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Abstract
Objective  An enhanced recovery after surgery (ERAS) program might be effective for postoperative recovery in elderly 
patients undergoing thoracic surgery. This study aimed to clarify the impact of ERAS on the post-operative recovery of 
elderly patients, with regard to shortening hospital stay and reducing complications after open thoracic surgery.
Methods  We used a prospectively collected database and retrospectively accessed the data of patients who underwent 
lobectomies or segmentectomies for pulmonary malignancies from April 2013 to March 2018 and evaluated outcomes after 
implementation of ERAS. ERAS patients were those who completed an ERAS program. The control patients were those 
who underwent surgery before June 2015 and later operated patients who did not receive ERAS. Propensity score matching 
was performed to balance the characteristics of patients in both groups. Patients were also divided into the following three 
groups for evaluating the efficacy of ERAS: patients aged < 65 years, 65–74 years of age, and ≥ 75 years of age.
Results  Before propensity score matching, the ERAS patients had shorter postoperative stay, shorter duration of chest tube 
drainage, and lower rate of postoperative complications than the patients without ERAS. The difference between readmission 
rates was not significant. After matching, the ERAS patients had shorter postoperative stay. The difference between readmis-
sion rates was not significant. After matching, the postoperative hospital stay was shorter in the patients aged ≥ 65 years.
Conclusions  ERAS shortened the length of postoperative hospital stay in patients aged ≥ 65 years and did not increase 
readmission rates.
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Introduction

Elderly patients tend to have comorbidities and be physically 
impaired. Although they recognized that the treatment for 
non-small cell lung cancer (NSCLC) should not be denied 
based on chronologic age alone [1], Seely et al. showed that 
the treatment complication rate was higher in patients older 
than 71 years of age [2]. Rivera et al. found higher mor-
tality in older patients [3]. However, differences between 
morbidity rates, mortality rates, and the quality of life of 

patients older than 70 years versus younger patients who 
underwent lung cancer resection were not significant [4]. 
Advances in perioperative management and surgical tech-
niques could have resulted in the safety of thoracic surgery 
in elderly patients.

Enhanced recovery after surgery (ERAS) is an approach 
aimed at achieving an uneventful recovery after thoracic 
surgery [5–13]. It applies evidence-based methods that are 
focused on providing an improved postoperative recovery, 
which includes early ambulation; multimodal, opioid-
sparing analgesia; and reduction in surgical stress. ERAS 
might improve the outcome of surgery, decrease costs [12], 
shorten the length of time to full recovery, and improve the 
patient’s quality of life. Therefore, ERAS might be effective 
for improving the postoperative recovery of elderly patients 
undergoing thoracic surgery. However, the effects of ERAS 
management have not been clarified in elderly patients.

The purpose of this study was to clarify the impact of 
ERAS on the postoperative recovery of elderly patients, 
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which includes shortening hospital stay and reducing the 
complication rate after open thoracic surgery.

Patients and methods

This was a retrospective study using our institution’s pro-
spectively collected patient database. Our institutional Eth-
ics Committee approved this study and waived the need for 
informed consent, since patient data remained anonymous.

Study design

We used an established prospectively collected database for 
patients undergoing thoracic surgery. Our database included 
the following data: (1) patient demographics (age, gender, 
smoking status, body height, body weight, body mass 
index, tumor markers, comorbidities, and pulmonary func-
tion tests), (2) NSCLC stage, (3) surgical procedures, (4) 
pathological findings, (5) complications, and (6) outcomes 
(readmission, site of recurrence, death, and follow-up). The 
data were reviewed weekly by the authors.

With the aim of shortening the hospital stay, reducing 
postoperative complications, and promoting a multidisci-
plinary team approach, we established an ERAS protocol 
that was based on a systematic review by Nicholson et al. 
and was implemented for thoracic surgery starting in June 
2015 [14]. The ERAS protocol consisted of a standardized 
patient education plan on preoperative treatment, a multi-
modal approach to analgesia, timing and details on postop-
erative oral intake, early initiation of ambulation 4 h after 
surgery, and standard chest tube management. Table 1 lists 
the features of the ERAS protocol and non-ERAS man-
agement. Before June 2015, perioperative management 

was based on the discretion of the physician. After June 
2015, although the patients who underwent surgery in the 
morning were able to complete the ERAS protocol, those 
patients who underwent surgery in the afternoon were not 
able to perform early ambulation and oral intake because 
of the lack of patient caretakers at our institution. Those 
patients were not able to complete the ERAS protocol. 
During the study period, the types of analgesia were modi-
fied based on each patient’s comorbidities.

