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Abstract

Elderly patients awaiting lung resection surgery often have poor physical function, which puts them at a high
risk of postoperative pulmonary complications. The aim of this study was to investigate the impact of
preoperative physical performance on postoperative pulmonary complications in patients awaiting lung
resection surgery. In this prospective multicenter cohort study, the characteristics of patients and
postoperative pulmonary complications were compared between subjects with low (<I0) and high (>10)
Short Physical Performance Battery (SPPB) scores. Postoperative pulmonary complications were defined as
over grade Il in Clavien-Dindo classification system. We estimated the effects of physical performance on
postoperative pulmonary complications using multivariable hierarchical logistic regression. The postoperative
pulmonary complications were compared between 33| patients in the high and 33 patients in the low SPPB
group. Patients in the low SPPB score group had a significantly higher rate of postoperative pulmonary
complications (p < 0.001). Low SPPB score was associated with a higher risk of postoperative pulmonary
complications (odds ratio, 8.80; p < 0.001). The SPPB is a clinically useful evaluation tool to assess surgical
patients’ physical performance. The low physical performance indicated by the SPPB may be predictive of
postoperative pulmonary complications after lung resection surgery.

Trial registration: Clinical Trials. University hospital Medical Information Network Center (UMIN-CTR)
UMINO000021875.
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Introduction

Lung resection surgery offers patients with lung can-
cer a chance of complete cure; however, it is associ-
ated with an increased risk of postoperative
pulmonary complications.! Previous studies have
reported incident rates of postoperative pneumonia
ranging from 3-10% after lung resection surgery.*>
Postoperative pulmonary complications have an
important clinical and economic impact associated
with increased morbidity and mortality.* Thus, pre-
venting postoperative pulmonary complications of
lung resection surgery is important.

Preoperative functional capacity is predictive of
postoperative pulmonary complications of lung resec-
tion surgery. The elderly patients, especially those
with poor functional capacity, are at an increased risk
of postoperative pulmonary complications.” Previous
studies reported preoperative functional capacity to
influence postoperative pulmonary complications in
patients who underwent lung resection surgery.®’
Functional capacity on the 6-minute walking test
(6MWT) in patients who underwent lung resection
was significantly associated with postoperative pul-
monary complications.

Bui et al. reported that exercise capacity and phys-
ical performance are components of functional capac-
ity based on the International Classification of
Functioning, Disability and Health framework pre-
sents.® The SMWT evaluate exercise tolerance among
functional capacity.’ The elderly have various prob-
lems related to physical performance in addition to
exercise intolerance. Hence, an appropriate assess-
ment tool is required to evaluate physical perfor-
mance in the elderly awaiting lung resection surgery.

The Short Physical Performance Battery (SPPB), a
simple tool to evaluate physical performance, has
recently attracted considerable attention.' It is a use-
ful and well-established tool for evaluating physical
performance of the elderly.'®'! The SPPB is used
widely as a performance-based, three-part assessment
to measure functional status. The SBBP has many
advantages; it takes only takes a few minutes to com-
plete, requires little training to administer and can be

conducted in a small space. In addition, the results can
be quantified, are reproducible and sensitive to
changes in functionality through time.'? Preoperative
evaluation of physical performance using SPPB has
been associated with postoperative course in cardiac
surgery, pancreaticoduodenectomy as well as lung
and kidney transplantation surgeries.'*”'” However,
the relationship between poor preoperative physical
performance as evaluated using SPPB and postopera-
tive pulmonary complications in patients who under-
went lung resection surgery has not been investigated.
We hypothesized that poor preoperative physical per-
formance evaluated by the SPPB in these patients may
have an impact on postoperative pulmonary compli-
cations and the progress of postoperative course.
Therefore, the aim of the present study was to evalu-
ate the impact of preoperative physical performance
evaluated by SPPB on postoperative pulmonary com-
plications and course in patients undergoing lung
resection surgery.

Methods
Study design

In this prospective multicenter cohort study, we
enrolled patients who underwent lung resection sur-
gery at five hospitals from November 2015 to Decem-
ber 2017. The inclusion criteria were patients older
than 65 years, undergoing planned surgery, and able
to provide written informed consent. Patients were
excluded if their exercise performance could not be
evaluated due to the comorbid conditions (e.g., mus-
culoskeletal or neurological impairment) or if they
had undergone re-operation. The Human Ethics
Review Committees of Nagasaki University Hospital
(approval number: 15100506), Steel Memorial
Yawata Hospital (approval number: 15-58), KKR
Takamatsu Hospital (approval number: E93), Japan
Community Health care Organization Hokkaido
Hospital (approval number: 2016-3) and Seirei Mika-
tahara General Hospital (approval number: 16-14)
approved this study, which was registered at
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UMIN-CTR  (http://www.umin.ac.jp/ctr/) by
UMINO000021875.
Outcomes

All patients received standard perioperative manage-
ment, nursing care and physical therapy according to
the management protocols. Physical therapy focused
on early mobilization, resistance training, and walk-
ing starting postoperative day (POD) 1.

