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Changes in Pulmonary Function and Exercise
Endurance after Lung Resection

Ying-Tai Wu Yung-Chie Lee*

Purposes : The purposes of the study wereto 1) compare the pulmonary function, respiratory
muscle strength, and exercise endurance before and after lung resection; 2) compare the perce-
ntage of impairment in pulmonary function, respiratory muscle strength, and exercise endurance
for patients with different extent of resection; and 3) investigate the determinants of hospital
stay and the impairment in pulmonary function, respiratory muscle strength, and exercise
endurance. Metiods: Thirty-nine consecutive patients who had lung resection without major
complications at the National Taiwan University Hospital served as the subjects of the study.
Each of the subjects took a complete pulmonary function test ( PFT ) that includes measure-
ments of VC, MVV, FVC, FEV, FEV,/ FVC, PEF, maximal inspiratory and expiratory mouth
pressure ( MIP and MEP ) before surgery and before discharge (13.2 £ 6.3 days after operation ).
In addition, 26 of them took walking tests for 3 minutes before and after surgery, respectively.
Results: The results of the study demonstrated that the patients had significant reductions
in lung volume, flow, respiratory muscle strength, and distance walked after thoracic surgery
by the averages of 30-40%, 50%, 4-7%, and 26 %, respectively. Patients who underwent more
than lobectomy had longer duration of chest tube drainage than patients who underwent less
than lobectomy. However, patients who underwent less than lobectomy had higher percentage
of impairment in PEF than the other patients. Significant correlations included the relationship
of hospital stay with duration of chest tube drainage and impairment of PEF (r=0.87 and
0.38, respectively), impairment of PEF with duration of chest tube drainage ( r=0.32 ). while
none of the changes in MIP. MEP, or walking distance were correlated. with other variables.
Conclusion: After lung resection, patients still have significant impairments in PFT after
using the extent of resection as the correction factor. Their MIP, MEP, and walking ability
were also reduced. The length of hospital stay highly correlated with the duration of chest tube
drainage. {FJPT 2001;26(1):1-8
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Pulmonary function test hasbeen used exten-
sively for screening the risks of operation and post-
operative complications '* Because of advances in
anesthesiology, refinements in surgical technique,
and improvements in postoperative care, the incid-
ence of pulmonary complications following thoracic
surgery has decreased * However, relatively fewer
researchers have discussed the changes in postoper-
ative pulmonary function. Little work has been done
on respiratory muscle strength that was reported to
be important predictor of pulmonary complications
after surgery.e’ Chest physical therapists work with
patients after lung resection during hospitalization to
maximize their ventilation and promote optimum
body conditioning and function. Few studies have
been performed that quantitatively evaluated the
outcome of these patients at discharge, thus little
work has been done concerning what can be done
for the patients after discharge. The purposes of our
study were to 1 ) compare the pulmonary function,
respiratory muscle strength, and exercise endurance
before and after lung resection; 2) compare the per-
centage of impairment in pulmonary function, re-
spiratory muscle strength, and exercise endurance
before patients were discharged according to their ex-
tent of resection; and 3) investigate the determinants
of length of hospital stay and the impairment in
pulmonary function, respiratory musclestrength, and
exercise endurance.

METHODS

Thirty-nine consecutive patients who under-
went lung resection without major complications at
the National Taiwan University Hospital served as
the subjects of the study. Twenty-four men and 15
women with ages ranging from 23 to 79 years (mean,
56.6 1 14.4 years) participated in the study. Each sub-
jects took a complete pulmonary function test (PFT)
which included measurements of vital capacity (VC),
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maximal voluntary ventilation (MVYV), forced vital
capacity (FVC), forced expiratory volume at 1 second
(FEV,), FEV,/FVC, peak expiratory flow (PEF),
maximal inspiratory and expiratory mouth pressure
(MIP and MEP) before the operation. They were
tested again at an average of 13.2% 6.3 days after
operation. At the second testing, they were all in
stable condition and they were up walking ad lib. The
parameters of pulmonary function tests were pre-
sented in actual values and percentage of normal
predicted values. In addition, the postoperative pulm-
onary funtions were calculated according the form-
ula: measured PFT / [the preoperative spirometric
values x (residual segments/19)] and presented as
percentage of corrected values.® Among the patients,
only 26 took both pre and post-operative walking
test for 3 minutes. The percentage of impairment
of PFT was defined as the differences between the
actual and the corrected postoperative PFT divided
by the corrected post-operative values. A positive
value in this ratio indicated there was no impairment,
while the negative value indicated impairment. The
percentage of impairment of MIP, MEP, or walking
distance was the ratio of pre-and postoperative differ-
ences to the preoperative values.

