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Abstract
Background: In our study, we aimed to estimate utility of TRO CTA to guide clinical decision in acute chest pain
patients with intermediate risk to acute coronary syndrome (ACS) in the emergency department.
Methods and material: Our study population included 45 acute chest pain patients with intermediate-risk ACS. All
these patients had done TRO CTA to access any pathological conditions in the coronary artery, pulmonary artery,
aorta and thoracic diseases that may be the cause of their complaint. Follow-up was done in all patients for 60 days.
Results: Among the 45 patients, we were able to discharge 44.4% (20 out of 45) of our population safely to home with
no need for further diagnostic cardiac testing. The rest of the patients were classified into significant coronary artery
disease 40% (18 out of 45), 8.8% (4 out of 45) had acute aortic lesions and 6.6% (3 out 45) had pulmonary artery
embolization.
Conclusions: Triple Role Out CT angiography (TRO CTA) is not only an effective protocol for exclusion of ACS with
high specificity compared to dedicated coronary CTA but also in the diagnosis of acute chest pain due to other
vascular and non-vascular causes helping decision-making strategy for admission in the emergency department.
Keywords: TRO CTA, Acute chest pain, Emergency department

Background
Acute chest pain is the second most common presentation after abdominal pain in the emergency department
(ED) [1], and it accounts for nearly 40% of all emergency
department (ED) diagnoses in the USA [2].
Acute chest pain (ACP) represents a major diagnostic
challenge in emergency care as it has a broad differential
diagnosis varying from benign causes to life-threatening
conditions [3].
The most clinically relevant conditions causing chest
pain that have to be differentiated are acute coronary
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syndrome (ACS), pulmonary embolism (PE) and acute
aortic syndrome (AAS) [4].
Coronary artery disease is the leading cause of morbidity and mortality in industrialized countries [5]. The
diagnosis of acute coronary syndrome (ACS) includes
unstable angina, non-ST-elevation myocardial infarction
and ST-elevation myocardial infarction [6].
Invasive coronary angiography is the ‘gold standard’ investigation to detect obstructive coronary artery lesions
but carries a small risk of serious complications [7].
Coronary CT angiography (CTA) provides high-quality
noninvasive images of the heart, great vessels and coronary vasculature [8, 9].
Thoracic aortic dissection (TAD) is a life-threating
condition that is estimated to occur at a rate of 3 to 4
cases per 100,000 persons per year and is associated with
high mortality (Additional file 1). TAD belongs to the
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category of life-threatening pathologies of the aorta,
referred to as AAS, which also includes intramural
hematoma (IMH) and penetrating aortic ulcer (PAU) [10].
As the third most common cause of cardiovascular
death, PE is a potentially fatal condition associated with
significant morbidity and mortality [10], and CT angiography has become widespread and became a standard
image modality in diagnosis the pulmonary embolism as
a leading cause of acute chest pain [11].
In many clinical situations, a definite diagnosis of ED
chest pain is not possible solely based on clinical symptoms and laboratory findings. In addition, most diagnostic modalities (i.e., ECG, cardiac enzymes, exercise
treadmill testing, radionuclide perfusion imaging and
stress echocardiography) other than MDCT are focused
on the diagnosis or exclusion of ACS and do not exclude
other life-threatening causes of acute chest pain [12].
For this reason, Triple Role Out (TRO) protocol with
ECG-gating technology has been proposed to encompass
the entire thorax, allowing simultaneous evaluation of
coronary arteries, thoracic aorta and pulmonary arteries
for improving diagnosis of acute chest pain [13].

