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Abstract

Since surgical resection is the treatment of choice for localized lung cancer, it is important
to develop an effective strategy to reduce the risk of postoperative complications caused
by poor preoperative conditions. We prospectively implemented a comprehensive
preoperative pulmonary rehabilitation (CHPPR) program that includes intensive
nutritional support with branched-chain amino acids and herbal medicine
supplementation concomitant with potential high-intensity physical therapy through an
interdisciplinary team approach. This study aimed to evaluate whether CHPPR is beneficial
for elderly, low body weight (percentage ideal body weight <90%) patients scheduled to
undergo lung surgery. Between 2006 and 2015, 171 patients aged >70 years underwent
standard lobectomy for lung cancers. Of these, 12 patients with a low body weight
(sarcopenia-related, Group A) and 62 patients without a low body weight (sarcopenia-
unrelated, Group B) underwent surgery after CHPPR. Twenty-four patients with a low body
weight (sarcopenia-related, Group C) and 73 patients without a low body weight
(sarcopenia-unrelated, Group D) refused CHPPR. The postoperative morbidity rates of
patientsin GroupsA, B, C,and D were 17%, 16%, 63%, and 21%, respectively. Of the patients
in the sarcopenia-related groups (Groups A and C), those who participated in the CHPPR
program (Group A) had a significantly lower morbidity rate than those who did not
participate in the CHPPR program (Group C) (P =0.014). The CHPPR program is beneficial in
reducing the postoperative morbidity rate of sarcopenia-related patients scheduled to
undergo pulmonary resection.
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Introduction

Since the standard treatment of localized lung cancer is surgical resection, developing an
effective intervention to reduce the risk of postoperative complications caused by insufficient
preoperative preparation is important. Therefore, improving general and physical
conditioning preoperatively should be considered essential for patients undergoing lung
surgery."? Over the past few decades, improvements in perioperative management, including
physical therapy, have contributed to reduced complication and mortality rates after lung
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resection.** Pulmonary rehabilitation has been shown to be a beneficial intervention for
improving pulmonary conditions. Although the duration of a standard program has generally
been 6 to 12 weeks,*’® a recent study has demonstrated the benefit of short-term preoperative
rehabilitation in patients undergoing pulmonary resection for non-small cell lung cancer.’
However, its effect on reducing morbidity after pulmonary resection has not been clearly
elucidated.® Thus, we have prospectively implemented a comprehensive preoperative
pulmonary rehabilitation (CHPPR) program that includes intensive nutritional support with
branched-chain amino acids (BCAAs) and herbal medicine supplementation concomitant
with standard physical exercise through aninterdisciplinary team approach.

Sarcopenia is a syndrome characterized by progressive and generalized loss of skeletal
muscle mass and strength.’ Within the medical community, sarcopenia is recognized as a
serious condition that is often associated with poor physical mobility and negative clinical
outcomes among older adults.™ Peng et al. reported that sarcopenia was associated with an
increased risk of major postoperative complications after liver resection for colorectal liver
metastases,” and Lieffers et al. reported that sarcopenia was a predictive factor for
postoperative infections and delayed recovery from colorectal cancer resection.'? However,
few studies have focused on the effects of preoperative pulmonary rehabilitation in patients
with sarcopenia scheduled to undergo pulmonary resection.

We have demonstrated the beneficial effects of our CHPPR program.”™™ However, little
attention has been given to the association between sarcopenia and postoperative
complications. Amain component of our CHPPR program is intensive nutritional support with
BCAAs that serve as essential substrates and important regulators of protein synthesis in
muscle tissue. However, the effect of BCAA supplementation on the clinical outcomes of
patients with sarcopenia and lung cancer patients remains unclear. Thus, the main objective
of the present study was to determine the efficacy of our specific CHPPR program for reducing
morbidity after lung resection, especially in elderly (>70 years of age), low body weight
(percentage ideal body weight <90%) patients.

Materials and Methods

Study populationand CHPPR protocol

Since June 2009, we have prospectively implemented a CHPPR program that includes
three main components: (1) Multiple sessions of potential high-intensity physical therapy and
exercise (atleast twice a week for 2 to 5 weeks), guided and assessed by physical therapists;
(2) intensive nutritional support with BCAAs (6.4 g/day) (Hepas Second™; Clinico Co., Tokyo,
Japan or Aminofeel™; Terumo Co., Tokyo, Japan) and herbal medicine supplementation
(Hochuekkito™; Tsumura Co., Tokyo, Japan), guided and assessed by registered dieticians;
and (3) an interdisciplinary team approach (Figure 1)." The protocol of this study was
approved by Institutional Review Board Ethics Committee and informed consent was
obtained from all enrolled patients. Team conferences on an equal basis with all involved
specialists, including doctors, physical therapists, dieticians, nurses, physiology laboratory
technicians, and a clinical research coordinator, were routinely held to discuss efficient
strategies forimproving each patient’s status.