Postoperative diagnosis in these patients incl-
uded carcinoma (n=29), infection (TB etc, n=7),
abscess, tumor, and bronchiectasis ( one patient for
each category in the last three diagnoses). Among
them, seven underwent wedge resection or segme-
ntectomy (less than lobectomy), 19 patients under-
went lobectomy, 10 underwent lung resection more
thana single lobectomy but less than pneumonectomy,
and three underwent pneumonectomy. The extent of
the resection averaged 3.9% 2.3 segments. Table 1
presents the general data of the subjects.Subjects were
divided into three groupsaccording to the extent
of lung resection. The three divisions were less than
lobectomy, lobectomy, and more than lobectomy.The
average numbers of resected segments were 0.6 + 0.8,
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Table 1. General Data of the Subjects (n=39)
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Mean S.D. Range
Age (yr) 56.6 14.4 23-79
Body weight (kg) 58.3/56.9 * 9.2/8.8* 42.7-85.0/42.8-80.0*
Height (cm) 162.6 6.6 146.0 -179.0
Operation (hr) 33 0.8 1.75-5.08
Ventilator support (hr) 14.3 6.5 2.17-26.50
Chest tube drainage (d) 9.0 4.4 4-23
Length of hospital stay (d) 12.5 4.6 6-28

" indicates the postoperative body weight

3.8+ 0.9, and 591 2.2, respectively. During their
stay in the hospital, all the patients received routine
chest physical therapy that consisted of secretion
mobilization, breathing exercises{(diaphragmatic and
regional breathing ), incentive spirometer, shoulder
and trunk mobility, and early ambulation with re-
conditioning.

Mean and standard deviation were used to pre-
sent the data. Paired t-test was used to compare the
measurements before and after surgery as well as
the actual postoperative pulmonary functions and
corrected predicted values.The differences among the
three groups were tested using one way ANOVA and
post hoc Bonferroni tests. The Pearson product
moment correlation coefficient was used to investig-
ate the determinants of hospital stay and the impair-

Table 2. Measurements. Before and After Surgery

ment in pulmonary function, respiratory muscle str-
ength, and exercise endurance. P values less than
0.05 were considered significant.

RESULTS

The average length of operation was 3.310.8
hours and the average intubation was 14.3 £6.5hours.
The patients stayed in the hospital for an average of
12.5+ 4.6 days and their chest tubes were removed
at an average of 9.0+ 4.4 days after surgery. Table 2
presents the test results of pulmonary function, MIP,
MEP, and walking tests before and after surgery.
Fewer reductions in PFT were noted after being corr-
ected for the extent of resections. Greater reductions

Before Surgery After Surgery
Actual % Normal Actual % Normal % Corrected
Predicted Predicted Values

VC () 284+t 0.75 90.9+ 20.7° 1.72+  0.53* 34.7% 13.7* 724+ 20.8
FVC (D) 2.641 0.65 79.1 19.1 1.72+  0.52% 517+ 12.7* 6291 18.1°
FEV, (1) 2.13+ 0.59 809+ 23.7 141+  0.45* 532+ 13.8* 6451t 21.3°
FEV/FVC (%) 799 + 73 822 + 73
PEF (l/sec) 551+ 224 6631 26.2 3.86% 1.72* 46.1+ 19.1* 529+ 21.4
MVV (I/min) 83.8 + 29.0 1003 £ 32.5 58.0 t+ 23.8* 69.1 + 23.0* 803+ 30.1°
MIP (¢cmH,0) 422 t 188 35.8 £ 17.5%
MEP (¢cmH.0) 392 * 18.6 332 * 16.5%
Walking Dist. (M) 2404 t 444 [76.1 + 49.5*

% Corrected Values = measured postoperative PFT / | the preoperative spirometric values x {residual segments/19)] x 100%
* p<0.05 when compared with the preoperative values: * p<0.03 when compared with the postoperative measured values
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Table 3. General Data and % Impairments after Surgery in Three Patient Groups by the Extent of Lung

