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Abstract
BACKGROUND 
The aim of this study was to define clinical evidence supporting that triple rule-
out computed tomography angiography (TRO CTA) is a comprehensive and 
feasible diagnostic tool in patients with novel coronavirus disease 2019 (COVID-
19) who were admitted to the emergency department (ED) for acute chest pain. 
Optimizing diagnostic imaging strategies in COVID-19 related thromboembolic 
events, will help for rapid and noninvasive diagnoses and results will be effective 
for patients and healthcare systems in all aspects.

AIM 
To define clinical evidence supporting that TRO CTA is a comprehensive and 
feasible diagnostic tool in COVID-19 patients who were admitted to the ED for 
acute chest pain, and to assess outcomes of optimizing diagnostic imaging 
strategies, particularly TRO CTA use, in COVID-19 related thromboembolic 
events.

METHODS 
TRO CTA images were evaluated for the presence of coronary artery disease, 
pulmonary thromboembolism (PTE), or acute aortic syndromes. Statistical 
analyses were used for evaluation of significant association between the variables. 
A two tailed P-value < 0.05 was considered statistically significant.

RESULTS 
Fifty-three patients were included into the study. In 31 patients (65.9%), there was 
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not any pathology, while PTE was diagnosed in 11 patients. There was no significant relationship 
between the rates of pathology on CTA and history of hypertension. On the other hand, the 
diabetes mellitus rate was much higher in the acute coronary syndrome group, particularly in the 
PTE group (8/31 = 25.8% vs 6/16 = 37.5%, P = 0.001). The rate of dyslipidemia was significantly 
higher in the group with pathology on CTA while compared to those without pathology apart 
from imaging findings of the pneumonia group (62.5% vs 38.7%, P < 0.001). Smoking history rates 
were similar in the groups. Platelets, D-dimer, fibrinogen, C-reactive protein, and erythrocyte 
sedimentation rate values were higher in COVID-19 cases with additional pathologies.

CONCLUSION 
TRO CTA is an effective imaging method in evaluation of all thoracic vascular systems at once and 
gives accurate results in COVID-19 patients.

Key Words: COVID-19; Pulmonary thromboembolism; Coronary artery disease; Acute aortic syndromes; 
Triple rule-out computed tomography angiography
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Core Tip: Acute chest pain might be due to pneumonia itself or accompanying vascular events in novel 
coronavirus disease 2019 (COVID-19) cases. Triple rule-out computed tomography angiography (TRO 
CTA) is an effective and non-invasive diagnostic method in COVID-19 patients who were admitted to the 
emergency department with acute chest pain. TRO CTA is an imaging method that evaluates all thoracic 
vascular systems at once and gives accurate results in the COVID-19 patient group with acute chest pain, 
which has been proven to be susceptible to thrombotic events.
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INTRODUCTION
Acute chest pain is one of the major complaints among the admissions to the emergency department 
(ED)[1,2]. In some patients, diagnoses can be made by electrocardiographic (ECG) changes, elevated 
cardiac laboratory biomarkers, and typical symptoms. However, a normal ECG or cardiac biomarkers 
do not rule out acute cardiovascular disease and symptoms might be atypical[3]. Moreover, after the 
novel coronavirus disease 2019 (COVID-19) pandemic, it has been more complicated to make a differ-
ential diagnosis list of acute chest pain in the ED. To date, many studies have presented that COVID-19 
causes hypercoagulability[4]. Hypercoagulability is attributed to endothelial cell dysfunction, hypoxia-
induced pathways, and increased blood viscosity[5]. Therefore, to make a rapid and accurate diagnosis 
in COVID-19 patients presenting with acute chest pain is of utmost importance.

Triple rule-out computed tomography angiography (TRO CTA) covers all thoracic vascular systems 
and has advantages in the detection of coronary artery disease, pulmonary thromboembolism (PTE), or 
acute aortic syndromes[6]. TRO CTA has ability to rule out pathology in all three vascular systems, 
particularly in COVID-19 patients who have already increased risk of thrombosis and myocardial injury
[7].

The aim of this study was to define clinical evidence supporting that TRO CTA is a comprehensive 
and feasible diagnostic tool in patients with COVID-19 who were admitted to the ED for acute chest 
pain. Optimizing diagnostic imaging strategies in COVID-19 related thromboembolic events, will help 
for rapid and noninvasive diagnoses and results will be effective for patients and healthcare systems in 
all aspects.

