Br Heart3' 1993;69:496-500

496

Fulvio Orzan, Antonio Brusca, Maria R Conte, Patrizia Presbitero, Maria C Figliomeni

Istituto di Medicina e
Chirurgia
Cardiovascolare,
Cattedra di
Cardiologia,
Universita' degii Studi
di

Torino, Torino,

Italy
F Orzan
A Brusca
M R Conte
P Presbitero
M C Figliomeni
Correspondence to:
Dr F Orzan, Istituto di
Medicina e Chirurgia
Cardiovascolare, Universita'
di Torino, Corso Dogliotti
14, 10126 Torino, Italy.
Accepted for publication
27 November 1992

Abstract
Objective-To define the clinical and
angiographic features and the therapeutic problems in patients with coronary
artery disease after therapeutic irradiation of the chest.
Design-An observational retrospective
study.
Setting-The cardiac catheterisation laboratory, university medical school.
Patients-15 subjects (8 men and 7
women, aged 25-56 years, mean 44)
examined in the cardiac catheterisation
laboratory, who had significant coronary
artery disease years after having radiation treatment to the chest and anterior
mediastinum. In the early stages of the
study angiography was performed because of typical symptoms of ischaemic
heart disease. Later on it was performed
because of a high index of suspicion in
people with signs of extensive radiation
heart damage.
Main outcome measures-Clinical and
electrocardiographic evidence of ischaemic heart disease; echocardiographic
signs of pericardial, myocardial or valvar
involvement; angiographic evidence of
coronary arterial stenosis, with special
attention to the ostia; haemodynamic
and angiographic signs of pericardial,
myocardial, and valvar disease. Survival
and symptomatic and functional status
were ascertained after medical or surgical treatment.
Results-The patients were relatively
young and had no risk factors. Seven
patients had no signs or symptoms of
ischaemic heart disease. Ten patients
had ostial stenosis, which was associated
with extensive involvement of other cardiac structures in nine of them. Seven
required surgical treatment for coronary
artery disease. Two died, one at surgery
and the other one six months later. Five
patients had complications associated
with irradiation.
Conclusions-Coronary arterial disease
can be reasonably ascribed to the effects
of chest irradiation when the patients are
young and free from risk factors, especially if the obstructions are ostial and
there is important damage to other cardiac structures. In patients with damage
to other cardiac structures angina and
infarction are often absent and coronary

angiography seems to be mandatory.
Patients often require surgical treatment
and postoperative complications are
common.
(Br Heart3 1993;69:496-500)
Since the first comprehensive series reported
by Cohn et al.l cardiac involvement after
chest and/or mediastinal radiation therapy
has been increasingly reported. Pericardial
disease is the most frequent finding.24
Cardiomyopathy,5 valve disease,26 and disorders of the conduction tissue7 and of the
coronary arteries have been described too.289
The incidence of coronary artery lesions,
though difficult to calculate, has been estimated to be 6%.10 Narrowing of the coronary
ostia has also been reported.8 11-16 We describe
the findings in 15 patients with coronary
artery disease after radiation therapy of the
chest and mediastinum and review other relevant published reports.
Patients and methods
PATIENTS

Between 1985 and 1990, 24 patients who had
received radiation treatment of the anterior
chest and mediastinum, had coronary arteriography in our laboratory. Cardiac involvement was suspected in all because of
symptoms and/or clinical signs. Fifteen
patients (seven men and eight women, aged
25-56) were found to have important coronary artery disease (table 1). Radiation treatment was given for Hodgkin's disease in eight
patients, breast cancer in five, and lymphoma
and seminoma in one patient each.
CORONARY RISK FACTORS

Patient 11 had smoked 20 cigarettes per day
for 20 years. Patient 8 had a serum cholesterol of 250 mg/dl. There were no traditional
risk factors in the remaining 11 patients.
Patients 4, 5, 7, and 8 had oophorectomy as a
part of their treatment for breast cancer.
RADIATION DOSE AND TECHNIQUE

The interval between radiotherapy and onset
of cardiac signs and symptoms ranged from 3
to 28 years (mean 12). In eight patients
(cases 1-3, 9-12, 15) a mantle field irradiation technique was used; patients 1 and 11
received an additional dose to the infrascapu-
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Table 1 Data on 15 patients with coronary arter disease after radiotherapy
Age
Latncy Dose
Neoplasm
CRF
Sex
(Gy)
(yr)
(yr)

