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Abstract
Background The study aimed to evaluate the outcomes following the implementation of enhanced
recovery after surgery (ERAS) for patients undergoing lung cancer surgery.

Method A retrospective cohort study involving 1,749 patients with lung cancer undergoing pulmonary
resection was conducted. The patients were divided into two time period groups for analysis(routine
pathway and ERAS pathway). Logistic regression analysis was performed to assess the risks of
developing postoperative pulmonary complications.

Results Among the 1,749 patients, 691 were strati�ed into the ERAS group, and 1,058 in to the routine
group. The ERAS group presented with shorter postoperative in-hospital length of stay (LOS) (4.0 vs 6.0,
P<0.001), total LOS (10.0 VS. 13.0 days, P<0.001), and lower total in-hospital costs (P<0.001), including
material (P<0.001) and drug expenses (P<0.001). Furthermore, the ERAS group also presented with a
lower occurrence of postoperative pulmonary complications (PPCs) than the routine group (15.2% vs.
19.5%, P=0.022). Likewise, a signi�cantly lower occurrence of pneumonia (8.4% vs. 14.2%, P<0.001) and
atelectasis (5.9% vs. 9.8%, P=0.004) was found in the ERAS group. Regarding the binary logistic
regression, the ERAS intervention was the sole independent factor for the occurrence of PPCs (OR: 0.601,
95% CI: 0.434-0.824, P=0.002). In addition, age (OR: 1.032, 95% CI: 1.018-1.046), COPD (OR: 1.792, 95%
CI: 1.196-2.686), and FEV1(OR: 0.205, 95% CI: 0.125-0.339) were also independent predictors of PPCs.

Conclusion Implementation of an ERAS pathway shows improved postoperative outcomes, including
shortened LOS, lower in-hospital costs, and reduced occurrence of PPCs, providing bene�ts to the
postoperative recovery of patients with lung cancer undergoing surgical treatment.

Introduction
Thoracic surgery is the optimal therapy for early or resectable lung cancer [1-2]; however, it remains an
invasive and traumatic procedure for the patients, particularly for those with lung dysfunction or a poor
health status [3]. Minimally invasive surgeries, including video-assisted thoracoscopic surgery (VATS), are
preferred for early stage lung cancer but remain limited by side effects and surgical stress, with a
morbidity of 20.8%–34.1% after lung cancer surgery [4-5]. The search for better recovery from surgical
injury is an urgent issue for lung cancer therapy.

Recently, researchers have begun paying increasing attention to patient recovery after surgery [6-7].
Enhanced recovery after surgery (ERAS), an evidence-based multimodal protocol for perioperative care
plans proposed in colorectal surgery in the late 1990s, combines various synergetic elements throughout
the hospital stay, from the �rst consultation to discharge. ERAS strategies have been considerably
developed and enrolled a growing number of elements in all aspects of perioperative care, aiming to
largely reduce the stress reaction during surgery, complications, and the in-hospital length of stay (LOS)
after surgery. These ERAS elements can jointly relieve operative stress reactions and protect the original
functional status, thereby quickening recovery after surgery. Great effort has been made to improve or
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optimize perioperative management. ERAS is the most promising approach for improving patient
recovery after surgery, with whole course perioperative management involving a large number of
elements.

A series of studies have focused on ERAS strategies for thoracic surgery in the past few years, indicating
that ERAS can e�ciently minimize the surgical trauma, reduce postoperative complications, improve
quality of life before and after surgery, shorten hospital stay and �nally decrease the �nancial burden of
patient[8-11]. However the results of ERAS research are still controversial[12-16]. A larger sample size and
more diverse regions of study are needed to determine the effectiveness of ERAS strategies.

For this reason, we conducted this study to evaluate the clinical outcomes of an ERAS program among
patients with cancer after anatomical lung resection.

