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ABSTRACT

Objective: To explore a model suitable for enhanced re-
covery after surgery (ERAS) for elderly patients with lung
cancer in this region.

Methods: A total of 200 elderly patients with lung cancer
who were admitted to our department and received thor-
acoscopic surgery from January 1, 2020, to December 31,
2021, were enrolled as observation subjects and were
randomly assigned to an ERAS group (100 cases) and a
control group (100 cases). All patients were aware of and
agreed to enter the study, and the protocols were
approved by the hospital ethics committee (2021 Medical
Ethics Review 26). The incidence of postoperative pulmo-
nary complications, duration of postoperative chest tube,
postoperative pain, and pulmonary function (including
forced vital capacity (FVC) and forced expiratory volume
in 1 second (FEV1)) on postoperative day 7 were com-
pared between the 2 groups.

Results: The incidence of postoperative pulmonary com-
plications was significantly lower in the ERAS group
(8.00%) than in the control group (18.00%). The incidence
of postoperative atelectasis in the ERAS group (2%)was sig-
nificantly lower than that in the control group (10%). The
duration of postoperative chest tube in the ERAS group
(2.576 0.72 days) was significantly shorter than that in the
control group (3.926 1.54 days). The postoperative pain
score of the ERAS group (2.146 0.86) was significantly
lower than that of the control group (3.786 1.15). On post-
operative day 7, both FVC and FEV1 in the ERAS group

were significantly better than those in the control group.
SPSS 20was used for statistical analysis, and the P< .05was
considered clinically significant.

Conclusion: The ERAS model established in our depart-
ment can reduce the incidence of postoperative compli-
cations, relieve postoperative pain, and better protect the
lung function of elderly patients with lung cancer. The
model is worth promoting because it enhances recovery
after surgery and reduces the family burden of patients.

Key Words: Complications, Enhanced recovery after
surgery, Lung cancer, Thoracoscopic surgery, Uniportal
thoracoscopic.

INTRODUCTION

Lung cancer has become the leading malignant tumor in
China in terms of incidence andmortality, with a large num-
ber of new cases every year.1,2 With the aging of the popula-
tion in China, the number of elderly (�60 years old) lung
cancer patients continues to increase, accounting for
approximately 50% of all lung cancer patients, and the diag-
nosis and treatment of elderly lung cancer patients is becom-
ing a substantial challenge for clinicians.3,4 For elderly
patients with resectable lung cancer, thoracoscopic radical
resection is still the standard treatment approach. Based on
postoperative pathological staging, some patients may
require adjuvant radiochemotherapy, targeted therapy, or
immunotherapy. With the development of thoracoscopic
technology, surgical trauma has decreased, resulting in a
corresponding increase in the 5-year survival rate for
patients.5 However, lung cancer surgery is still an invasive
surgery, and its impact on cardiopulmonary function is
more significant than that of other surgical procedures. In
addition, elderly patients have a poor physiological and psy-
chological status, and most have underlying diseases such
as hypertension, coronary heart disease, and chronic ob-
structive pulmonary disease. As a result, elderly patients
with lung cancer generally have a slower postoperative re-
covery, a corresponding increase in the incidence of
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postoperative complications, and a longer hospital stay than
do ordinary patients, imposing an additional financial bur-
den on the patient’s family.6–8

Since the concept of enhanced recovery after surgery
(ERAS) was introduced to China by Jieshou Li in 2007, it
has gradually been incorporated into multiple surgical
specialties. The core value of ERAS is to apply a series of
measures that have been proven by evidence-based medi-
cine to reduce the stress and trauma of surgery on
patients, thereby reducing the postoperative hospital stay
and accelerating the postoperative recovery of patients.
For the rehabilitation of elderly patients with lung cancer,
major centers or hospitals have experience, but there is a
lack of high-level evidence-based data and guideline
recommendations, and there are significant regional dif-
ferences. For example, West China Hospital, Sichuan
University, Qilu Hospital of Shandong University, and
Nanjing General Hospital of Nanjing Military Command
have reported their experience with the application of
ERAS in thoracic surgery, providing inspiration for this
study.18,19 The purpose of this study was to design a set of
ERAS programs that are suitable for our department, easy
to implement, and highly accepted by patients, aiming to
accelerate recovery and discharge.

