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Abstract

Purpose Noninvasive coronary CT angiography (CCTA) was used to retrospectively analyze the characteristics of
coronary artery disease (CAD) in patients with thoracic tumors and the impact of the results on clinical surgery
decision-making, thus increasing the understanding of perioperative cardiac risk evaluation.

Method A total of 779 patients (age 68.6 & 6.6 years) with thoracic tumor (lung, esophageal, and mediastinal tumor)
scheduled for non-cardiac surgery were retrospectively enrolled. Patients were divided into two groups: accepted or
canceled surgery. Clinical data and CCTA results were compared between the two groups, and multivariate logistic
regression analysis was performed to determine predictors of the events of cancellations of scheduled surgeries.

Results 634 patients (81.4%) had non-significant CAD and 145 patients (18.6%) had significant CAD. Single-, 2-, and
3- vessel disease was found in 173 (22.2%), 93 (11.9%) and 50 (6.4%) patients, respectively. 500 (64.2%), 96 (12.3%),

96 (12.3%), 56 (7.2%) and 31 (4.0%) patients were rated as CACS 0, 1-99, 100-399, 400-999 and > 1000, respectively.
Cancellations of scheduled procedures continue to increase based on the severity of the stenosis and the number of
major coronary artery stenosis. The degree of stenosis and the number of vascular stenosis were independent predic-
tors of cancelling scheduled surgery.

Conclusions For patients with thoracic tumors scheduled for non-cardiac surgery, the results suggested by CCTA
significantly influenced surgery planning and facilitated to reduce perioperative cardiovascular events.
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Introduction

Surgery is one of the most common treatments for
patients with thoracic tumors, such as lung, esopha-
geal and mediastinal tumors. These patients may have
occult CAD with inconspicuous and atypical clinical
symptoms, thus has not been diagnosed. Major adverse
cardiac events (MACE) that occur after non-cardiac sur-
gery are usually associated with prior CAD. Risk assess-
ment of perioperative cardiovascular events is important
for clinical surgical planning. CCTA is a noninvasive
examination with high sensitivity and specificity in the
detection or exclusion of CAD [1]. Although current
guidelines do not include CCTA as a routine preopera-
tive examination for patients undergoing non-cardiac
surgery [2], CCTA is increasingly being used for preop-
erative screening as a reliable method of diagnosing CAD
in clinical practice. Previous research has shown that the
severity and extent of CAD in CCTA in non-cardiac sur-
gery patients are associated with perioperative MACE
[3]. However, in clinical practice, little attention has been
paid to whether coronary stenosis and calcification on
CCTA has an impact on surgical planning. Therefore, we
retrospectively analyzed the characteristics of CAD in
patients with thoracic tumors scheduled for non-cardiac
surgery and the impact of CCTA results on scheduled
surgery to increase our understanding of perioperative
management.

Materials and methods

Study population

The study was approved by a local institutional review
committee. Due to the retrospective design of this study,
all subjects waived informed consent. From January
2015 to June 2019, we enrolled a total of 795 patients
with non-cardiovascular thoracic tumor surgery who
underwent preoperative CCTA for screening of CAD.
Exclusion criteria in this study were: left ventricular
ejection fraction<40%, renal insufficiency (glomerular
filtration rate <30 ml/min/1.7 m?), severe heart failure,
severe arrhythmia, iodine contrast agent allergy, and

Patients with thoracic tumors underwent CCTA
before non-cardiac surgery (n=795)
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Fig. 1 Flow diagram of the study patients
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substandard image quality for imaging analysis. Finally,
we recruited 779 patients (Fig. 1) with thoracic tumor,
among them, there were 289 cases of lung tumor, 470
cases of esophagus tumor and 20 cases of mediastinal
tumor. The preoperative complications of cardiovascu-
lar diseases included 248 patients with hypertension, 234
patients with hyperlipidemia, 50 patients with confirmed
CAD, and 92 patients with the positive electrocardio-
gram (ECQG).