Patient and methods
Forty-five patients (26 female and 19 male) with intermediate risk for ACS presented with acute chest pain.
Twenty-five patients were referred to the radiological
department in Tanta University Hospital in Egypt, and
20 patients were referred to the radiological department
in Freiburg University Hospital in Germany to do TRO
CTA (from September 2014 to December 2017).
Inclusion criteria

Patients presented with acute chest pain with intermediate risk to ACS. A Thrombolysis in Myocardial Infarction (TIMI) risk score was used to identify patients with
intermediate risk profile for ACS.
Exclusion criteria

– High-risk patient for ACS (significant ST segment
changes in the ECG, a history of acute myocardial
infarction) and patients who underwent coronary
stenting or coronary bypass surgery
– Pregnancy
– Creatine level ≥ 1.5 mg/dl
– Known history of contrast agent allergy
Our study TRO CTA protocol was performed using
320-multislice CT (Aquilion 1, Toshiba definition) with
0.5 mm Detector-row dimension, 160 mm beam width,
0.35 s gantry rotation,175 s temporal resolution for each
cross-section image.

(2019) 50:3

Page 2 of 10

Pre-exam patient preparation

1. All our patients were first evaluated for HR, blood
pressure and careful taking for our patient medical
history.
2. Thirty patients with high heart rate were given
selective β-blocker metoprolol tartrate [Lopressor],
50–100 mg), 11 patients received one tablet 100 mg
and the other 19 patients received one tablet 50 mg.
None of our patients had any contraindications for
β-blockers; our exams were done by heart rate
ranging from 60–75 bpm.
3. When the patient heart rate became suitable, IV
access is gained with 16–18 G intravenous catheter
in the right antecubital fossa vein.
4. All patients received breath holding training over
the CT table for 15 s.
5. All patients were given sublingual nitrates for better
visualization of coronary arteries.
6. A standard prospective ECG triggered non-enhanced
CT was initially done to obtain coronary calcium
score.
‘Triple-rule-out’ CT angiography imaging protocol

1- In order to opacify both coronary and pulmonary
arteries, biphasic injection technique was used; 80
ml of undiluted contrast material was injected
(Ultravist 370 ml) was injected at 5 ml/s, followed
by 25 ml of the same contrast diluted with 25 ml
saline, also injected at 5 ml/s.
2- We used the bolus-tracking technique to get the
diagnostic vessel opacification level, the first phase
of injection opacifies coronary arteries while the
second phase opacifies pulmonary arteries.
3- Prospective ECG triggering (30–80% of the cardiac
cycle) was used in patients depending on regular
heart rate intervals.
4- Scan acquisition started from the inferior margin of
clavicle head to the base of the heart.
5- Images were obtained at 0.5 ml thickness for
obtaining coronary details, then all images
processed for diagnostic decision-making process.
Imaging post processing reconstructions

The raw data were processed using different reconstruction technique using highly advanced software programs
to enable image display and interpretation in various
orientations and formats.
First, we chose the best image quality to work on.
Optimal image quality was usually achieved in diastole
(at approximately 65–70%of the R-R cycle); however, in 13
cases, the right coronary artery was better visualized
around 30% or 80% of the R-R cycle. Images were typically
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reconstructed with a 2-mm section thickness and a 0.5-mm
overlap and with a 0.75-mm section thickness and 0.4-mm
overlap. In order to reduce noise, images may sometimes
reconstructed with a larger section thickness.
Post processing techniques

1. Multiplanar reformation: We used this technique to
generate cross-sectional images of coronary arteries
or other typical views, such as short-axis or long-axis
views.
2. Curved multi-planar reformation: This technique
enabled us to track the entire course of a coronary
artery on a single image. The image plane was
adjusted to follow the centerline of the vessel. The
resultant display was most useful for depicting the
lumen of a coronary artery from its ostium to its
distal end.
3. Maximum intensity projection: Using this
technique, we were able to improve image contrast
and decrease image noise. This technique allowed
visualization of the lumen of the coronary artery for
longer lengths.
4. Volume rendering: Using the entire volume of
image data, we were able to display the data from a
selected viewer orientation.
Patient follow-up

Major adverse cardiac events and other diagnosis were
assessed during next 60 days after examination. The
evaluation was based on patient discharge summaries or
review of hospitalization records and direct contact with
the patient by telephone. Patients were asked about further symptoms, including chest pain; other illnesses; and
hospitalizations. Patients were asked about any other
cardiac and non-cardiac tests or procedures performed,
including radiography, stress testing, cardiac echocardiography, CT, cardiac catheterization and coronary artery
bypass grafting.
During our study