Figure 1 shows the patient enrollment algorithm used in 
this study. Between January 2013 and March 2018, a total 
of 722 consecutive patients underwent complete resection 
for lung cancer or pulmonary metastasis. After exclusion 
of patients undergoing wedge resection (n = 163), pneu-
monectomy (n = 11), carinal resection (n = 1); and patients 
for whom data were not available (n = 12), 535 patients 
were identified. There were 130 patients who received 
and 405 patients who did not receive ERAS management. 
Patients who were treated with neoadjuvant chemotherapy 
or neoadjuvant chemoradiotherapy were included. The 
patients who underwent complete ERAS were defined 
as the investigated group. The control patients were 
those patients who underwent surgery before June 2015 
(n = 232) and those patients who did not obtain complete 
ERAS because of afternoon surgery (n = 173). We com-
pared patient characteristics, durations of hospital stay, 
durations of chest tube drainage, complication rates, and 
readmission rates. Moreover, patients were divided into 
the following three groups: Group 1 consisted of patients 
aged < 65 years; group 2, patients aged 65–74 years; group 
3, patients aged ≥ 75 years. We compared the patients 
within each age group that were further subdivided based 
on receiving or not receiving ERAS, according to duration 

Table 1   Perioperative management

ERAS enhanced recovery after surgery, NSAIDS nonsteroidal anti-inflammatory drugs, POD postoperative day

ERAS (+) ERAS (–)

Preoperative patient education Standardized preoperative education by iPad Non-standardized education
Preoperative chest rehabilitation Performed by physiotherapist in outpatient clinic None
Oral care Performed by dentist None
Intraoperative analgesia Paravertebral block Epidural anesthesia
Chest tube drainage 1 chest tube, 20Fr Based on surgeons’ preference
Postoperative pain control Multimodal analgesia. Acetaminophen (1,000 mg i.v., q6h), 

Celecoxib (200 mg p.o., q12h), and patient-controlled analgesia 
infusion of fentanyl. Diclofenac suppository as rescue

Celecoxib (200 mg p.o., q12h) and 
patient-controlled analgesia infusion 
of fentanyl

Diclofenac suppository as rescue
Early ambulation 4 h after surgery None
Oral intake Clear fluid diet 4 h after surgery and meal on POD 1 POD 1
Removal of chest tube POD 1 if < 240 mL/12 h, nonchylous, not bloody and no air leak. 

No clamp test
Based on surgeons’ preference

Discharge POD 4 Based on surgeons’ preference
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of postoperative hospital stay, duration of chest tube drain-
age, postoperative complication rates, and readmission 
rates.

Before surgery

In the outpatient clinic, each patient underwent preoperative 
evaluations performed by the thoracic surgeon, physician, 
and anesthesiologist. Each patient received patient education 
on his or her disease, rehabilitation, need for early ambula-
tion, and smoking cessation. For education on rehabilita-
tion, a physical therapist trained the patient on how to use 
an incentive spirometer. Patients with comorbidities were 
referred for consultation to the relevant department and spe-
cialist. Each patient was hospitalized the day before surgery. 
The order of surgery was decided by the order of the first 
visiting to our department.

During surgery

Each patient, except those allergic to the agent, received drip 
infusion of a single dose of cefazolin (1.0 g) immediately 
before the skin incision and the same dose 3 h after surgery. 
Lobectomies and segmentectomies that were performed via 
an open thoracotomy were standard procedures at our insti-
tution. The posterolateral thoracotomy incision that spared 
the serratus anterior muscle was approximately 12 cm. The 
rib that was cut varied according to the patient.

