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he myocardium has been often T regarded as one of the most 
radioresistant tissues of the body.' 
Nevertheless, myocardial damage 
following radiotherapy has been 
noted following incidental exposure 
of the heart during therapeutic ir- 
radiation of paracardiac areas.' 

Although there are numerous 
histopathologic reports on radiation 
induced myocardial damage," the 
subcellular effects of irradiation 
have not been previously investi- 
gated in man. A correlative un- 
derstanding of the biochemical, 
physiologic, and morphologic effects 
of irradiation on the myocardium 
is essential in order to prevent the 
hazardous effects of radiation. The 
tine structural alterations should 
eventually aid in better understand- 
ing the biochemical and physiologic 
processes of the cell. Therefore, an 
ultrastructural study of the heart 
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of a patient who died of myocardial 
disease with congestive heart failure 
due to x-radiation following radio- 
logical treatment for carcinoma of 
the thyroid was made. 

Patient Summary 
A 37-year-old male physician had a 

histologically proved thyroid follicular 
carcinoma of the left lobe of the thy- 
roid with invasion of the trachea and 
metastasis to cervical and mediastinal 
lymph nodes. A total thyroidectomy 
was performed and postoperative ir- 
radiation was given with a total dose 
of 4,800 rads to the thyroid bed and an 
additional dose of 5,200 rads to the 
mediastinum through the chest wall via 
six ports (Fig 1). The patient was sub- 
sequently treated with desiccated 
thyroid, 390 mg/day for hormonal 
replacement. 

One year after operation and irradia- 
tion. there was no evidence of recur- 
rence of the thyroid cancer. A 
postirradiation effect on the skin of the 
neck and port areas of the chest mani- 
fested by induration, telangiectasias, 

The electron microscopic changes of radiation 
effects on the human heart have been described 
for the first time. Disorganization of the nucleus, 
myofilaments, mitochondria, and sarcolemma 
was noticed after irradiation. Intracellular edema 
in the perinuclear region of the myofibers was 
noted. It has been pointed out that myocardial 
lesions resulting from irradiation seem to differ 
significantly from those of ischemia and infarc- 
tion. Radiotherapy, it seems, should be admin- 
istered carefully in the paracardiac region to 
avoid the possible production of a radiocardio- 
myopathy. 

- 
Received for publication Aug 24, 1967; and the Charity Hospital of Louisiana, 

From the Department of Medicine of Reprint requests to 1430 Tulane Ave, 
accepted Nov 28. New Orleans. 

the Tulane University School of Medicine New Orleans 70112 (h. Burch) . 

and fixation of the skin to the 
deeper subcutaneous tissues was ap- 
parent. Because of the radiation dam- 
age, a tracheostomy orifice would 
not heal in spite of numerous surgical 
attempts to close it. A follow-up ex- 
amination three years after the opera- 
tion revealed no recurrence of the 
tumor. Protein-bound iodine (PBI) was 
8.8pg/lOO cc while the patient was still 
maintained on 390 mg of desiccated 
thyroid. The dose was increased to 520 
mg during the following year. 

During the fifth year after operation. 
the patient progressively developed 
nocturnal dyspnea and lethargy. An 
erect posterolateral x-ray film of the 
chest showed diffuse cardiac enlarge- 
ment and pulmonary congestion. The 
patient was treated for congestive heart 
failure. and he responded fairly well 
with subsidence of symptoms. His con- 
dition remained satisfactory for about 
one year and eight months until dys- 
pnea recurred and his temperature rose 
to 102F (38.9C). He was treated for 
pneumonia. Cardiomegaly persisted, His 
electrocardiogram showed sinus tachy- 
cardia of 100/min. QRS of 0.12 seconds. 
low T waves. occasional premature ven- 
tricular contractions, a right bundle- 
branch block pattern. and signs of 
diffuse .myocardial disease. He was 
given digoxin and diuretics which had 