The Short Physical Performance Battery (SPPB)
was used to measure physical performance.'® The
SPPB consists of three measures including walking
speed, chair stands, and standing balance. Each per-
formance measurement was assigned a score from 0
(inability to complete) to 4 (best performance possi-
ble). The total of the scores (0—12) was used to obtain
an overall measurement of physical performance. In
accordance with previous studies,'*'¢ patients were
classified into low physical performance-related risk
(SPPB < 10) or no physical performance-related risk
(SPPB > 10).

Preoperative nutritional status was evaluated using
the Geriatric Nutritional Risk Index (GNRI). This is
an established nutritional assessment tool and a pre-
dictor of morbidity and mortality in the elderly.'® The
GNRI is based on three parameters: height, body
weight, and serum albumin level. The GNRI was
calculated as follows: 14.89 x serum albumin (g/dl)
+ 41.7 x body mass index (BMI)/22.

Modified Frailty Index (mFI) has been used in var-
ious surgical settings.'”*® The simplified mFI is a
predictive tool, consisting of 11 variables, that pro-
vides a practical platform to gauge frailty during
preoperative assessment. The variables used in mFI
help predict clinical outcomes and quantify risk of
complications independent of age.?'

Postoperative pulmonary complications were eval-
uated using the Clavien-Dindo classification system
that includes 5 grades, where grade I indicates any
deviation from the normal postoperative course, but
without the need for pharmacologic, surgical, endo-
scopic, and radiologic interventions while grade 5
indicates patient’s death.?* Patients with severity over
grade II were classified as having postoperative pul-
monary complications.*?

We measured handgrip force (HF) and quadriceps
force (QF) as indices of peripheral muscle strength.
The HF of the dominant hand was evaluated in the
standing position with the elbow extended and the
arms fixed to the body using a dynamometer

(T.K.K.5401; Takei-Kiki-Kogyou Corporation, Nii-
gata, Japan). The QF was assessed as the peak force
achieved during a maximal isometric knee extension
maneuver using a hand-held dynamometer with a fix-
ing belt (u-Tas F-1; Anima Corporation, Tokyo,
Japan).?* The QF of the dominant side was measured
in a sitting position with the hip and knee joint flexed
at approximately 90°. The average value of at least
three attempts was recorded and notated in kilograms
force (kgf) for HF and newtons (N) for QF.

The 6MWT was performed twice according to the
published guidelines.>> The higher 6-min walk dis-
tance (6MWD) from the two attempts was recorded.
Percutaneous oxygen saturation (SpO,) was recorded
at baseline. Moreover, the lowest SpO, value was
recorded during and immediately after the test.

The Barthel Index was used to assess functional
independence in activities of daily living (ADL).*®
The scale evaluates 10 domains of activities (feeding,
bathing, grooming, dressing, bowels, bladder, toilet
use, transfer, walking, and climbing stairs). For each
of the 10 items a score was assigned in increments of
5(0, 5,10, and 15). Subjects were given points even if
they utilized aids to be independent. Total score from
this assessment was used in the analysis.

The primary outcome of this study was the risk of
SPPB score as an assessment of preoperative physical
performance on the proportion of postoperative pul-
monary complications. The secondary outcome was
to extract independent factors related to preoperative
physical performance using SPPB and postoperative
pulmonary complications in lung resection surgery
patients.

Statistical analysis

The categorical variables were described using num-
bers and percentages, while the quantitative variables
using median and interquartile range (IQR). Data
were compared using a Wilcoxon’s rank sum test and
Fisher’s exact test between the high and low SPPB
groups. We estimated the risk of preoperative physi-
cal performance on postoperative pulmonary compli-
cations using multivariable hierarchical logistic
regression models. We selected SPPB and 6MWD
as exposure variables to represent preoperative phys-
ical performance. The SPPB was treated as a binary
and 6MWD as a continuous variable. For clinical
relevance, age, gender, modified frailty index score,
blood loss, GNRI and QF were selected as confound-
ing factors. Hierarchical regression model was
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employed to take into account the possibility of inter-
hospital variation. Due to the small number of events
in the outcome, 29, it may not be reasonable to
include these confounders in models. Therefore, we
used model 1 as our model, in which age and gender
were confounders that were likely to cause strong
confounding. The model, including all confounders,
was used as model 2 for sensitivity analysis. The
effect measures of each exposure variable was
assessed with odds ratios, confidence intervals [95%
CI], and P-values. P-values < 0.05 were considered
statistically significant. Statistical analyses were per-
formed using JMP 14.0 software (SAS Institute Japan,
Tokyo, Japan).