Patient
No

M
F
F
F
F
M
F
F
M
M
M
M
F
F
M

49
46
39
56
49
52
51
56
41
40
43
32
51
25
31

-

-

Chol
Smoke
-

28
23
15
4
11
10
3
6
13
12
13
14
4
10
15

Hodgkin
Hodgkin
Lymphoma
Breast cancer
Breast cancer
Seminoma
Breast cancer
Breast cancer
Hodgldn
Hodgkin
Hodgidn
Hodgkin
Breast cancer

122
100
92
42
40
42
40
45
42
45
100
40
42
41
46

coronary lesions were regarded as important
if visual assessment showed a reduction of at
least 70% in lumen diameter. Supravalvar
aortography was performed in 10 cases. A
pericardial constriction was diagnosed when
the diastolic pressures of the left ventricle,
right atrium, right ventricle, and pulmonary
artery were higher than 15 mm Hg and were
within 5 mm Hg of each other. An intracavitary electrophysiological study by the
Scherlag technique17 was performed in three
patients.

Hodglin
Hodgkin

Results

Chol, hypercholesterolaemia; CRF, coronary risk factors.

CLINICAL PRESENTATION (TABLE 2)

lar region, of 30 Gy and 55 Gy, respectively.
Cases 4, 5, 7, 8, 13, and 15 received anterior
field as well as supra and infra clavicular irradiation. The total radiation dose to the chest
ranged from 40 to 122 Gy. None of these
patients had had deliberate cardiac shielding.
CLIICAL EVALUATION

Each patient had a routine prospective clinical examination performed by at least three of
us, routine blood chemistry (including total
and HDL cholesterol and triglycerides) chest
x ray, and a basal electrocardiogram. Cross
sectional, M mode, and Doppler echocardiography were performed in nine patients, and
a treadmill exercise test in six.
CARDIAC CATHETERISATION

Coronary angiography was performed in all
patients by Judkin's technique, and a biplane
left ventriculogram was also obtained in the
right and left anterior oblique projections. An
ostial lesion was diagnosed on the basis of the
following criteria: (a) a narrowing of at least
50% of the ostium on the cineradiogram;
(b) no reflux of contrast into the aortic sinus;
(c) a drop in the pressure recorded at the tip
of the catheter; (d) failure of the contrast to
be cleared from the injected artery until the
tip of the catheter was withdrawn. Other

There was clinical evidence of coronary artery
disease in eight patients. Seven had angina on
effort or at rest and one had angina after a
myocardial infarction. Another patient was in
heart failure after having had an infarction.
Four patients were admitted with congestive
heart failure and three with symptoms of
chronic third degree atrioventricular block.
Pericardial constriction or effusion was
diagnosed in five patients and valve disease in
10 on clinical grounds.
CARDIAC CATHETERISATION/CORONARY
ANGIOGRAPHY (TABLE 3)

Ostial lesions
Ten patients had obstructive disease of the
right or the left or both coronary ostia. The
right coronary artery ostium was narrowed in
seven cases. Left main ostial lesions were
found in seven patients. These were critical in
six and non critical in case 13. There were
important concomitant lesions of major epicardial arteries in four.
Both ostia were affected in four of the 10
cases. Nine of these 10 patients also had valve
lesions. There was always mitral valve regurgitation, either alone or with aortic disease.
There was a definite rheumatic aetiology in
only one case. Haemodynamic results indicated constrictive pericarditis in five cases.
The size of the left ventricle was normal in
all. The left ventricular ejection fraction was
>50% in all but one patient.

Table 2 Symptoms, signs, electrocardiogram, treadmill test
Patient No
1
2
3
4
5

6

7

8

Symptoms
Angina IH,
dyspnoea
Dyspnoea
Angina II
Angina m
Heart failure

Angina m
Angina m
Angina III

9
10

Angina I

1I

Syncope,
angina I
dyspnoea
Dyspnoea
Dyspnoea

12
13

14

15

Heart failure

Pleural
effusion
Weakness

Signs
Aortic stenosis
regurgitation
Pericardial effusion

ECG

+

Non-ostial disease
Of the remaining five patients with no ostial
narrowing, two had triple vessel disease. One
subject had two vessel disease and one patient
had single vessel disease. Three patients had
mitral regurgitation; aortic regurgitation was
also found in the two patients in whom an
aortogram was obtained. There were no haemodynamic signs of pericardial constriction.

