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Background: Clinical workup for chest pain varies among institutions. Acute coronary syndrome (ACS) is 
the primary diagnosis to rule out in the differential diagnosis, due to its associated mortality and morbidity. 
Although studies have demonstrated efficacy of coronary computed tomographic angiography (CCTA) 
in diagnosis obstructive coronary artery disease (CAD), there is limited evidence in the clinical value of 
performing cardiac nuclear stress perfusion imaging [myocardial perfusion imaging (MPI)] exam in patients 
with chest pain after undergoing CCTA. We aim to evaluate clinical value of follow-up nuclear cardiac MPI 
in patients with chest pain who have undergone recent CCTA. 
Methods: A total of 1,000 patients were evaluated in this IRB approved retrospective study who presented 
with symptoms of ACS. Patients who had elevated troponin or abnormal electrocardiogram (ECG) findings 
at initial presentation or prior to cardiac nuclear MPI were excluded from the study. All patients who 
underwent 64- or 320-detector row ECG-gated CCTA as well as a follow-up nuclear MPI. Patients who 
had diagnostics studies limited by artifact [e.g., suboptimal intravenous (IV) contrast bolus in CCTA, motion 
artifact on CCTA or MPI, etc.] were excluded. 
Results: One hundred patients met the inclusion criteria. Patient demographics include average age  
64.3 [32–89] years, 59 male, 41 females. Ninety-five/100 patients had at least one vessel with 50–70% 
coronary artery diameter stenosis measured on CCTA. There were no focal perfusion abnormalities 
identified on cardiac nuclear MPI in patients with less than 70% stenosis diagnosed on CCTA. Five percent 
of patients were identified with coronary arterial narrowing greater than 70% on CCTA and all 5 of these 
patients have evidence of abnormal cardiac nuclear stress test (perfusion abnormalities, chest pain, abnormal 
ECG).
Conclusions: In low-to-intermediate risk patients with chest pain and evidence of non-critical coronary 
artery stenosis (i.e., less than 70% stenosis) diagnosed on CCTA, a follow-up cardiac nuclear perfusion 
imaging is of limited value. 
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Introduction

Chest pain is one of the most common (#2) cause of 
patient visits to the emergency department (ED) in USA 
(1-5). Various studies have shown that frequently (greater 
than 50% of time), a non-cardiac condition is the reason 
for acute chest pain. However, ACS can have atypical 
clinical presentations and ACS symptoms can overlap with 
non-cardiac etiologies. This makes rapid and accurate 
diagnosis of the chest pain cause quite challenging (2-4). 
Currently, most patient care facilities across the nation 
utilize the following “rule-out myocardial infarction 
(MI)” diagnostic algorithm: point of care troponin plus 
electrocardiogram (ECG). If initial tests are negative, then 
depending on patients’ risk factors, patient may undergo 
serial ECG and cardiac enzymes along with coronary 
computed tomographic angiogram (CCTA) and/or stress 
cardiac nuclear myocardial perfusion imaging (MPI) 
(4,5). Although this approach has reduced the number of 
major diagnostic errors, but it has shown to increase the 
length of stay, and cost of care in the ED and the result 
is not always definitive (5). Moreover, side effects such as 
dyspnea, tachycardia, and flushing are very common with 
widely used nuclear stress test chemical agents such as 
Adenosine and Regadenon (6). Recent studies have shown 
CCTA can be a rapid, noninvasive, and less expensive 
test with a high negative predictive value (95–99%) that 
reduces the length of stay in low to intermediate risk 
patients with possible ACS (7-11). However, some studies 
suggest that CCTA may increase the rate of invasive 
coronary angiography procedures and revascularizations 
with no significant difference in the length of stay (8-12).  
Also, at present patient with “non-critical” (less than 
90% stenosis) and/or “borderline obstructive” 50–69% 
diameter stenosis frequently undergo further diagnostic 
work-up, e.g., nuclear cardiac MPI (9-12). The purpose 
of this study was to evaluate clinical value of follow-up 
nuclear cardiac MPI in patients with chest pain who have 
undergone recent CCTA revealing noncritical (less than 
70% diameter) stenosis. We present the following article 
in accordance with the STROBE reporting checklist 
(available at: http://dx.doi.org/10.21037/jtd-2019-pitd-12).