Method
The ERAS protocol was developed and implemented in the thoracic department of our hospital following
approval from the China International Exchange and Promotion Association for Medical and Healthcare
(CMAP) as the training center for ERAS teaching and practices. The ERAS team, consisting of surgeons,
physical therapists, nutritionists, specialized nurses and anesthesiologists, was created in 2015.

1. Patients

The patients were divided into two time period groups for analysis (routine pathway: 2012.01.01-
2014.12.31 and ERAS pathway: 2016.01.01-2017.12.31). The clinical outcomes between the two groups
were comparatively analyzed. The inclusion criteria were as follows: 1) diagnosis with primary non-
small-cell lung cancer (NSCLC); 2) anatomical lung resection, including lobectomy and segmentectomy;
and 3) age ≥ 18 years old. Exclusive criteria included 1) benign lesions or other pathological types except
NSCLC; 2) other surgical approaches except anatomical lung resection; and 3) age <18 years old. A total
of 1,058 Patients who underwent anatomical lung resection in our department between 2012.01.01 and
2014.12.31 were selected. During this period, patients underwent the routine pathway and were enrolled
into the pre-ERAS group; 691 subjects included between 2016.01.01 and 2017.12.31 and who underwent
the standard ERAS pathway were classi�ed into the ERAS group.

2. Comparison of the ERAS program and the routine pathway

The ERAS program standardizes various the elements throughout hospitalization. The whole ERAS
program implemented in this study included ERAS education and consultation, management of venous
thromboembolisms (VTEs), chest tubes, urinary catheters, postoperative pain and nutrition management,
anesthesia, perioperative respiratory training, and mobilization. During respiratory training and
mobilization, patients were encouraged to �nish 20 breaths/session for 3 sessions/day via a volumetric
incentive spirometer (HUDSON RCI 2500, Tele�exInc, USA) perioperatively, under the guidance and
supervision of physical therapists. Moreover, a specialist nurse recorded the patient performance. The
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nurse of the  VTE management group evaluated the VTE risk via the Caprini Assessment Scale [17-18]
and used low-molecular-weight heparin(LMWH) perioperatively for VTE prophylaxis[19]. According to the
Caprini score, patients were divided into low-, moderate- and high- risk groups. The low- and moderate-risk
groups received enoxaparin(4000 Axa IU, q.d) from referral to discharge, while the high-risk group
received enoxaparin(4000 AxaIU, q.d) from referral to 2-4 weeks after discharge. Coagulation function
was monitored. For the pre-ERAS group, patients did not receive a Caprini score or standardized VTE
prophylaxis. The specialist nurse supervised and assessed the postoperative pain intensity (NRS score* 6,
12, 18, 24, 36, 48 h after surgery) and thereby adjusted the analgesics if necessary. Postoperative
analgesia was assessed by a standard protocol-based multimodal approach: acetaminophen 1,000 mg
i.v. x 48 h, then p.o., ketorolac 15 mg i.v. x 48 h, then NSAIDS p.o., and gabapentin 300 mg p.o.
Breakthrough pain was treated as follows: tramadol 50 mg p.o., then oral or i.v. opioids if necessary
(sustained pain score 4/10). Other elements of the ERAS program are listed in Table 1.

Table 1 comparison of Pre-ERAS (routine) pathway and ERAS pathway
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Pre-ERAS
(routine)
pathway

ERAS pathway

general
patient
admission
education
introduced by
video

The content included general patient admission education, instruction about ERAS
principles and ERAS member responses to the patients. The specialized nurse was
mainly responsible for the session. Smoking and alcohol cessation for 2 weeks and 4
weeks respectively.

perioperative respiratory training and mobilization
No  A volumetric Incentive spirometer (HUDSON RCI 2500, TeleflexInc, USA) was

provided after the agreement of the patients. The physical therapists would teach the
patients and supervised the patients’ respiratory training during the in-hospital
period.  
On the first day after the operation, the electrocardiograph monitoring will be
withdrawn and the patient will get out of bed for activities under professional escort.
If the patient cannot get out of bed due to pain or anesthesia, the patient will also be
encouraged to sit up or stand up beside the bed.