MATERIALS AND METHODS
This study was approved by our Institutional Review Board and as it was a retrospective study, written 
informed consent was waived. No author has any conflict of interest to declare in this study. Our 
radiology archiving system was searched for patients who applied to the ED for acute chest pain and 
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underwent TRO CTA between September 2020 and January 2021. Patients older than 18 years, who had 
COVID-19 pneumonia and applied to the emergency department for acute chest pain, and underwent 
TRO CTA for further evaluation were included in this study. The exclusion criteria were as follows: 
Unreachable clinical or laboratory data and incomplete documentation of imaging data or inadequate 
imaging quality. Six of the patients were excluded from the study and the remaining 47 patients fulfilled 
the inclusion criteria. Medical records were used for the collection of demographics and clinical and 
laboratory findings. TRO CTA images were evaluated for the presence of the coronary artery disease, 
PTE, or acute aortic syndromes.

In our center, TRO CTA examination is performed according to the eligibility criteria in the article of 
Eltabbakh AR et al[8].

TRO-CTA protocol
All TRO CTA scans were acquired using a third-generation dual-source CT scanner (Somatom Force, 
Siemens Healthineers). The protocol begins with a noncontrast prospectively ECG-triggered acquisition 
between the levels of the carina and the base of the diaphragm for coronary artery calcium scoring. 
After this, CTA was acquired from the lung apices to the diaphragm after the administration of 
intravenous contrast. According to patients’ condition, prospectively ECG-triggered, retrospectively 
ECG-gated, or prospectively ECG-triggered high pitch spiral acquisition was used. An intravenous 
iodinated contrast material of 60 to 90 mL was administered at an injection rate of 4 to 6 mL/s, followed 
by a saline chaser of 50 mL. Nitroglycerin or beta-blocker administration was not used. Primarily, the 
coronary arteries were opacified during image acquisition, while homogeneous enhancement of the 
pulmonary arteries happened. For the evaluation of the maximum intensity projection of the aorta, 
coronary and pulmonary arteries, curved planar and volume-rendered reconstructions were obtained; 
findings were then confirmed on the axial CT source images.

Statistical analysis
Data were analyzed using the Statistical Package for Social Sciences (SPSS) for Windows 20 software 
(IBM SPSS Inc., Chicago, IL, United States). Normal distribution of the data was evaluated using the 
Kolmogorov-Smirnov test. Numerical variables with a normal distribution are shown as minimum-
maximum values. Categorical variables are shown as percentages. Differences in normally distributed 
variables between groups were evaluated using Student’s t-test. Categorical variables were evaluated by 
the chi-square test between groups.

A two tailed P-value < 0.05 was considered statistically significant.

RESULTS
In this study, 53 patients who were previously diagnosed with laboratory-proven (real-time PCR) 
COVID-19 pneumonia and underwent triple rule-out computed tomography angiography due to 
sudden chest pain between September 2020-January 2021, were retrospectively searched. Six of these 
patients were excluded from the study because of insufficient quality of the images or because the 
necessary laboratory and/or clinical data could not be reached. The study population consisted of 47 
patients. The creatinine values of 47 patients included in the study were within the physiological range.

Twenty-nine (61.7%) of 47 patients were men and 18 (38.3%) of them were women. Mean age was 
61.7 ± 13.6 years and median age was 59 years (min-max: 47-84 years).

In 31 patients (65.9%), there was not any pathology except for parenchymal findings of COVID-19 
pneumonia. PTE was diagnosed in 11 patients (Figure 1), significant stenosis in the coronary arteries 
diagnosed in 4 (Figures 2 and 3), and dissection in the descending aorta diagnosed in 1 (Figure 4). All 
coronary artery stenoses were observed in the left anterior descending artery and its branches. The 
patient with thoracic aortic dissection had a history of previous abdominal aortic dissection.

Forty-one (41/47, 87.2%) of the patients included in this study had a history of hypertension. All 
patients with hypertension were using antihypertensive drugs and blood pressures were under control. 
There was no significant relationship between the rates of pathology on CTA and history of 
hypertension. When patients with findings on CTA and those without findings other than COVID-19 
pneumonia on CTA were compared, HT rates were similar (normal group 14/16, 87.5% vs pathologic 
group 27/31, 87%, P = 0.09).