Figure 1. Three fundamental components of the CHPPR protocol

Physical therapy Intensive

At least 2 times per week nutritional support
for 2 to 5 weeks (multiple BCAA and herbal

sessions) medicine administration

\CHPPR /

Interdisciplinary team approach
Routine conferences by multiple specialists
on an equal footing

CHPPR program includes potential high-intensity physical therapy concomitant with intensive
nutritional support with BCAAs and herbal medicine supplementation through an interdisciplinary team
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approach. Abbreviations: BCAA, branched-chain amino acid; CHPPR, comprehensive preoperative
pulmonary rehabilitation.

Patients who met at least one of the following criteria were recommended to participate in
the CHPPR program: age =70 years, percentage vital capacity <80%, forced expiratory
volume in one second (FEV1)/forced VC <70%, and percentage ideal body weight <90%. The
preoperative evaluation of patients did not routinely include a 6-minute walking or stair
climbing test.

Between 2006 and 2015, 171 patients aged >70 years underwent standard lobectomy for
lung cancer at our hospital. Twelve patients with a low body weight (sarcopenia-related,
Group A) and 62 patients without a low body weight (sarcopenia-unrelated, Group B)
underwent surgery after CHPPR. Twenty-four patients with a low body weight (sarcopenia-
related, Group C) and 73 patients without a low body weight (sarcopenia-unrelated, Group D)
refused to participate in the CHPPR program. The assignment of patients was mainly based
on their preference. Therefore, this was not a randomized study. Eight of the 171 patients
included in this study had a performance status of 22, mainly due to dementia. Three of the 8
patients participated in the CHPPR program and completed it with the assistance of their
family.

Assessment of postoperative outcome

The postoperative outcomes of the 4 groups were assessed. Morbidity was defined as the
ratio of patients who developed postoperative complications of Grade =2 according to the
Clavien-Dindo classification system. Changes in pulmonary function between pre and post
CHPPR were evaluated.

Statistical analyses

Comparisons were performed using JMP software for Windows (version 9.02; SAS
Institute, NC, USA). Results are expressed as means * standard errors. Differences in
characteristics and postoperative complication rates (morbidity) between the CHPPR and
non-CHPPR groups were determined using the Mann-Whitney U test or Fisher’s exact test.
Univariate and multivariate logistic regression analysis of morbidity was also conducted.
Differences were considered statistically significantat P<0.05.

Results

Characteristics and postoperative outcomes

Table 1 shows the patient characteristics and perioperative conditions, including
preoperative risk score of Estimation of Physiological Ability and Surgical Stress," of the 4
groups. Although there was no significant difference in stage distribution (P = 0.927),
statistically significant differences were observed in the operative time (P <0.007) and amount
of blood loss (P =0.001) between the 4 groups. The postoperative morbidity rates were 17%,
16%, 63%, and 21% for Groups A, B, C, and D, respectively (Figure 2). For patients who
participated in the CHPPR program (Groups Aand B), there was no difference in the morbidity
rate between sarcopenia-related (Group A) and sarcopenia-unrelated (Group B) patients (P =
1.000). For patients who did not participate in the CHPPR program (Groups C and D), there
was a significant difference in the morbidity rate, with patients in Group C (sarcopenia-related)
developing postoperative morbidity significantly more frequently than patients in Group D
(sarcopenia-unrelated) (P < 0.007). One patient in Group B and 4 patients in Group C died
from postoperative complications. The cause of death in the patientin Group B was empyema.
Three patients in Group C died of acute exacerbation of interstitial pneumonia. The other
patientin Group C died suddenly from an unknown cause.
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Table 1. Patient characteristics

Group A
Characteristic
n=12

CHPPR Yes

Sarcopenia-related Yes

Age (years), mean + SE 75.5 1.1 76.2+1.6 755%0.8 755%0.5
Sex (female/male) 517 22/40 5/19 31/42

%VC, mean + SE 105.0£5.3 99.2+23 92.7+3.7 100.3 £2.1
FEV1.0%, mean = SE 78.2+2.38 744 +£12 75.8+2.0 744 +1.1
Approach (VATS/open) 1M 53/9 1717 57/16
Operative time (mins), mean + SE 2221+265 219.7+11.7 3185+187 285.0+10.7
Blood loss (g), mean + SE 1742 £96.2 159.9+423 479.2+68.0 251.2+39.0
pStage (IAB/IIAB/III-IV)? 8/2/2 38/14/10 18/3/3 49/15/9
Smoking status (never/former or current) 5/7 21/41 7717 25/48

PRS of E-PASS, mean + SE 0.476 £0.051 0.488+0.042 0.455+0.036 0.475+0.038

*“Tumor-node-metastasis classification (7th edition)

Abbreviations: CHPPR, comprehensive preoperative pulmonary rehabilitation; E-PASS, Estimation of
Physiological Ability and Surgical Stress; FEV1.0%, forced expiratory volume in one second/forced Vital
capacity; PRS, preoperative risk score; pStage, pathological stage; SE, standard error; VATS, video-
assisted thoracic surgery; %VC, percentage vital capacity.

