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Abstract

A case illustrating the value of aggressive respiratory training in improving the prognosis of
lung cancer complicated by low pulmonary function is reported. Preoperative and postoperative
respiratory training enabled the patient with chronic respiratory failure to survive a lengthy opera-
tion and eventually breathe without assistance. The patient has survived more than 71 months, and
experiences only exertional dyspnea at the time of publication. Aggressive preoperative and post-
operative respiratory management may make more of the growing number of lung cancer patients
eligible for standard surgical procedures.
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— Brief Note —

Effective Preoperative and Postoperative Respiratory Training in a Lung Cancer Patient

with Chronic Respiratory Failure

Akio Andou*, Nobuyoshi Shimizu, Shuichirou Maruyama, Yoshiki Makihara, Hiroshi Date and

Shigeru Teramoto

Second Department of Surgery, Okayama University Medical School, Okayama 700, Japan

A case illustrating the value of aggressive respiratory training in improving the prognosis of
lung cancer complicated by low pulmonary function is reported. Preoperative and postoperative
respiratory training enabled the patient with chronic respiratory failure to survive a lengthy
operation and eventually breathe without assistance. The patient has survived more than 71 months,
and experiences only exertional dyspnea at the time of publication. Aggressive preoperative and
postoperative respiratory management may make more of the growing number of lung cancer
patients eligible for standard surgical procedures.
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Several studies (1-4) have focused on the surgical
indications and selection of appropriate surgical methods
for lung cancer patients complicated by low pulmonary
function. However, it.is frequently necessary to resort to
standard surgery even in patients with low pulmonary
function in combination with aggressive respiratory train-
ing and prudent respiratory management before and after
surgery.

Case Report

A 72-year-old man was admitted to our hospital, for
further evaluation after an abnormal shadow appeared on
a chest roentgenogram taken during a mass screening
examination in June 1985. He was a heavy smoker, and
lung cancer was suspected.

Physical examination on admission revealed that respi-
ratory and heart sounds were normal. Performance status
was Hugh-Jones class II. Laboratory examinations
revealed no abnormalities in peripheral blood, blood
chemistry or urinalysis. As for tumor markers, CEA
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showed an increased value of 7.9ng/ml. On chest
roentgenograms (Fig. 1) and computed tomography (CT)
images (Fig. 2) a 3 X 3cm mass shadow was present in
the left S region. A bronchofiberscopic examination of
the trans-bronchial lung biopsy of the left S* lesion
revealed squamous metaplasia.

Preoperative pulmonary function tests were perform-
ed. Results of % FVC (forced vital capacity) 59 %,
FEV10% (forced expiratory volume in one second to
forced vital capacity ratio) 72% and % DLco (CO
diffusing capacity) 64 % indicated restrictive and diffusion
disturbances. Parameters of respiratory muscle strength
were MIP (maximal inspiratory pressure) 87cmH,0O
(normal range: 77.4-127.4cmH,0) and MEP (maximal
expiratory pressure) 120cmH,0 (normal range: 105.1-
181.3 emH,0). Results of arterial blood gas analysis were
Po, (arterial oxygen tension) 53.3mmHg and Pco, (arte-
rial carbon dioxide tension) 47.9mmHg, indicating
chronic respiratory failure. Postoperative pulmonary
function was predicted by pulmonary perfusion scintigra-
phy. The results predicted in the case of left upper
lobeetomy were FVC 1.46L. and FEV1.0 1.05L. These
values represented the minimum values at which left upper
lobectomy would be tolerated.
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Fig. 1 Chest roentgenogram demonstrating a tumor shadow in the left

hilum.

Fig. 2 Chest CT image at level of subcarina demonstrating a tumor
shadow with irregular shape and homogenous content in the left S

A lymphadenectomy and lobectomy of the upper lobe
of the left lung was performed on October 30, 1985 under
general anesthesia. The pathological diagnosis was
squamous cell carcinoma (TINOMO, Stage I). The
operation took 3h 30min, with no complications.

Postoperative course is summarized in Table 1 and
Fig. 3. Weaning was attempted gradually, but extubation
was postponed because spontaneous ventilation was inade-
quate and frequent aspiration of sputum was necessary
owing to markedly increased sputum production. Trach-
eostomy was performed on the 7 th postoperative day. At
1 month after the operation, pulmonary function was
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FVC 1.03L, FEV1io0 0.61L, TV (tidal volume) 0.44 L
and MIP 75emH,0. With the ventilator set to Flo,
(inspired oxygen concentration) 0.4, CPAP (continuous
positive airway pressure) 5cmH,0 and IMV (intermittent
mandatory ventiration) 4/min, Pco, and Po, were 64.9
mmlg and 56.3mmHg, respectively. Respiratory train-
ing was started and pulmonary function gradually im-
proved until unassisted breathing became sustainable.
The patient was discharged 4 months after the operation.
The patient complained of moderate dyspnea after dis-
charge but was able to conduct daily activities at home.
At present, approximately 71 months after the operation,
the severity of the dyspnea has increased slightly and the
administration of oxygen is occasionally necessary. How-
ever, there has been no evidence of recurrence on roent-
genograms of the chest (Fig. 4).