Scan protocols

CCTA of all patients was performed on a Philips Bril-
liance 256-layer scanner using a retrospective electro-
cardiogram gated mode. Scanning scope ranged from
tracheal carina to 2 cm below the apex of the heart. First,
plain CT scan was used for quantitative measurement
of coronary artery calcification scores. Imaging param-
eters: prospective gated, triggered at 75% R-R interval,
tube voltage 120 kV, tube current 550 mAs, slice thick-
ness 2.5 mm, reconstruction interval 2.5 mm and rota-
tion time 0.27 s. A 20-gauge needle with double tube
high-pressure Syringe (Boluspro, Philips Healthcare,
Cleveland, Ohio, USA) Contrast agent (Ultravist 370,
Bayer Healthcare, Berlin, Germany) was injected through
the cubital vein 60-80 mL at a flow rate of 5.0 mL/s.
After injection, 30 mL of normal saline was injected at
the same rate. The ascending aorta was set as the region
of interest, and the trigger threshold was set at 100—
120HU. After reaching the threshold, the patient was
asked to hold his breath, and the scan was automatically
triggered after 6 s. Scanning parameters: tube voltage
100 kV, tube current 400—500 mAs, detector collimator
128 x 0.625 mm, rotation time 0.27 s, pitch 0.18, standard
reconstruction(iDose?, level 5), reconstructed slice thick-
ness 0.9 mm, reconstructed interval 0.45 mm.

Data analysis

Two experienced radiologists independently reviewed
each CT scan on a dedicated workstation (Extended Bril-
liance Workspace Version 4.0; Philips Healthcare). If no
consensus can be reached, a third expert is consulted to
make the final diagnosis. Image post-processing meth-
ods used to evaluate coronary stenosis and calcification
include maximum density projection, multiplane recon-
struction, curved surface reconstruction, and volume
reconstruction. 1-, 2-, or 3-vessel disease was defined
according to the number of epicardial arterial stenosis.
In patients with multi-vessel disease, the most severe
coronary artery stenosis was considered the study sub-
ject. The degree of coronary artery stenosis was classi-
fied as normal appearing, mild (<50%, Fig. 2), moderate
(50%-75%, Fig. 3), and severe (>75%, Fig. 4) stenosis.
Among them, normal appearing and mild stenosis were
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. A
Fig. 2 An example of mild stenosis in 65-year-old asymptomatic man with esophageal cancer. Localized calcified plague (arrow) with mild stenosis
in the proximal segment of right coronary artery (RCA). Abbreviations: RCA, right coronary artery

Fig. 3 An example of moderate stenosis in 74-year-old
asymptomatic man, non-calcified plaque (arrow) with moderate
stenosis in the proximal segment of left anterior descending coronary
artery (LAD). Abbreviations: LAD, left anterior descending coronary
artery

non-obstructive stenosis, and moderate and severe ste-
nosis were obstructive stenosis. Coronary artery cal-
cification score (CACS) was obtained by smartscore
software and divided into 5 groups, namely 0, 1-99, 100—
399, 400-999 and > 1000.

Electronic medical records were reviewed retrospec-
tively to analyze patients’ clinical data, including coronary
risk factors such as hypertension, diabetes, hyperlipi-
demia, smoking, stroke, and related clinical decisions
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(Table 1). In preoperative routine ECG examination, ST
segment analysis is considered positive if ST segment
horizontal or down-sloping depression>1 mm occurs in
2 or more consecutive leads. The impact of CCTA results
on clinical decisions was determined after a multidisci-
plinary consultation, that is, whether surgery was delayed
or canceled due to severe CAD.

Statistical analysis

SPSS Version 23.0 and Graph Pad Prism Version 6.0
were used for statistical analysis. Continuous data are
expressed as mean = standard deviation, while nominal
variables are expressed as frequency and percentage. The
t test was used for measurement data, and the chi-square
test or Fisher’s exact test was used for counting data.
Univariate and multivariate logistic regression analyses
were performed to assess which parameters were inde-
pendently associated with surgical decision making in
patients with thoracic tumor. A p value<0.1 in the uni-
variate analyses were introduced to further multivariate
analysis. A double-tailed p <0.05 was considered statisti-
cally significant.

Results

Patient Characteristics

Cardiac CT scanning was successfully performed in
all 779 patients, whose age ranged from 41 to 89 years
(mean 68.6+ 6.6 years). Baseline characteristics of sub-
jects in our study are shown in Table 1. No ECG was per-
formed in 6 patients. In 15 patients BMI data was lacking
and in 1 patient diabetes was unknown. Among the 779
patients, 145 patients with significant coronary artery
stenosis, 12 underwent invasive coronary angiography
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Fig. 4 An example of severe stenosis in 54-year-old man with chest pain and positive ECG analysis. Mixed plaque (arrow) with severe stenosis in
the middle segment of left anterior descending coronary artery (LAD). Localized calcified plaque in the left circumflex coronary artery (LCX) with
no luminal stenosis. The right coronary artery (RCA) is normal appearing. Abbreviations: LAD, left anterior descending coronary artery; LCX, left

circumflex coronary artery; RCA, right coronary artery

(ICA) and 1 underwent coronary intervention after cor-
onary CTA. These patients underwent coronary artery
treatment followed by non-cardiac surgery.