Results

A total of 470 patients awaiting lung resection surgery
were screened. One hundred six patients were
excluded from the analysis as they were under the age
of 65 years, missing data and re-operation. Data from
364 patients who underwent lung resection surgery
were analyzed. Patients’ baseline characteristics are
described in Table 1. All patients had lung cancer and
most had a severity stage of 1. Forty-one patients of
unknown were recurrent of lung cancer and could not
apply severity classification. Postoperative pulmon-
ary complications of the respiratory system were
found in 29 patients (8.0%): pneumonia in 13 patients
(44.8%), pulmonary fistula in 9 patients (31.0%),
atelectasis in 3 patients (10.3%), pleural effusion in
4 patients (13.8%).

The patients were categorized based on physical
performance-related risk: 331 in the high SPPB group
(SPPB > 10) (median age = 72; IQR = 68-77 years)
and 33 in the low SPPB group (SPPB < 10) (median
age = 79; IQR = 7681 years) (Figure 1). Age of low
SPPB group was significantly higher than the high
SPPB group (p < 0.001). There were no significant
differences in surgical procedure (p < 0.652). Based
on the preoperative HF, QF and 6MWD, the high
SPPB group had significantly higher performance
than the low SPPB group (Table 1). The Clavien-
Dindo grading (>2) on POD 7 indicated that post-
operative complications are significantly greater in
low SPPB group than the high SPPB group [9 patients
(27.3%) vs. 20 patients (6.0%), respectively; p <
0.001]. There were no significant differences in the
length of hospitalization. There was significant asso-
ciation of GNRI (OR: 0.99, 95% ClI, 0.99 to 0.99; p <
0.001), 6MWD per 10 meters (OR: 0.98,95% CI, 0.97

t0 0.99; p <0.001) and SPPB (OR: 7.02, 95% CI, 4.66
to 10.6; p < 0.001) on postoperative pulmonary com-
plications (Table 2). The SPPB was significantly cor-
related with HF and QF (r = 0.31 p <0.01, r = 0.15
p < 0.01, respectively), but not mFI and GNRI.

Multivariable hierarchical logistic regression
analyses showed that low SPPB score <10 was asso-
ciated with a higher risk of postoperative pulmonary
complications (odds ratio [OR] 9.74, 95% CI, 5.80 to
16.3; p < 0.001) (Table 3). There was a significant
association of 6MWD per 10 meters on postopera-
tive pulmonary complications (OR: 0.97, 95% CI,
0.97 to 0.99; p < 0.001). A Low SPPB score was
found to be more strongly associated with the post-
operative pulmonary complications than 6MWD. A
similar result was obtained in the sensitivity analy-
sis, model 2.

Discussion

To our knowledge, this is the first multicenter trial to
evaluate the influence of preoperative physical per-
formance using SPPB on postoperative pulmonary
complications and recovery course in patients under-
going lung resection surgery. The main findings
include (1) low SPPB group (lower preoperative
physical performance) had greater postoperative pul-
monary complications than the high SPPB group; and
(2) preoperative low SPPB score was associated with
postoperative pulmonary complications.

We demonstrated that postoperative pulmonary
complications in the low SPPB group were signifi-
cantly higher than the high SPPB group. Dale
et al.'* showed that SPPB is a clinically useful mea-
surement tool to predict postoperative complications
in pancreaticoduodenectomy patients. Although a dif-
ferent clinical population, our results were consistent
confirming the relationship between preoperative
physical performance and postoperative complica-
tions. The importance of preoperative interventions
including physiotherapy for maintaining physical per-
formance has been reported to facilitate physiological
optimization of the cardiorespiratory and musculos-
keletal systems, and mitigating the effects of general
anesthesia.”” Maintaining preoperative physical func-
tion and/or improving exercise capacity could facil-
itate postoperative early mobilization, mitigate the
effects of general anesthesia and important to the pre-
vention of postoperative pulmonary complications by
promoting increased ventilation and improved clear-
ance of secretions in the lungs.
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In our results, poor physical performance evaluated
by SPPB was identified to affect postoperative pul-
monary complications. Verweij et al.?® documented
that physical performance tests including SPPB
appear to show a significant correlation with survival

| 470 patients were screened

106 patients were excluded
- 91 <65 years
- 14 data missing
- 1 re-operation

|364 patients were eligible ‘

| Lung resection surgery

SPPB < 10 group
(n=33)

SPPB = 10 group
(n=331)

Figure |. Flow of patients through the study. Abbrevia-
tions: SPPB: short physical performance battery.

Table 2. Results for determining factors associated with
postoperative complications on POD 7.