A segmentectomy was performed for patients with 
the following characteristics: poor performance status, 
impaired respiratory function and/or severe comorbidi-
ties, or lesions ≤ 2 cm with a ground glass appearance. A 
mediastinal lymphadenectomy was performed for patients 
undergoing lobectomy. A hilar lymphadenectomy and lymph 
node sampling were performed for patients undergoing seg-
mentectomy. A 20 Fr chest tube was positioned apically and 
posteriorly in each patient.

After surgery

Each patient underwent conventional chest radiography 
immediately after surgery and extubation in the operating 
room. Only patients who underwent pneumonectomy were 
admitted to the intensive care unit. Postoperative manage-
ment followed our postoperative protocols, as shown in 
Table 1. To prevent postoperative nausea and vomiting, a 
single dose of intravenous metoclopramide (10 mg) was 
administered before ambulation. Chest radiography and 
blood chemistries were performed on postoperative days 
(PODs) 1 and 4. After the results of day 4 examinations 
were reviewed, the patient was discharged.

Chest tube drainage was on suction with a pressure of 
-10 cm H2O until the morning of POD1. Chest tube drain-
age was discontinued on POD1, and the tube was removed 
if the drainage volume was < 240 mL/12 h, nonchylous, not 
bloody, and without evidence of air leakage. The chest tube 

Fig. 1   Patient enrollment algorithm. ERAS enhanced recovery after surgery
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removal protocol was almost similar to that used in the study 
of Cerfolio et al. [15]. The chest tube was placed on water 
seal if air leakage was still observed on POD1.

Postoperative complications

Complications were diagnosed as we described previously 
[16, 17] and were finalized after discussion with thoracic 
surgeons. We investigated postoperative pneumonia, empy-
ema, prolonged air leak, pleural effusion, arrhythmia, and 
hypoxia. Postoperative pneumonia was characterized by 
purulent sputum and pulmonary infiltrative changes on 
postoperative radiological imaging. Empyema was defined 
as purulent effusion in the postoperative thoracic cavity. Pro-
longed air leakage was diagnosed for chest tube drainage 
persisting for > 7 days and/or pleurodesis. Pleural effusion 
was defined as pleural effusion requiring chest tube drain-
age. Arrhythmia was defined by the need for medication. 
Hypoxia was defined by a decrease in oxygen saturation to 
≤ 90% as measured by pulse oximetry and need for home 
oxygen therapy.

Statistical analysis

The chi-squared test or Fisher exact test was used to evaluate 
the association between categorical variables and patients 
with or without ERAS. Analysis of variance was used to 
compare continuous variables in patients with or without 
ERAS. To control for potential differences in the charac-
teristics of patients treated with or without ERAS, we per-
formed propensity score matching. Propensity scores were 
calculated by a logistic model and included the following 
variables: age, gender, comorbidities (hypertension, dia-
betes mellitus, cardiac disease, cerebrovascular disease), 
smoking status, neoadjuvant treatment, pulmonary function 
[forced vital capacity (FVC), forced expiratory volume in 1 s 
[FEV1], forced expiratory volume as a percentage of forced 
vital capacity (FEV1%)], body mass index (BMI), operative 
time, and blood loss during surgery. Propensity scores gen-
erated by the model were used for caliper matching, which 
used a caliper distance of 0.2 without replacement and 1-to-1 
control matching.

Data were analyzed by JMP software, version 5.0.1J (SAS 
Institute Inc., Cary, NC, USA). A p value < 0.05 was consid-
ered to indicate statistical significance.

Results

Patient demographics

Regarding adherence to early ambulation, all patients [130 
of 535 (24.3%) patients] who underwent surgery in the 

morning after June 2015 were able to obtain complete 
ERAS. Before propensity score matching, the operative 
time was shorter and amount of blood loss was lower in 
the patients with ERAS than in the patients without ERAS 
(Table 2). After propensity score matching, there were no 
differences between the two groups.