Resection
Less Than Lobectomy Lobectomy More Than Lobectomy

(n=7) (n=19) (n=13)
Age (yr) 53.0% 144 6241 120" 499*% 152
Length of Intubation (hr) 139+ 8.1 13.1% 64 1621 56
Duration of Chest Tube 60+ 24 87+ 42 1.1t 4.7
Drainage (d)
Length of Hospital Stay (d) 109 5.0 1.7 4.6 145% 39
VC (%) -26.7% 16.0 204 1% 175 -21.31 188
FVC (%) -2091 183 921 266 -l6.51 257
FEV, (%) 2491 154 -9.0% 278 -10.1+ 278
PEF (%) 3661 11.5 -3.3%26.6° 551 38.5*
MVV (%) -2091 352 -8.0% 26.8 231 33.1
MIP (%) 2141 32.8 -7.51 44.1 181 36.5
MEP (%) 03% 529 -1.81% 35.0 -17.0% 343
Walking Distance (%) -309+ 175 -304 1 148 -159 % 30.0

* post-hoc significance level between group 3 and group 1: between group 2 and 3: * between group 1 and 2

were found in parameters associated with lung vol-
ume and flow, followed by MVV and respiratory
muscle strength. Table 3 presents the percentage of
impairment after surgery in patients with different
extents of lung resection. Only age, duration of chest
tube drainage, and percentage of impairment in PEF
were significantly different among the groups.

The results of the correlation analyses are in
Table 4. Significant correlations occurred between
the relationship of hospital stay with the duration of
chest tube drainage and impairment of PEF, impair-
ment of PEF with the duration of chest tube drain-
age, and the change in walking distance correlated
with impairment of PEF. The percentage of impair-
ment in PFT was not related to their preoperative
values. While the postoperative changes in MIP and
MEP correlated with their preoperative values (

Table 4. Results of Correlation Analyses

r=0.41 and 0.44, p=0.009 and 0.005, respectively).

DISCUSSION

In the present study, we investigated the changes
in pulmonary function, respiratory muscle strength,
and exercise endurance after lung resection. The post-
operative PFT was corrected by the extent of lung
resection using the equation proposed by Veneskoski
and Sovijarvi and defined percentage of impairment
as the ratio of difference to the corrected values.®
Veneskoski and Sovijarvi demonstrated that FVC
and FEV, that remained after lung resection could be
predicted with sufficient accuracy using the results
of the preoperative spirometry. No sophisticated re-
gional lung function studies, such as radiospirometry

Dependent Variable Independent Variable r p
Hospital Stay chest tube drainage 0.87 0.000
% impairment in PEF 0.38 0.018
PEF Impairment chest tube drainage 0.32 0.046
% Change in Walking Distance % impairment in PEF 0.45 0.023
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or radionuclide imaging, were required to predict
their pulmonary functions. Using the percentage of
corrected predictive values can eliminate the differ-
ences in extent of resection and detect the impair-
ment promptly after operation.

Several researchers investigated pulmonary fun-
ctions of patients after thoracotomy .’" Bigler et al.
reported a 40% decrease in FVC and FEV | after one
month. ° Landreneau et al.investigated patients after
wedge resection or lobectomy and found FEV | was
roughly half of the preoperative values at 21 days
postoperative.'* Hazerlrigg et al. studied patients after
a variety of lung resections and found pulmonary
functions returned toward preoperative values by one

month regardless of the type of incision the patient

underwent . ' Gorlin et al. demonstrated that there
was a decrease in VC during the first 2 weeks follow-
ing thoracotomy, however, they returned to pred-
icted normal values within 4 to 6 weeks. ” The most
striking decrease was seenin IC and followed by
ERV. These authors contributed the reduction of PFT
to the depressed end-expiratory position that might
be due to the pleural pain after surgery. Cordiner et al.
reported full recovery of lung functions in 3 to 4
months after thoracotomy. '* Other researchers found
that the decreases in functional residual capacity in
addition to decreases in VC were predictive of post-
operative pulmonary complications."

