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Abstract Purpose This study aims to identify the

clinical implications of myocardial perfusion defects

after chemoradiation therapy (CRT) in patients with

esophageal and lung cancer. Methods We retrospec-

tively compared myocardial perfusion imaging (MPI)

results before and after CRT in 16 patients with

esophageal cancer and 24 patients with lung cancer.

New MPI defects in the radiation therapy (RT) fields

were considered related to RT. Follow-up to evaluate

for cardiac complications and their relation with the

results of MPI was performed. Statistical analysis

identified predictors of cardiac morbidities. Results

Eleven females and twenty nine males at a mean age of

66.7 years were included. Five patients (31%) with

esophageal cancer and seven patients (29%) with lung

cancer developed myocardial ischemia in the RT field

at mean intervals of 7.0 and 8.4 months after RT. The

patients were followed-up for mean intervals of 15 and

23 months in the esophageal and lung cancer groups,

respectively. Seven patients in each of the esophageal

(44%) and lung (29%) cancer patients (P = 0.5)

developed cardiac complications of which one patient

with esophageal cancer died of complete heart block.

Six out of the fourteen patients (43%) with cardiac

complication had new ischemia on MPI after CRT of

which only one developed angina. The remaining eight

patients with cardiac complications had normal MPI

results. MPI result was not a statistically significant

predictor of future cardiac complications after CRT. A

history of congestive heart failure (CHF) (P = 0.003)

or arrhythmia (P = 0.003) is a significant predictor of

cardiac morbidity after CRT in univariate analysis but

marginal predictors when multivariate analysis was

performed (P = 0.06 and 0.06 for CHF and arrhyth-

mia, respectively). Conclusions Cardiac complications

after CRT are more common in esophageal than lung

cancer patients but the difference is not statistically

significant. MPI abnormalities are frequently seen

after CRT but are not predictive of future cardiac

complications. A history of arrhythmia or CHF is

significantly associated with cardiac complications

after CRT.
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Introduction

Radiation therapy (RT) is associated with multiple

cardiac complications when the heart is included in the

RT field. These complications have clinical implica-

tions and may include acute and chronic pericarditis,

coronary artery disease (CAD), conduction abnormal-

ities, valvular insufficiency, and cardiomyopathy [1].

Old RT techniques used to treat the breast/chest wall

and draining lymph nodes in breast cancer patients

resulted in delivery of relatively high doses to a

substantial volume of the heart. There is convincing

evidence of excess cardiovascular morbidity and

mortality in patients treated with these techniques [2,

3]. These old RT techniques used orthovoltage radi-

ation, large fraction size, deep tangential Cobalt-60

fields and/or direct anterior internal mammary lymph

node irradiation. Also, the reported long-term relative

risk of death due to a fatal myocardial infarction in

patients with lymphoma treated with mediastinal RT

techniques is increased from 1.5 to 3.0 times that of

unirradiated patients [4, 5]. There is conflicting data in

patients treated with modern techniques regarding the

impact of radiation on cardiovascular morbidity and

mortality [6–8]. Harris and colleagues have recently

demonstrated an overall difference in mortality from

cardiac causes in left-sided versus right-sided breast

cancer patients using contemporary tangential beam

techniques [9]. This group reported a higher rate of

cardiac deaths during the second decade post-treat-

ment in left-sided breast cancer patients treated with

RT of 6.4% compared with 3.5% in right sided breast

cancer patients. On the other hand Giordano et al.

found no difference in cardiac morbidity in left sided

versus right sided breast cancer patients treated with

new RT techniques [7]. Multiple studies have detected

myocardial perfusion abnormalities in the heart corre-

sponding with the RT field in left sided breast cancer

patients even with modern RT techniques [10–12].

Some of these defects developed as early as 6 months

after RT. The perfusion defects were also found to be

associated with an increased incidence of chest pain

[13]. Another recent investigation by Heidenreich and

colleagues showed a high prevalence of stress-induced

signs of ischemia and significant CAD in patients who

received at least 35 Gy to the mediastinum for

Hodgkin Disease at a young age [14].