VTE management
No
standardized
management 

1. VTE prophylaxis education preoperative VTE assessment risk rating 
2. LMWH use for VTE prophylaxis during perioperative period
3. Early mobilization after surgery

chest tube management

aditionally using
28-F chest tube 
hest tube
moval after
ainage volume

200 ml 

1. small-bore chest tube (18-Floyle )
2. drain removed <400 mL/24 h and no air flow

urinary catheter management
Urinary

catheter was
routinely used.

No urinary catheter

postoperative pain management
 Non-
standardized
management.

1. Specialized nurse supervised and assess the pain intensity (NRS score at   6h, 12h, 18h,
24h, 36h, 48h after   the surgery), and based on it, adjustment of analgesics would be
performed if necessary.

2. Standardized protocol-based multimodal approach to post-operative analgesia
3. Specialized nurses open thoracic pain clinics, aiming at follow-up of postoperative pain.

postoperative nutrition management
                Non-
standardized
management.

1.            Early Oral Intake
2.            medium chain triglyceride (MCT) diet supported by nutriology Department

VTE: venous thromboembolism; LMWH: low-molecular-weight heparin; NRS: numeric rating scales;

MCT: medium chain triglyceride

3. Data collection and statistical analysis

Patient demographics, comorbidities, and clinical outcomes during hospitalization, including length of
stay, readmissions, reoperations, and postoperative pulmonary complications (PPCs), were
retrospectively recorded in both the ERAS and pre-ERAS groups. Ten types of or criteria for PPCs were
investigated on the basis of the STS/ESTS de�nitions (20): 1) pneumonia; 2) atelectasis documented
clinically or radiographically; 3) respiratory/heart failure or adult breathing distress syndrome (ADRS); 4)
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mechanical ventilation >48h; 5) >7 days air leak; 6) pulmonary embolism; 7) empyema; 8) chyle leak; 9)
bronchopleural �stula; and10) return to the ICU.

Continuous variables are expressed as the means and standard deviations (SDs). Data that did not
follow a normal distribution are presented as the median and range, and binary variables are presented
as proportions. Data were evaluated via the chi-square test, Fisher’s exact test, or Student’s t-test as
appropriate. Statistical analyses were performed on SPSS 21.0 at the signi�cance level of 0.05.

Results
Clinical characteristics

The 174,9 patients were divided into an ERAS group (n= 691) and a routine group (n= 1,058).  Clinical
data including age, sex, comorbidities, pathologic stage and type, pulmonary function, and amount of
bleeding during the operation were compared between groups (Table 2). Compared with the routine
pathway group, the ERAS group was found to have a higher proportion of VATS (74.2% vs. 65.3%), shorter
postoperative in-hospital LOS (4.0 (2.0, 6.0) vs. 6.0 (4.0, 9.0)), shorter total LOS (10.0 (7.0, 13.0) vs. 13.0
(10.0, 16.0) days), and lower total in-hospital costs, including material and drug expenses, all with
signi�cant differences (all P<0.001). With regard to drainage, a lower drainage volume (540.0 (275.0,
1170.5) vs. 700.0 (150, 1710) ml) and a shorter duration of drainage (3.0 (2.0, 5.0) vs. 5.0 (4.0, 7.0) days)
were observed in the ERAS group (both P<0.001).

Table 2 clinical characteristic between two groups
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ERAS group
n=691