+

TREATMENT

Treadmill

LBBB
3rd A-V block
+
+

Constrictive pericarditis,
mitral/tricuspid
regurgitation

+
+

Myocardial infarction,
mitral regurgitation

Myocardial infarction,
pericardial effusion

3rd A-V block

Constrictive pericarditis

Mitral stenosis/

regurgitaton
Mitral regurgitation
constrictive pericarditis

LBBB
3rd A-V block

ECG, electrocardiogram; LBBB, left bundle branch block; 3rd A-V block, third-degree
atrioventricular block.

(TABLE 4)

Eight patients had cardiac surgery: in four of
them revascularisation was the only procedure. Patient 3 had a left internal mammary
artery grafted onto the left anterior descending coronary artery; immediately after surgery
she had electrocardiographic changes typical
of acute anterior ischaemia and was taken
back to the operating room. The mammary
artery was found to be occluded and was
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1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
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Table 3 Angiographic and haemodynamic findings
Other

LVEF

MR

AR

AS

+

+

0-58

2+

1+

35

2
3

+
+

+
+

0 54
0-71

1+
2+

+
ND

4
5

+
-

+

0-73
0 57

-

-

2+

1+

6
7

-

-

LAD,
(CX, RCA)
(LAD)
RCA, OM,
LAD, CX
(LAD, RCA)
RCA,
(LAD, CX, OM)
Ramus (CX)
LAD, DG,
(CX)

0 73
0-68

-

ND
ND

8
9

-

-

-

-

0-60
0-61

4+
1+

1+
ND

10
11
12
13
14
15

-

+
+

0 55
0-52
0-52
0-36
0-61
0-71

1+
1+
2+
2+
3+
1+

ND
2+

+
(+)
+
-

LAD,CX,RCA

-

LAD, DG, RCA,
(CX)
(CX, MO, LAD)
RCA, (LAD, OM)
CX, (RCA)
(LAD, RCA, OM)
-

+

(LAD)

-

+1+
+-

TR

CP

4+

+

+

4+
+-

1+

+
+
+

AR, aortic regurgitation; AS, aortic stenosis; CX, circumflex; CP, constrictive pericarditis; DG, diagonal; LAD, left anterior
descending; LM, left main; LVEF, left ventricular ejection fraction; MR, mitral regurgitation; ND, not done; OM, obtuse
marginal; RCA, right coronary artery; TR, tricuspid regurgitation.
Non-critical lesions are shown in parentheses.

replaced by a saphenous vein graft. Patient 4
had a plastic reconstruction of the left main
ostium.

Patient 7 had percutaneous dilatation of
the stenotic left anterior descending coronary
artery. Four patients had either a valve
replacement or repair: a revascularisation
procedure was carried out in three of them.
In three additional patients the pericardium
was resected. Patient 10 had pericardial
drainage. Three patients required a permanent pacemaker implantation. Only three
patients were not operated upon.
SURGICAL COMPLICATIONS (TABLE 4)

Two of the eight patients who had operations
had a sternal dehiscence and recurrent
pleural effusions. In patient 3, as already
mentioned, the left internal mammary artery
graft had to be replaced by a saphenous vein
graft. Patient 14, a 25 year old woman, died
in congestive heart failure on the 23rd postoperative day, from what retrospectively
seemed to be restrictive cardiomyopathy.

FOLLOW UP (TABLE 4)

The follow up period ranged from three to 59
months. Patient 2 had recurrent pleural
effusions and died from the sequelae of postoperative mediastinitis six months after her
operation. Patient 1 was free of angina 50
months after the operation, but had late
bacterial endocarditis of the pulmonary valve
with moderate regurgitation and congestive
heart failure; he also needed a pacemaker
implantation because of a bradycardiatachycardia syndrome. Of the five other
patients who had operations four were symptom free 6-27 months after operation, but
patient 5 had a refractory congestive failure
three years after operation caused by restrictive myopathy diagnosed at a postoperative
cardiac catheterisation and biopsy. She is
awaiting a heart transplant. Patient 4 developed a 50% stenosis of the left anterior
descending coronary artery. This vessel was
free from disease before her left main coronary artery was reconstructed. The patient
who had percutaneous angioplasty had a bout

Table 4 Treatment and follow up

Complicatioms

Patient

Follow up
(mnth)