MATERIALS AND METHODS

Clinical Data and Grouping

A total of 200 elderly patients with lung cancer who were
admitted to the Department of Thoracic and Cardiac
Surgery from January 1, 2020, to December 31, 2021, were
selected as observation subjects. The inclusion criteria
were as follows: (1) patients with nonsmall-cell lung cancer
who underwent thoracoscopic surgery, including lobec-
tomy, pulmonary segmentectomy and wedge resection in
our department; (2) age� 60 years; (3) no severe cardio-
pulmonary disease (like coronary heart disease, valvulop-
athy, destroyed lung and bronchiectasia) before surgery;
(4) family members were aware of and agreed to partici-
pate in the clinical trial, which received approval by the
hospital ethics committee. The exclusion criteria were as
follows: (1) patients with small cell lung cancer; (2) patients
whose procedure was converted to open surgery or com-
bined lobectomy due to various reasons; (3) patients who
were transferred to the intensive care unit after surgery;
(4) patients with visual and hearing impairment; (5)
patients with a previous history of chest surgery or with
chronic pain; (6) patients who had previously received

radiotherapy, chemotherapy or immunotherapy; and (7)
patientswho refused to participate.

A total of 200 patients were enrolled in the study: 111
males and 89 females, with ages ranging from 60–87 years
and an average age of 69.176 5.74 years. The patients
were randomly divided into an ERAS group and a control
group by coin-toss. There were 100 patients in the ERAS
group: 57 males and 43 females, with an average age of
68.826 5.40 years. There were 100 patients in the control
group: 54 males and 46 females, with an average age of
69.436 6.04 years. There were no significant differences
between the 2 groups in terms of sex, age, tumor location,
smoking status (�1 pack/day; <1 pack/day), duration of
surgery and surgical status. The general information of the
patients is provided in Table 1.

Methods

This was a randomized controlled study. All patients pro-
vided informed consent for this study, and the enrolled
patients were grouped by coin-toss. The postoperative
rehabilitation training was completed under the guidance
of doctors and nurses in our department. The patients in
the ERAS group and the control group received preopera-
tive oral education.

Preoperative education
The medical history of each participant was obtained to
determine the presence or absence of underlying diseases
and history of drug allergies. The patients were provided
an introduction to the department environment and
safety, visiting system and visiting hours, and doctors and
nurses, as well as provided disease-related and surgery-
related information. The 2 groups of patients were
encouraged to exercise and maintain proper nutritional
support before surgery. Patients in the ERAS group were
also introduced to the concept and necessity of ERAS to
relieve anxiety to better cooperate with the ERAS model;
additionally, information regarding postoperative pain
and analgesia and related analgesic drugs was provided.

Preoperative respiratory function exercise
For both the ERAS group and the control group, preopera-
tive respiratory function exercises were taught to each
participant by the nurses in charge. For the control group,
the active cycle of breathing technique (ACBT) sputum
discharge method and the balloon-blowing method were
mainly included. (1) For the ACBT sputum discharge
method, each patient developed an appropriate speed
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and depth of tidal breathing appropriate for their own
conditions, with relaxed shoulders, abdominal breathing
as much as possible, and coughing after holding the
breath for 2–3 seconds at the end of inhalation to remove
sputum. (2) For the balloon-blowing method, each patient
took a deep breath, then blew a balloon vigorously for 1–
2 seconds and then released it; the cycle was repeated 4–6
times. The ERAS group utilized a homemade simple respi-
ratory function exerciser (self-developed by the depart-
ment, patent number: ZL201930236718.4) and employed
pursed lips abdominal breathing and respiratory gymnas-
tics. (1) For the homemade simple respiratory function ex-
erciser was used 4–6 times per day, 5–10minutes each
time; the postoperative frequency was the same as that
before surgery, but the time was dynamically managed
based on the postoperative recovery and physical
strength of the patient, and a nurse was responsible for
guidance and recording notes. (2) For pursed lips abdom-
inal breathing, the patients were helped to a sitting or
semirecumbent position. Each patients closed his or her
mouth and inhaled deeply, held his or her breath for 2–
3 seconds, puckered his or her lips as if going to whistle,
leaned his or her chest slightly forward and exhaled
slowly. (3) For the breathing gymnastics exercises, each
patient was helped to abduct the upper limbs to approxi-
mately 150°, held his or her head with both hands, slowly

opened the elbows with inhalation, held his or her breath
for 2–3 seconds at the end of inhalation, and opened his
or her hands naturally during exhalation.