Figure 2. Morbidity rates after standard lobectomy in patients with and without sarcopenia

P=0.0002

P=1.000

Group A Group B Group C Group D

Sarcopenia-related + — + —

CHPPR + + _ _

The postoperative morbidity rates of patients in Groups A, B, C, and D were 17%, 16%, 63%, and 21%,
respectively. Abbreviations: CHPPR, comprehensive preoperative pulmonary rehabilitation.

Efficacy of CHPPR for sarcopenia-related patients

Ofthe patients in the sarcopenia-related groups (Groups Aand C), those who participated in
the CHPPR program (Group A) had a significantly lower morbidity rate than those who did not
participate in the CHPPR program (Group C) (P = 0.014). In addition, for patients in the
sarcopenia-related groups (Groups A and C), univariate logistic regression analysis of risk
factors for morbidity showed that age, operative approach, operative time, amount of blood
loss, and CHPPR participation were statistically significant factors associated with morbidity
(P=0.046,P=0.007,P=0.001,P=0.004,and P=0.007, respectively) (Table 2). Multivariate
logistic regression analysis revealed that age and CHPPR participation were independent
significant factors for reducing morbidity rates (P =0.043 and P = 0.039, respectively) (Table
3). Table 4 shows the differences in types and grades of postoperative complications between
Groups Aand C. Group C had a higher grade and frequency of postoperative complications
than Group A. Changes in percentage vital capacity and forced expiratory volume in one
second in Group A were not significantly different before and after CHPPR (P=0.078 and P =
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0.279, respectively).

Table 2. Univariate logistic regression analysis for postoperative morbidity in patients with
sarcopenia

Factor Odds ratio 95.0% CI P-value

Age (years) 1.23 1.00-1.56 0.046
Sex (male/female) 2.72 0.61-14.88 0.194
%VC 0.98 0.94-1.02 0.252
FEV1.0% 0.98 0.92-1.04 0.490
Approach (VATS/open) 0.08 0.00-0.53 0.007
Operative time (mins) 1.01 1.00-1.03 0.001

Blood loss (g) 1.00 1.00-1.01 0.004

Smoking status (never/former or
current)

CHPPR (yes/no) 0.12 0.02-0.58 0.007

2.34 0.58-10.92 0.234

Abbreviations: CHPPR, comprehensive preoperative pulmonary rehabilitation; CI, confidence
interval; FEV1.0%, forced expiratory volume in one second/forced Vital capacity; VATS, video-assisted
thoracic surgery; %VC, percentage vital capacity.

Table 3. Multivariate logistic regression analysis for postoperative morbidity in patients with
sarcopenia

Factor Odds ratio 95.0% CI P-value

Age (years) 1.36 1.01-1.96 0.043
Sex (male/female) 9.52 6.85e-7-31.68 0.522
%VC 1.04 0.97-1.12 0.304
FEV1.0% 1.03 0.94-1.15 0.510
Approach (VATS/open) 0.35 0.01-5.99 0.472
Operative time (mins) 1.00 0.98-1.03 0.781

Blood loss (g) 1.00 1.00-1.01 0.458

Smoking status (never/former or
current)

CHPPR (yes/no) 0.07 0.00-0.89 0.039

20.2 0.01-2332124 0.343

Abbreviations: CHPPR, comprehensive preoperative pulmonary rehabilitation; Cl, confidence
interval; FEV1.0%, forced expiratory volume in one second/forced Vital capacity; VATS, video-assisted
thoracic surgery; %VC, percentage vital capacity.

Table 4. Postoperative complications in patients with sarcopenia according to the Clavien-
Dindo classification

CHPPR Non-CHPPR
Complication Grade(s)
(n=12) (n=24)

1(8.3%) 4 (16.7%)
Respiratory
1(8.3%) 6 (25.0%)

(
(

(0.0%) 2 (8.3%)
Cardiovascular
(0.0%) 0 (0.0%)
(0.0%) 1(4.2%)

0
0
0
0

(0.0%) 2 (8.3%)

1(8.3%) 7 (29.2%)
1(8.3%) 8 (33.3%)
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Abbreviations: CHPPR, comprehensive preoperative pulmonary rehabilitation.