Long-term effects of RT on the heart have been

mainly described in breast cancer and lymphoma

patients who tend to have long survival after therapy.

On the other hand, short-term cardiac effects of RT in

patients with tumors located closer to the heart, such

as lung and esophageal tumors is not well investi-

gated, despite the fact that this group of patients

constitutes a large percentage of cancer patients who

receive RT. Additionally, these patients usually

receive high radiation doses to a significant portion

of the heart due to the close proximity of these tumors

to the heart. It is generally perceived that esophageal

cancer and lung cancer patients do not survive long

enough to manifest the cardiac morbidity or compli-

cations secondary to RT or chemoradiation therapy

(CRT). However, the improvements in anticancer

therapies have resulted in longer survival of cancer

patients than previously anticipated to manifest the

co-morbidities of these therapies [15]. For example,

lung cancer is one of the cancers for which the 5-year

survival rate has improved over the past decade [16].

Thus, some cancer patients may outlive their cancers

to die of cardiac causes. Thus, the knowledge of the

clinical impact of radiation induced myocardial

perfusion defects would guide towards improved

monitoring and management of esophageal and lung

cancer patients who receive CRT.

This study aimed at investigating the clinical

implications of myocardial perfusion abnormalities

detected using myocardial perfusion imaging (MPI) in

esophageal and lung cancer patients after CRT as well

as the incidence of cardiac morbidity and mortality in

these patients. Additionally, we attempted to identify

predictors of cardiac morbidity after CRT.

Methods

After obtaining the approval of the institutional

review board, a retrospective review of a database

containing prospectively collected results of MPI

studies in the Department of Nuclear Medicine was

performed for the interval from March 2003 until
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October 2006. Patients with lung cancer and esoph-

ageal cancer who underwent MPI studies before and

after CRT were included in the study. Patients with

abnormal MPI results on a baseline MPI study prior to

CRT were excluded from the study. Additionally,

patients who underwent repeat MPI studies at an

interval less than 2 months after the completion of RT

were also excluded from the study since myocardial

perfusion abnormalities seen in this early interval

might be related to early transient inflammation and

edema from the RT. The patients’ demographics and

data regarding tumor type, disease stage, CRT, risk

factors for CAD, history of arrhythmia and/or con-

gestive heart failure (CHF) and MPI results were

collected. Clinical course and outcome with regard to

cardiac morbidity and/or mortality were assessed in

all patients. Cardiac morbidity included patients who

developed new clinical symptoms of cardiac etiology

after the completion of CRT or patients who experi-

enced an exacerbation or aggravation of a previously

treated and stable cardiac condition. Cardiac mortality

was defined as death related to a cardiac cause.

Comparison between the incidence of cardiac mor-

bidity and mortality in patients who developed new

MPI defects in the RT field after CRT and those who

did not was performed. Additionally, statistical anal-

ysis of multiple factors was performed to identify

possible predictors of cardiac morbidity after CRT in

both esophageal and lung cancer patients.

MPI procedure and interpretation

The patients were instructed to discontinue taking any

calcium channel blockers or beta-blockers and avoid

consuming caffeine for 24 h prior to undergoing stress

tests. All patients underwent a single-day dual-isotope

protocol. On the day of the MPI, each patient was

injected with 111 MBq of thallium-201 chloride at

rest. Single photon emission computed tomography

(SPECT) images of the heart were acquired 10 min

later using a dual-head gamma camera. Subsequently,

the patients were stressed either pharmacologically or

with exercise and were injected intravenously with

925–1,110 MBq of technetium-99m tetrofosmin at

peak stress. This was followed by a 20–30 min rest

period, during which the patient was allowed to drink

juice and eat crackers. Stress gated SPECT images

were subsequently obtained. The rest and stress

SPECT acquisition parameters were: 180� arc, 64

views, 25 second/view, 64 9 64 matrix, and 1.45

zoom, with eight intervals for gated stress acquisition.

