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Cardiac arrhythmias following pneumonectomy

J0RGEN STOUGARD

From the Departmenzt of Thoracic Surgery, Bispebjerg Hospital, Copenhagen, Denlmark

A series of 260 patients who underwent pneumonectomy for cancer of the lung was analysed
for post-operative arrhythmias. Of these patients 28% developed such arrhythmias, usually in the
form of atrial fibrillation, on the first to third post-operative day, rapidly yielding to fast-acting
digitalis preparations. Possible aetiological factors were investigated, but no single cause was

demonstrable. The indication for pre-operative digitalization, if any, is discussed.

Arrhythmias are fairly common following
thoracic surgery. Numerous analyses on patients
with diseases of the lung have shown that the
incidence increases with the extent of the pro-
cedure, from 5% after lobectomy to about 30%
after pneumonectomy (Cohen and Pastor, 1957;
Mowry and Reynolds, 1964). Aetiological theories
are many and not always equally well founded.
Among the more plausible and well substantiated
ones there are:

(1) advancing age (Cohen and Pastor, 1957;
Currens, White, and Churchill, 1943; Massie and
Valle, 1947; Mowry and Reynolds, 1964);

(2) extent of operation (Mowry and Reynolds,
1964);

(3) co-existing heart disease (Burman, 1965;
Cohen and Pastor, 1957; Dodd, Sims, and Bone,
1962; Mowry and Reynolds, 1964).
Moreover, a number of more hypothetical

factors have been advanced, e.g.,
(4) reduction in the pulmonary vascular bed

(Cerney, 1957);
(5) hypoxia (Cerney, 1957; Jacoby, Ziegler,

Hameliberg, Mogg, Klassen, and Flory, 1955;
Krosnick and Wasserman, 1955);

(6) emphysema (Wheat and Burford, 1961);
(7) mediastinal shift (Bailey and Betts, 1943);
(8) irritation, in some cases with local infection,

around nerves (especially the vagus nerve),
vessels, and arteries (Bailey and Betts, 1943;
Cohen and Pastor, 1957; Jacoby et al., 1955;
Massie and Valle, 1947);

(9) tumour implantation in the pericardium
(Cohen and Pastor, 1957);

(10) influence of anaesthetic (Erlanger, 1962).
Most of these authors have found the arrhyih-

mias to be as a rule atrial, occurring a few days
after the operation, and transient. The electro-
cardiographic changes consisted mainly in the
various forms of arrhythmia; but persistent
changes have also been reported. Oka, Raunio,
and Savola (1962) observed, following resection
of the lung for tuberculosis, changes that indi-
cated hypertrophy of the right heart. Killing and
Becker (1957) have also demonstrated changes
several years after the operation.

PRESENT INVESTIGATION

The material comprises patients who underwent
pneumonectomy for cancer of the lung during the
period 1959 to 1963 in the Oeresund Chest Hospital
and in the Department of Thoracic Surgery, Bispe-
bjerg Hospital, Copenhagen. The patients did not have
a follow-up in the ordinary sense of the word, as it
was only the period up to a few months after the
operation which was of interest in connexion with
post-operative arrhythmias.
The patients totalled 260 (one record is missing,

so that the patient was excluded from the analysis)-
24 women and 236 men. The age distribution is
apparent from Table I.

In 135 cases the pneumonectomy was right-sided.
in 125 cases left-sided. The tumour originated in the
upper or middle lobe in 158 cases and in the lower
lobe in 102. In several cases its origin was difficult
to decide because of invasion into the adjacent areas.
so that these figures have to be considered with
reserve. The histology did not differ from that found
in other series, showing squamous-cell carcinoma in
the majority. Forty-four patients died as a result of
the operation, or within the first post-operative day;
the causes of death were pulmonary emboli, 17; un-
controllable haemorrhage, 9; pulmonary oedema, 5;
aspiration into the lung, 2; cerebral embolus, 1;
cerebral metastases, 1; invasion of the superior vena
cava, 1; perforation into the oesophagus, 1; while
in 7 cases the cause was unknown.
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TABLE I
DISTRIBUTION OF ARRHYTHMIA ACCORDING TO AGE GROUP

Age No of Atrial Atrial Atrial Ventricular Ventricular Atrial Palpatory
(years) Patients Fibril- Flutter Extra- Extra- Tacby- Total Tachy- ArrhythmiaFaibril Flte syatoles systoles cardia cardia