Surgical outcomes

Table  3 shows the surgical outcomes. For all study 
patients, the median duration of postoperative hospital 
stay was 5 days (range 3–83 days), and median duration 
of chest tube drainage was 1 day (range 1–32 days). The 
incidence of complications in all patients was 19.8%, and 
the readmission rate was 5.8%. Before propensity score 
matching, the patients with ERAS had shorter postopera-
tive stays, shorter durations of chest tube drainage, and 
lower incidence of all types of postoperative complications 
than the patients without ERAS. The differences between 
hospital readmission rates and mortality rates were not 
significant. After propensity score matching, the patients 
with ERAS had shorter postoperative stays and durations 
of chest tube drainage. The differences between hospital 
readmission rates and mortality rates remained insignifi-
cant after propensity score matching. Among the 19 of 
535 (3.6%) patients with hospital stays ≥ 14 days, only 1 
patient received ERAS.

The 30- and 90-day mortality rates were 0.2% and 
1.2%, respectively. None of the patients who died received 
ERAS. None of the deaths could be attributed to ERAS. 
One death due to interstitial pneumonia occurred within 
30 days of surgery. From 31 to 90 days after surgery, three 
patients died of interstitial pneumonia, one patient died of 
acute respiratory distress syndrome, and one patient died 
of sudden death.

Complications

Propensity score matching was not performed for the low 
number of complications. Table 4 shows the postoperative 
complications according to patients with and without ERAS. 
Pulmonary complications developed in 7 of 130 (5.4%) 
patients with and 43 of 405 (10.6%) patients without ERAS. 
Hypoxia was the most frequent pulmonary complication 
in patients with ERAS, and prolonged air leakage was the 
most frequent complication in patients without ERAS. The 
incidence of cardiovascular complications was similar for 
both groups. With regard to other complications, although 
the difference was not significant, 12 of 405 (3.0%) patients 
without ERAS had an episode of delirium, but only 1 of 
130 (0.8%) patients with ERAS had an episode (p = 0.277).
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Analysis by age groups

The outcomes of ERAS were evaluated according to age 
groups. Before propensity score matching, the median dura-
tion of postoperative hospital stay was shorter in the patients 
with ERAS aged 65–74 years and ≥ 75 years than in the 
patients in those age groups without ERAS. Fewer post-
operative complications occurred in patients with ERAS 
aged < 65  years than in that age group without ERAS. 
The median duration of chest tube drainage was shorter 
in patients with ERAS aged 65–74 years than in that age 
group without ERAS. The differences in readmission rates 
within 30 days after surgery were not significant between 
any patient age group with/without ERAS (Table 5). After 

propensity score matching, although the readmission rates 
within 30 days were not significant for any patient age 
group with/without ERAS (Table 5), the median postopera-
tive hospital stay was shorter in patients with ERAS aged 
65–74 years and ≥ 75 years than in patients in those age 
groups without ERAS.

Discussion

This study showed that patients with ERAS had decreased 
duration of postoperative stay and duration of chest tube 
drainage, and the difference between readmission rates was 
not significant. The clinical impact of ERAS was found to 

Table 2   Patient demographicsa

ERAS enhanced recovery after surgery, IQR interquartile range, FVC forced vital capacity, FEV1 forced expiratory volume in 1 s, FEV1% forced 
expiratory volume as a percentage of forced vital capacity
a Chi-squared test or Fisher exact test was used for categorical data, and analysis of variance was used for continuous data

Factors Before propensity score matching After propensity score matching

ERAS (+) (n = 130) ERAS (–) (n = 405) p ERAS (+) (n = 126) ERAS (–) (n = 126) p

Median age, years (IQR) 70 (65–77) 70 (63–77) 0.512 70 (65–76) 70 (63–77) 0.969
 Gender
 Male 86 (66.2%) 231 (57.0%) 0.064 84 (66.7%) 86 (68.3%) 0.788
 Female 44 (33.8%) 174 (43.0%) 42 (33.3%) 40 (31.8%)

Diseases
 Lung cancer 122 (93.8%) 369 (91.1%) 0.800 118 (93.7%) 118 (93.7%) 1.000
 Metastatic lung tumor 8 (6.2%) 36 (8.9%) 8 (6.4%) 8 (6.4%)