1. Any expected risks appeared during the study were
explained to the patients.
2. Informed consent was obtained from all patients
after full explanation of the benefits.
3. Our study was approved by the research ethics
committee of Tanta University.
Statistical data analysis

We determined the utility of TRO CTA to guide triage
decision in ED using two different analytic groups, coronary and non-coronary findings.
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As regards our coronary results, to determine the accuracy of TRO CTA in the detection of obstructive coronary disease, we performed segment by segment level
data analysis, then the results were expressed in sensitivity, specificity, positive and negative predictive values.
Using the chi-square test, we were able to compare the
accuracy of TRO CTA with invasive cardiac catheterization
in severe coronary stenosis; p value was found to be 0.23
where p values of less than 0.05 were considered to indicate
statistically significant difference.
The other non-coronary findings were expressed in
numbers and percentage. The following significant variables were included: age, sex, obesity, smoking and history. Demographics and traditional risk factors and
prevalence of coronary disease and other non-coronary
diseases were expressed in numbers and percentage.

Results
TRO CTA was done in 45 patients with chest pain with
mean age of 51 ± 14 with 42.2% in male patients (n = 19)
and 57.8% in female patients (n = 26).
In our patients, we found many risk factors such as
smoking, hyperlipidemia, diabetes, positive family history of coronary artery disease hypertension and obesity.
Sixty percent of our population were smokers while
37.7% of our populations were hyperlipidemic. 33.3%
were diabetics while positive family history was found in
33.3% of our patients. All these factors overlapped together to make our patient of intermediate risk to ACS
in our selected population (Table 1).
Our result was divided into three main groups (Table 2):
1. Group with negative examinations, this was
found in 17.7% of our patient (8 out 45).
2. Group with positive coronary findings, this was
found in 57.7% of our patient (26 out 45).
3. Group with positive non-coronary findings, this
was found in 24.4% of our patient (11 out 45).
As regards to our coronary results

A 57.7% (26 of 45) of our patients had coronary artery
disease. Our coronary findings are then divided into
Table 1 Patient baseline characteristics and risk factors
Patient baseline characteristics and risk factors

No.

Percentage

Current smoking

27

60

Hyperlipidemia

17

37.7

Diabetes

15

33.3

Family history of CAD

15

33.3

Hypertension

11

24.4

Obesity (BMI)

10

22.2

History of coronary artery disease

0

0

Eltabbakh et al. Egyptian Journal of Radiology and Nuclear Medicine

Table 2 Number of patients with coronary and non-coronary
findings
Results

No.

Percentage

Diagnostic images
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Table 4 Detailed positive result of CTA as regard to
catheterization
CTA

Catheterization

45

100

Severe

Moderate

Severe

- Negative results

8

17.7

Segment 2

5 patients

0

3 patients 2 patients 0

- Coronary artery disease

26

57.7

Segment 3

3 patients

0

2 patients 1 patient

- Non coronary disease

11

24.4

Segment 6

10 patients 0

Segment 7

5 patients

2 patients 5 patients 1 patient

Segment 4

0

1 patient

three groups as regards grade of vessel stenosis into significant and non-significant.
Forty precent 40% (18 of 45) had a significant coronary stenosis < 50% while 17.7% (8 of 45) of our patients
had non-significant coronary lesions < 50%. Then, we divided significant coronary lesions into moderate lesions
50–70% stenosis (8 of 45) and severe lesions ≥ 70% stenosis (10 of 45) (Table 3).
On performing segmental analysis for our positive coronary results, 15 patients with significant coronary stenosis in
different 29 segments underwent invasive catheterization.
Invasive catheterization showed true positive result in only
20 segments while the other 9 segments showed lower
grades of stenosis than CTA diagnosed (Table 4).

