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ABSTRACT

Background and aim Thoracic radiation therapy (XRT) for
cancer is associated with the development of significant
coronary artery disease that may require coronary artery
bypass grafting surgery (CABG). Contemporary acute
surgical outcomes and long-term postoperative survival of
patients with prior XRT have not been well characterised.
Methods This was a retrospective, single-centre study of
patients with a history of thoracic XRT who required CABG
and who were propensity matched against 141 controls
who underwent CABG over the same time period. The
objectives were to assess early CABG outcomes and long-
term survival in patients with prior XRT.

Results Thirty-eight patients with a history of previous
thoracic XRT underwent CABG from 1994 to 2013. The
median time from XRT exposure to surgery was 7.9 years
(IQR: 2.5-18.4 years). Perioperative adverse events were
similar in the XRT group and controls; however, there

was a trends lower utilisation of internal mammary artery
(IMA) grafts in the XRT group (89%vs98%, P=0.13). After a
median postoperative follow-up of 5.4 years (IQR 0.9-9.4
years), no difference in long-term all-cause mortality was
observed.

Conclusion Patients with prior thoracic XRT who undergo
CABG have similar long-term all-cause mortality compared
with controls. Isolated CABG after thoracic XRT is not
associated with higher perioperative complications, but
IMA graft use may be limited by prior XRT.

INTRODUCTION

External beam radiation therapy (XRT) is
used for a wide range of malignancies and has
substantially improved cancer survival.' * As
cancer survival has improved, the long-term
sequelae related to radiation heart disease are
becoming more prevalent. Radiation heart
disease is associated with a high incidence of
ischaemic heart disease that requires revas-
cularisation.” * Coronary artery bypass graft
surgery (CABG) improves long-term survival
in patients with obstructive left main coronary
artery or triple vessel disease.”® However, in
patients with previous thoracic XRT, cardiac
surgery has been associated with increased

Key messages

What is already known about this subject?
Thoracic radiation is known to accelerate the
development of coronary, pericardial and valvular
heart disease. Conflicting data have been published on
the impact of previous radiation on the outcomes of
cardiac surgery, but these data may be confounded by
the need for combined coronary artery bypass grafting
(CABG) and valvular surgery and patient comorbidities.

What does this study add?

This was a propensity-matched study of patients
undergoing isolated CABG without the confounding
impact of combined valve surgery. When compared
with controls, patients with previous radiation
exposure did not experience an increase in surgical
complications and had similar long-term survival.
However, there was a non-significant trend towards
fewer internal mammary artery (IMA) grafts.

How might this impact on clinical practice?
Previous radiation did not increase postoperative
complications or long-term mortality in isolated

CABG patients, but fewer IMA grafts were used.

The survival benefit of CABG is driven by IMA to left
anterior descending artery grafts. Preoperative IMA
angiography should be performed, and if a suitable
IMA is not identified, percutaneous revascularisation
should be considered as it has been proven safe

and effective in this population. Furthermore, this
population is at increased risk for later development of
valvular disease, and by avoiding an early sternotomy
for coronary revascularisation, the risk of subsequent
valve surgeries may be lessened.

perioperative complications and higher long-
term mortality.”"* The contemporary perfor-
mance of isolated CABG in the XRT popu-
lation has not been adequately assessed, and
given recent trial data supporting the role of
percutaneous interventions in treating three
vessel and left main coronary disease, it is crit-
ical to establish the relative risks and benefits
of surgical revascularisation in this potentially
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Table 1
Cancer type

Location and type of cancer in the study cohorts
n (%)

Breast
Left side 6
Right side 7
Bilateral 0
Unspecified 7
Hodgkin’s lymphoma 7
Lung 6
Oesophageal 2
Mediastinum 2
Stomach 1
>1type of cancer 0

high-risk population.” '*'® Therefore, the aim of our
study was to determine long-term outcomes following
CABG in patients with prior thoracic radiation.