Fourteen patients had a history of diabetes mellitus (DM) (14/47, 29.7%). Eight of these 14 patients 
were in the group with no imaging findings other than pneumonia, 5 of them were in the PTE group, 
and 1 was in the acute coronary syndrome group. When compared with those without any imaging 
findings other than pneumonia on CTA, the DM rate was much higher in the acute coronary syndrome 
group, particularly in the PTE group (8/31 = 25.8% vs 6/16 = 37.5%, P = 0.001).

Dyslipidemia was detected in the blood test taken just before (1-3 d) the CTA examination in 22 
(22/47, 46.8%) patients. Nine of these patients also had a history of DM. Fourteen of these patients were 
previously aware of the history of hypercholesterolemia and were using statin derivatives.
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Figure 1 A 77-year-old male patient. Curved multiplanar reformatted image shows embolus in the right lung lower lobe artery (arrow).

Figure 2 A 73-year-old male patient. A: Diffuse calcific and soft plaque formations are seen in the left main, left anterior descending (LAD), and left circumflex 
arteries on axial maximum intensity projection image; B: Moderate stenosis (50% to 69%) is present (linear marker) in the proximal segment of LAD on curved 
multiplanar reformatted image.

Figure 3 A 63-year-old female patient. A: Moderate stenosis (50% to 69%; linear marker); B: Calcific plaque formations are seen in the right coronary artery on 
coronal maximum intensity projection images.

The mean total cholesterol level of these patients was 243.9 ± 71.2 mg/dL, and the low-density 
lipoprotein cholesterol level was 171.5 ± 42.6 mg/dL. All of the patients with significant findings on 
TRO CTA had a total cholesterol level above 240 mg/dL and low-density lipoprotein cholesterol level 
above 175 mg/dL. Twelve of these 22 patients were in the group without imaging findings other than 
pneumonia, 7 were in the PTE detected group, 2 were in the acute coronary syndrome group, and 1 was 
in the group with aortic dissection. The rate of dyslipidemia was significantly higher in the group with 
pathology on CTA while compared to those without pathology apart from imaging findings of the 
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Figure 4 A 78-year-old male patient. Sagittal maximum intensity projection image depicts Stanford type B dissection.

pneumonia group (10/16 = 62.5% vs 12/31 = 38.7%, P < 0.001).
Nine of the patients included in this study (9/47, 19.1%) had a smoking history. There was not any 

significant relationship between smoking history and the rate of pathology detected using TRO CTA. 
Smoking history rates were similar in the group who had pathology on CTA, compared to those 
without pathology apart from imaging findings of the pneumonia group (3/16 = 18.7%, 6/31 = 19.3%, P 
< 0.08).

Two patients (2/47, 4.2%) had a history of cancer (breast cancer and lymphoma). There was not any 
pathology except for imaging findings of pneumonia detected on CTA in these patients.

The mean PLT value of the whole population was 231.99 ± 64.15 (x 109/L), the D-dimer value was 
854.75 ± 347.65 µg/L , the fibrinogen value was 333.05 ± 66.3 mg/dL, the C-reactive protein (CRP) value 
was 37.31 ± 2.01 mg/dL, and the erythrocyte sedimentation rate (ESR) value was 55.9 ± 8.2 mm/h 
(Table 1).

DISCUSSION
Our study revealed that TRO CTA is an effective and non-invasive diagnostic method in COVID-19 
patients who were admitted to the ED with acute chest pain. Acute chest pain might be due to 
pneumonia itself or accompanying vascular events which are related to an increased risk of thrombosis, 
endothelial dysfunction, and myocardial injury in COVID-19 cases[5,7,8].

TRO CTA accelerates the precise diagnosis and utilizes the evaluation of the aorta, coronary arteries, 
and pulmonary vascular systems with a single examination for safe and rapid decisions[9]. However, it 
requires a larger amount of contrast medium and higher radiation dose, and might not be easily 
reachable in all centers[10]. But still instead of separate examinations, it is plausible to choose TRO CTA 
not only for acute thoracic vascular emergencies but for parenchymal pathologies in COVID-19 patients. 
Because the correct diagnosis of PTE, acute coronary syndrome, and aortic dissection, influences early 
treatment and thus, it is life-saving[11].