<40 3 0 0 0 0 0 I 0 0 0
40-49 22 1 0 0 1 0 2 2 1
50-59 103 15 2 3 3 0 23 5 3
60-69 113 26 3 10 0 3 42 4 7
70-79 18 4 4 1 0 0 5 1 1
>80 1 0 0 0 0 0 0 0 0

Total 260 46 5 14 4 3 7 2 1 2 1 2

INCIDENCE OF ARRHYTHMIA AND TIME OF ONSET

Post-operative arrhythmia occurred in 96 patients
(37%). The number of arrhythmias was 112, the
same arrhythmia, or another type, occasionally
occurring several times in the same patient. The
types of arrhythmia were atrial fibrillation, atrial
flutter, extrasystoles, atrial and ventricular tachy-
cardia, and a group called palpatory arrhythmia.
Atrial tachycardia was diagnosed when the E.C.G.
showed a cardiac rate exceeding 125, if this was
not explicable by elevated temperature, reduced
blood volume, or other factors. The group of
palpatory arrhythmia comprises patients in whom
an irregular pulse was palpated, in most cases of
the perpetual type, but in whom the rhythm had
reverted to normal at the subsequent E.C.G. If
these two groups are excluded because they were
not confirmed by E.C.G., 72 patients (28%)
exhibited arrhythmias of the above-mentioned
types.

TABLE II

TIME OF ONSET OF ARRHYTHMIA

No. of Days
Arrhy-thmias 1 2 3 4 5

Atrial
fibrillation 46 4 15 11 5 1 1

Atrial

flutter 5 2 1 2 0 0
Atrial

extrasystoles 14 8 2 0 2 2
Ventricular

extrasystoles 4 3 0 1 0 0
Ventricular

tachycardia 3 3 0 0 0 0

Table I gives the distribution within the various
age groups. Table II shows on which post-opera-
tive day the arrhyth.mia occurred, and Table III
sets out its duration. Seven cases of atrial fibrilla-
tion were observed after the tenth post-operative
day. In one case the fibrillation lasted for 30 days
and in another for 37 days. In several instances
the onset of the arrhythmia was associated with
pallor, sweating, unrest, and dyspnoea, but these

initial signs cannot be assessed in detail on the
basis of the case sheets.

TABLE III
4 DURATION OF ARRHYTHMIAS

Days

1 2 3 4-10 >10

Atrial
fibrillation 9 12 8 12 5

Atrial flutter 1 1 0 3 0
Atrial

extrasystoles 6 2 3 2 1
Ventricular

extrasystoles 2 1 0 1 0
Ventricular

tachycardia 1 1 0 1 0

All patients with fibrillation and flutter were
routinely treated with deslanoside (Cedilanid)
intravenously, followed by oral digitalis medica-
tion. On this treatment the rhythm returned to
normal in the course of hours or days in all but
nine patients who had rhythm disturbances prior
to the operation. Two of the three cases of ventri-
cular tachycardia were fatal. Extrasystoles did not
require treatment. Only four patients had been on
digitalis before the operation; two of them devel-
oped arrhythmia.

Various analyses were done in an attempt to
demonstrate factors which might influence the
occurrence of arrhythmia. From a practical point
of view, these factors may be divided into three
main groups.

PRE-OPERATIVE FACTORS

(1) As is apparenit from Table I, the incidence
of arrhythmia increased with age.

(2) There was no demonstrable sex difference.
(3) Abnormal cardiac history (antecedent

cardiac infarction in 5, angina pectoris in 8, mani-
fest arrhythmia in 5, exertional dyspnoea in 6,
tendency to leg oedema in 8): Such a history was
given by 32 patients, 13 of whom (40%) developed
arrhythmia. Out of 14 patients with a tendency
to oedema and/or exertional dyspnoea, 9 (67%)
developed arrhythmia.
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(4) Hyipertension (blood pressuire exceeding 170/
100 mm. Hg) was present in 10 cases and did not
give rise to an increased incidence of arrhythmia.

(5) E.C.G. changes in the three extremity leads,
in the form of a depressed ST segment in two of
three leads, were present in 34 patients, 14 (41 %)
of whom developed arrhythmia. Negative Ti/T2
was present in 10 cases, half of whom develokped
arrhythmia. Changes such as axis deviation (43
cases), flat T waves (8 cases), deep Q3 (2 cases),
left-sided bundle-branch block (3 cases), Bailey's
bundle-branch block (1 case), or low voltage (5
cases) did not influence the incidence of cardiac
arrhythmia.