The raw SPECT data was processed using filtered

back-projection reconstruction with a Butterworth

filter, order of five, and a cut-off frequency of

0.5 Nyquist (0.76 cycles/cm).

The MPI studies are routinely interpreted by one

out of five routine readers on a daily bases and were

independently reviewed by an additional expert

reader who was blinded to the patients’ clinical

information and the RT planning field or dose.

Differences in interpretations between the routine

reader and the blinded expert reader occurred in only

three studies, in which the expert reader interpretation

was used for the data analysis. Perfusion abnormal-

ities were qualitatively graded as scar; ischemia; or

mixed ischemia with scar. Functional information

regarding left ventricular ejection fraction (LVEF)

was also collected. None of the patients had signif-

icant arrhythmia during the acquisition of the

functional information that would affect the accuracy

of the LVEF results.

Statistical analysis

Fisher’s exact test was used to compare proportions

between groups. Logistic regression analysis was used

to assess the relationship between cardiac complica-

tions and covariates of interest, including sex, age, RT

technique, mean heart radiation dose, volume of heart

irradiated, V30 (percent volume of heart receiving

30 Gy), V40 (percent volume of heart receiving

40 Gy), V50 (percent volume of heart receiving

50 Gy), risk factors for CAD, history of CHF and

arrhythmia. Odds ratios and corresponding 95%

confidence intervals were estimated from these mod-

els. All parameters were tested in univariate analysis,

and then factors that were significantly associated

with complications were jointly modeled in a multi-

variate model. Additionally, logistic regression

analysis to compare the frequency of risk factors

for CAD in esophageal versus lung cancer patients

was performed. All statistical tests were two-sided,

and P-values of 0.05 or smaller were considered to be

statistically significant. Statistical analysis was carried

out using the SAS software program version 9 (SAS

Institute, Cary, NC).
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Results

The patients tumor types and stages of disease in both

esophageal and lung cancer patient groups as well as

RT techniques are summarized in Table 1. The

prevalence of risk factors for CAD were comparable

in esophageal versus lung cancer patients except for

family history of CAD which was more prevalent in

lung cancer patients (44% in lung cancer patients

versus 6% in esophageal cancer patients, P = 0.007).

Esophageal cancer group

The esophageal cancer group consisted of 2 female and

14 male patients with a mean age of 67.6 years (range

48–85 years). Repeat MPI studies were performed

after completion of RT at a mean interval of

7.0 months (median = 5.3 months) in this group of

patients. The total radiation dose in 14/16 patients was

50.4 Gy, one patient received a total dose of 30.0 Gy

and another patient received a total dose of 51.2 Gy.

The mean heart radiation dose was 30.0 Gy (med-

ian = 30.0 Gy) and the mean heart volume irradiated

was 734.7 cc (median = 685.8 cc). The mean V30

(mean heart volume receiving [30 Gy), V40 (mean

heart volume receiving[40 Gy), and V50 (mean heart

volume receiving [50 Gy) were 51, 31, and 16%;

respectively. All patients in the esophageal cancer

group received concurrent chemotherapy with RT.

Five patients (31%) in the esophageal cancer group

developed ischemia in the inferior segments which

were in the RT field. Additionally, one patient devel-

oped anteroseptal ischemia after CRT which was not

included in the RT field. The patients in the esophageal

cancer group were followed for a mean interval of

14.6 months (median = 10.9 months, range = 2.8–

34.8 months). During the follow-up interval seven

patients (44%) developed cardiac complications

(Table 2). One of these patients died (6%) of complete

heart block and CHF at 12 months after CRT. This

patient had no significant known cardiac disorders

prior to CRT. Three of the patients who developed

cardiac morbidities after CRT demonstrated ischemic

changes on repeat MPI after CRT, and one of them was

the patient who died of cardiac complications (Fig. 1).

The remaining three patients who developed new MPI

abnormalities after CRT did not suffer from cardiac

morbidities. Thus, new MPI abnormalities after CRT

were not predictive of future cardiac morbidities

(P = 1.00). At the end of the follow-up period, 11/16

patients (69%) were deceased, 10 of whom died of

noncardiac causes.