Methods

Objectives

In this IRB approved retrospective single center clinical 
study to determine clinical utility of a follow-up cardiac 

nuclear stress test in patients following a coronary CT 
angiogram. We sought to determine clinical scenario where 
stress MPI is warranted and help find clinical conditions in 
which CCTA is sufficient to rule out coronary artery disease 
(CAD) as cause of patients’ chest pain and nuclear stress 
MPI can be omitted.

Patient population, data collection and clinical 
characteristics

A total of 1,000 patients were evaluated in this study who 
presented with symptoms of ACS to the ED. Patients 
who had elevated troponin or abnormal ECG findings at 
initial presentation or prior to cardiac nuclear MPI were 
excluded from the study. All patients who underwent 64- 
or 320-detector row ECG-gated CCTA as well as a follow-
up nuclear MPI were included in the study. All patients 
included in the study underwent cardiac nuclear MPI within 
one month of the CCTA. Patients who had diagnostics 
studies limited by artifact [e.g., suboptimal intravenous (IV) 
contrast bolus in CCTA, motion artifact on CCTA or MPI, 
etc.] were excluded from the study. We identified 100 such 
patients and performed a chart review of the MPI results. 

Patients’ electronic medical record were reviewed 
between January 2005 and December 2013. All patients 
including in the study had chest pain as their chief 
complaint and all patients included in the study had no 
clinically relevant ECG findings, i.e., normal sinus rhythm 
without ST-segment or T-wave changes. Additionally, all 
patients had a normal point-of-care troponin test. Patient 
demographics including age, gender, and treatment history 
were reviewed. 

Two experienced radiologists with reviewed the CCTA as 
well as the nuclear stress MPI. The readers were blinded to 
patients’ clinical information. The radiologists interpreting 
the scans were aware of the objectives of the study. 

Statistical analysis

Measures of central tendencies were performed. Paired 
t-test and Fischer exact test were performed to evaluate 
association between continuous and categorical variable. 
SPSS V.18 was utilized to perform statistical analysis.

Results

A total of 100 patients met the inclusion criteria, including 
normal ECG and cardiac troponin at initial presentation. 

http://dx.doi.org/10.21037/jtd-2019-pitd-12
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Patient demographics include average age 64.3 [32–89] years,  
59 male, 41 females. Ninety-five/100 patients had at least 
one vessel with 50–70% coronary artery diameter stenosis 
measured on CCTA. There were no focal perfusion 
abnormalities identified on cardiac nuclear MPI in patients 
with less than 70% stenosis diagnosed on CCTA (Figure 1). 
Five percent of patients were identified with coronary arterial 
narrowing greater than 70% on CCTA (Figure 2) and all 5 
of these patients have evidence of abnormal cardiac nuclear 
stress test [e.g., stress-induced perfusion abnormalities 
(Figure 3), chest pain, abnormal ECG (Figure 2)]. Patients 
with positive nuclear stress test, CCTA detected obstructive 
stenosis (>70%) in the left anterior descending artery (4/5), 
left circumflex artery (3/5) and right coronary artery (2/5). 

There was no statistically significant association between 
patients’ age and positive stress MPI findings. Also, there 
was no statistically significant difference between patients’ 
gender and positive stress MPI finding. 

All of the patients with CCTA diagnosed coronary 
stenosis of less than 70%, were discharged home following 
no significant perfusion deficits on MPI. There was no 
reported mortality on these patient 1-month after discharge 
from the hospital. Two of the five patients had greater 
than 90 percent luminal narrowing. These two patients 
underwent conventional coronary angiography, which 
confirmed high grade stenosis and were treated with 
angioplasty and stent placement. All five patients were 
followed at one month after discharge from hospital and 
there was no severe cardiac related adverse event reported 
within one-month after hospital discharge.

Discussion

CCTA is still not part of the standard of care (SOC) 
for diagnosis of CAD. However, American College of 
Cardiology Foundation (ACCF) and other subspecialty 
societies agree that CCTA can be used as a safe method 
to evaluate, diagnose and risk stratify patients with low or 
intermediate risk for CAD, such as patients negative point 
of care ECG and troponin exams (10). There have been 
multiple clinical trials to evaluate the sensitivity and cost 
effectiveness of CCTA comparing to SOC for diagnosis 
of CAD. Hulten et al. in a meta-analysis study on four 
randomized clinical trials: 1,869 patients underwent CCTA 
diagnostic evaluation meanwhile 1,397 patients underwent 
SOC (5). Hulten et al. concluded: (I) CCTA is safe to 
evaluate low- to intermediate-risk patients presenting 
with chest pain; (II) the mortality rate, rate of MI, rate of 