Among the studies mentioned above, only Cord-
iner et al. used the corrected values. They found very
few errors (1.6-2.0%) between the actual and corrected
values in patients 3 to 4 months after surgery. Our re-
sults fall within the range of the previously reported
values. ”"* Considering that the postoperative period was
shorter in our study than in other reports, the reduction
in lung volume might be less than theirs due to the inter-
vention of routine chest physical therapy. Only Pelletier
etal.” mentioned that their patients were mobilized
within 24 hours after surgery and discharged rapidly (12
t 4 days) which was similar to our timeframe (Table 1).
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Our results for the duration of chest tube drainage and
hospital stay were similar to other reports. ™"’

Previous researchers have reported that pneum-
onectomy caused almost equal reduction in vital ca-
pacity and MVV. ™" Neuhaus et al. studied on 80
patients after pneumonectomy.”* Their patients who
underwent right pneumonectomy had 26 % reduction in
MVYV while the VC fell 35 % three months after surgery.
Their patients who underwent left pneumonectomy
decreased 25 % in MVV and 21 % in VC. An average of
25 months after operation, the mean increase in MVV
was only 1.6%, and 2% in VC. Gorlin et al. demon-
strated that MVV decreased slightly in more than 50 %
of the patients, while the other indices of pulmonary
function test were seen in less than one quarter during
the first 3 weeks."? They also found that abnormalities in
breathing reserve and walking index occurred in less
than one fourth of the patients during the period im-
mediately following thoracotomy.'* However, no degree
of abnormality was reported. We found a reduction of
26.1* 21.4% in walking distance after surgery in
general. More than half of the patients(17/26) decreased
their walking distance by more than one standard devi-
ation of their preoperative walking distance. Pelletier
et al. tested patients who underwent lobectomy and
pneumonectomy 29-220 days after surgery and found a
10to 20 % decrease in exercise capacity using normal
predicted values. “They reported some patients barely
changed their exercise capabilities even with 30 to 50 %
loss intheir ventilatory capacity and the patients had
similar leg discomforts at maximal exercise no matter
whether the underwent lobectomy or pneumonectomy.
Thus. lack of conditioning was believed to result in the
decrement in exercise capacity and exercise training
was recommended for these patients. Further studjes are
needed to investigate whether training can really pro-
mote the recovery of pulmonary function and exercise
capacity.

Our results showed a significant decreases in MIP

and MEP after surgery that were different from those in
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the study by Pelletier etal."” They also found MIP or
MEP was not a possible factor for exercise intolerance.”
Fratacci et al. found that thoracotomy and pulmonary
resection produced a marked reduction of active di-
aphragmatic shortening that did not consistently correl-
ate with the changes with transdiaphragmatic pressure.”
Further studies in the role of ventilatory muscles in
surgical patients are definitely needed.

In ourstudy, we found that only the percentage of
impairment in PEF was different among the groups of
patients who underwent different degrees of lung re-
section. Khatil Ali et al. reported that after pneumon-
ectomy patients had relatively stable pulmonary fun-
ctions, while after lobectomy patients had dispropor-
tionate amount of early loss in FVC and FEV,." Since
our study was conducted relatively soon after surgery, it
might have contributed to the majority of the insig-
nificant differences. We found that patients who under-
went less resection had more impairments in PEF (Table
3). It has been hypothesized that with more resections
there would be increased airway resistance at a given
level of ventilation because of the reduction in total
airway cross-sectional area.” However, our results were
opposite. Whether these patients had more pain result-
ing in more impairment in PEF needs further study. The
lack of investigation of the amount of pain experienced
and the amount of pain medication received were the
limitations of this study.

Our results also demonstrated a significant rel-
ationship between hospital stay with duration of chest
tube drainage and impairment of PEF (r=0.87 and 0.38
respectively). It may indicate that length of chest tube
drainage should be a criterion of evaluating the new
surgical procedures. Impairment of PEF positively cor-
related with duration of chest tube drainage (r=0.32).
This may be secondary to pain that was not measured
and was a limitation of the study. The postoperative
walking distance, MIP, and MEP were significantly re-
duced, however, these decreases did not correlate with
any of patients’ basic data.
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In summary, patients had relatively decreased
pulmonary functions that were corrected for the extent
of resection. After receiving a thoracic surgery, the pat-
ients' MIP, MEP, and walking ability had also reduced
before discharge. Patients receiving more than lobe-
ctomy had longer duration of chest tube drainage than
patients with less than lobectomy, while patients rece-
iving less than lobectomy had higher percentage of
impairment in PEF than the other patients. Significant
relationships between hospital stay with duration of
chest tube drainage and impairment of PEF were found
in this study.
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