Smoking
 Non-smoker 44 (34.1%) 144 (35.6%) 0.764 42 (33.3%) 38 (30.2%) 0.588
 Smoker 85 (65.9%) 261 (64.4%) 84 (66.7%) 88 (69.8%)

Pulmonary function
 FVC, L (IQR) 3.21 (2.79–3.72) 3.12 (2.55–3.72) 0.184 3.21 (2.81–3.72) 3.37 (2.80–3.86) 0.483
 %FVC, % (IQR) 108.2 (97.5-117.2) 106.5 (94.8–117.0) 0.046 107.6 (97.0-116.2) 106.2 (99.7–119.0) 0.470
 FEV1, L (IQR) 2.26 (1.93–2.80) 2.24 (1.82–2.73) 0.278 2.25 (1.93–2.79) 2.43 (1.95–2.84) 0.360
 FEV1%, % (IQR) 74.0 (67.5–78.7) 73.9 (67.2–80.3) 0.111 74.0 (67.5–78.7) 73.8 (68.0-80.5) 0.269

Blood gas analysis
 PaO2, mmHg (IQR) 85.0 (78.5–91.4) 83.9 (77.0-91.5) 0.137 85.0 (78.5–91.4) 85.5 (78.6–92.5) 0.912
 PaCO2, mmHg (IQR) 37.9 (35.3–40.3) 38.9 (36.2–40.9) 0.060 37.9 (35.3–40.3) 38.1 (35.4–40.2) 0.941

Body mass index (IQR) 22.7 (20.5–27.7) 22.5 (20.4–26.6) 0.241 22.8 (20.4–24.5) 22.6 (20.9–25.1) 0.770
Comorbidities
 Hypertension 62 (47.7%) 206 (50.9%) 0.529 58 (46.0%) 67 (53.2%) 0.257
  Diabetes mellitus
  Cardiac disease
  Cerebrovascular disease

21 (16.2%) 56 (13.8%) 0.515 21 (16.7%) 21 (16.7%) 1.000
16 (12.3%) 61 (15.1%) 0.429 16 (12.7%) 23 (18.3%) 0.221
10 (7.7%) 26 (6.4%) 0.619 9 (7.1%) 12 (9.5%) 0.493

Procedure
 Segmentectomy 33 (25.4%) 81 (20.0%) 0.198 32 (25.4%) 26 (20.6%) 0.369
 Lobectomy 97 (74.6%) 324 (80.0%) 94 (74.6%) 100 (79.4%)

Median operative time, minutes (IQR) 142 (120–162) 154 (133–184) < 0.001 143 (120–163) 144 (123–171) 0.465
Median blood loss, g (IQR) 16 (5–34) 20 (6–51) 0.027 16 (5–35) 17 (5–32) 0.407
Neoadjuvant therapy 7 (5.4%) 16 (4.0%) 0.800 7 (5.6%) 3 (2.4%) 0.338
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vary according to the ages of patients. While ERAS did not 
significantly impact patients aged < 65 years, it decreased 
the duration of postoperative stay in patients aged > 65 years. 

The results suggest that ERAS did not benefit the younger 
age group. The reason why ERAS did not show benefit for 
the surgical outcomes of patients aged < 65 years might be 

Table 3   Surgical outcomes according to with/without ERASa

ERAS enhanced recovery after surgery
a Chi-squared or Fisher exact test was used for categorical data, and analysis of variance was used for continuous data
b One patient died of interstitial pneumonia
c Three patients died of interstitial pneumonia, One patient died of sudden death, one patient died of acute respiratory distress syndrome

All ages: outcomes Before propensity score matching After propensity score matching

ERAS (+) (n = 130) ERAS (–) (n = 405) p ERAS (+) (n = 126) ERAS (–) (n = 126) p

Median postoperative stay, days 
(range)

4 (4–18) 5 (3–83) < 0.001 4 (4–18) 5 (3–25) < 0.001

Median duration of chest tube drain-
age, days (range)