Preoperative preparation
Research has shown that fasting for foods and liquids can
cause thirst, dehydration hunger and aggravating stress
response. The ERAS group strictly fasting for 6 hours and
no water for 2 hours before operation. However, the con-
trol group followed the traditional approach.

Surgical condition
Patients in all groups underwent general anesthesia and
double-lumen endotracheal intubation, and 1-lung ven-
tilation of the contralateral lung was performed after the
start of the procedure. In the ERAS group: (1) the effec-
tive ventilation volume was increased by a small tidal
volume (5–6ml/kg) and high respiratory rate (14–16
times/minute); the peak airway pressure was monitored
in a <25 cm water column. (2) Intraoperative body tem-
perature protection was performed by insulation blanket
(3M) and keep patient’s intraoperative body temperature
not lower than 36°C. (3) Intraoperative fluid supply was
controlled lower than 1000ml to prevent pulmonary
edema. (4) Generally, no indignant catheter would be

Table 1.
General Information

Name ERAS Group Control Group Statistical Value P-value

Sex (patients, %)

Male 57 (57%) 54 (54%) x 2 5 0.182 0.669

Female 43 (43%) 46 (46%)

Age (x6 s, years) 68.826 5.40 69.436 6.04 t5 0.807 0.193

Tumor location (cases, %)

Upper lobe of lung 63 (63%) 54 (54%) x 2 5 1.899 0.387

Middle lobe of lung 5 (5%) 8 (8%)

Lower lobe of lung 32 (32%) 38 (38%)

Smoking status (patients, %)

Smoking (�1 pack/day) 68 (68%) 65 (65%) x 2 5 0.202 0.653

Nonsmoking (<1 pack/day) 32 (32%) 35 (35%)

Duration of surgery (minutes) 153.226 65.11 163.886 65.28 t 5 �1.127 0.261

Surgical condition

Lobectomy 59 66 x 2 5 4.362 0.113

Segmentectomy 11 7

Wedge resection 30 17
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placed if the estimated anesthetic time is less than
4 hours. While the control group also followed the tradi-
tional approach.

Postoperative analgesia
After surgery, patients in both groupswere evaluated using
a numeric rating scale (NRS). A score of 0 indicated no pain,
a score of 1–3 indicated mild pain, a score of 4–6 indicated
moderate pain, and a score of 7–9 indicated severe pain.
Patient-controlled analgesic pumps (ondansetron injection
8mg, sufentanil 100 mg, flurbiprofen axetil 50mg add nor-
mal saline to 100ml)were used for postoperative pain con-
trol in both groups. In the control group, when the NRS
score was �4, diclofenac sodium sustained-release tablets
(Tianjin Zhongxin Pharmaceutical, 50mg) were given. The
ERAS group began taking oral diclofenac sodium sus-
tained-release tablets (Tianjin Zhongxin Pharmaceutical,
50mg) from the day before surgery for preventive analge-
sia (1 tablet, twice per day).

Early ambulation after surgery
The family members or nurses assisted patients sitting up
on the bed, and then the lower limbs were allowed to hang
down on the side of the bed. After adapting to that position
for 2–3minutes, with no obvious dizziness, palpitation,
chest tightness, the patient got out of bed and stood for 2–
3minutes. After adapting to that position, patients walked
slowly in the hallway (approximately 120–180 meters). If
dizziness was severe and blood oxygen saturation progres-
sively decreased, ambulation was stopped. As the follow-
up condition improved, the number of times and distance
of ambulation increased appropriately.

Target Data

The differences in the incidence of postoperative pulmo-
nary complications, postoperative drainage, postopera-
tive pain, and pulmonary function (forced vital capacity
[FVC] and forced expiratory volume in 1 second [FEV1])
on postoperative day 7 were compared between the 2
groups.

