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Use of radionuclide scanning in the preoperative
estimation of pulmonary function after
pneumonectomy
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ABSTRACT Twenty eight patients with bronchial carcinoma were studied before pneumonectomy.
Measurement of spirometric indices, static lung volumes, transfer factor (TLCO), and transfer
coefficient (Kco) was undertaken before and four months after pneumonectomy. Fourteen of the
patients also performed a symptom limited progressive exercise test on a cycle ergometer before and
four months after pneumonectomy. All patients had standard xenon-133 ventilation and
technetium-99m perfusion scans performed before operation. Eleven patients had krypton-81m
ventilation scans in addition. Significant correlations were seen between changes in FEV1, TLCO and
Kco and the preoperative function of the resected lung as determined by percentage preoperative
perfusion to that lung (p < 0.001). There were mean decreases in FEV, of22% and in vital capacity
(VC) of 28-7% predicted. Estimation of postoperative FEV, from the preoperative values showed
equally good agreement with measured postoperative values whether 99mTc perfusion or 8"mKr
ventilation scans were used in the 11 patients in whom both scans were available. Significant cor-
relations were seen between change in maximum exercise ventilation (VEmax) or maximum oxygen
uptake (Vo2max) after pneumonectomy and percentage preoperative perfusion to the resected lung
(p < 0O001). Estimation of postoperative maximum ventilation and maximum oxygen uptake from
the postoperative values on the basis of 99mTc perfusion scans showed good agreement with
observed values. Perfusion scans are useful in estimating not only the changes in spirometric indices
that follow pneumonectomy for bronchial carcinoma but also changes in carbon monoxide transfer
and exercise capacity.

Estimation of likely postoperative lung function and
exercise performance is implicit in the selection of
patients for thoracic surgery. Problems are
encountered particularly in patients who may require
pneumonectomy for bronchial carcinoma and who
have some degree of generalised airway obstruction.
Preoperative spirometric measurements and a clinical
assessment of exercise tolerance are the most
frequently used guides, but quantitative prediction of
postoperative function requires also an estimate of
the functional contribution of the lung to be resected.
This has been assessed by bronchospirometry,' 2 by
unilateral occlusion of a main bronchus or of a pul-
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monary artery,3 by the lateral position test,4 and
(most frequently and conveniently) by use of radio-
isotope scanning.59 Perfusion lung scans have been
shown to be accurate in predicting postoperative
FEV1, vital capacity (VC), functional residual
capacity, and maximum voluntary ventilation.6 For
estimation of postoperative ventilatory function ven-
tilation scans might seem more appropriate, but the
most commonly used isotope, xenon-133 (133Xe) has
generally given results slightly less accurate than
technetium (99mTc) perfusion scans.9 The short lived
isotope krypton ("lmKr) has theoretical advantages
over xenon'o and has been suggested as the most
appropriate for use in the prediction of ventilatory
function,"1 but it is not clear whether in this context
krypton ventilation scans are superior to technetium
perfusion scans.

Attempts have been made to estimate post-
operative carbon monoxide transfer factor (TLCO)
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but the relationships between estimated and mea-
sured values were less good than those for spirometric
indices.6 Perhaps accurate prediction of exercise per-
formance would be more important, but a previous
attempt to estimate exercise capacity after pneu-
monectomy using quantitative perfusion scanning
was unsuccessful.'2 We have studied a group of
patients before and after pneumonectomy for bron-
chial carcinoma, (1) to assess the relative value of
technetium perfusion and krypton ventilation scans;
(2) to investigate the relationships of changes in TLCO
and transfer coefficient (Kco) to preoperative mea-
surements of lung function; and (3) to assess the value
of lung scans in predicting postoperative exercise per-
formance.

Methods

Twenty eight patients with bronchial carcinoma were
studied before pneumonectomy. All were considered
to have technically resectable tumours according to
clinical, radiographic, and bronchoscopic criteria.
There were 24 men and four women and all were cur-
rent smokers or ex-smokers. The mean age was 57
(range 41-64) years. In all patients we measured
FEV, and VC preoperatively by a bellows spirometer
(Vitalograph) and TLCO and Kco by the single breath
method,'3 using the simultaneously estimated single
breath alveolar volume (VA).'4 Results were
expressed as percentages of predicted values.'5-19
Fourteen patients performed a symptom limited
progressive exercise test on a cycle ergometer. The
initial work load was 25 watts and this was increased
by 25 watts every minute until the maximum work
load was achieved. Ventilation (VE) was measured by
integration of the flow signal from a Fleisch pneu-
motachograph over the second half minute of work at
each work load, the oxygen concentration of the
mixed expired gas was measured with a Centronic
MGA 200 mass spectrometer and oxygen uptake was
calculated by a microprocessor (PK Morgan Ltd).
The electrocardiogram was monitored continuously.