The effect of coronary artery CTA on the planning

of non-cardiac surgery

Among CAD patients, 55, 28, and 48 patients with mild,
moderate, and severe cases gave up surgery, respectively.
Table 2 shows the coronary categories as determined by
CT. In total, 634 (81.4%) patients had non-significant
CAD and 145 (18.6%) patients had significant CAD.
Of the patients with non-significant CAD, 463 (59.4%)
patients were normal and 171 (22.0%) patients showed
mild stenosis. Of the patients with significant CAD,
71 (9.1%) patients had moderate stenosis and 74 (9.5%)

patients had severe stenosis. In addition, for stenosis
of CAD, 1-, 2-, and 3- vessel disease was found in 173
(22.2%), 93 (11.9%), and 50 (6.4%) patients, respectively
(Table 2); and 143 (18.4%) patients showed multi-vessel
disease (>2 branches). In addition, scheduled surgery
was cancelled in 19 (11.0%), 28 (30.1%) and 19 (38.0%)
patients with 1-, 2-, and 3- vessel disease, respectively. In
the grading of CACS, 500 (64.2%), 96 (12.3%), 96 (12.3%),
56 (7.2%) and 31 (4.0%) patients were rated as 0, 1-99,
100-399, 400-999 and>1000, respectively (Table 3).
Univariate and multivariate logistic regression analysis
showed that, the number and degree of vascular steno-
sis were independently correlated with the cancelation of
surgery (Table 4).
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Table 1 Patient characteristics

Accept surgery Cancel surgery p value

n=484 n=295
Age 68.7 64 68446.8 0.542
Male/Female 368/116 230/65 0.536
BMI 228+3.1 223432 0.032
HR (beats/min) 7324311 743+14.7 0.585
ECG Positive/Negative 46/434 46/247 0.011
LEVF 66.8+7.0 659481 0.120
Smoking/Non-smoking 229/255 158/137 0.091
Hypertension/ Non-hypertension 157/328 91/203 0.680
Hyperlipidemia/Non-hyperlipidemia 148/336 86/209 0.674
Stroke/Non-stroke 12/472 13/282 0.139
Diabetes/Non-Diabetes 38/446 29/265 0.357

Abbreviations: BMI, Body Mass Index; HR, heart rate; ECG, electrocardiogram; LECF, Left ventricular ejection fraction

Table 2 Degree of coronary artery stenosis and the events of
abandoned surgery for the reason of cardiac risk

Frequency (n, %) Event(n, %) p value
Non-significant stenosis 634 <0.001
Normal appearing 463 (59.4%) 0(0)
Mild stenosis 171 (22.0%) 0(0)
Significant stenosis 145
Moderate stenosis 71 (9.1%) 24 (33.8%)
Severe stenosis 74 (9.5%) 42 (56.8%)
Number of major epicardial coronary artery stenosis
Normal appearing 463 (59.4%) 0(0)
1-vessel disease 173 (22.2%) 19 (11.0%) 0.001"
2-vessel disease 93 (11.9%) 28 (30.1%)
3-vessel disease 50 (6.4%) 19 (38.0%)
Multi-vessel disease 143 (18.4%) 47 (32.9%) <0001™

Abbreviations: CAD coronary artery disease
* Event compared among 1, 2 and 3-vessel disease

** Event compared between 1-vessel disease

Table 3 Coronary artery calcification score and the events of
abandoned surgery for the reason of cardiac risk

Frequency (n, %) Event (n, %) p value
0 500 (64.2%) 0(0) <0.001
1-99 96 (12.3%) 0(0)
100-399 96 (12.3%) 27 (28.1%)
400-999 56 (7.2%) 24 (42.9%)
>1000 31 (4.0%) 15 (48.4%)

According to the electronic hospitalization records,
during the postoperative hospitalization, 1 patient (severe
stenosis; 2-vessel disease) had non-fatal myocardial

infarction, 2 patients died of cardiac shock, and the rest
had no MACE records.

Discussion

The main findings of this study were that the number
and degree of vascular stenosis suggested by preopera-
tive CCTA in patients with thoracic tumor was indepen-
dently associated with the decision to cancel surgery;
surgery cancellations increased as the number or extent
of the stenosis rise.