Our non-coronary findings that explained chest pain in
our population

Four patients (8.8% of our populations) had acute
aortic disease, the first patient had dissection in the
arch and descending aorta, the second showed dissection in descending the aorta, the third patient had
intramural hematoma in the ascending aorta and the
fourth had partially thrombosed aortic aneurysm in
the descending thoracic aorta.
Three patients (6.6% of our patients) had pulmonary
artery embolism, two of them showed pulmonary
embolization in major pulmonary vessels while the other
one patient showed embolization in pulmonary terminal
branches.
Only one of our patients had pulmonary nodule
which proved to be lung cancer and another one had
right middle lobe lung collapse,while 4.4% of our patients (2 out of 45) patients had a diaphragmatic hernia that caused chest pain to them (Table 5).

Table 3 Number of patients with different degrees of coronary
artery disease
Coronary findings

No.

Segment 13 3 patients

Moderate

Mild
0

7 patients 3 patients 0
1 patient

0

0

1 patient

2

1 patient

0

There were other significant incidental findings that
required further evaluation but did not explain the presentation of acute chest pain (Table 6).

As regards our radiation dose

The mean value of effective radiation dose in our population was 9.7 mSv, with mean DLP value for estimating
693 mGy (Table 7).
Follow-up for our cases for 60 days showed the
following:
Follow-up was done in all cases (complete 100%).
Every patient was accessed during the period of followup (60 days) for any major adverse cardiac events
(MACE). Our evaluation was based on patients discharge summaries and review of hospitalization records
or by direct contact with the patient by telephone.
Among the 45 patients, we were able to discharge
44.4% of our population safely to home with no need for
further diagnostic testing. 17.7% of those patients had
negative examinations, while 17.7% of them had mild
coronary disease that required no other diagnostic cardiac testing. None of those patients showed any significant symptoms that required any other diagnostic tests
during the follow-up period. The two other discharged
patients had a diaphragmatic hernia.
All 10 patients we diagnosed to have severe coronary
stenosis (> 70% stenosis in at least one segment) underwent invasive angiography, which revealed severe lesions
in only 8 of them, while two of them showed only moderate lesions.
Table 5 Number of patients with non-coronary positive findings
that explained their complaint
Diagnosis

No.

Percentage

Percentage

Acute aortic disease

4

8.8

Non-significant stenosis >50%

8

17.7

Acute pulmonary embolism

3

6.6

Significant stenosis <50%

18

40

Pulmonary nodule

1

2.2

- Moderate stenosis 50–70%

8

17.7

Hernia

2

4.4

- Severe stenosis ≥ 70%

10

22.2

Pulmonary disease

1

2.2
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Table 6 Number of patients with significant incidental findings
did not explain the presentation of acute chest pain in our
population
Diagnosis

No.

Percentage

Pulmonary pneumoconiosis

1

2.2

Coronary anomalies

3

6.6

Cardiac valve disease

1

2.2

Mediastinal lymphadenopathy

2

4.4

Pulmonary artery aneurysm

1

2.2

The 8 patients we diagnosed to have moderate coronary stenosis (50–70% stenosis in at least one segment)
did not have all do invasive catheterization. Three patients were discharged after negative stress tests and received intensive medical treatments. The other five
patients with moderate lesions underwent invasive angiography. Moderate lesions were found only in three patients and mild in the two other patients.
In our study populations, we were able to diagnose obstructive coronary artery disease with high specificity
reaching to 96% and high positive predictive value
reaching to 69% based on per segmental analysis and in
comparison to invasive angiography. In our study, the
absence of coronary disease or the presence of only minimal to mild disease accurately predicted the absence of
ACS, with high sensitivity and negative predictive value
reaching to 95% and 99% respectively, on per segment
basis analysis (Table 8).

Discussion
Acute chest pain is one of the most frequent clinical
problems in the ED. ACS is an important life-threatening condition causing acute chest pain. Multiple factors
with interfering symptoms can cause chest pain, so the
exclusion of ACS in ED is often a prolonged process requiring monitoring of cardiac serum markers especially
in intermediate risk patients. This makes this process
long and costly. This process is not only expensive,
Table 7 Our follow-up results
Follow-up results

No.