return ED visits +/− recurrent hospitalization for cardiac 
etiologies is similar in the SOC and CCTA cohorts; (III) 
overall patient length of stay were reduced in patients 
triaged with CCTA; (IV) 3 out of 4 studies showed cost 
saving in CCTA group comparing to SOC group; (V) 
patients undergoing CCTA had a slight increased rate (2%) 
of conventional coronary angiogram and revascularization 
compared with the SOC group. However, they were not 
able to determine whether this small difference was because 
of overuse of conventional angiogram and revascularization 
or underutilization in the SOC group (5). 

A meta-analysis by Foy et al. in 2017 included 13 clinical 
trials: 10,315 patients underwent CCTA, meanwhile, 
9,777 patients underwent cardiac nuclear stress MPI (9). 
These patients were clinically followed for approximately  
18 months. There was no statistically significant difference 
between CCTA and cardiac nuclear MPI groups in the rate 
death or rate of cardiac-related hospitalization. However, 
it was noted that CCTA cohort had decreased incidence 
of MI. Interestingly, Foy et al. also demonstrated CCTA 
cohort was 2–3% more likely to undergo conventional 
coronary angiography and revascularization therapy. 
Additionally, the CCTA cohort was more likely to receive 
diagnosis of new CAD and to have initiated aspirin or statin 
therapy (9).

To evaluate downstream impact of CCTA-assisted 
diagnosis on conventional coronary angiography, Williams 
et al. conducted a prospective multicenter controlled 
trial. Four thousand one hundred and forty-six patients 
were randomized into two groups: SOC vs. SOC plus  
CCTA (11). Williams et al. demonstrated that in patient 
with CAD-related chest pain, CCTA led to “more 
appropriate” utilization of invasive angiography and 
preventative treatments to reduce risk of fatal and non-
fatal ACS (11). Also, patients in the CCTA cohort who 
underwent conventional coronary angiography were more 
likely to have obstructive CAD than patients in the SOC-
only group (11). 

These studies show that CCTA is more sensitive 
for CAD detection than cardiac nuclear MPI; it is not 
surprising that it causes greater downstream utilization 
of resources. A more sensitive diagnostic test is likely to 
identify a larger number of patients with disease leading 
to increase subsequent resource utilization in efforts to 
treat the underlying disease. Conversely, CCTA has a low 
false positive rate than cardiac nuclear MPI; which can 
potentially lead to decreased rate of cardiac catheterization 
in patients falsely diagnosed with CAD in the cardiac 
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Figure 1 A 57-year-old male with chest pain underwent CCTA (A) which demonstrates calcified plaque in the LAD with ~50% stenosis. 
Agatston calcium score was 119 and MESA of 77 percentile. Nuclear stress MPI (B,C) are performed which demonstrates no significant 
perfusion abnormality. Patient was asymptomatic during rest and stress phase of the exam and no ECG changes were noted during rest or 
stress periods. SA, short-axis; MIBI, myocardial perfusion imaging test; VLA, vertical long axis; HLA, horizontal long axis; TID, transient 
ischemic dilation; EF, ejection fraction; EDV, end diastolic volume; ESV, end systolic volume; SV, stroke volume; MESA, multiethnic study 
of atherosclerosis; CCTA, coronary computed tomographic angiography; ECG, electrocardiogram; LAD, left anterior descending.

Study Type: 1 Day Rest/Stress Sestamibi Study Date: 5/27/2011

EF=75% (R1)
EDV=64 mL
ESV=16 mL
SV=48 mL
Mass =90 gm

Scores: 0 = Normal    1 = Equivocal    2 = Moderately reduced    3 = Severely reduced    4 = Absent
Summed stress score: 0    Summed rest score: 0   Summed difference score: 0
Total severity scores