(6) Pre-operative arrhythmia was present, as
already mentioned, in nine cases (8 of extra-
systoles and 1 of atrial fibrillation). Post-opera-
tively, all nine patients continued to have arrhyth-
mia which persisted throughout the observation
period.

(7) Generalized arteriosclerosis, of varying
severity, was found in 13 patients, three (23%) of
whom developed arrhythmia.

(8) Tests of lung function were done in all
cases, and, in the event of abnormal findings, they
were supplemented by determinations of oxygen
and carbon dioxide in the blood. In 113 cases
these tests showed 'slightly reduced lung function
of the restrictive type'. Out of these patients 40
(35%) developed arrhythmia.

OPERATIVE FACTORS The operative technique was
in broad features the same in all cases. With the
patient lying on his side, the fifth or sixth rib
was resected, and if possible the enitire tumour
was removed and so were any involved lymph
nodes. Where the tumour was situated in close
relation to or invading the pericardium or atrium
(Hansen, Jensen, and Kjaer, 1961), these struc-
tures were partially resected. At last, a thick
rubber drain was inserted in order thereby to con-
trol possible post-operative haemorrhage. The
drain was connected to a special system of bottles
which automatically regulates the pressure in the
pneumonectomy cavity to -10 cm. of water. The
drain was removed within the first 24 hours.

(1) Anaesthetic factors were not studied in
detail. Considering that most arrhythmias
occurred several days after the operation, when
the anaesthetic agents had been eliminated from
the body, this factor can hardly be of essential
im,portance in the genesis of the arrhythmia.

(2) Arrhythmia occurred during the operation
in six patients (in the form of atrial filbrillation
in 2, extrasystoles in 3, and ventricular tachy-

cardia in 1). All six patients exhibited the same
arrhythmias during the post-operative period.
Routine E.C.G. tracings were not done during
the operations, so there is a possibility that further
arrhythmias have occurred but have escaped
detection.

(3) The severity of operative trauma was
assessed, tentatively, on the basis of the numtber
of blood transfusions required during and imme-
diately after 'the operation:
Of 184 patients who received 500-2,000 ml.

blood 46 developed arrhythmia (25%).
Of 53 patients who received 2,500-4,000 ml.

,blood 17 developed arrhythmia (32%).
Of 23 patients who received more than 4,000

ml. blood 9 developed arrhythmia (40%).
(4) The pericardium was opened in 71 patients,

38 of whom had further resection of the peri-
cardium. Of these, 20 (28%) and 14 (37%) respec-
tively developed arrhythmia.

(5) Atrial resection was done on 21 patients,
eight (38%) of whom developed arrhythmia.

(6) The histological architecture of the tumour,
its situation in the right or left lung, in the upper
+ middle lobe or in the loPwer lobe showed no
difference in the incidence of arrhythmia.

(7) Radically operated patients do not appear
to have been spared arrhythmia any more than
patients in whom it was not possible to remove
all cancerous tissue.

POST-OPERATIVE FACTORS

(1) The removal of the drain within the first
24 hours did not give rise to arrhythmia, which in
most cases occurred one or two days later.

(2) Elevation of temperature to 38°-39° C. was
fairly common, 'but in most cases the temperature
had returned to normal when the arrhythmia set
in.

(3) Stagnation of secretion in the airways indi-
cated tracheal toilet in 58 patients, and in six of
these cases even tracheostomy. Out of this group
22 (38%) developed arrhythmia.

(4) Haemorrhage and transient infection, with
or without mediastinal shift, occurred in 39
patients who later underwent one or several para-
centeses emptying out varying quantities of fluid.
Out of these patients 14 (36%) developed
arrhythmia.

POST-OPERATIVE E.C.G. CHANGES

In addition to the actual arrhythmia, the follow-
ing E.C.G. abnormalities were observed: axis
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deviation occurred in 25 patients (left-sided in 22
and right-sided in 3); depression of ST was more
common in patients who later developed
arrhythmia. Thus, 36 showed depression of
ST1+2 and 17 depression of ST1 +2+3, and of these
groups 22 (61 %) and 14 (82%) respectively devel-
oped arrhythmia. Negative T1/T2 and change of
a positive T3 into negative occurred in 53 and 39
patients, 30 (57%) and 17 (45%) of whom
developed arrhythmia. Low voltage was found in
eight patients, two of whom later developed
rhythm disturbances (25%). There were seven
cases of bundle4branch block (4 left-sided and 3
right-sided) and five cardiac infarctions (3
anterior-wall and 2 posterior-wall).