Percentage

Discharged to home without further investigations

20

44.4

Admitted to hospital

25

55.5

- Due to coronary disease

15

33.3

- Due to non-coronary disease

10

22.2

- None

27

60

- Stress tests

3

6.6

- Invasive angiography

15

33.3

- Coronary artery bypass grafting

0

0

Cardiac investigations done in follow-up period
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but also time-consuming for both physicians and patients. On the other hand, up to 11% of patients are
inadvertently discharged from the ED with a missed
AMI (average 2.1%), and unstable angina pain is
missed in up to 4%. This misdiagnosis and inappropriate discharge leads to increased mortality for those
patients [14].
Studies had demonstrated the application of TRO
protocol with 16 sections in CT technology in the emergency department. The advent of 64-, 256- and 320-multislice CT scanners has improved imaging of the
coronary artery. The latest generation of 320-multislice
CT allows simple, rapid acquisition of the aorta, pulmonary arteries and coronary arteries in a single
breath hold [15].
In patients who do not appear to be typically presenting with an ACS, other important provisional diagnoses
for the cause of their chest pain that needed to be considered include non-ACS cardiac conditions such as
acute pericarditis, life-threatening non-cardiac conditions such as acute pulmonary embolism, aortic dissection and perforating ulcer. The usefulness of TRO in
ED has been suggested in some studies, and other studies failed to show superior clinical outcomes to TRO
CT [16–18].
In this study, we aimed to demonstrate the diagnostic
yield of TRO CTA in acute chest pain in emergency department patients and its utility to provide a definitive
non-coronary diagnosis as well as its use to exclude coronary artery disease. As our main direction in this study
was to access the process of clinical triage and its diagnostic outcome for our patient, our study differs from other
coronary CT angiography studies that compare multislice
CT with an angiographic assessment of stenosis.
Multiple studies have demonstrated that a normal coronary CT angiography ‘allows the clinician to rule out
the presence of hemodynamically relevant coronary artery stenosis with a high degree of reliability’ and that no
further work up is required to demonstrate the absence
of coronary disease [19, 20].
Furthermore, in those patients with coronary disease,
the likelihood that an individual coronary plaque will result in ACS is related to many factors independent of
the degree of vascular narrowing [21].
The accepted ‘gold standard’ for the grading of coronary
stenosis, conventional catheter angiography, is limited by
geometric factors that may result in underestimation or
overestimation of the degree of coronary stenosis in over
one-third of patients [22].
On the basis of these considerations, we opted to focus
mainly on clinical outcomes of patients suspected of having ACS in the ED rather than a direct comparison to
catheter angiography for assessment of the degree of
stenosis.
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As regards the behaviour of TRO CTA in assessing
coronary artery disease, we were able to say confidentially that 42% of our population had negative coronary
results and non-significant coronary disease; this did not
seem to be surprising as regards our included population
with moderate risk to ACS.
TRO CTA behaviour in the assessment of coronary disease