Routine group
n=1058

P

c clinical characteristics      
(Year) * 61.0 (56.0, 67.0) 61.0 (53.0, 68.0) 0.688
M/F 351/340 527/531 0.687

morbidities      
pertension Y/N 111/580 151/907 0.305
PD Y/N 71/620 97/961 0.443
betes mellitus Y/N 62/629 88/970 0.633

oking status (Y/N) 182/509 249/809 0.595
monary function      
V1 (L) * 2.29 (1.71, 2.73) 2.28 (2.12, 2.44) 0.807
C (L) * 3.26 (2.72, 3.71) 3.20 (2.94, 3.48) 0.169
gical approach (n%)      
TS 513 (74.2) 691 (65.3) <0.001
en 178 (25.8) 367 (34.7)  
ount of bleeding in operation* 50.0 (20.0, 70.0) 180.0 (140.0, 220.0) 0.628
gery time* 90.0 (70.0, 120.0) 120.0 (90.0, 150.0) <0.001
operative LOS*    4.0 (2.0,6.0) 6.0 (4.0, 9.0) <0.001

al LOS* 10.0 (7.0, 13.0) 13.0 (10.0, 16.0) <0.001
hological stage, (n%)      
ge I 313 (45.3) 506 (47.8) 0.589

age II 292 (42.3) 421 (39.8)  
age III 75 (10.9) 119 (11.2)  
age IV 11 (1.6) 12 (1.1)  
hological type (n%)      
enocarcinoma 473 (68.5) 740 (69.9) 0.799
uamous cell carcinoma 192 (27.8) 281 (26.6)  
er 26 (3.8) 37 (3.5)  
ospital expense, ¥            
al*   46047.7 (39068.7, 52733.8 ) 47583.0 (43761.6, 51839.6) <0.001
terial cost* 23742.6 (19588.2, 27844.8) 25040.4 (21439.5,29871.5) <0.001
ug cost*   7633.5 (5537.0, 10100.3) 8157.6 (6453.2, 11665.5 ) <0.001
nage volume*   540.0 (275.0, 1170.5) 700.0 (150, 1710) <0.001
ation of drainage*      3.0 (2.0, 5.0) 5.0 (4.0, 7.0) <0.001

*Non-normal distribution variables described as median (interquartile)
ERAS: enhanced recovery after surgery; COPD, chronic obstructive pulmonary disease defined as
FEV1/FVC <70% and FEV1 <80% of predicted; FEV1: forced expiratory volume in one second; FVC:
forced vital capacity; VATS: video assisted thoracic surgery; LOS: length of stay.  

 Table 3 Postoperative pulmonary complications between the two groups.
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  ERAS group
n=691

Routine group
n=1058

P value 

PPCs rate, (n %) 105 (15.2) 206 (19.5) 0.022
Pneumonia 58 (8.4) 150 (14.2) <0.001
Atelectasis 41 (5.9) 104 (9.8) 0.004
Pulmonary embolism 2 (0.3) 4 (0.4) 1.000
Respiratory/heart failure or ADRS 11 (1.6) 12 (1.1) 0.411
Bronchopleural fistula 6 (0.9) 10 (0.9) 0.869
mechanical ventilation>48h 18 (2.6) 35 (3.3) 0.239
empyema 4 (0.6) 11 (1.0) 0.307
Air leak 35 (5.1) 78 (7.4) 0.055
Back to ICU 7 (1.0) 11 (1.0) 0.957
Death 4 (0.6) 6 (0.6) 1.000

PPCs: postoperative pulmonary complications; ERAS: enhanced recovery after surgery

Occurrence of PPCs

Compared with the routine pathway group, the ERAS group presented with a lower occurrence of PPCs
(15.2%, 105/691 vs. 19.5%, 206/1058, P=0.022) and a signi�cantly lower occurrence of pneumonia (8.4%,
58/691 vs. 14.2%, 150/1058, P<0.001) or atelectasis (5.9%, 41/691 vs. 9.8%, 104/1058, P=0.004).

We also compared clinical characteristics between patients with (n= 311) and without PPCs (n= 1,438).
Signi�cant differences between groups were found in age, FEV1, amount of bleeding during the
operation, COPD, total or postoperative LOS, total in-hospital costs, drug costs, duration of drainage (all
P<0.001), FVC (P=0.043), and surgery time (P=0.021) (Table 4).