MATERIALS AND METHODS

Study population

This was a single-centre, retrospective study of patients
who received thoracic XRT and isolated CABG at the
Mayo Clinic (Rochester, Minnesota). The study was
conducted without external funding, and all patients
provided written consent to participate in this institu-
tional review board-approved study. Radiation patients
were cross-referenced with our institution’s Society of
Thoracic Surgeons (STS) database from 1994 to 2013 to
identify individuals who underwent thoracic XRT prior to
CABG. Thirty-eight patients were identified who received
XRT treatment for thoracic cancer prior to CABG.
Propensity-matched controls were selected from CABG
patients treated over the same time period but without
previous thoracic XRT exposure. Propensity-score
matching was performed on multiple clinical and proce-
dural factors (online supplementary table 1). All patients
had a history of cancer and were treated with standard
XRT or intensity-modulated radiotherapy (table 1). All
CT XRT simulation plans were reviewed by a radiation
oncologist, and cardiac involvement in the radiation field
was confirmed. Patients treated with palliative intent
XRT and those in whom the XRT field did not involve
the heart were excluded. Patients undergoing combined
CABG and valvular surgery were also excluded to avoid
the introduction of significant confounders. Patients
treated with combined CABG and pericardiectomy were
included as we have not found the addition of pericar-
diectomy to increase operative risk. Radiation patients
more frequently require combined CABG and valve
replacement when compared with controls, which would
introduce selection bias into the matching process due
to greater comorbidity and increased operative morbidity
and mortality in those with radiation valve disease.

The primary outcome of this study was all-cause
mortality. Secondary outcomes included procedural
characteristics such as the number of diseased coronary
vessels, number of vessels bypassed, number of internal
mammary artery (IMA) grafts used and periprocedural
adverse events including death, bleeding, infection,
sternal dehiscence, neurological complications, pulmo-
nary embolism, myocardial infarction (MI), atrial fibril-
lation, renal failure and length of stay. Surgical outcomes
data were collected using our institution’s STS database.
Institutional all-cause mortality is updated monthly using
hospital registration data. To ensure patients who died
at outside institutions are also captured, patients are
cross-referenced annually with publicly available national
death records using Accurint (LexisNexis, Dayton, Ohio).

STATISTICAL METHODS

Continuous variables are summarised as mean+SD.
Discrete variables are summarised as a frequency and
percentage. Tests of difference for continuous variables
were performed with a paired t-test for normally distrib-
uted data and a Wilcoxon signed-rank test for non-nor-
mally distributed data. When calculating descriptive
statistics, weighting was used to account for the different
number of referent subjects matched to each XRT case.
A propensity score was created using logistic regression.
Optimal variable matching was used with up to four refer-
ence subjects matched to each XRT patient.'” Reference
subjects were chosen according to age (within 5 years),
sex, date of operation (within 2 years) and propensity
score (within 1/4 of the SD of the propensity score distri-
bution). Conditional logistic regression was used to test
the difference between XRT subjects and their matched
controls. Among patients with previous XRT exposure,
risk factors for mortality were assessed using univariate
Cox proportional hazards to estimate HRs and their asso-
ciated 95% ClIs. Kaplan-Meier methods were used to esti-
mate all-cause mortality. To test differences in survival,
Cox proportional hazards models were applied with a
frailty term for each set of matched subjects. Follow-up
time is measured starting from the date of CABG to date
of death or censor. All analyses were performed using
SAS V.9.3 or higher. All hypotheses tests were two sided
with a 0.05 significance level.

RESULTS

A total of 38 patients underwent CABG after thoracic XRT
(XRT group: median XRT to CABG interval 7.9 years,
IQR: 2.5-18.4 years). We identified 141 matched control
subjects with CABG who had not been treated with XRT.
Baseline clinical characteristics for the study population
are in table 2. XRT-treated patients and matched controls
were similar. Controls were more likely to have isolated
CABG compared with the study population (99% vs 84%,
P=0.002), driven by pericardiectomy in five XRT patients.
Of the five XRT patients undergoing pericardiectomy,
two were performed for constrictive pericarditis and