Treatment

Early

Late

1

AVR, LIMA-LAD, RIMA-RCA,
VG-OM

Mediastinitis,
sternal dehiscence

SBE pulmonary valve,
M reg, brady-tachy, pacemaker

2

VG-LAD

3

VG-RCA, LIMA-LAD

Mediastinitis,
sternal dehiscence
AMI, LIMA redo,
VG-LAD

50,
CHF NYHA I,
CCS 0
6, Died

4
5
6
7
8
9

LM ostial reconstruction
MVR, TV repair, pericardiectomy
Medical
PTCA of LAD
Medical

Stenosis LAD 50%
CHF, restrictive myopathy

27, CCS 0
59, NYHA IV
12, CCS 0
12, CCS 0
50, CCS 0
27, CCS 0
7
10, CCS 0
6, CCS 0, NYHA O

No

10

11
12
13
14
15

LIMA-IADMedical- and pericardial drainage
Medical-pacemaker
MV repair, pericardiectomy
LIMA-LAD, VG-OM, RCA

Medical
MV repair, pericardiectomy
LIMA-LAD, VG-OM

Medical-pacemaker

23, CCS 0

5, CCS 0

Died at surgery

3, CCS 0

AMI, acute myocardial infarction; AVR, aortic valve replacement; brady-tachy, bradycardia-tachycardia syndrome; CCS,
Canadian Cardiovascular Society grading of angina; CHF, congestive heart failure; LAD, left anterior descending; LIMA, left
internal mammary artery; LM, left main; MVR, mitral valve replacement; M reg, mitral regurgitation; OM, obtuse marginal;
PTCA, percutaneous transluminal coronary angioplasty; RCA, right coronary artery; RIMA, right internal mammary artery;
SBE, subacute bacterial endocarditis; VG, vein graft.
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of chest pain a month after the procedure,
but repeat coronary angiography showed a
good result. The patients who did not have
operations are free of angina.
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patients with obstructive coronary artery disease studied in our laboratory between 1986
and 1990.

Discussion
INCIDENCE AND MECHANISM OF CORONARY
ARTERY DISEASE AFTER THERAPEUTIC
IRRADIATION

The heart is not as resistant to radiation as
has been suggested. The pericardium is most
commonly damaged, but cardiac valves, coronary arteries, myocardium, and specific conduction tissue can be affected too.24 8
It is not known how often radiotherapy of
the chest and mediastinum lead to cardiac
lesions. Gottdiener et al found cardiac symptoms in 4% of 25 patients recalled 5-15 years
after radiation therapy for Hodgkin's disease,
echocardiographic evidence of pericardial
effusion in 36%, and an abnormal exercise
ejection fraction (by radionuclide angiography) in 38%.18
Echocardiography, gated radionuclide ventriculography, and cardiac catheterisation
showed cardiac disease in 96% of 48 irradiated patients studied at the University of
Maryland Hospital.' Fifteen had been
referred for evaluation of specific cardiac
symptoms and signs and 22 of the remaining
33 patients also had symptoms. More
recently, Piovaccari et al found evidence of
cardiac disease in only 11 (10%) of 108
patients examined 14 years after radiotherapy
for Hodgkin's disease.19
In the only true prospective study Boivin et
al, found that the relative death rate for coronary heart disease in patients irradiated for
Hodgkin's disease was 1-5, which is not significantly different from 1.20 It is difficult to
ascertain the incidence of coronary arterial
involvement because coronary arteriography
cannot be performed routinely.
Fajardo emphasised the difficulty of proving the causative role of x ray therapy, which
perhaps may only accelerate the development
of coronary artery disease in patients who
already have traditional risk factors.2'
However, in some of the reported cases the
histological appearance of the radiation
induced lesions is different from that of typical atherosclerotic plaque: there is diffuse
fibrosis of all the wall layers, with loss of
smooth myocytes in the media and lipid
deposits are scarce.29'5
The early age at which coronary arterial
stenoses develop and the absence of the
common coronary risk factors also militate
against a role for the common coronary risk
factors.2 15 16
CORONARY OSTIAL STENOSES

Another peculiar feature of post-radiation
coronary artery disease in our patient was the
high incidence of ostial lesions. In ten of our
15 patients there was narrowing of either the
right or the left ostium or both ostia. In contrast, we found only 14 cases (0 4%) of ostial
stenosis in a series of 3314 non-irradiated

