%), continuous variables are
represented as mean + SD. The Chi-square
test was used to compare categorical
variables. One-way ANOVA was used to
assess continuous variables and normally
distributed data. Statistical significance was
defined as a two-tailed P < 0.05. Variables
were analysed using SPSS version 23.0
(IBM Corp., Chicago, Illinois, USA).
RESULTS

Study group characteristics

Of the 220 patients screened, 175 met the
inclusion criteria. The reasons for exclusion
was insufficient data in the patient’s
medical record to yield an appropriate score
from the guideline (n=28), duplicate data
entry of same patients (n=4) and
cancellation of the procedure by the
radiologists (n=13) due to high calcium
score (n=6), renal impairment (n=3) and,
lack of ability of the patients to hold their
breath (n=4). Table 1 lists the clinical traits
of the 175 individuals that were a part of
the study. The study population's median
age was 57.3 years, and 61.1% of the

patient records (n=107) belonged to males.
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Reasons for referral
The main common reason for CCTA
referrals was "detection of Coronary Artery
Disease (CAD)” in suspected ischemic
equivalent in 50.9% (n=89). The least
common reason for CCTA requests was “in
the setting of prior test results” in 2.9%
(n=5). Other reasons for referral were
“detection of CAD/Risk assessment in
asymptomatic individuals without known
CAD” in 21.1% (n=37), “detection of CAD
with  suspicion of Acute

Syndrome (ACS)” in 10.9% (n=19), “risk

Coronary

assessment post revascularization” in 9.7%
(n=17), and “detection of CAD in other
clinical scenarios” in 4.6% (n=8).
Interestingly, no patients were referred to
CCTA for the indication of “evaluation of
cardiac structure and function” (Table 2).
Appropriateness of referrals

Figure 1 shows the proportion of referrals
that have fall into every category of
appropriateness according to “ACCF et al.”
criteria. 28% of the referrals were within
the “uncertain” category, while 44% were
in the “appropriate” category and 28% were
in the “inappropriate” category.

Uncertain CCTA referrals were the most
abundant category representing 28% of

referrals (n =70), the most common

indication was "detection of Coronary

Artery Disease (CAD) in symptomatic
patients either with acute or non-acute
symptoms” representing 65.7% (n=46).
Appropriate CCTA referrals represent 44%
(n = 64) and the most common sign was
again "detection of Coronary Artery
Disease (CAD) in symptomatic patients
either with acute or non-acute symptoms”
representing 81.25% (n=52).

Inappropriate  CCTA referrals represent
28% (n = 41) were predominantly
requested to detect CAD or for risk
assessment in asymptomatic individuals
without known CAD representing 43.9%
(n=18). Followed by
Coronary Artery Disease

“detection  of
(CAD) in
symptomatic patients either with acute or
non-acute symptoms” category
representing 24.4% (n=10) and Risk
Assessment Post revascularization (PCI or
CABG)”category 24.4%
(n=10).

CCTA referrals under the “detection of

representing

No documented inappropriate

CAD in other clinical scenarios” category.
Clinical Characteristics of referrals
Table 3 illustrates the difference in clinical
characteristic of records according to the
“ACCF et al” criteria. The only
statistically significant difference was

between ages and the appropriateness level

(P-value = 0.03).
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Table 1: Clinical characteristics of the study population

Characteristics Values Percentage
Age in years 57.3+12.4 -
Male 107 61.1
Smoking (Current) 15 8.6
Previous diagnosis of CAD 40 229
Diabetes 77 44
Hypertension 124 70.9
Hyperlipidemia 128 73.1
Symptomatic 133 76
Pre-test probability of CAD in symptomatic patients (n=133)
Low 27 20.3
Intermediate 56 42.1
High 50 37.6
Framingham risk criteria in asymptomatic patients (n = 42)
Low 13 31
Moderate 15 35.7
High 14 33.3

CAD: Coronary artery disease

Table 2: Reasons for CCT according to appropriate use criteria category

Appropriateness CAD Detection | CAD Detection CAD CAD In the Risk Evaluation
Level in Symptomatic | in Symptomatic | Detectio | Detecti | Setting | Assessme of Cardiac
Patients with Patients with nin onin of nt Post Structure
Non-acute Acute Asympto | Other previo | revascular and
Symptoms Symptoms matic Clinica | us Test ization Function
(Ischemic With Suspicion | Individu 1 Results (PCI or
Equivalent) of ACS als Scenari CABQG)
os
Appropriate (n=64) 44 8 6 2 1 3 0
Uncertain (n=70) 42 4 13 6 1 4 0
Inappropriate (n=41) 3 7 18 0 3 10 0
CAD: coronary artery disease, ACS: acute coronary syndrome
CTCA Appropriateness Criteria of Cardiologists Referrals
Uncertain
28%
Appropriate
44%
Inappropriate
28%
m Appropriate  m Inappropriate = Uncertain
Figure 1: CTCA Appropriateness Criteria of Cardiologists Referrals
6
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Table 3: Comparison of clinical characteristics by type of appropriate use criterion