1 (1–9) 2 (1–32) 0.006 1 (1–9) 1 (1–18) 0.029

Postoperative complications 17 (13.1%) 89 (22.0%) 0.022 16 (12.7%) 24 (19.1%) 0.167
Readmission within 30 days after 

surgery
4 (3.1%) 27 (6.7%) 0.104 3 (2.4%) 6 (4.8%) 0.304

Mortality, within 30 days 0 (0) 1 (0.2%)b 0.549 0 (0) 0 (0) 0.999
Mortality, within 90 days 0 (0) 5 (1.2%)c 0.454 0 (0) 1 (0.8%) b 0.999

Table 4   Complications 
according with/without ERASa

ERAS enhanced recovery after surgery, ARDS acute respiratory distress syndrome
a Chi-squared or Fisher exact test was used for categorical data
b Some patients had more than one complication

All ages: Complicationsb ERAS (+) (n = 130) ERAS (–) (n = 405) p

Postoperative complications 17 (13.1%) 89 (22.0%) 0.022
 Pulmonary complications 7 (5.4%) 43 (10.6%) 0.060
  Hypoxia 5 12
  Pneumonia 2 8
  Prolonged air leak 1 21
  Empyema 1 3
  Atelectasis 0 2
  Pleural effusion 0 1
  Sputum retention 0 2
  ARDS 0 1

 Cardiovascular complications 8 (6.2%) 23 (5.7%) 0.924
  Arrhythmia 5 17
  Pulmonary vein thrombosis 2 4
  Hypertension 1 1
  Cardiac failure 0 1

 Cerebrovascular complications 0 (0) 2 (0.5%) 0.999
  Cerebral infarction 0 2

 Other complications
  Delirium 1 12
  Wound infection 1 5
  Postoperative bleeding 1 2
  Renal failure 0 2
  Hoarseness 0 4
  Chylothorax 0 1
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associated with their good physical condition. Brunelli et al. 
revealed that the ERAS program did not benefit patients 
undergoing video-assisted thoracoscopic lobectomies [18]. 
In addition, another study reported that patients undergoing 
minimally invasive surgery who received ERAS did not gain 
the same benefits of reductions in morbidity and hospital 
stay that patients undergoing an open approach received 
[13]. Although the thoracoscopic approach might decrease 
the benefits of ERAS, our results indicated that ERAS was 
associated with reduced duration of hospital stay in patients 
who underwent open thoracotomy.

The systematic review concluded that evidence on the 
role of ERAS in lung resection was not conclusive [14, 19, 
20]. Therefore, we used propensity score matching of a study 
cohort to assess the impact of ERAS on the outcomes of 
lung resection.

The incidence of postoperative complications after lung 
resections has been reported to be approximately 30% [2, 
21]. The risk factors of postoperative complications include 
advanced age, comorbidities, performance status, and res-
piratory function. Operative time, especially, was signifi-
cantly associated with postoperative complications [17]. 
Our study found an incidence of 19.8% for postoperative 
complications, which is lower than found by other studies. 
We speculate that the difference was related to the exclusion 
of pneumonectomy cases. However, the 30.2% incidence of 
postoperative complications in patients aged ≥ 75 years who 

did not receive ERAS was similar to the rates in other stud-
ies [2, 21]. While we did not find a relationship between 
ERAS and postoperative complications, given the reduction 
of body performance, ERAS might play an important role 
in uneventful recovery after thoracic surgery. Compared 
with the patients without ERAS, patients with ERAS had 
a shorter duration of chest tube drainage. As prolonged air 
leakage is the major reason for longer hospital stays, we 
meticulously repaired air leakage with free fat or fibrin glue 
[22] and applied standardized chest tube management [23].

We think that evaluations from patients receiving ERAS 
are important. Unfortunately, we did not perform a patient 
survey after discharge, and patient feedback is important 
for improving clinical management. A survey of patient sat-
isfaction that consisted of patients who received fast-track 
surgery found that 91% were extremely happy or satisfied at 
the 2-week follow-up [5].

Regarding readmission rates, Cerfolio et al. reported a 
2-week readmission rate of 1.8% [5]. Our study found a 
readmission rate of 5.8%, which could have been affected by 
the protocol governing hospital admission at our institution.