230 Arch Intern MedlVol 121, March 1968 Effects of Radiation lBurch et a1 



PORTS FOR R A D I O T H E R A P  'Y 

Fig 1.-A diogrommdic sketch o f  the ports o f  mdiotion. A minimum tumor toto/ dose of 5,200 rods was odmink-  
tered through ports 1 ,  2, 3, 4, 5, and 6 and o dose of 4,200 r a d s  was given for thyroid thempy through a port 
(right). 

no significant effect. His cardiac state 
deteriorated during the following year. 
There was persistent nocturnal dyspnea, 
pulmonary congestion, increasing car- 
diomegaly, and hepatomegaly. The pa- 
tient died of congestive heart failure 
seven years after total thyroidectomy 
and x-ray treatment. 

Materials and Methods 

The heart tissue was obtained for 
study in 10% buffered neutral formal- 
dehyde.' For histology some of the tis- 
sue was processed by conventional 
.methods for hematoxylin and eosin 
staining. For electron microscopy small 
tissue blocks were washed in phosphate 
buffer and refixed in 1% osmium 
tetroxide for 90 minutes. Tissues were 
dehydrated in a graded series of ethanol 
and embedded in epoxy resin (Mara- 
glas). Sections were cut with an ultra- 
microtome (LKB Ultrotome) and 
stained with uranyl acetate and lead 
citrate. An electron microscope (Sie- 
mens Elmiskop 1) was used for ob- 
servations. 

Observations 

The light microscopic study indi- 
cated myocardial damage charac- 
teristic for postirradiation e f f e ~ t . ~  

The myocardial fibers showed vacu- 
olation or hyalinization with loss of 
striation. The nuclei were shrunken 
and absent in some areas. Hemor- 
rhage was marked and extravasated 
erythrocytes were seen within the 
interstitial connective tissue of the 
myocardium, indicating irradiation 
damage to the capillary walls. The 
most extensive areas of damage were 
noted within the atria and the outer 
layers of the ventricular myo- 
cardium (Fig 2). Calcification in 
atheromatous lesions of coronary 
blood vessels was noted; however, 
their lumina were patent. 

On electron microscopy the gen- 
eraI subcellular preservation was 
found to be quite satisfactory as 
compared to the glutaraldehyde fix- 
ation.0 The myofibers exhibited 
marked cellular edema especially of 
the perinuclear regions (Fig 3). The 
myofibrils were widely separated 
with intervening spaces occupied by 
the components of sarcoplasmic re- 
ticulum and the mitochondria. In 
some regions of the myofibers, cell 

organelles had completely disap- 
peared leaving wide empty spaces. 
The cellular ground substance 
lacked its usual electron density, 
suggesting a leaching or dilution of 
the sarcoplasm. 

The outer basement membrane- 
like layer of the sarcolemma was 
puffy and frayed in some regions. 
The plasma membrane or the inner 
sarcolemmal membrane was frag- 
mented and gaps were present along 
the cell boundary (Fig 4). Complete 
disintegration of sarcolemma was 
noted in some regions (Fig 5). Dense 
granular material was sometimes 
seen subjacent to the inner sar- 
colemmal membrane (Fig 6). This 
material seems to represent precipi- 
tates of the macromolecules leached 
from the sarcoplasm. Mitochondria 
were variably swollen and the num- 
ber of their cristae was considerably 
reduced. The cristae were disorga- 
nized as manifest by their clumping 
and loss of their usual parallel 
orderly arrangement. Mitochondria 
showed the presence of osmiophilic 
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Fig 2.-A section of the  myocardium from the anterior 
port ion of the le f t  ventricular wall showing widespread areas 
of myofiber degeneration w i th  vacuolation, hyalinization, and 
disappearance of nuclei. No te  relatively l e u  damaged myofibers 
at inner side of the wa l l  (right) in comparison with severe 
degeneration at outer side of the wall (left) (hematoxylin and 
eosin, x 720). 