Training procedure.  Respiratory training was per-
formed before and after the operation using incentive
spirometry. Preoperative respiratory training was
performed for 4 weeks. Postoperative respiratory training
was performed from one month after the operation. In
order to provide postoperative respiratory training, oxy-
gen administration using a humidifier was the only therapy
used, and was applied for 1h, 3 times a day during the
daylight hours. During these training periods, the incen-
tive spirometry was connected via a one-way value to the
tracheostomy cannula every 20min, as shown in Fig. 5.

Training results.  Changes in pulmonary function
before and after the 4-week preoperative respiratory
training are shown in Table 1. No significant changes
occurred in FVC and FEV10. However, MVV (maxi-
mal voluntary ventilation) and MIP improved as did
DLco.

Change in pulmonary function after postoperative
respiratory training were shown in Table 1 and Fig. 3. It
was possible to withdraw the SIMV (synchronized IMV)
on the 54th postoperative day. Sputum production de-
creased and pulmonary function gradually improved after
the initiation of the respiratory training. At 2 months after
the operation, pulmonary function improved to FVC 1.21
L, FEVie 0.75L, and MIP 98cmH,0O. Respiratory
training was continued, CPAP was completely with-
drawn, and the amount of oxygen administration was
gradually decreased. Pulmonary function at discharge
was FVC 140L and FEV10 0.95L. Results of arterial
blood gas analysis were Pco, 44.0mmHg and Po, 57.8
mmHg. Performance status at discharge was Hugh-Jones
class III.
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Fig. 3  Postoperative clinical course.
Table 1 Preoperative and postoperative pulmonary function test values
Test values
Pulmonary . . a
function Preoperative Postoperative (month)
test
Before After Predicted 1 2 3 4
traming training
FVC () 1.90 2.00 1.54 1.03 1.21 1.37 140
% FVC 59 62 48 32 38 43 43
FEVwo 1.37 1.40 1.08 0.61 0.75 0.83 0.95
FEViox 72 70 70 59 64 61 68
TV (ml) 443 440 450 400 430
MVV () 41.0 50.2 38.7 31.6
% MVV 44 54 41 34
DLeco (ml/m/mmHg) 14.8 16.0
MIP (cmH,0) 87 103 75 98 90 93
MEP (ecmH,0) 120 128 109 109 106
pH 7.382 7.363 7.363 7.341 7419 7.457
Pco, (mmHg) 47.9 53.9 64.9 64.4 457 44.0
Po, (mmHg) 53.3 53.1 56.3 73.6 64.0 57.8
HCO; (mmol/1) 285 30.7 33.7 34.8 296 311
BE (mmol/l) 30 4.0 6.2 75 49 7.2
0.SAT (%) 87.6 86.7 86.0 93.5 93.1 91.4

Pulmonary function demonstrates chronic respiratory failure. Pulmonary function, especially maximal inspiratory pressure (MIP), was improved by the 4-week
respiratory training. a: 1 and 2 months after the operation, each test was done during 40 % O, inhalation.
FVC: forced vital capacity; FEV ;. : forced expiratory volume in 1 sec to forced vital capacity ratio; TV: tidal volume; MVV: maximal voluntary
ventilation; DLco; CO diffusing capacity; MEP: maximal expiratory pressure; Pco,: arterial carbon dioxide tension; Po,: arterial oxygen tension; HCO;:

bicarbonate; BE: base excess; O,SAT: oxygen saturation.
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Fig. 4 Chest roentgenogram obtained 71 months after operation. No
evidence of recurrence was demonstrated.

Fig. 5 Incentive spirometry used for respiratory training. The training
was performed by connecting the incentive spirometry to the tracheostomy
cannula, placing a one-way valve between.

Discussion

It is necessary to consider pulmonary function and
performance status in addition to histologic type and
staging of lung cancer to decide the surgical indications for
lung cancer cases. Several methods to evaluate pulmo-
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nary function (1-4) and cardiopulmonary function (5) have
been studied and are available for this decision-making
process. In general, limited operation or therapeutic inter-
ventions other than surgical therapy are selected in cases
with low pulmonary function. Hewever, the prognoses
tend to be poorer than those cases with more standard
surgical procedures and little can be expected from chemo-
therapy and radiation therapy. This leads to the proposi-
tion that standard surgical procedures may be performed
after providing respiratory training for a given period, and
then performing aggressive postoperative respiratory
training in patients with low pulmonary function.

There have been many reports (6-8) describing
patients with chronic obstructive pulmonary disease who
were able to increase muscle strength and maximum
exercise capacity by inspiratory muscle endurance train-
ing. We previously reported that preoperative respiratory
training using incentive spirometry improves respiratory
muscle strength and helps prevent the formation of
microatelectasis (4, 9). Ordinarily maximal respiratory
pressure (MIP and MEP) is used as an index of respira-
tory muscle strength. MIP has been reported to return to
92.8% of the preoperative value about 1 month after
surgery in lung cancer patients (9). In the present case,
incentive spirometry was effective in the weaning process

from mechanical ventilation. Respiratory muscle strength

was improved by postoperative respiratory training, while
FVC and FEV10 recovered as expected. This case is
valuable in that it illustrates the possibility of performing
surgery in cases in which surgery would ordinarily consid-
ered intolerable to the patient by first conducting aggres-
sive respiratory training and careful respiratory manage-
ment.
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