There were no significant changes in functional

results between the MPI studies performed before and

after CRT in this group of patients. The mean LVEF

for the baseline MPI studies was 63.2 ± 7.8% prior

to CRT and 62.8 ± 10.7% after CRT (P = 0.78).

Logistic regression analysis of multiple factors

that may predict higher risk of cardiac complications

after CRT showed arrhythmia or a history of prior

arrhythmia to be significantly associated with the

incidence of cardiac complications after CRT (add

odds ratio and 95% CI, P = 0.019). A history of CHF

was weakly associated with cardiac morbidity after

CRT (add OR, 95% CI, P = 0.06). No multivariate

analysis was performed for this group because only

Table 1 Patients characteristics and RT techniques used in

both the esophageal cancer and the lung cancer groups

Esophageal cancer

group (n = 16)

Lung cancer

group (n = 24)

Tumor type SCC: 6 NSCLC: 22

AC: 10 SCLC: 2

Tumor location Proximal: 2 LULa: 5

Mid: 2 LLLa: 4

Distal: 12 LH: 2

RULa: 8

RML: 1

RLL: 6

Tumor stage IIA: 1 I: 10

IIB: 3 II: 2

III: 10 IIIA: 6

IV: 2 IIIB: 6

RT technique IMRT: 8 IMRT: 11

3D-conformal RT: 7 3D-conformal RT: 11

Proton RT: 1 Proton RT: 1

Streotactic RT: 2b

SCC small cell cancer, AC adenocarcinoma, NSCLC non-small

cell lung cancer, SCLC small cell lung cancer, LUL left upper

lobe, LLL left lower lobe, LH left hilar, RUL right upper lobe,

RML right middle lobe, RLL right lower lobe, IMRT intensity

modulated radiation therapy
a Two patients had two primary lung cancers in different

locations
b One patient had two different RT techniques for the two

different primary lung cancers
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Table 2 Etiology of cardiac morbidities in seven esophageal cancer patients who suffered from cardiac complications with the

corresponding repeat MPI results after CRT

Patient no.

(n = 7)

Cardiac complication Interval after

RT (months)

Repeat

MPI result

Prior cardiac disorders

1 Pericarditis/pericardial effusion 16.0 N None

2 Afib. 10.5 I None

3 Aggravation of Afib and CHF 5.5 N Chronic Afib, prior CHF

4 Complete heart block leading to death 12.0 I None

5 CHF 16.5 N Chronic Afib

6 Angina 7.5 I Treated CAD with stent,

asymptomatic for

4 years prior to CRT

7 Large pericardial effusion 23.0 N None

I ischemia, N normal, Afib atrial fibrillation

Fig. 1 Short axis, vertical long axis and horizontal long axis slices of a stress MPI study before (a) and after CRT (b) demonstrating

new ischemia (arrows) in a patient with esophageal cancer who died of complete heart block and worsening CHF 12.0 month after

CRT. c Sagittal and coronal slices of the simulation CT with the RT plan demonstrating correlation of the irradiated part of the heart

with the area of myocardial ischemia in (b)
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one factor, which is arrhythmia, was significantly

associated with complications.