It has been previously emphasized that COVID-19 increases the risk for pulmonary thromboembolic 
events, so the thromboprophylaxis is suggested to prevent PTE[12]. Being a common cause of acute 
chest pain, coronary vascular pathologies can be encountered as a potential differential diagnosis for 
COVID-19. In addition to being an alternative diagnosis, coronary vascular pathologies can also increase 
the mortality of COVID-19 cases[13]. The results of the current study demonstrated that pathologies that 
can be easily diagnosed via the TRO CTA method, such as PTE and coronary vascular pathologies, were 
also frequently encountered in COVID-19 cases. Therefore, easy, accurate, and rapid diagnosis of 
accompanying pathologies can help guide treatment and reduce mortality/morbidity rates. Moreover, 
the effective use of TRO CTA in the ED can enable clinicians to both detect comorbidities and eliminate 
the mimickers of COVID-19 pneumonia.

Performing TRO CTA in every patient with acute chest pain might be challenging and it will not be a 
cost-effective method. According to our results, accompanying pathologies were mostly seen in COVID-
19 patients with DM and dyslipidemia. These data can help the clinicians to select the more eligible 
patients for TRO CTA examinations. In addition to clinical properties, laboratory parameters can also 
help to define suitable patients. We showed that PLT, D-dimer, fibrinogen, CRP, and ESR values were 
higher in COVID-19 cases with additional pathologies other than pneumonia. The relationship between 
D-dimer and fibrinogen levels with thromboembolic events, and the relationship between CRP/ESR 
levels with severity of inflammation and the course of disease were previously studied for COVID-19 
cases[14]. Hence, it would be a wise choice to prefer TRO CTA examinations in cases with severe 
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Table 1 Mean values and statistical significance according to subgroups

Normal group Pathological group P value

PLT (× 109/L) 202.18 ± 45.59 289.75 ± 109.68 0.003

D-Dimer (µg/L) 651.53 ± 167.71 1248.49 ± 520.11 0.001

Fibrinogen (mg/dL) 307.49 ± 61 382.59 ± 80.1 0.002

CRP (mg/dL) 28.75 ± 3.02 53.91 ± 2.2 0.001

ESR (mm/hr) 43.1 ± 7.3 81.23 ± 12.2 0.003

inflammation and who are prone to thromboembolic events.
To the best of our knowledge, there is no research to date that has examined the TRO CTA findings in 

COVID-19 cases and related them to the clinical features. By examining the TRO CTA findings, 
performed in the emergency setting of COVID-19 cases, the current study might increase the awareness 
about the diagnostic utility and effectiveness of the technique, and increase its use.

The limitations of this study are that it is a retrospective single-center study with a small sample size. 
Although our center is a third-level university hospital and has a wide variety of facilities, future studies 
in larger populations are required to support the use of TRO CTA in COVID-19 patients with acute 
chest pain. Subsequently in times to come, our findings should be confirmed in well-powered clinical 
studies in multicenter hospitals. Since our study was retrospective, ECG data of some patients could not 
be accessed.

CONCLUSION
Our study has shown that TRO CTA is an imaging method that evaluates all thoracic vascular systems 
at once and gives accurate results in the COVID-19 patient group with acute chest pain, which has been 
proven to be susceptible to thrombotic events.

ARTICLE HIGHLIGHTS
Research background
The aim of this study was to define clinical evidence supporting that triple rule-out computed 
tomography angiography (TRO CTA) is a comprehensive and feasible diagnostic tool in patients with 
novel coronavirus disease 2019 (COVID-19) who were admitted to the emergency department for acute 
chest pain. Optimizing diagnostic imaging strategies in COVID-19 related thromboembolic events, will 
help for rapid and noninvasive diagnoses and results will be effective for patients and healthcare 
systems in all aspects.

Research motivation
Acute chest pain in COVID 19 patients becomes more difficult due to increasing differential diagnosis. 
TRO CTA helps diagnosis by excluding pulmonary thromboembolism (PTE), coronary artery disease, 
and acute aortic syndrome at the same time.

Research objectives
To decrease the morbidity and mortality rates in patients.

Research methods
Our study is a retrospective study.

Research results
No pathology was detected in 31 of 57 patients included in the study. PTE was detected in 11 patients. 
The diabetes mellitus rate was much higher in the acute coronary syndrome group, particularly in the 
PTE group. The rate of dyslipidemia was significantly higher in the group with pathology on CTA while 
compared to those without pathology apart from imaging findings of the pneumonia group

Research conclusions
TRO CTA can be a useful method in the differential diagnosis of COVID-19 patients who present to the 
emergency department with chest pain.
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Research perspectives
The use of TRO CTA will reduce mortality and morbidity as it will accelerate the diagnosis and 
treatment process in the future. Studies will proceed in this direction.
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