There are several limitations to this study. First, because 
we considered that complete ERAS accurately reflected the 
efficacy of ERAS, the patients who did not obtain complete 
ERAS were included in the patient group not receiving 
ERAS. The control group might not be appropriate. While 
the patients who underwent morning surgery after June 2015 

Table 5   Surgical outcome according to with/without ERAS by agea

ERAS enhanced recovery after surgery
a Chi-squared or Fisher exact test was used for categorical data, and analysis of variance was used for continuous data

Before propensity score matching After propensity score matching

Aged < 65 years: Outcomes ERAS (+) (n = 31) ERAS (–) (n = 126) p ERAS (+) (n = 31) ERAS (–) (n = 36) p

Median postoperative stay, days (range) 4 (4–11) 5 (3–83) 0.214 4 (4–11) 4 (4–18) 0.527
Median duration of chest tube drainage, days 

(range)
1 (1–9) 2 (1–14) 0.815 1 (1–3) 1 (1–9) 0.545

Postoperative complications 1 (3.2%) 22 (17.5%) 0.048 1 (3.2%) 2 (8.3%) 0.618
Readmission within 30 days after surgery 3 (2.4%) 1 (3.2%) 0.795 1 (3.2) 0 (0) 0.463

Aged 65–74 years: Outcomes ERAS (+) (n = 58) ERAS (–) (n = 143) p ERAS (+) (n = 57 ERAS (–) (n = 48) p

Median postoperative stay, days (range) 4 (4–9) 5 (3–34) 0.001 4 (4–9) 4 (4–20) 0.002
Median duration of chest tube drainage, days 

(range)
1 (1–7) 2 (1–32) 0.034 1 (1–7) 1 (1–18) 0.098

Postoperative complications 8 (13.8%) 26 (18.2%) 0.445 8 (14.0%) 7 (14.6%) 0.936
Readmission within 30 days after surgery 1 (1.7%) 8 (5.6%) 0.452 1 (1.8%) 2 (4.2%) 0.591

Aged ≥ 75 years: Outcomes ERAS (+) (n = 41) ERAS (–) (n = 136) p ERAS (+) (n = 38) ERAS (-) (n = 42) p

Median postoperative stay, days (range) 4 (4–18) 6 (3–54) 0.004 4 (4–18) 5 (3–25) 0.003
Median duration of chest tube drainage, days 

(range)
1 (1–7) 2 (1–20) 0.054 1 (1–7) 2 (1–15) 0.052

Postoperative complications 8 (19.5%) 41 (30.2%) 0.171 7 (18.4%) 14 (33.3%) 0.127
Readmission within 30 days after surgery 2 (4.9%) 15 (11.0%) 0.367 1 (2.6%) 4 (9.5%) 0.362
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were able to obtain complete ERAS, the patients who under-
went afternoon surgery were not able to obtain early ambu-
lation and oral intake because of lack of sufficient support 
staff. Rogers et al. showed that a higher ERAS compliance 
rate was significantly associated with decreased postopera-
tive complications and shortened hospital stay [24]. Because 
of our inappropriate control, our study could not accurately 
determine the efficacy of ERAS. Second, this was a retro-
spective single-center study. Although we used propensity 
score matching to adjust the differences between patients 
with and without ERAS, some patient features could not 
be completely adjusted. For example, we could not accu-
rately capture the intraoperative difficulties and management 
of anesthesia. Most of the patients with ERAS received a 
paravertebral block, which might have affected the positive 
results. Third, ERAS protocols vary [14]. Therefore, we do 
not know if our findings could be used worldwide. Fourth, 
in this study, we did not evaluate the patients’ nutritional 
status. Patients with malnutrition, frailty, or sarcopenia need 
enhanced management. We think that the next study should 
include evaluating ERAS for patients with malnutrition, 
frailty, or sarcopenia. Finally, the overall physical condition 
of elderly patients is variable because of comorbidities. A 
standardized ERAS protocol might not be compatible with 
personalized treatments.

Conclusion

Although there are some shortcomings regarding the effi-
cacy of ERAS, we found that ERAS was safe and decreased 
the duration of postoperative hospital stay without increas-
ing the readmission rate in elderly patients stratified by pro-
pensity score matching.
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