Statistical Methods

SPSS 20 was used for statistical analysis. Measurement
data are presented as the mean 6 standard deviation, and
2 independent sample t tests were used to compare the
data between the 2 groups. Count data are expressed as a
percentage, and the data between the 2 groups were

compared using the x 2 test. The test level was a 5 0.05.
and the P <.05 was considered clinically significant.

RESULTS

The comparison of preoperative pulmonary function
between the 2 groups of patients showed no significant
differences in FVC or FEV1 (P > .05); the results are pro-
vided in Table 2.

The incidence of postoperative pulmonary complications
in the 2 groups. After thoracic surgery, postoperative pul-
monary complications, such as pulmonary infection, ate-
lectasis, air leakage, and respiratory failure, are common.
In this study, 8 patients in the ERAS group had complica-
tions, including 4 cases of pulmonary infection, 2 cases of
atelectasis, and 2 cases of air leakage. Eighteen patients in
the control group had complications, including 6 cases of
pulmonary infection, 10 cases of atelectasis, and 2 cases
of air leakage. Respiratory failure was not observed in the
2 groups (Figure 1). The overall incidence of complica-
tions in the ERAS group (8%) was significantly lower than
that in the control group (18%). Further analysis indicated
that there was a significant difference in the incidence of
postoperative atelectasis between the 2 groups, i.e., signif-
icantly lower in the ERAS group (2%) than in the control
group (10%) (Table 3).

Criteria for removing the chest tube (no air leakage and
drainage �200ml) are same between the 2 groups.
However, the postoperative drainage for patients in the
ERAS group (2.576 0.72 days) was significantly shorter
than that for patients in the control group (3.92 6
1.54 days). The postoperative pain score for patients in
the ERAS group (2.146 0.86 points) was significantly
lower than that for patients in the control group
(3.786 1.15 points) (Table 4).

The pulmonary function on postoperative day 7 was
shown by box diagram (Figure 2), both FVC and FEV1 in

Table 2.
Comparison of Preoperative Pulmonary Function between the 2

Groups of Patients

Group ERAS Group Control Group t value P-value

Number of
patients

100 100

FVC 2.616 0.69 2.526 0.69 0.860 0.391

FEV1 2.246 0.59 2.196 0.57 0.545 0.587
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the ERAS group were significantly better than those in the
control group (Table 5).

DISCUSSION

As a common malignant tumor, the number of new lung
cancer cases is high every year. China is a major tobacco
consuming country and one of the countries with a high
incidence of lung cancer. Although the disease spectrum of
lung cancer is changing and diagnosis is occurring at
younger ages, current data indicate that elderly individuals

still account for approximately 50% of all lung cancer
patients. In addition, most elderly patients are complicated
with cardiovascular diseases and pulmonary diseases, lead-
ing to varying degrees of postoperative complications and
to the prolongation of postoperative hospital stays among
elderly patients, even resulting in rehospitalization for a
short period after surgery, placing a great burden on fami-
lies and society. With the aging of the population, the vast
majority of these patients must return to society and fami-
lies as soon as possible after surgery; therefore, there is an
extremely high necessity for ERAS.9–11

Figure 1. Postoperative pulmonary complications.

Table 3.
Comparison of the Incidence of Postoperative Pulmonary Complications between the 2 Groups

Group ERAS Group Control Group Statistical Value P-value

Number of patients 100 100

Incidence of postoperative pulmonary complications 8% 18% x 2 5 4.421 0.036

Incidence of pulmonary infection 4% 6% x 2 5 0.421 0.516

Incidence of atelectasis 2% 10% x 2 5 5.674 0.017

Table 4.
Postoperative Drainage and Pain in the 2 Groups

Group ERAS Group Control Group t value P-value

Number of patients 100 100

Postoperative drainage (days) 2.576 0.72 3.926 1.54 �7.758 0.000

Postoperative pain score 2.146 0.86 3.786 1.15 �5.320 0.017
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Existing data indicate that the ERAS model is only well
developed for colorectal surgery, with a consensus among
Chinese experts on ERAS for colorectal surgery. For tho-
racic surgery, there are not a large number of clinical trials
or high-level evidence-based data for elderly patients with
lung cancer. Moreover, the ERAS concept involves multi-
ple aspects of the perioperative period, including anesthe-
sia, surgery, and nursing. ERAS mainly includes effective
preoperative respiratory exercises, minimally invasive sur-
gery, early feeding, early ambulation, and controlled infu-
sion. Most of the existing recommended measures are
derived from clinical experience with colorectal surgery.
There are still no high-level evidence-based data regard-
ing the implementation of ERAS in the postoperative reha-
bilitation of elderly patients with lung cancer after
thoracic surgery.12–13 The data indicate that measures such
as smoking cessation for at least 2weeks before surgery,