Perfusion lung scans were performed in all patients
by intravenous injection of 37 MBq of 99mTc labelled
microspheres in the supine posture. With the patient
horizontal, two views were obtained: anteroposterior
and posteroanterior. In 11 patients ventilation scans
were also performed, with the patient in the same pos-
ition, with `lmKr (Medical Research Council
cyclotron, Royal Postgraduate Medical School,
Hammersmith) and corresponding views were
obtained. The gas was delivered during tidal breath-
ing through a disposable facemask;'0 counts were
obtained with a Technicare Sigma 410 gamma camera
and the data collected on a link system Dyanne com-
puter. For analysis of the scans each lung was out-
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lined and an appropriate correction made for back-
ground counts. The percentage contribution of each
lung to total perfusion or ventilation was obtained by
calculating the number of counts in each lung field
and averaging the values obtained in the ante-
roposterior and posteroanterior views for either
99mTc or SlmKr scans. Postoperative FEV, or VC was
then estimated from each scan by means of the equa-
tion:6

Postoperative value = preoperative value x
percentage function of non-affected lung. (1)

Thus after removal of a lung which contributed 30%
of the total ventilation or perfusion the postoperative
FEV, or VC would be estimated as 70% of the pre-
operative value.
We were interested to see whether the observed

changes in maximum ventilation (VEmax) and
maximum oxygen uptake (Vo2max) on exercise after
pneumonectomy were directly related to the per-
centage preoperative function of the resected lung
and hence whether equation I could be used to
predict the postpneumonectomy values from the
respective preoperative values.

Spirometry, TLCO and maximal progressive
exercise tests were repeated four months after
pneumonectomy to allow full recovery from the
effects of thoracotomy on lung function.20 The mag-
nitude of the measured changes after pneu-
monectomy was compared with the preoperative
function of the lung removed (percentage perfusion
or ventilation of affected lung) by linear regression. In
the case of FEV1, VC, VEmax and Vo2max the
estimates of postoperative function based on equa-
tion 1 were compared with the observed values; inde-
pendence of the difference between observed and esti-
mated postoperative values and the magnitude of the

*/. preoperative perfusion to resected lung
10 20 30 40 50

Fig 1 Relationship between observed changes in FEV, (y)
and percentage preoperative perfusion to resected lung (x)
in 28 patients (r = -086, y = -0 788x + 0 14). The
broken lines indicate 95% confidence limits.
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Use of radionuclide scanning in the preoperative estimation ofpulmonary function after pneumonectomy 287
relevant index was first established by demonstrating
the lack of a significant relationship in a plot of the
difference between observed and estimated values and
the mean of the observed and estimated values.2' Lin-
ear regression analysis was then performed and 95%
confidence limits were plotted.

Results

The relationship between changes in FEV1, TLCO, and
Kco observed four months after pneumonectomy and
the preoperative function of the resected lung (as
determined by the preoperative percentage perfusion
to that lung) are shown for all 28 patients, with 95%
confidence limits, in figures 1 and 2.

Significant linear correlations were seen for all three
measurements (FEV, r = -0-86, TLCO r = -0-68,
and Kco r = 0-71, p < 0 001). There were mean
decreases in FEV1 of 22% predicted, in VC of 28 7%
predicted, and in TLCO of 20-2% predicted, but mean
increases in Kco of 13 6% predicted. The mean
decrease in VA was 26-7% of predicted TLC (table).
The estimate of postoperative spirometric values

was equally good whether derived from 99mTc per-
fusion or "lmKr ventilation scans in the 11 patients for
whom both scans were available (fig 3). The estimate
of postoperative spirometric values derived from
99mTc perfusion scans for all 28 patients is compared
with observed values in figure 4.