2

Fender EA, et al. Open Heart 2018;5:6000766. doi:10.1136/openhrt-2017-000766


https://dx.doi.org/10.1136/openhrt-2017-000766

Cardiac surgery

Table 2 Baseline clinical characteristics at time of CABG

Control
XRT group group

Variable, n (%) (n=38) (n=141) P value
Age, years 67.9+11.4 67.5+11.0 0.54
Male gender 14 (37) 52 (37) 1.00
Body mass index (mean=SD) 28.6+7.0 29.7+5.5 0.22
Diabetes mellitus 8 (21) 39 (28) 0.41
Hyperlipidaemia 34 (89) 127 (90) 0.78
Hypertension 30 (79) 121 (86) 0.25
Congestive heart failure 5(13) 13 (9) 0.47
Left ventricular ejection fraction  56.4+11.3 54.0+13.7 0.31
(mean %=SD)
Prior myocardial infarction 7(18) 35 (25) 0.56
Prior PCI 9 (24) 30 (21) 0.78
Peripheral vascular disease 5(13) 35 (25) 0.09
Pre-CABG creatinine 1.1+0.3 1.1+0.4 0.65
(mean=SD, mg/dL)
Current or former tobacco use 17 (45) 76 (54) 0.33
Chronic obstructive pulmonary 7 (18) 24 (17) 0.71
disease
Left main disease 18 (47) 62 (44) 0.78
Aortic cross clamp time 48+21 49+21 0.52
(mean=SD)
Estimate STS risk (mean %,+SD) 2.9+3.8 2.7+22 0.99
Angina 0.99

No angina 11 (29) 41 (29)

Stable angina 19 (50) 71 (50)

Unstable angina/acute 8 (21) 30 (21)

coronary syndrome
Procedure 0.002

CABG only 32 (84) 139 (99)

CABG plus ASD or PFO repair 1 (3) 1(1)

CABG plus pericardiectomy 5(13) 1(1)
Urgency of CABG 0.76

Elective 19 (50) 64 (45)

Urgent 17 (45) 74 (53)

Emergent 2 (5) 32

CABG, coronary artery bypass graft surgery; PCI,
percutaneous coronary intervention; STS, Society of Thoracic
Surgeons; XRT, radiation therapy; ASD, atrial septal defect;
PFO, patent foramen ovale.

three were performed prophylactically due to the intra-
operative finding of pericardial thickening. One control
patient underwent pericardiectomy for constrictive peri-
carditis. The number of diseased vessels, prevalence of
triple vessel disease and number of bypassed vessels was
similar in XRT subjects and matched controls. Despite
these similarities, there was a trend towards lower utili-
sation of IMA grafts in the XRT group (89% vs 98%,
P=0.13). The incidence of periprocedural adverse events
was similar between XRT group and controls (table 3).

Table 3 Angiographic and procedural characteristics and
outcomes at the time of CABG

XRT Control
group  group

Variable (n=38) (n=141) P value
Number of diseased vessels 3.8+05 3.7x0.5 0.76
(mean=SD)
Number of vessels bypassed 2.9+1.0 3.0+0.9 0.99
(mean+SD)
Number of IMA grafts used, 34 (89) 137 (98) 0.13
n (%)
Pedicled harvest* 26 (74) 100 (78) 0.74
Length of stay, days, 7.3+46 6.9x£3.3 0.71
(mean=SD)
Postoperative complications, n (%)
Bleeding 2 (5) 5(3) 0.59
Infection (any) 5(13) 12(9) 0.41

Superficial infection of the venous 0 3(2)

harvest site

Urinary tract infection 4(10) 9 (6)

Bacteraemia 103 0

Sternal infection 0 0
Sternal dehiscence 0 0 NA
Neurological complication 0 6 (5) 0.08
Permanent stroke 0 2(1) 0.34
Pulmonary embolism 1(3) 1(1) 0.34
Myocardial infarction 0 0 NA
Atrial fibrillation 11(29) 45(32) 0.60
Renal failure 1(3) 2(1) 0.90
Inhospital death 0 1(1) 0.50

*Harvest method was unavailable in three subjects in the XRT
group and 12 in the controls.

CABG, coronary artery bypass graft surgery; IMA, internal
mammary artery; XRT, radiation therapy.

Antecedent XRT exposure did not result in higher rates
of sternal dehiscence, bleeding, infection or atrial fibril-
lation.

After a median postoperative follow-up of 5.4 years
(IQR 0.9-9.4 years), there was no difference in all-cause
mortality between the XRT group and controls (figure 1).
Eleven deaths occurred in the XRT group, and 32 deaths
occurred in the controls.

Using unadjusted Cox proportional hazards models
none of the baseline variables were found to be signifi-
cantly associated with increased mortality (table 4).