Fig 4.-€lectron micrograph of the  peripherol region of a 
myofibri l showing disruption of plasma membrane of the sor- 
colemmo (arrow). The myofibri ls ore fragmented and the 
mitochondriol cristae are reduced in number wnd disorganized 
[ x 30,000). 

Fig J.-Elutron micrograph of the mdiation-damaged heart. 
The nucleus ( N )  is irregular in configuration. Dense chromatin 
mwteriol is mainly present subjacent t o  the  nuclear membmne. 
No te  the  absence of cel l  organelles immediotely around the 
nucleus. Mitochondr ia hove a pale matrix wi th disrupted cristae 
( x  12,750). 

Fig 5.-Longitudinal section of o myofibcr showing absence 
of the sarcolemma (S) in certain areas (arrows) ( x  18,000). 



f i g  6.-Tronsvene 
precipitate material 
(x 13,500). 

section through myof iben showing dense 
subjacent to the sarcolemma (arrows) 

Fig 7.-An electmn micrograph showing the fusion of the 
outer and inner l imit ing membranes ob the m i k h o n d r b  (M) 
(arrows). Aggrogotions of osmophilic m d e r i d  is u c n  within 
the mitochondrial matrix ( X 60,000). 

f i g  8.-Longitudinal section through o myofiber showing the 
disruption of myofibrils at the A-bond region of the sarcomere. 
Dense 2-bond material is absent at certain foci (arrows). 
However, the components of transverse tubule system are euen- 
t i d y  intact ( X  25,500). 

material within their matrix (Fig 
7). The outer limiting double mem- 
branes of the mitochondria were 
fused along a part of the mito- 
chondrial circumference, forming a 
single thick layer (Fig 7). The total 
number of mitochondria did not 
seem to have decreased. The sarco- 
plasmic reticulum did not show any 
widespread abnormality. 

Myofibrillar disintegration and 
atrophy was one of the most striking 
features of the morphologic altera- 
tion. The bulk of the myofibrils were 
discontinuous, patchy, and reduced 
in size. Sarcomere breaks appeared 
to have occurred in the A-band 
region. The Z-bands were very dense 
and expanded in some areas but 
were completely absent in. other 
areas (Fig 8). Transverse tubules 
remained unaltered in regions where 
Z-band material had disappeared. 

The nucleus.was usually irregular 
in configuration (Fig 3). The central 
nuclear region was mostly devoid of 
chromatin but had a thin dense layer 
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Comment 

direct cell injury secondary to 
obliterative radiation-induced vas- 

injury from the immediate effects 
of radiation.1’ This communication 
describes the lesions of the heart’s 
myocytes and their subcellular com- 
ponents. The present study indicates 
that after irradiation significant 
changes occur at the subcellular 
level in the myocardium of man. 
Irradiation of the heart seems to 
produce extensive disorganization of 
mitochondria, myofibriis, nucleus, 
and sarcolemma. The nature of the 
lesions produced in the heart as a 
result of x-radiation have been con- 
sidered by some authors to be non- 
specific and similar to those resulting 
from infarction.15-17 However, what 
appears as simple myocardial necro- 

previous studies suggest both in- 

cular disease 2.7-13 and direct cell 

: 

sis under the light microscope can 
take a more specific meaning when 
studied ultrastructurally. 

There are several reports on the 
ultrastructural variations of the 
myocardium following acute infarc- 
tion.1&= There are, however, some 
changes in anoxic myocardial cells 
which seem to M e r  from those of 
the irradiated myocardium. Unlike 
infarcted myocardial cells, the ir- 
radiated cells do not show 
increased lipid droplets. The sarco- 
plasmic reticulum in irradiated cells 
does not show any overt swelling 
and there is no hyalinization of the 
myofilaments. Alteration and disrup- 
tion of membranes of both the sar- 
colemma and mitochondria with 
accumulation of small, dense, osmo- 
philic particles beneath the sar- 
colemma and leakage of cellular 
components into the extracellular 
space does not seem to be a signifi- 
cant fmding in the irradiated myo- 
cytes. These are unlike any of the 
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