Discussion

Pulmonary rehabilitation has been recommended as a component of perioperative
management to enhance recovery after thoracic surgery.” However, the impact of
preoperative pulmonary rehabilitation for patients with lung cancer, with special emphasis on
postoperative complications, requires further investigation.” Since patients with malignant
disease should undergo surgery without delay, an effective, short-term, preoperative
pulmonary rehabilitation program should be adopted. Therefore, comprehensive
management strategies for these patients remain an important issue. To establish an
enforceable and beneficial short-term preoperative pulmonary rehabilitation program for
outpatients, we developed the CHPPR protocol, consisting of potential high-intensity physical
therapy, intensive nutritional support with BCAAs and herbal medication, and an
interdisciplinary team approach. Although there is a growing body of evidence to suggest that
patients with sarcopenia tend to have poorer clinical outcomes,”” the present study
demonstrates that a CHPPR program could aid in the reduction of morbidity rates after lung
resectionin elderly, low body weight patients.

Preoperative nutritional status may be an important predictor of morbidity and mortality in
patients undergoing surgery for malignant disease."®” However, effective preoperative
nutritional intervention has not yet been elucidated. BCAAs are among the nine essential
amino acids for humans. They play an important role in the formation of skeletal muscle
because they account for 35% of the essential amino acids in muscle proteins.” Several
studies have demonstrated that glutamine supplementation, which is produced by BCAAs,
improves clinical outcomes and function under certain pathological conditions.”* Recent
literature has reported that BCAA supplementation could be beneficial in improving whole-
body protein metabolism in patients with chronic obstructive pulmonary disease.* Takata et
al. demonstrated the efficacy and safety of BCAA supplementation used in conjunction with
cardiac rehabilitation for patients with chronic heart failure.?® Furthermore, it is usually difficult
to achieve adequate nutritional intake in elderly patients with pulmonary disorders. For
maintenance or improvement of appetite, herbal medications, such as Hochuekkito™, have
been recognized as beneficial supplements, and the effects of such medications on chronic
obstructive pulmonary disease have also been evaluated in terms of quality of life.”® In
consideration of the aforementioned evidence, we adopted BCAA and herbal medicine
administration as intensive nutritional support within our CHPPR program. Although the main
aim of intensive nutritional support with BCAA and herbal medicine administration is to
support high-intensity physical exercise, the results of the current study demonstrate that
preoperative nutritional modification itself may have beneficial effects on postoperative
outcomes in patients with sarcopenia-related disease. Previously, changes in hematological
nutritional status had been assessed in 17 consecutive patients who had undergone CHPPR,
although this included both patients with and without sarcopenia (data not published).
Changes in retinol, but not prealbumin, values in blood were statistically significant between
pre and post CHPPR (P =0.022 and P = 0.078, respectively). This suggests that our specific
CHPPR protocol has a beneficial nutritional effect despite the relatively short-term program.

Recently, immunonutrition, which is the combination of standard nutritional formulas and
immunonutrients, such as glutamine, arginine, and polyunsaturated fatty acids (omega-3),
has been widely implemented.” A growing body of evidence suggests that immunonutrition
can reduce infectious postoperative conditions. Therefore, further investigations using
various types of nutritional support intervention should be conducted to establish more
sophisticated and effective preoperative pulmonary rehabilitation protocols.

Throughout this study, the empowerment of patients and medical staff has been a key factor
in our specific CHPPR protocol. The interdisciplinary team approach, which was
accomplished through routine conferences on an equal basis with all involved specialists and
multiple sessional assessment and guidance for individual patients by multiple specialists, is
anintegral elementfor the willingness of not only the patients, but also the team members.

This study has several limitations. First, it was based on data from patients recruited at a
single institution. Second, the study cohort was not randomized. Third, the number of patients
in our cohort was relatively small. Finally, although evaluating changes in pulmonary function
and body weight did not show a statistically significant improvement, various other factors,
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such as body composition, muscle mass, and length of hospital stay will need to be evaluated
to fully elucidate the efficacy of our specific CHPPR protocol. Further investigations using
larger sample sizes are warranted to better determine how our CHPPR program contributes to
patientoutcomes.

Although this was not a randomized controlled study and the sample size was limited, the
relatively short-term CHPPR program, which comprised three fundamental components,
appeared to have beneficial effects for elderly, low body weight patients scheduled to undergo
standard lobectomy for lung cancer. There is growing evidence to suggest that preoperative
interventions based on moderate to intense aerobic exercise in patients undergoing lung
resection for lung cancer improve functional capacity and reduce postoperative mortality.
However, more comprehensive and sophisticated management strategies for patients with
lung cancer planning to undergo pulmonary resection need to be investigated.

Conclusion

Our CHPPR protocol comprising several integral components (physical therapy, intensive
nutritional support, and an interdisciplinary team approach) appeared to have a beneficial
effecton elderly, low body weight patients scheduled to undergo pulmonary resection.
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