Observed changes in VEmax and Vo2max four

months after pneumonectomy were compared with
the preoperative percentage perfusion to that lung in
the patients who performed exercise tests (fig 5).
Significant linear relationships were seen for both
measurements (r = -0-89 and -0 90 respectively
(p < 0.001). Overall there was a mean decrease in
VEmax of 13-6 I min-' and a decrease in Vo2max of
324 ml min' (table).
Comparison of the measured postoperative VEmax

and Vo2max with the values estimated preoperatively
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Fig 2 (a) Relationship between observed changes in carbon
monoxide transfer factor (TLco) (y) and percentage
preoperative perfusion to resected lung (x) in 28 patients
(r = -0-68, y = -04x -86). The broken lines indicate
95% confidence limits (b) Relationship between observed
changes in transfer coefficient (Kco) (y) and percentage
preoperative perfusion to resected lung (x) in 28 patients,
(r = 0 71, y = 0 41x + 2 1). The broken lines indicate 95%
confidence limits.

by means of equation and the perfusion scan data
showed good agreement (fig 6).

Table Lung function, exercise performance, and changes after pneumonectomy

VA vEmax Vo2mnax
FEV1 vC (% predicted TLco Kco (I min-' (I min'
(% predicted) (% predicted) TLC) (% predicted) (% predicted) BTPS) STPD)

No of patients 28 28 28 28 28 14 14
Before operation

Mean 74-9 82 1 77 2 77-8 97-7 47-9 1 4
SD (18 6) (17 6) (14-5) (21.2) (20 5) (16-1) (0 38)
Range (35-112) (45-111) (43-97) (36-106) (39-139) (32-85) (0-7-2-1)

Change
Mean -22 -28-7 -26-7 -20-2 +13.6 -13-6 -0-324
SD (15 5) (15-2) (13.5) (10-8) (9-8) (9 2) (0.154)
Range (+10 to -56) (-5 to -56) (O to -48) (-5 to -42) (-1 to +33) (-1-7 to (-0066 to

-30) -0 626)

VC-vital capacity; VA--effective alveolar volume; TLC-total lung capacity; TLco-carbon monoxide transfer factor;
Kco-transfer coefficient; VEmax-maximum ventilation; Vo2max-maximum oxygen uptake.

I I
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Fig 4 Relationship between estimated (y) and observed (x)
values of FEVy expressed as percentage predicted after
pneumonectomy in 28 patients on the basis of technetium-
99m scans. The broken line represents identity and the solid
lines the limits within which 95% of the values ofy lie,
given y = x x constant.
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Fig 3 (a) Relationship between estimated (y) and observed
(x) values ofFEV, expressed as percentage predicted after
pneumonectomy in 1I patients from technetium-99m
perfusion scans. The broken line represents identity and the
solid line the limits within which 95% of the values ofy lie,
given y = x x constant. (b) Relationship between estimated
(y) and observed (x) values ofFEV1 expressed as
percentage predicted after pneumonectomy in 11 patients on
the basis of krypton-88m ventilation scans. The broken line
represents identity and the solid lines the limits within which
95% of the values ofy lie, given y = x x constant.

Discussion

Surgery remains the treatment of choice in technically
resectable non-small cell bronchial carcinoma. Most
patients, however, have some degree of diffuse air-
ways obstruction because the major aetiological

agent, smoking, is common to the two conditions.
Accurate estimation of postoperative respiratory
function is therefore desirable in many patients to
avoid denying potentially curative treatment on the
one hand and to avoid severe postoperative disability
on the other. Of the various techniques for estimation
of the functional outcome of pneumonectomy for
bronchial carcinoma, the perfusion scan is most com-
monly used, having the advantages of simplicity,
widespread availability, and avoidance of discomfort
to the patient. Its accuracy in estimating static and
dynamic lung volumes is well established.6`9

COMPARISON OF VENTILATION AND PERFUSION
SCANS
Use of a perfusion rather than a ventilation scan to
estimate postoperative ventilatory measurements may
at first sight seem illogical, but when perfusion scans
using 99mTc were compared with ventilation scans
using 133Xe the former were found to be more
accurate.9 Ventilation and perfusion scans are usually
closely matched in patients with bronchial car-
cinoma,22 but an advantage of perfusion scans over
xenon ventilation scans is the ease with which both
anteroposterior and posteroanterior views can be
obtained, and an average value for the contributions
of right and left lungs to overall function may lead to
greater accuracy. Standard ventilation scans with

9 I I
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Fig 5 (a) Relationship between observed changes in
maximum ventilation (VEmax(y)) and percentage
preoperative perfusion to resected lung (x) in 14 patients
(r = -0-89, y = -0 56x -0 03). The broken lines indicate
95% confidence limits. (b) Relationship between observed
changes in Vo2max(y) and percentage preoperative
perfusion to resected lung (x) in 14 patients (r = -090,
y = -97x -0 09). The broken lines indicate 95%
confidence limits.

xenon usually allow only a single view, but with
krypton multiple views are easily obtainable. We have
confirmed the suggestion of Lipscomb and Pride11
that krypton ventilation scans should give an accurate
estimate of postoperative ventilatory function. In the
11 patients studied here, however, the accuracy was
no greater than that of 99mTc perfusion scans, and the
more widespread availability of the latter isotope
weighs heavily in its favour.