PERICARDIAL AFFECTION

Several authors (Epstein, 1957; Hammel and
Lyons, 1962; Ito, Engle, and Goldberg, 1958;
Milstein and Brock, 1955; Wolff and Grunfeld,
1963) have reported a symptom complex called
'post-commissurotomy syndrome' or 'post-peri-
cardiotomy syndrome' after cardiac as well as
non-cardiac thoracic surgery. The symptoms have
occurred one 'to four weeks after the operation or
severe thoracic trauma in the form of slight fever,
chest pain radiating into the back, weak cardiac
sounds, in some cases with pericardial friction,
E.C.G. changes, and arrhythmia. The aetiology is
un,known. The condition is considered to
originate mainly in the pericardium; bleeding in
the pericardium, virus infection, and sensitivity
reaction have been suggested. In the present
material it was not possible to demonstrate
clinical or electrocardiographic signs of peri-
cardial involvement. The necropsy records for 98
of the patients have been procured. Forty-four
were reported to have shown pericardial changes
of varying intensity, from a rough surface to total
synechiae, and in eight there was also cancer
tissue in the pericardium. Of these patients, 37
had had pericardial surgery. Twenty-one of all
44 developed arrhythmia (48%). Out of the 54
patients without pericardial changes, 14 had had
operation on the pericardium, and the incision
had apparently healed without visible changes.
Of this group 15 developed arrhythmia (28%).

In order to demonstrate, if possible, a state of
hypoxia in connexion with the onset of arrhyth-
mia, 10 patients had daily determinations of
oxygen and carbon dioxide in the arterial blood
as well as E.C.G. tracings. Four developed
arrhythmia without having exhibited abnormal
blood values.

DISCUSSION

The results show that the arrhythmias arise
mainly within the first four days, that they last
for only a fairly short time (one to *three days),
that they are usually in the form of atrial fibril-
lation, and that they yield to intravenous digitalis.
It was not possible to find a decisive cause for
their occurrence, but several faotors appear to
increase the tendency. There was an increased
number of cases of advancing age, perha-ps caused
by the greater frequency of heart disease in the
elderly. A tendency to oedema, dyspnoea, and
E.C.G. changes, in the form of depression of ST
in two of thethree extremity leads or a negative
T1/T2, is associated with an increased tendency to
arrhythmia. The number of arrhythmias was also
increased in the presence of reduced lung func-
tion, measured pre-operatively by spirometry and
related post-operatively to the indication for
tracheal toilet and/or tracheostomy. The severity
of the operation and operation on the pericardium
and atrium, perhaps causing pericarditis demon-
strable post mortem, also entail an increased
incidence of arrhythmias. It might be imagined
that the state of irritation in the pericardium
encroaches upon the myocardium, thus affecting
the conduction system.
As already mentioned, 17 patients died within

the first week from pulmonary emboli. Seven of
these patients had arrhythmia in the form of
fibrillation dur,ing the terminal days. It cannot be
disregarded that in these cases the arrhythmia
may have had a detrimental effect. It is probable
that, if untreated, the arrhythmia would have
aggravated the patient's condition, but when
quickly and adequately treated it does not seem
to cause any long-standing aggravation. There-
fore, the question concerning possible pre-
operative digitalization of all patients cannot be
answered consistently. On the one hand, a fast-
acting digitalis preparation can control practic-
ally all arrhythmias. But the patient's general con-
dition is somewhat affected, especially at the time
of the onset of the arrhythmia, and the above-
mentioned number of fatal pulmonary em,boli
must be borne in mind. Digitalization might,
therefore, be considered in the hope of reducing
the number of post-operative arrhythmias in pafr-
ticularly predisposed patients, i.e., elderly patients
with an abnormal cardiac history, E.C.G. changes
in the form of ST depression and/or negative
T1/T2. This also applies to patients who require
a fairly large number of 'ood transfusions
during the operation, in whom the operation
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involves surgery on the pericardium or atrium,
or patients who post-operatively accumulate large
quantities of secretion in the air passages.
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