As regards our positive coronary findings, we diagnosed
40% (18 of 45) of our population had significant coronary stenosis. 17.7% (8 of 45) of our patients had moderate coronary stenosis, and 22.2% (10 of 45) had severe
coronary stenosis
We used 50% as a cut off value to define obstructive
lesion or significant lesion, we chose this cut off value
because this threshold usually requires further evaluation either with non-invasive testing to determine functional significance or with catheter angiography. This
cut off has been used in many published studies, e.g.,
Hoffmann et al [23]. Patients with significant lesions
were further subclassified as moderate disease (50–70%
stenosis) and severe stenosis (> 70% stenosis).
In Thomas et al. [24] TRO CTA study, they were able to
diagnose 19% of their patients who have significant coronary stenosis, they also used 320-multislice CT scanner, but
they included larger population in their study.
A recent TRO CTA study was done using 320-multislice CT on 25 low to intermediate acute chest pain patients. Using TRO CTA, they were able to diagnose 50%
of their patients of having coronary lesions [25]. Our result is perfectly matching with their result as we found
57.8% of our patients having coronary artery disease, but
we included only intermediate risk patients in our study
and larger study population.
In Kevin et al. [26] study done over 197 low to intermediate risk to access the role of TRO CTA in the emergency department, 11% of their population was found to
have significant coronary artery lesions. Their study was
done on 64-multislice CT, and they also included low to
intermediate risk in their population. This seemed the
real cause of having lower percentage with significant
coronary disease.
In our study done in over 45 patients having acute chest
pain with intermediate risk to ACS, 15 patients with significant coronary disease have entered invasive
catheterization. Based on per segmental analysis comparison, we were able to estimate sensitivity and specificity of
our study.
We were able to diagnose obstructive coronary artery
disease with high specificity reaching 96%, positive predictive value reaching 69%, based on per segmental analysis and in comparison to invasive angiography. We had
also high levels of sensitivity and negative predictive
values reaching 95% and 99% respectively.
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We compare our results with the following dedicated
coronary CTA studies:
Hoffmann et al. [23] study was done in over 368 patients using 64-mutislice CT which showed high specificity and high negative predictive value in exclusion
obstructive coronary artery lesions reaching to 87% and
100% respectively; this agreed with our result because
their result also showed high sensitivity of 77% in the
diagnosis of obstructive lesions but they got only 35% as
a positive predictive value.
Our result goes well with Nieman et al. [27] and
Ropers et al. [28] results with high sensitivity and specificity reaching 95% and 86% respectively in Nieman et
al.’s study and 92% and 93% respectively in Ropers et
al.’s study and both studies were done to assess coronary
luminal stenosis greater than 50% using only 16-detector
CT.
Leber et al. [29], Leschka et al. [30] and Fine et al. [31]
made studies in detection of coronary artery disease over
64-mutislice CT with high sensitivity 91% and specificity
96%; they also got high negative predictive value reaching 97%.
Han et al. [32] study which was done on 345 patients
using 64-multislice CT found higher specificity and positive predictive value reaching 99% and 87% respectively
than we found in our results, but they got the same
negative predictive value 99% and our sensitivity result
was higher than they got, as they got 81%.
Raff et al. [33] and Puglise et al. [34] studies showed
also high sensitivity and specificity in their studies done
to detect coronary artery disease, they did their studies
using 64-multislice CT and they got 91% sensitivity and
96% specificity.
Our negative predictive value agrees also with Kevin et
al. [26] which was 99.4%, and they also based their study
on the clinical follow-up at 30 days and further diagnostic
testing in a minority of patients.
So, our TRO CTA study shows comparable results to
dedicated coronary artery CTA as regards exclusion of
ACS with high sensitivity and specificity.
Our TRO CTA study showed the same result of another systematic review study done by Ayaram et al.
[35]; they showed that TRO CTA helped them in the
diagnosis of coronary artery disease in patients with
acute chest pain with 94.3% sensitivity, 97.4% specificity
and 99% negative predictive value.
TRO CTA behaviour in assessment of non-coronary disease