We did note a trend towards decreased utilisation of
IMA grafts in XRT patients versus controls despite having
an equal incidence of triple vessel disease and three
vessel bypass. Of the XRT patients who did not receive an
IMA (n=4, (11%)), all four had obstructive left main or
left anterior descending artery disease that would warrant
IMA grafting. In two of these patients, the left IMA was
documented in the operative note as being unusable due
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Figure 1 Kaplan-Meier survival curve. HR: 1.13; 95% Cl 0.57 to 2.27; P=0.72. CABG, coronary artery bypass graft surgery;

IMA, internal mammary artery; XRT, radiation therapy.

to luminal fibrosis and occlusion. In the remaining two
patients, the operative note does not mention the reason
the IMA was not used. In the control population, three
(2%) patients did not receive IMAs; reasons included
isolated right coronary disease, severe subclavian stenosis
and severe osteoporosis with concern for sternal dehis-
cence. In no control was the IMA itself compromised.
In both the study and control population who did not
receive IMA grafts, there is no documentation in the
operative note as to why a right IMA or radial arterial
graft was not used.

DISCUSSION

We observed no difference in all-cause mortality for XRT
patients who later received CABG when compared with
control subjects. Additionally, thoracic radiation expo-
sure did not increase perioperative adverse events. These
findings contrast with those of Wu et al, where increased
mortality was observed in radiation patients treated with
cardiac surgery.” Importantly, Wu et al examined a heter-
ogeneous group of patients, only 14% of whom under-
went isolated CABG. The remaining patients underwent

replacement of =1 cardiac valves with or without combined
CABG or pericardiectomy. In our population, patients
undergoing valve replacement were excluded to facil-
itate an unbiased match with controls and to better
answer the specific question of how XRT impacts surgical
revascularisation outcomes. In this population of CABG
patients without significant valvular heart disease, proce-
dural outcomes and long-term mortality were similar to
controls, suggesting that XRT itself does not increase
surgical revascularisation risk.

Multiple studies have documented an adverse effect
of XRT on IMA integrity and this likely accounts for the
observed difference in IMA utilisation.'* "> " ¥ In a 1992
study of 10 patients undergoing CABG after XRT, seven
patients received IMA grafts and three patients were
revascularised with vein grafts only.'® In two of the three
patients with venous only conduits, histological exam-
ination of the IMAs was performed and demonstrated
fibrosis occluding the arterial lumen, a finding that may
have been demonstrated on preoperative angiogram
had it been performed. A 1999 series of 47 XRT patients
undergoing CABG by Handa et al'” found in 5 of the 26
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Table 4 Univariate analysis of the effect of previous
external beam radiation on mortality in patients treated with
CABG

Variable HR (95% Cl) P value
Age (per 10years) 0.86 (0.54 to 1.38) 0.535
Gender (male) 0.87 (0.26 to 2.98) 0.826
BMI (per 5kg/m?) 1.03 (0.68 to 1.55) 0.901
Diabetes 0.87 (0.20 t0 3.82) 0.859
Hyperlipidaemia 0.48 (0.07 to 3.37) 0.458
Hypertension 0.67 (0.18 t0 2.49) 0.555
Congestive heart failure 1.66 (0.45106.12) 0.449
LVEF (per 10%) 0.69 (0.43t0 1.11) 0.123
Prior MI 0.72 (0.12 to 4.35) 0.725
Prior PCI 0.65 (0.11 to 3.90) 0.637
Peripheral vascular disease 1.35(0.22 t0 8.16) 0.743
Pre-CABG creatinine (mg/dL) 0.23(0.02 to 2.63) 0.235
Current/former smoker 2.32 (0.68 to 7.89) 0.179
Chronic obstructive pulmonary 2.64 (0.67 t0 10.4) 0.165

disease
Left main disease

STS risk (per 5%)
Harvest-skeletonised

2.73(0.74t0 10.1) 0.131
1.50 (0.88 to0 2.56) 0.139
0.24 (0.01 to 5.05) 0.361

BMI, body mass index; LVEF, left ventricular ejection fraction;
MI, myocardial infarction; PCI, percutaneous coronary
intervention;CABG, coronary artery bypass graft surgery; .