Unadjusted
Variable OR (95% ClI)  p Value
Age 1.03 (0.99 to 1.06) 0.184
Gender 0.70 (0.40to 1.23) 0.218
Modified frailty index score 1.25 (0.95to 1.65) 0.108
Blood loss .00 (1.00 to 1.00) 0.085
GNRI 0.99 (0.99 to 0.99) <0.001
Quadriceps force .00 (1.00 to 1.00) 0.834
6MWD per 10 m 0.98 (0.97 to 0.99) <0.001
SPPB (>10=10,<10=1) 7.02 (4.66to 10.6) <0.001l

Abbreviations: 95% Cl: 95-percent confidence interval; GNRI:
geriatric nutritional risk index; OR: odds ratio, SPPB: short phys-
ical performance battery; 6MWD: 6-minutes walking distance.

and could be used as a prognostic tool, particularly for
elderly patients. In this study, 29 of 364 (8.0%)
patients were found to have postoperative pulmonary
complications on POD 7. Among them, 13 (3.6%)
patients had postoperative pneumonia, and incident
rates of postoperative pneumonia were approximately
3-4%. These results are consistent with those found in
this study.>> Ellenberger et al.?® showed that a direct
relationship between poor pre-operative physical per-
formance and postoperative pulmonary complica-
tions. It has been shown that patients with lung
cancer, who are at risk of poor physical function pre-
operatively may benefit from physiotherapy to
improve physical function before surgery to prevent
postoperative pulmonary complications, shorten hos-
pital length of stay and lower in-hospital cost.'”~°
Overall, physical performance in perioperative
patients is one of the most important factors when
considering postoperative outcomes. Further larger
scale studies that include longitudinal assessment of
physical performance to investigate whether preo-
perative physical performance affects postoperative
pulmonary complications are necessary.

Moreover, the relationships between SPPB and
other measures were explored by correlation analysis.
The SPPB was significantly correlated to HF and QF,
measure of peripheral muscle force, but not mFI
(measure as preoperative comorbidity) and GNRI
(measure of preoperative nutrition status). These
results indicate that skeletal muscle strength may
affect SPPB rather than preoperative comorbidities
and nutritional status.

Several previous studies®’ evaluated preoperative
exercise capacity using 6MWD. However, as previ-
ously stated, G(MWD is a test of exercise tolerance and
is only one aspect of functional capacity. The SPPB
assesses three measures including walking speed,
chair stands, and standing balance; it is an excellent,
multifaceted tool to evaluate different aspects of

Table 3. Factors associated with postoperative complications on POD 7.

Model I* Model 2°*
Exposure variable OR (95% CI) p Value OR (95% ClI) p Value
6MWD per 10 m 0.97 (0.97 to 0.99) <0.001 0.98 (0.97 to 0.99) 0.001
SPPB (>10=0,<I0= 1) 9.74 (5.80 to 16.3) <0.001 8.80 (5.64 to 13.7) <0.001

Abbreviations: ADL: activities of daily living; 95% Cl: 95-percent confidence interval; GNRI: geriatric nutritional risk index; OR: odds
ratio; SPPB: short physical performance battery; 6MWD: 6-minutes walking distance; POD: postoperative day.

*Adjusted for age and gender-.

**Adjusted for age, gender, modified frailty index score, blood loss, GNRI, and quadriceps force.
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physical performance and lower limb function to
identify frail adults.>’ Our results of multivariable
hierarchical logistic regression indicated low SPPB
score to be a better predictor of postoperative pulmon-
ary complications than 6MWD. Especially, elderly
patients may have difficulty walking long distances,
and SPPB may be able to identify the risk of post-
operative pulmonary complications. Although 6MWT
and SPPB assess different aspects of functional capac-
ity and cannot be compared generally, our results rec-
ommend SPPB as a simple assessment tool in elderly
patients who are awaiting lung resection surgery.

This study has several limitations. Firstly, this
study was limited by the short postoperative period.
Functional assessments over longer periods are
required to further evaluate the predictive and prog-
nostic significance of the SPPB in postoperative
patients undergoing lung resection surgery. Sec-
ondly, although, a hierarchical regression model was
executed considering the possibility of inter-hospital
variation, perioperative management is variable
across institutes, which may have influenced the
postoperative complications. However, multicenter
trial is also a strength of this study that captured that
variability in management protocols. Thirdly, SPPB
can have a ceiling effect affecting highly functioning
patients.’ In this study, 25.6% of the subjects had a
full score on SPPB, and the effect of the ceiling
effect of SPPB can’t be denied. Therefore, SPPB
may not be suitable for highly functional patients
awaiting lung resection surgery.

Conclusion

The present study indicated that preoperative physical
performance assessed with SPPB in patients who
underwent lung resection surgery could affect post-
operative pulmonary complications. Assessing
patients undergoing lung resection surgery using
SPPB could help stratify patients at risk of postopera-
tive pulmonary complications. Thus, consideration of
pre-operative countermeasures against physical per-
formance is necessary.
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