In our study, we found 24.4% (11 out of 45) of our
patients that were suspected to have ACS, having another diagnosis that explained their symptoms. 17.7%
of them had clinically important non-coronary findings that explained their symptoms. This is not surprising given that ACS symptoms such as chest pain
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and shortness of breath can mimic a number of other
diseases.
In 17.7% of our population, we were able to diagnose
life-threatening conditions as aortic dissection, aortic
intramural hematoma and pulmonary embolism. We were
able to save the life of these patients by directing them toward the accurate cause of chest pain and from then to accurate treatment direction using single-shot acquisition
imaging without any other time-consuming tests.
Among those non-coronary life-threatening conditions, we identified pulmonary embolism in 6.6% of our
population and aortic dissection in 4.4%, 2.2% had intramural hematoma and 2.2% had partially thrombosed
aortic aneurysm. We found that our detection rate of
aortic dissection and pulmonary embolism may have
been reduced by the exclusion of patients when treating
physician chooses to order a dedicated CT scan rather
than triple role out protocol.
Our non-coronary results agreed also with the non-coronary results in Thomas et al. [24] study. This study was
done on 100 emergency patients using 320-multislice CT,
in his study 20 patients demonstrated other non-coronary
findings that explain chest pain including PE, pleural effusion, left ventricular hypertrophy with pleural effusion and
pneumonia. They differed from us as they included pneumonia and left ventricular hypertrophy with pleural effusion as causes for chest pain.
In our study, we were able to diagnose pulmonary embolism, aortic intramural hematoma and aortic dissection as emergency causes of acute chest pain. In Soliman
TRO CTA study [25] done on acute chest pain patients,
he diagnosed 17 cases with non-coronary findings including pulmonary embolism (12.5%), aortic dissection
(22.5%) and aortic aneurysm (10%).
White et al. [36] and Savino et al. [37] agreed also with
our result that TRO CTA can diagnose non-coronary
chest pain causes as well as coronary causes. White et al.
TRO CTA study was done on 69 patients with acute
chest pain showed significant non-coronary findings as
pericarditis, pneumonia and pulmonary embolism that
could account for chest pain in 4.3% of patients in their
studies, while Savino et al. study done over 23 acute
chest pain patients using TRO CTA found 8.7% of their
populations to have pulmonary embolism.
A previous study was done by Halpern [15] and
Takakuwa [16] included 201 acute chest pain patients
evaluated with TRO CT, which identified a non-coronary
diagnosis as the explanation for acute chest pain in 11%
of patients.
Additional diagnosis in patients undergoing coronary
CT angiography may be clinically important. Some diagnosis, such as hiatus hernia, may seem to be of less clinical importance than other diagnosed life-threatening
conditions that should be excluded first, but may
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nonetheless represent the true cause for the representing
complaint. Identifications of these abnormalities allow
the emergency department physician to direct the patient to an appropriate physician to treat and monitor
disease progression.
Among our population, two patients (4.4% of our population) had pulmonary parenchymal lesions and the first
had pulmonary nodule that proved to be pulmonary malignancy while the other had right middle lobe collapse.
Another two patients (4.4% of our population) were diagnosed to be complaining due to diaphragmatic hernia.
In Gruettner et al. [38] TRO CTA study, they showed
even higher numbers of their patients having non-coronary disease reaching to 36%, 5 patients had pulmonary
embolism, 1 patient had severe right ventricular dysfunction with pericardial effusion and one patient had incidental bronchial carcinoma. They diagnosed only 19% of their
population to have significant coronary stenosis. In their
study, they included intermediate risk patients as we did,
but their follow-up period was for 90 days.
The ability to identify an alternative non-coronary diagnosis in patients suspected of having ACS is a major
strength of the triple rule-out scan. In our study, we were
able not only to diagnose other life-threatening conditions
causing chest pain as pulmonary embolism and acute aortic syndrome, but the larger field of scanning helped us to
diagnose other non-emergency conditions as hernia in
two patients and pulmonary nodule in one patient and
directing those patients toward the right physicians helping them to treat the true cause of their chest pain.
On the basis of the frequency of clinically important
non-coronary findings in our study, the detection of
extra coronary findings in moderate risk ACS population
provided the true cause of chest pain more frequently
than was expected. Although many of these non-coronary causes might have been diagnosed after further observations and diagnostic testing, the triple rule-out
protocol provided these diagnoses quickly and without
the need for additional testing, such as ventilation-perfusion scanning.
We found that TRO CTA is a very useful protocol in
emergency department helping in rapid discharge in ED
as we were able to safely and rabidly discharge 44.4% of
our population based on their negative results or nonsignificant coronary findings and confirmed by 60 days
follow-up. Our results agreed with Thomas et al. results
[24], in his study 60 of 100 patients were discharged on
the same day based on their negative results. None of
the discharged patients showed MACE during the 90day follow-up.
Amelia M. Wnorowski et al [39] wide study on 970 low
to moderate risk patients using 256 multi-detector CT
study agreed with our result as regard behaviour of TRO
CTA in the emergency department as they showed that