patients who received a saphenous vein graft to the left
anterior descending artery (LAD), the IMA was unusable
due to mediastinal fibrosis. This contrasts with Gansera
et al'’ where a similar incidence of histological fibrosis
was seen on IMA specimens taken from XRT and control
patients. However, it is important to note the low utili-
sation of IMAs for both the XRT and control groups in
the Gansera study, with 16% of patients receiving no IMA
grafts. In our study, 11% of XRT patients did not receive
an IMA despite having an indication for IMA grafting.
In the controls, 2% did not receive an IMA; however,
these patients either had no indication for an IMA graft
or had a contraindication to using the IMA. The low
utilisation of IMA grafts in XRT patients has significant
clinical implications as the IMA has been demonstrated
to provide the greatest survival benefit to patients under-
going CABG.*" In XRT patients without a viable IMA,
consideration should be given to alternative arterial
conduits such as a free radial artery or right gastroepip-
loic artery. If a viable arterial conduit is not available, PCI
revascularisation should be considered as it is associated
with fewer complications and a shorter recovery time.
Several trials have supported the safety and efficacy of PCI
in treating left main and triple vessel disease.'* " We have
previously reported our institutional experience showing
similar rates of acute procedural complications, late stent
failure, cardiac mortality and all-cause mortality after

PCI in patients with prior XRT compared with control
patients without prior XRT.?*** Furthermore, many radia-
tion patients go on to develop significant valvular disease
that may necessitate additional cardiac surgeries at a
later date."” By avoiding an early sternotomy for coronary
revascularisation, the risk of subsequent valve surgeries
may be lessened. The IMAs are typically not injected
during preoperative angiography as they are nearly always
patent in the non-XRT population. However, in patients
with thoracic XRT exposure, routine preoperative IMA
angiography should be considered to assess patency and
thereby guide the revascularisation strategy.

An additional concern in XRT patients is the long-
term patency of IMA grafts. In a 2008 study of 25 patients
with previous chest XRT undergoing postoperative angi-
ography, 32% of IMAs had 2=70%stenosis at 2.2-year
follow-up.'® Despite this, late survival was superior in
patients with an IMA graft to LAD when compared
with patients with venous conduits only. These findings
suggest that if the IMA is viable, it should be used for LAD
grafting, a finding that has been well demonstrated in the
non-XRT population.

Limitations
This research has several important limitations; primary
among them is the exclusion of patients who were treated
with radiation outside of our institution. We sought
to include only patients in whom cardiac involvement
within the radiation field could be confirmed, and there-
fore, patients who received XRT therapy elsewhere were
excluded. This resulted in higher quality of data but a
smaller sample size. An additional limitation is the heter-
ogeneity in the amount and type of radiation delivered to
individual patients. Before the late 1980s, radiation doses
of 35—-41 Gy were administered to patients with Hodgkin’s
disease. Modern regimens now employ 20-30 Gy delivered
to smaller volumes.” Unfortunately, doses of 45-50 Gy are
still employed in locally advanced breast cancer, although
often through beams passing tangentially through the
distal ventricles.*® These differences in XRT exposure by
type of cancer and year of treatment may confound our
results as the incidence and severity of radiation heart
disease is proportionate to dose exposure.10

Additionally, we were unable to differentiate cardiac
and non-cardiac mortality. For surgical patients, mortality
data are obtained from institutional medical records and
using publicly available death certificates that do not
record the cause of death. The cause of death was avail-
able in the medical record for only a small minority of
patients who died at a Mayo Clinic Hospital and therefore
was not reported. Clearly, for patients with XRT-associated
heart disease, we are most interested in long-term cardiac
prognosis. That being said, all-cause mortality is inclusive
of cardiac mortality and would be prone to overrepre-
sent mortality in the XRT-treated cohort due to the high
prevalence of secondary cancers. However, despite this
potential confounder, no difference in all-cause mortality
was observed.
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CONCLUSIONS

Our study has demonstrated that in patients with prior
thoracic XRT exposure, surgical revascularisation in the
contemporary era can be performed with a safety profile
similar to control patients. In this cohort, radiation did
not increase surgical complications but may limit IMA
use. The survival advantage of CABG is driven by IMA
to LAD grafts, and therefore, preoperative IMA angiog-
raphy should be considered. If a viable IMA is not iden-
tified, consideration for fully percutaneous revascularisa-
tion should be entertained.
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