In the comparison of estimated and measured post-
operative functional values previous authors6-9 23
have generally quoted only the correlation coefficient,
which in this context is inadequate18 as it fails to give
an estimate of the accuracy of the predicted value. In
the present series of 28 patients we have plotted 95%
confidence limits and confirmed that the method is
sufficiently accurate to be of clinical value.

20
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Fig 6 (a) Relationship between estimated (y) and observed
(x) values of VE max after pneumonectomy in 14 patients
on the basis of technetium-99m perfusion scans. The broken
line represents identity and the solid lines the limits within
which 95% of the values ofy lie, given y = x x constant.
(b) Relationships between estimated (y) and observed (x)
values of V02 max after pneumonectomy in 14 patients on
the basis of technetium-99m perfusion scans. The broken
line represents identity and the solid lines the limits within
which 95% of the values ofy lie, given y = x x constant.

CHANGES IN TRANSFER FACTOR AND TRANSFER
COEFFICIENT
We have found significant linear relationships
between the postoperative changes in TLCO and Kco
and the function of the resected lung as assessed by
perfusion scanning. The relationships are, however,
more complex than those for ventilatory
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measurements. Although alveolar volume falls
approximately in parallel with other lung volumes, the
mean change in Kco is a rise, presumably because of
an increase in the capillary blood volume of the
remaining lung relative to its gas volume. To take the
extreme case, if there is no preoperative blood flow to
the lung to be resected clearly there can be no increase
in flow to the healthy lung after operation, whereas in
a patient with equal blood flow to the two lungs before
operation there is potential for an increase of 100% in
blood flow to the healthy lung after pneumonectomy.
Unless preoperative perfusion is zero, total transfer
factor therefore would be expected to fall after pneu-
monectomy relatively less than static lung volumes.
Although some workers6 have attempted to estimate
postoperative TLCO using equation 1, accurate predic-
tion based on this relationship would not be expected
and the values calculated would be likely to be less
than those observed postoperatively, except in
patients with unilaterally absent flow. After operation
TLCO and Kco may, however, be estimated by using
the empirical relationships established in the present
study:

change in TLCO (% predicted) - -0-4x -8-6
increase in Kco (% predicted) = 041x + 2-1

(where x is percentage perfusion of the lung to be
resected).

PREDICTION OF POSTOPERATIVE EXERCISE
PERFORMANCE
Our results showed that the preoperative perfusion
scan is a good guide to the change in postoperative
exercise tolerance (fig 5), as there were clear
relationships between the radionuclide scan assess-
ment of unilateral function and the postoperative falls
in both VEmax and Vo2max in a symptom limited
progressive exercise test. Moreover, use of equation 1
for estimating postoperative VEmax and Vo2max gave
values whose accuracy was comparable with those of
the better established spirometric estimates (fig 6). All
patients both before and after operation stopped exer-
cise because of shortness of breath, but we did not
make a formal assessment of dyspnoea on exercise;
possibly the preoperative sensation rather than indi-
ces of performance is the major determinant of post-
operative symptoms.

In conclusion, we have shown that perfusion scans
may be useful to estimate not only postoperative
spirometric performance, but also maximum venti-
lation and oxygen uptake on exercise. Changes in
TLCO and Kco are more complex but they also are
related to the preoperative distribution of perfusion.
Although an estimate of the likely postoperative TLCO
and Kco may not have much clinical relevance, it
could be of use in the investigation of breathlessness
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after surgery. If, for example, postoperative mea-
surements fell below the range of values expected,
mechanisms other than simple loss of functioning
lung (for example, the development of pulmonary
hypertension) would merit consideration.
We found a close relationship between changes in

FEV1 and in exercise performance, suggesting that
simple spirometric tests with a perfusion scan should
suffice in the functional assessment of patients who
may need to undergo pneumonectomy. The larger the
perfusion defect of a lung affected by bronchial car-
cinoma, the less likely is the tumour to be technically
resectable22 but, paradoxically, the smaller is the
functional deficit after operation if successful
resection can be performed.
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