Stress: 0        Rest: 0       Reversibility: 0
Probability of survival: 1 yr: 99%    2 yr: 99%    3 yr: 99%    4 yr: 99%
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nuclear MPI (which is part of SOC) (12).
Our study showed that all patients who had severe 

coronary artery stenosis (more than 70% stenosis in one of 
the major coronary arteries) had a positive cardiac nuclear 
MPI requiring treatment. On the other hand, patients with 
mild to moderate coronary artery stenosis (less than 70% 
stenosis) did show normal stress test result. Our findings 

suggest that CCTA can not only reliably exclude severe 
CAD (as shown by numerous prior studies), but also that 
there is limited utility of performing a cardiac nuclear MPI 
in low-to-intermediate patients with CCTA showing mild 
to moderate stenosis (<70% vessel diameter). Our study 
also further supports the fact that CCTA can not only help 
rule out ACS but also help shorten duration of patient 
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Figure 2 A 61-year-old male with history of hypertension presented to the emergency department with acute chest pain. The CCTA 
(A,B) demonstrates mixed plaque with approximately 75% stenosis of the proximal LAD. The Agatston calcium score was 518; MESA 
70th percentile. (C,D) Nuclear MPI performed to evaluate for infarction and/or ischemia. Although the images at rest (C) show there is no 
significant perfusion defect to suggest ischemia or infarction, stress images (D) show stress-induced ST depression on ECG in leads V4–V6 
in the expected distribution of the LAD. LAD, left anterior descending; ECG, electrocardiogram; CCTA, coronary computed tomographic 
angiography; MPI, myocardial perfusion imaging; MESA, multiethnic study of atherosclerosis; EF, ejection fraction; EDV, end diastolic 
volume; ESV, end systolic volume; SV, stroke volume.

Study Type: 2 Day Sestamibi  Study Date: 2/27/2010

EF =56% (R1)
EDV =116 mL
ESV =50 mL
SV =66 mL
Mass =141 gm

Scores: 0 = Normal     1 = Equivocal     2 = Moderately Reduced     3 = Severely reduced     4 = Absent
Summed stress score: 10             Summed rest score: 2             Summed difference score: 8
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visit in the ED (5-11). The high prevalence of helical CT 
scanners and institution of CCTA for work-up of chest 
pain can potentially identify high risk patients in the ED 
in a short period of time. Patients can be divided into 
two groups: group of patients with severe coronary artery 
stenosis who should stay at the hospital and undergo cardiac 
catheterization and second group with mild to moderate 
coronary artery stenosis who can be discharged from ED for 

outpatient follow-up without further testing (e.g., cardiac 
nuclear MPI). This approach will dramatically decrease the 
length of stay in patient with low to intermediate risk for ACS. 

Although our study showed promising data regarding 
the use of CCTA, there are some notable limitations of 
our study. These include a retrospective study design 
leading to inherent bias in sample selection. Although 
patients’ outcome is evaluated for up to 30 days after 
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Figure 3 A 55-year-old female presented to the ED with left arm pain. The CCTA (A,B) performed demonstrates mixed predominantly soft 
plaque in the prox-mid LAD with >90% stenosis. The Agatston calcium score was 8 with MESA of 86 percentile. Cardiac nuclear MPI (C,D) 
revealed severe mainly fixed perfusion abnormality with mild to moderate reversibility in the anterior, anteroseptal and apical segments. 
Also, the LVEF is reduced (42%). EF, ejection fraction; EDV, end diastolic volume; ESV, end systolic volume; SV, stroke volume; ED, 
emergency department; CCTA, coronary computed tomographic angiography; LAD, left anterior descending; MESA, multiethnic study of 
atherosclerosis; MPI, myocardial perfusion imaging; LVEF, left ventricular ejection fraction.

Study Type: 1 Day Rest/Stress Sestamibi Study Date: 8/27/2012

EF =42% (R1)
EDV =144 mL
ESV =83 mL
SV =61 mL
Mass =160 gm

Scores: 0 = Normal     1 = Equivocal      2 = Moderately reduced      3 = Severely reduced      4 = Absent
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hospital discharged, detailed clinical assessment of patient 
post-hospital discharge is scarce in patients’ electronic 
medical records. Additionally, small sample size weakens 
the statistical inferences drawn from this study. As such, 
prospective larger studies are required to validate our 
study findings. Future studies should evaluate whether 
downstream over utilization of conventional coronary 
angiography in CCTA is associated with the better clinical 
outcome and overall reduction of cost of care in the long 
term in this patient population.

Conclusions

In low-to-intermediate risk patients with chest pain and 
evidence of non-critical coronary artery stenosis (less than 
70% diameter) diagnosed on CCTA, a follow-up cardiac 
nuclear perfusion imaging is of limited value. CCTA is 
a sensitive method with high negative predictive value 
that can be used in the ED as an accurate tool to identify 
patients with coronary artery stenosis amongst low to 
intermediate ACS risk patients. 
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