Cardiovascular disease is also the leading cause of
death for tumor patients, there are common risk fac-
tors between them two. Vascular endothelial damage or
arterial thrombosis caused by anti-tumor treatment may
increase the risk of cardiovascular disease [4]. Tumor
patients at higher risk of CAD, while clinical manifesta-
tions are atypical, for example, chest pain and dyspnea
less seen in tumor patients [5]. Therefore, tumor patients
may have a potential risk of CAD, which needs to be paid
great attention. CAD can affect or limit tumor treatment.
Surgery is a common treatment method for patients with
lung tumor, esophageal tumor, or mediastinal tumor,
which has certain requirements for the circulatory func-
tion of tumor patients. Moreover, type of surgery is
related to the cardiac risk. As a high-risk operation, the
MACE risk of thoracic surgery is > 5% [6]. Surgical stress
leads to inflammation and hypercoagulability, triggering
plaque instability or rupture, and subsequent thrombosis,
which accounts for 50% of perioperative acute coronary
events [7, 8]. Therefore, CAD will limit the feasibility of

surgery.
Perioperative MACE was defined as non-fatal stroke,
non-fatal myocardial infarction, congestive heart

failure, and cardiogenic death that occurred within
30 days after surgery. Worldwide, more than 300 mil-
lion patients undergo non-cardiac surgery each year [9].
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Table 4 Univariate and multifactorial logistic regression analysis of the events of abandoned surgery

Variables Univariate analysis p value Multivariate analysis p value
OR (95% CI) OR (95% CI)

BMI 1.053 (1.004-1.103) 0.032 1.047 (0.996-1.100) 0.070

ECG 0.569 (0.367-0. 881) 0.012 0.777 (0.487-1.242) 0.292

HR 0.998 (0.993-1.004) 0.594

LEVF 6 (0.996-1 037) 0.124

Number of vascular stenosis 0.830(0.713-0.967) 0.017 1.365 (1.001-1.863) 0.049

Degree of stenosis 0.749 (0.647-0.866) <0.001 0.671 (0.504-0.894) 0.006

CACS 0.999 (0.999-1.000) 0.001 1.000 (0.999-1.000) 0.082

Smoking 0.773 (0.578-1.035) 0.084 0.833 (0.612-1.133) 0.244

Hypertension 1.076 (0.788-1.470) 0.644

Hyperlipidemia 1.070 (0.780-1.470) 0.674

Diabetes 0.779 (0.469-1.292) 0333

Stroke 0.551(0.248-1.224) 0.143

Abbreviations: BMI, Body Mass Index; ECG, electrocardiogram; HR, heart rate; LECF, Left ventricular ejection fraction; CACS, Coronary artery calcification score

Cardiovascular complications are one of the major causes
of MACE in patients undergoing non-cardiac surgery. As
the tumor patients with cardiovascular disease undergo-
ing non-cardiac surgery continue to increase, the inci-
dence of perioperative MACE is also increased, which
seriously affects the safety of surgery and the manage-
ment of postoperative complications. Therefore, preop-
erative risk assessment of the cardiovascular event is of
great significance for tumor patients.

CCTA is a non-invasive examination for the assess-
ment of CAD. It can clearly display the type and compo-
sition of plaque and accurately evaluate the extent and
degree of coronary artery stenosis [10, 11]. In contrast to
invasive coronary angiography (ICA), CCTA can show
plaques remodeling outward without lumen narrowing
[12]. With relatively high sensitivity and specificity, low
cost and low radiation, CCTA has become the preferred
method of noninvasive examination for diagnosis of CAD
[10]. The addition of an appropriate CCTA to enhanced
CT in patients with thoracic tumors does not signifi-
cantly increase radiation exposure or contrast material
administration, and providing a practical improvement
in cardiovascular risk stratification in these patients [13].

Patients with severe stenosis can be improved by
revascularization, while patients with mild or moderate
stenosis can be treated with medication [14]. Moreo-
ver, patients who were first assessed as inoperable by
CCTA may regain the opportunity of surgery after the
relevant treatment. Considering the increased heart dis-
ease progression or surgical risk, scheduled surgery of
tumor patients with CAD may be delayed or cancelled.
Therefore, CCTA examination before developing a treat-
ment plan can indicate whether surgery can be per-
formed as scheduled or should be postponed after CAD

intervention or abandoned. Even though the current
guidelines, CCTA has not been incorporated into the
preoperative routine examination, but CCTA as a non-
invasive method can be encouraged to performed on
tumor patients preoperatively, if the results have a poten-
tial influence on the management of patients [2, 15, 16].
The appropriate indication for coronary CTA as part of
preoperative evaluation is not specified in current Euro-
pean Society of Cardiology or American College of Car-
diology/American Heart Association guidelines, mainly
due to insufficient data on coronary CTA in preopera-
tive risk stratification [1], which should be investigated in
future research efforts.