Characteristics Appropriate Uncertain Inappropriate P-Value
Age in year 54.5 61.1 54.9 0.03
Male (%) 35 48 24 0.239
Smoking (current) 9 4 2 0.128
Previous diagnosis of CAD 12 16 12 0.457
Diabetes 26 33 18 0.750
Hypertension 44 50 30 0.880
Dyslipidemia 48 52 28 0.723
Symptomatic 52 54 27 0.189

DISCUSSION categorized ‘“uncertain” by guidelines

The current study is the first of its type in
Oman to evaluate and document whether
CCTA referrals are appropriate in
accordance with ACCF2010 score criteria
for CCTA guideline [13]. In this study, we
reviewed the CCTA referrals over 3 years
at Sur hospital in Oman. The CCTA service
started in Sur Hospital in may/2013;
therefore, this study has been done to
improve the quality of CCTA referrals by
of the

CCTA referrals from the onset of the

evaluating the appropriateness
CCTA service and for 3 years. Both
cardiology and radiology department co-
operated in this study.

Generally, the results indicate improper
of CCTA modality when
the published

utilization
reviewed according to
guidelines. The results reveal a relatively
high proportion of uncertain use, low
proportion of appropriate use and relatively
high proportion of inappropriate use when
comparing with studies using the same
guidelines [14-17].

Interestingly, the results reflected that a

high percentage of referrals were

which resemble the results in similar
studies [12, 13, 18-20]. Nevertheless, the
proportion of “uncertain” category in our
study was doubled higher than these
studies. In view of that, implementation of
a local hospital protocol is mandated till
reaching a consensus on the guidelines in
such cases.

Commonly the reason for CCTA referrals
was "detection of Coronary Artery Disease
(CAD) in symptomatic patients either with
acute or non-acute symptoms” in 61.7% of
the referrals (n=108) [21]. The second
reason was “detection of CAD/risk
assessment in asymptomatic individuals
without known CAD” in 21.1% of the
referrals (n=37). The third reason was “risk
assessment post revascularization” in 9.7%
of the referrals (n=17). The fourth reason
was “detection of CAD in other clinical
scenarios” in 4.6% of the referrals (n=8).
The least common reason for CCTA
requests was “in the setting of prior test
results” in 2.9% of the referrals (n=5).

Interestingly, no patients were referred to
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CCTA for the indication of “evaluation of
cardiac structure and function” [22, 23].
The “inappropriate” category revealed a
relatively high proportion of referrals to
those reported in similar studies; however,
this study showed similar result regarding
the most common indication of
inappropriate referrals which is “detection
of CAD /risk assessment in asymptomatic
individuals without known CAD” [11, 14.
16, 17]. > It is worth mentioning that we
evaluated these referral against the 2010
“ACCF et al.” guidelines which was the
applied guidelines during the analyzed
period; however, the updated “ACCF et
al” guidelines in 2017 changed the
indications for asymptomatic individuals
and all of these inappropriate requests due
to this reason, if got re-evaluated now, will
be either appropriate or uncertain [24].

The study affirms that most of the patients
referred to CCTA were symptomatic. As a
result, individuals are more likely to gain
from CCTA's high-negative predictive
value, which offers a reliable means of
excluding CAD and avoiding the risk of
invasive angiography. Therefore, it is not
unexpected that both this study and other
similar  investigations recognised the
discovery of CAD in symptomatic patients
as the most prevalent eligible indication for

referral to CCTA [16, 17].

Study limitations

This study was done by reviewing the
clinical data that was documented by the
requesting doctors in the medical records of
the patients. Any inaccurate data may have
resulted in inaccurate categorization. We
didn’t take into consideration the
benefit/risk ratio related to the use of
CCTA due to radiation and the possible
contrast-induced nephropathy
CONCLUSION

This study demonstrates a relatively
inappropriate use of CCTA at Sur
Hospital/Oman, establishing a great room
for improvement. Installing a written
protocol for CCTA referrals with line of the
current guidelines is recommended to
improve quality and avoid the inappropriate
requests and abuse of the CCTA modality.
Additionally, for a fuller understanding of
the appropriateness of CCTA referrals, it is
required to come to a consensus on
"uncertain" indicators in the
recommendations, and until this occurs we
need a local protocol for such cases.
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