Eltabbakh et al. Egyptian Journal of Radiology and Nuclear Medicine

they were able to discharge 81.4% of their patients based
on their negative results. They stated also in their result
that they were able to diagnose 8.9% of their patients with
non-coronary diagnosis as pulmonary embolism and aortic disease.
Our high negative predictive value reaching 99% enables us to recommend TRO CTA protocol to be
used as a guide discharging intermediate-risk patients
in acute chest pain emergency department.
Based on per segmental analysis, having a positive
predictive value of 69% indicate that our TRO CTA
did not completely correlate with cardiac cauterization result in severe coronary artery disease .In our opinion, this
may be caused by overestimation of severity of stenosis in
severely calcified lesions.
We found that despite of good result of TRO studies in
dealing with rapid and accurate diagnosis in acute chest
pain patients in ED, yet it is not ordered in the same frequency as dedicated coronary CTA, this was in our opinion due to lack of popularity of technique to clinicians
who are accustomed to request dedicated coronary CTA
in ACP patients with possible risk to ACS. Also lack of patients standardization criteria and knowledge of which patients are proposed to do this examination.
One of drawbacks of TRO examination that may lower
its clinical significance is the degraded image of RCA due
to patient’s respiratory motion artefacts, seen in patients
suffering from dyspnoea and chest pain. In spite of very
rapid scanners, RCA image may be still at motion risk.
TRO CTA and radiation exposure

We found that our estimated effective dose value
(EDV = 9.7 mSv) was slightly lower than of Soliman [25]
and Gruettner et al. [38] TRO studies who had EDV
reaching to 10 and 12.4 mSv respectively. Our EDV was
still higher than EDV of patients underwent dedicated
coronary CTA in the Joachim Gruettner study as they
got 8.7 mSv.
TRO study radiation exposure values pushed us to recommend this examination only in certain patients, who
are of high suspicion to have an alternative diagnosis that
may explain their chest pain other than acute coronary
syndrome. This suspicion may be based on clinical symptoms as severe dyspnoea and high risk for pulmonary embolism (history of DVT), or based on laboratory data as
positive D-Dimer test.

Limitations
1. Our study was faced with several limitation factors.
First, our study is a prospective observation study,
so most patients did not have additional
comparative tests performed to verify the result of
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most of coronary CTA and we were able to verify
the result of only severe cases compared to catheter
result done to them and based on per segmental
analysis.
2. We are the one of few studies that showed the
diagnostic accuracy of TRO CTA in detection of
obstructive coronary artery disease.
3. The 60 days follow-up should be followed with
longer interval and the number of study population
should be extended for better evaluation.
Notwithstanding these limitations, our study clearly
demonstrates the utility of TRO CTA protocol in emergency department in diagnosis of both coronary and
non-coronary causes of acute chest pain patients and to
limit additional diagnostic testing to a small proportion
of population.
So based on our experience we consider that TRO
CTA is a very useful protocol to be used in acute chest
pain patients in the emergency department especially
those patients who are less likely to have acute coronary
syndrome.

Conclusion
1. TRO CTA is not only an effective protocol for
exclusion of ACS with high specificity that is
comparable with dedicated coronary CTA, but also
in the diagnosis of chest pain due to other vascular
and non-vascular causes that would be missed in
dedicated coronary CTA.
2. TRO CTA can help in rapid safe discharge of
patients from ED and when compared with many
protocols of acute chest pain in ED, it can help in
rapid making of decision-saving patient life and
time, ED cost and multiple exposures to radiation.
3. In addition to the intermediate risk to ACS at
baseline, the ideal patient for TRO CT should has a
presentation for which alternative diagnosis to ACS
is to be considered.

Additional file
Additional file 1: Different cases. (DOCX 1608 kb)
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Recommendations
1. Based on high radiation dose of TRO examinations, we recommend TRO
CTA for patients whose chest pain may have other causes other than ACS
other patients of acute chest pain who are more likely to have ACS with no
suspicion for other associated pathology should do dedicated coronary CTA.
2. Good knowledge of which patients should go TRO CTA should be put
into consideration of each clinician and radiologist based on clinical data or
laboratory test, this may raise the clinical importance of TRO in ED acute
chest pain patients.
3. Many steps should be taken toward raising the sensitivity and positive
predictive value of TRO CTA protocol through improving software programs that
can help in reducing motion effect and blooming artefact of calcified plagues.
4. Appropriate patient selection is important for the effective application of
TRO CT and raising the level of its clinical significance.
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