Exercise ECG test, stress echocardiography and stress
myocardial perfusion imaging are recommended for the
screening of CAD [17], but stress test is not suitable for
patients with poor general conditions or with contrain-
dications. For non-cardiovascular surgery patients, ICA
is not routinely recommended for risk stratification, but
ICA and revascularization are recommended before
high-risk surgery or accompanied with severe stress
ischemia. In this study, 18.6% of patients were assessed
as significant CAD by CCTA, but most patients did not
undergo ICA. A study [18] suggested that coronary CTA
and ICA are equally effective in assessing long-term risk
in patients with non-ST-elevation acute coronary syn-
drome. Although severe calcification may affect the judg-
ment of the degree of luminal stenosis [19], in the clinical
practice of non-invasive screening of CAD before sur-
gery for tumor patients, it is more concerned about how
to screen out patients who are not suitable for surgery,
rather than over-diagnosis.

In our study, with the increase of degree of stenosis,
patients gave up surgery has increased because of CCTA
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results. Some patients with mild coronary artery stenosis
experienced plaque rupture leading to fatal cardiovascu-
lar events [20], thus we included patients with all grades
of stenosis, not just significant stenosis. Patients with
multi-vessel disease were more likely to forgo surgery for
cardiovascular reasons than patients with single-vessel
disease.

A previous study suggested that the more extensive
coronary artery calcification was associated with a higher
incidence of coronary artery events, which was inconclu-
sive [21]. But recent research suggests that calcification
can predict risk of cardiovascular events and death [22—
24]. A study [22] of 25,253 asymptomatic patients with
long-term follow-up concluded that CACS was an inde-
pendent predictor of all-cause mortality, the mortality
risks of 11-100, 101-299, 300-399, 400-699, 700-999,
and >1000 scores with CACS were approximately 2.2,
4.5, 6.4, 9.2, 10.4, and 12.5 times of those with CACS 0,
respectively. Coronary artery calcium scans are recom-
mended as a class Ila in the 2019 ACC/AHA guidelines
for people at intermediate risk [25]. People with CACS of
zero had a lower incidence of CACS progression or risk
of coronary artery disease during the 5-year warranty
period [26, 27]. In our study, the number of non-sten-
otic and non-calcified patients was not equal, possibly
because some patients only had non-calcified plaques.
The probability of abandoning surgery by CCTA results
was significantly different among groups with different
calcification scores. However, in multivariate logistic
regression analysis, CACS cannot be considered as an
independent factor influencing surgical decision making.

A meta-analysis [3] showed that the risk of periopera-
tive MACE was strongly correlated with the extent and
severity of coronary artery stenosis indicated by CCTA,
with a greater risk of obstructive stenosis and multi-ves-
sel disease; there was also a certain correlation between
CACS and the incidence of MACE during the periopera-
tive period (CACS>100,>400,>1000 were compared
with CACS <100, <400, < 1000 respectively). In this study,
of 484 patients who underwent surgery, only 1 had perio-
perative MACE (non-fatal myocardial infarction) during
hospitalization, with an incidence of 0.21%, significantly
lower than reported [28, 29]. It can be said that CCTA
evaluation can effectively reduce the incidence of car-
diovascular events. In addition to providing coronary
artery stenosis and plaque information, CCTA can also
obtain a series of hemodynamic indicators by combining
advanced computational fluid dynamics methods, which
were not analyzed in this paper. As a noninvasive and
effective visualization tool, CCTA can provide prelimi-
nary coronary risk information and reduce cardiovascu-
lar complications by excluding some patients who are not
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suitable for surgery. Meanwhile, it may also exclude some
patients who require surgery. The benefits to patients
need to be further studied.

Study limitations

The limitations of this study are as follows. First, due to
retrospective study, we could only include perioperative
MACE during hospitalization. We cannot fully assess
the outcome of the patients, and CCTA cannot currently
be recommended as a routine test for preoperative car-
diac risk stratification in patients undergoing noncardiac
surgery. The second, this is a single-center retrospective
study, which may have a certain center-specific bias, and
a larger cohort multi-center study should be conducted
in the future to investigate the association between
CCTA and cardiac risk. The third, CACS for preoperative
cardiac risk assessment needs further study.

Conclusion

For patients with thoracic tumors scheduled for non-car-
diac surgery, preoperative CCTA characterizes coronary
artery stenosis and calcification to facilitate detecting
CAD and risk stratification, thereby influencing clinical
surgery decisions.
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