Lung cancer group

The lung cancer group consisted of 9 female and 16

male patients with a mean age of 66.2 years (range

49–81 years). The mean total radiation dose, mean

heart radiation dose and mean heart volume irradiated

were 57.8 Gy (median = 61.5 Gy), 15.5 Gy (med-

ian = 16.1 Gy), and 645.8 cc (median = 621.5 cc),

respectively. Additionally, the mean V30, V40, and

V50 were 22, 16, and 9%; respectively. Twenty two

out of twenty four patients in lung cancer group

received concurrent or adjuvant chemotherapy with

the RT and two received RT alone. Repeat MPI studies

were performed after completion of RT at a mean

interval of 8.4 months (median = 6.3 months) in this

group. Anterior/septal new ischemia in seven patients

(29%) in lung cancer group developed after CRT and

these segments were included in the RT field. The

patients were followed-up for a mean interval of

23.1 months (median = 14.6 months, range = 2.3–

53.2 months) with regard to their cardiac morbidities

or mortalities. Seven patients (29%) developed cardiac

complications and morbidities after CRT but none of

the patients died of cardiac cause (Table 3). Three of

these patients had new ischemia on repeat MPI after

CRT and the remaining four patients had normal MPI

results. On the other hand, four additional patients

developed new ischemic changes as per the MPI

results after CRT but did not develop any cardiac

complications or morbidities (P = 0.37). Six patients

(25%) were deceased at the end of the follow-up

period, all of them of noncardiac causes.

Similar to the esophageal cancer group, we

observed no significant changes in functional results

of the MPI studies as reflected in a mean LVEF prior to

CRT of 63.4 ± 9.5% and after CRT of 63.5 ± 10.3%

(P = 0.95).

History of arrhythmia or the presence of arrhyth-

mia prior to CRT was also significantly associated

with higher risk of cardiac complications after CRT

(OR: 0.12, 95% CI: (0.02–0.90), P = 0.039). History

of CHF also had a trend to be associated with higher

incidence of cardiac complications but again did not

reach statistical significance (P = 0.08) as is the case

in the esophageal cancer group. Thus, multivariate

analysis was also not performed in lung cancer

patients.

All patients combined

When the total study population including both

esophageal and lung cancer patients were considered

in univariate logistic regression analysis, arrhythmia

(P = 0.003) and CHF (P = 0.003) were significantly

associated with future cardiac complications after

CRT. The remaining tested variables did not reach

statistical significance as predictors of future cardiac

complications in the total study population. When

arrhythmia and CHF were included in a multivariate

analysis, both CHF (OR = 0.13, 95%CI: (0–1.14),

P = 0.065) and arrhythmia (OR: 0.06, 95% CI:

(0.02–1.07), P = 0.060) demonstrated marginal sta-

tistical significance, as predictors of future cardiac

complications.

Table 3 Etiology of cardiac morbidities in seven lung cancer patients who suffered from cardiac complications with the corre-

sponding results of repeat MPI after CRT

Patient no.

(n = 7)

Cardiac complication Interval after

RT (months)

Repeat

MPI result

Prior cardiac disorders

1 Pericarditis effusion and atrial flutter 24 I None

2 Tachycardia 13 I None

3 Bradycardia 26 N RBBB, AFB

4 Atrial fibrillation 1.0 N None

5 Recurrence of atrial flutter 0.5 N History of arterial flutter

6 Tachycardia 3.0 N None

7 Elevated cardiac enzymes 7.5 I None

I ischemia, N normal, RBBB right bundle branch block, AFB anterior fascicular block
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Discussion

In this study we investigated the incidence of cardiac

morbidity and mortality and their relation to abnor-

mal MPI studies after CRT in esophageal and lung

cancer patients. The incidence of clinically mani-

fested cardiac complications after CRT was 44% and

29% (P = 0.50) in patients with esophageal cancer

and lung cancer, respectively. There was one death

(6%) related to complete heart block in the esoph-

ageal cancer group after CRT but no cardiac related

mortality in the lung cancer group. RT factors

including RT technique, mean heart dose and volume

as well as cardiac V30, V40 and V50 did not

demonstrate significant association with the incidence

of future cardiac complications. However, patients

with underlying or prior conduction abnormalities

and/or CHF are more likely to develop cardiac

complications after CRT. Thus, further efforts and

attempts at more targeted RT e.g. proton therapy [17,

18] or the use of cardioprotective agents [19] is

warranted in such patient population.

We found that 33% of the lung cancer patients and

43% of the esophageal cancer patients who had

cardiac morbidities demonstrated abnormal MPI

studies after CRT. However, only one patient in the

esophageal cancer group experienced anginal chest

pain 7.5 months after CRT and another patient died

of complete heart block. Findings of ischemia after

CRT using MPI should alert clinicians for prompt

therapy and closer monitoring of these patients. On

the other hand, many of the cardiac morbidities after

CRT were not associated with abnormalities on

repeat MPI. These morbidities were mostly related

to new onset arrhythmias, exacerbation of a prior

stable arrhythmia or new pericardial effusions after

CRT. Thus, MPI findings after CRT were not

predictive of future cardiac complications (P = 1.0

and 0.37 in esophageal and lung cancer patients,

respectively).