preoperative respiratory function exercises, preoperative
abdominal respiration and pursed lip breathing education
and training, effective postoperative cough and sputum
expectoration, early ambulation, nutritional assessment
and necessary nutritional support, postoperative analgesia
and early removal of the chest tube can accelerate the
rapid postoperative recovery of lung cancer patients.14

This was a randomized controlled study. We fully consid-
ered the current situation of patients in this region and
developed a series of perioperative measures for ERAS to
investigate the effects of ERAS on the incidence of postop-
erative pulmonary complications, postoperative drainage,
postoperative pain, pulmonary function on postoperative
day 7 and postoperative hospital stay among elderly
patients with lung cancer. We found that the incidence of
postoperative pulmonary complications in the ERAS group

Figure 2. Box plot of postoperative pulmonary function in the 2 groups.

Table 5.
Pulmonary Function on Postoperative Day 7

Group ERAS Group Control Group t value P-value

Number of patients 100 100

FVC on postoperative day 7 2.416 0.66 2.056 0.58 4.024 0.000

FEV1 on postoperative day 7 2.146 0.55 1.776 0.42 5.446 0.000
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was significantly lower than that in the control group. This
result may be due to the strict preoperative smoking cessa-
tion and active breathing and sputum expectoration train-
ing. Smoking cessation can restore bronchial epithelial cilia
motion, reduce chronic airway inflammation, reduce post-
operative bronchial hyperresponsiveness, airway spasms,
and increase airway resistance.15,16 Active sputum excre-
tion training can allowpatients to eliminate sputum as soon
as possible after surgery and, to a certain extent, avoid the
occurrence of atelectasis and pulmonary infection. Second,
the short postoperative drainage and lower pain score in
the ERAS group may also play a certain role in preventing
the occurrence of pulmonary complications. In addition,
due to the decrease in the incidence of complications, the
postoperative hospital stay in the ERAS group was also
shorter than that in the control group. In the last, we think
there are several possibilities lead a shorter postoperative
drainage time after operation. (1) Lower incidence of post-
operative complications, especially lower incidence of
postoperative air leakage. (2) Effective cough and sputum
promote lung reexpansion. (3) Early ambulation after sur-
gery encourages the fluid drainage.

Existing data indicate that elderly patients have poor tho-
racic compliance and weak postoperative respiratory mus-
cle strength, resulting in poor pulmonary function reserve
and a more significant postoperative pulmonary function
reduction. In our study, the postoperative pulmonary func-
tion results indicated that both the FVC and FEV1 values
were better in the ERAS group. This may be due to the fol-
lowing possible reasons. First, preoperative respiratory
function exercise is equivalent to artificially increasing in-
ternal respiratory pressure, which can improve hypoxemia,
alveolar collapse, and small airway spasms. With less pain,
active coughing and sputum expectoration are more vigor-
ous. Second, early postoperative ambulation can not only
increase respiratory amplitude and alveolar ventilation,
help expel respiratory secretions, and reduce the incidence
of pulmonary infection and atelectasis but also promote the
recovery of intestinal function and better nutrient absorp-
tion. In addition, psychologically, early ambulation reduces
anxiety, which is conducive to improving pulmonary func-
tion and accelerating recovery.17

This study has some limitations. First, different surgeons
choose different surgical approaches, mainly contains uni-
portal thoracoscopic surgery, single-operation port thoraco-
scopic surgery. The proportion of uniportal thoracoscopic
surgerywas 69% in ERAS group,while 64% in control group.
Although there is no statistically significant difference in the
proportion of surgical methods between the 2 groups

(x 25 0.561,P5 .454). If the surgicalmethodswere standar-
dized, the study results may be more accurate. Finally, this
study lacked an assessment of long-term quality of life and
follow-up, and thus, it is not knownwhether improvements
in pulmonary function improve the long-term quality of life
of patients.
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