Coronary artery disease in irradiated patients
is often associated with pericardial, valvar,
and myocardial lesions,28922 and we found
that nine of our 10 patients with ostial
stenoses also had other clinically important
cardiac lesions. Only one of them, patient 13,
had had rheumatic fever.
In the five patients without ostial stenosis,
the other cardiac structures were mostly
spared by radiation damage, except for one
case of complete atrioventricular block.
Valvar disease was also less severe than in the
patients with ostial lesions, except for patient
eight, who had severe mitral regurgitation
caused by an inferior myocardial infarction.
Obviously, more subtle signs of cardiac
involvement can be missed at cardiac
catheterisation. Moreover, not all the valves
were routinely explored, especially when
there was no clinical evidence of valve disease. Six patients were not examined by
aortography and the function of the tricuspid
valve was studied only twice. Echocardiography can be very helpful for this.3 23
CLINICAL PRESENTATION

Despite important coronary involvement six
of our patients did not have angina or
myocardial infarction. Five of these subjects
had a significant ostial lesion and symptoms
and signs were caused by severe concomitant
disease of the pericardium, valves, or conduction tissue.
The value of the commonly used non-invasive tests for myocardial ischaemia in these
patients is not known, but we suspect that it
is low because of the associated cardiac
lesions. We recommend therefore that coronary arteriography be routinely performed
and ostial lesions carefully sought in patients
with obvious signs of post-radiation heart disease who have cardiac catheterisation. The
patency of the internal mammary artery
should also be verified.
In symptomfree patients without evidence
of concomitant heart lesions, the incidence of
coronary artery disease seems to be low.20 In
such patients radiotherapy should be
regarded as a coronary risk factor and a regular non-invasive follow up is advisable.
DOSE/EFFECT RELATION

Most of our patients received 40-45 Gy,
which is generally regarded as standard in
such cases. Of the four patients that received
substantially higher doses, three had ostial
disease. Despite the normal dose, seven of the
remaining 11 patients had ostial lesions too.
However, five of them were followed up for
>10 years (table 1).
Thus eight of the 10 patients with ostial
lesions had either received a high dose or had
a follow up of >10 years or both. Conversely,
an ostial stenosis was found in eight of 11
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patients who had either received a high dose
or had a long follow up. We are now particularly suspicious of damage in patients who
have received more than 40-45 Gy or have

radiotherapy.
Protection of healthy tissues, including the
heart, is a matter of great concern among
radiotherapists. Several technical improvements have been proposed for radiotherapy of
Hodgkin's disease, such as subcarinal block
for better shielding, lower doses (35-40
instead of 40-45 Gy), hyperfractionation, and
predictive assays of the radiation response.24
It has been proposed that the internal mammary nodes should not be routinely irradiated
in patients with ductal carcinoma in situ of

the breast.25

TREATMENT

The treatment of coronary arterial stenosis
after thoracic irradiation has been described.
Since the first report in 1976 by Ali et al,26
others38914 527-29 have used saphenous vein
graft bypass surgery in their patients. The left
internal mammary artery has rarely been
used.29 It was found to be reduced to a
fibrotic thread at surgery by Iqbal et al.28
Hanet et al30 used percutaneous coronary
angioplasty in their patient in whom angiography showed occlusion of the left internal
mammary artery. Moreover, a group from the
Cleveland Clinic reported that planned surgical revascularisation had to be abandoned in
two of 15 patients because of severe mediastinal fibrosis.8
In two of our patients post-radiation damage to the skin and subcutaneous tissue
impaired wound healing after operation.
They had received the highest dose among
those operated on. Such a complication
seems to be rare; we found only one other
published report of a similar case." This
patient had received 42 Gy plus an additional
dose of 25 Gy two years later, and developed
radiodermatitis over the upper sternal region,
as did patient 1 in our series.
Percutaneous transluminal coronary angioplasty was first used by Nakhjavan et a'2 to
treat a right ostial lesion, and subsequently
used by others.83032 However, Handler et al
reported on a patient who sustained an inferior
myocardial infarction two months after successful angioplasty of the right coronary
oStium.16 It can be difficult to use the internal
mammary artery for emergency surgery.
What little evidence there is suggests that
when revascularisation is indicated, a percutaneous angioplasty should be considered first
for non-ostial lesions. Those with ostial
stenosis should have surgery, despite the
increased risk.
In patients with radiation-induced coronary artery disease wound healing may be
impaired and little is known about how initially minor valve abnormalities develop.
Restrictive myopathy can develop after pericardiectomy as we (cases 5 and 14) and
others3 6 33 34 found. Heart block and severe
pericardial effusion can develop years after

radiotherapy.
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