Interestingly, this study has also confirmed our

previously identified specific patterns of MPI abnor-

mality of inferior wall ischemia noted in distal

esophageal cancer patients [20] and anterior/septal

ischemia pattern in centrally located lung cancer

patients [21]. This inferior ischemia in esophageal

cancer patients is usually due to the proximity of the

more common distal esophageal tumors to the heart

resulting in inclusion of the inferior wall of the left

ventricle in the RT field. On the other hand central

lung tumors are usually in close proximity to the

anterior wall of the left ventricle when the tumor is on

the left side and to the septum when it is on the right

side resulting in inclusion of these walls in the RT

field with consequent ischemic changes after CRT.

It is intriguing that we found arrhythmia to be a

significant predictor of cardiac morbidity after CRT.

Rice et al. at our institution similarly noted that

elderly patients receiving preoperative CRT for

esophageal cancer are more likely to develop postop-

erative atrial arrhythmias than patients who do not

receive preoperative CRT (P = 0.004) [22]. Investi-

gators have also found abnormalities in repolarization

and an increased frequency of premature ventricular

complexes in cancer patients following anterior chest

wall irradiation. Orzan et al. [23] found that up to 50%

of patients who received anterior chest irradiation can

present with some electrocardiogram abnormalities,

although the incidence of heart block in these patients

is low. Most often, the symptomatic presentations of

these abnormalities were complete heart block and

syncope. Also, histologic studies suggested that

conduction abnormalities are caused by fibrosis in

the myocardium adjacent to the conduction system

[24, 25]. As fibrosis replaces myocardial tissue,

progressive loss of nerve function ensues. Franken

et al. investigated the effect of irradiation on myo-

cardial norepinephrine concentration as well as on

alpha and beta-adrenergic receptor density in the rat

heart [26]. They found a decrease in norepinephrine

concentration up to 50%, an increase in alpha-receptor

concentration and beta-receptor concentration to a

maximum of 210 and 150%, respectively. These

studies suggested that RT alters the sympathetic

innervation to the heart. The preexistence of arrhyth-

mia prior to CRT probably renders the patient more

vulnerable to the deleterious effects of CRT on

cardiac innervation. The fact that history of CHF

prior to CRT was associated with significant cardiac

complications in the total study population was an

expected finding.

The contribution of chemotherapy in many of our

patient to the cardiac morbidities after RT could not

be separately evaluated in our study due to the

retrospective nature of the study. However, we feel

that our patient population represents the actual

clinical population that oncologists manage on a

routine daily basis with the majority being treated
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with CRT and small percentage being treated with RT

alone.

One limitation of our study was the small number

of patients in the esophageal cancer group. This is

due to the limited number of patients who underwent

both before and after CRT MPI studies. Further

studies with larger numbers of patients are warranted.

Another possible limitation in our study is the lack of

gating during the rest SPECT part of the MPI since it

is performed with Thallium-201 in our dual isotope

protocol which does not allow us to evaluate for

possible stunned myocardium on the pre-RT versus

the post-RT MPI scans.

In conclusion, cardiac morbidity after CRT is more

frequently encountered in esophageal cancer than

lung cancer patients although the difference did not

reach statistical significance. Many of the patients

demonstrate new ischemic changes on repeat MPI

studies after CRT but only small percentage mani-

fested clinically during a mean flow-up interval of

14.6 and 23.1 month in esophageal and lung cancer

group, respectively. Most of the cardiac complications

after CRT were related to conduction abnormalities

and pericardial effusions. The history of arrhythmia or

CHF was found to be significantly associated with

future cardiac morbidity after CRT when tested in

univairate analysis, but weak predictors in multivar-

iate analysis.
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