Table 4 Comparison between PPCs group and Non-PPCs group
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PPCs group
n=311

Non-PPCs group
n=1438

P

c clinical characteristics      
(Year) * 62.0 (56.0, 73.0) 60.0 (54.0, 66.0) <0.001
M/F 148/163 730/708 0.310

morbidities      
pertension Y/N 48/263 214/1224 0.805
PD Y/N 46/265 122/1316 0.001
betes mellitus Y/N 27/284 123/1315 0.942

oking status (Y/N) 72/239 370/1068 0.343
AS program (Y/N) 105/206 852/586 0.022
hological stage I or 0, (Y/N) 140/171 679/759 0.480
S approach 203/108 431/1001 0.134

monary function      
V1 (L) * 2.13 (1.90, 2.31) 2.32 (2.09, 2.52) <0.001
C (L) * 3.20 (2.84, 3.44) 3.23 (2.87 3.56) 0.043
ount of bleeding in operation* 150.0 (100.0, 200.0) 50.0 (150.0, 200.0) 0.022
gery time* 120.0 (90.0, 140.0) 110.0 (80.0, 140.0) 0.021
operative LOS*    9.0 (6.0,12.0) 4.0 (3.0, 7.0) <0.001

al LOS* 16.0 (12.0, 19.0) 8.0 (11.0, 14.0) <0.001
ospital expense, ¥            
al*   52649.6 (46815.1, 61097.0 ) 46151.2 (41919.2, 50908.2) <0.001
terial cost* 24567.0 (19886.2, 31942.8) 24486.5 (20925.8, 28342.1) 0.085
ug cost*   14411.3 (11127.8, 16427.8) 7322.0 (5980.1, 9655.5 ) <0.001
nage volume*   700 (230.0, 1600.0) 590.0 (180, 1470) 0.095
ation of drainage*      5.0 (3.0, 8.0) 4.0 (3.0, 6.0) <0.001

*Non-normal distribution variables described as median (interquartile)
PPCs: postoperative pulmonary complications; ERAS: enhanced recovery after surgery; COPD, chronic
obstructive pulmonary disease defined as FEV1/FVC <70% and FEV1 <80% of predicted; FEV1: forced
expiratory volume in one second; FVC: forced vital capacity; VATS: video assisted thoracic surgery; LOS:
length of stay.  
The relevant independent factors for PPCs, pneumonia or atelectasis were investigated via binary logistic
regression. The variables analyzed included sex, age, smoking status, comorbidities, FEV1, FVC, surgical
approach, amount of bleeding during the operation, surgery time, and the presence of early stage (stage I)
cancer. The ERAS intervention was found to be an independent factor for the occurrence of PPCs (OR:
0.601, 95% CI: 0.434-0.824, P=0.002), pneumonia (OR: 0.371, 95% CI: 0.243-0.566, P<0.001), and
atelectasis (OR: 0.431, 95% CI: 0.271-0.687, P<0.001) (Table 5).

Establishment of a nomogram that predicts the risk of PPCs

As listed in Table 5, ERAS intervention, age, COPD, and FEV1 were independent predictors for PPCs.

Table 5 Multivariable analysis (n= 101) of risk to postoperative pulmonary complications (PPCs)*,
pneumonia and atelectasis.
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Variables  OR (95% CI) P value
PPCs    
ERAS intervention 0.601 (0.434-0.824) 0.002
Age 1.032 (1.018-1.046) <0.001
COPD 1.792 (1.196-2.686) 0.005
FEV1 0.318 (0.221-0.457) <0.001

Pneumonia    
 ERAS intervention 0.371 (0.243-0.566) <0.001
Age 1.039 (1.022-1.055) <0.001
FEV1 0.205 (0.125-0.339) <0.001

Atelectasis    
ERAS intervention 0.431 (0.271-0.687) <0.001
Early stage 0.676 (0.469-0.975) 0.036
FEV1 0.272(0.157-0.471) <0.001

                *the multivariable analysis was performed via binary logistic regression; PPCs: postoperative
pulmonary complications
 

Discussion
Lung cancer continues to ranks �rst among all cancers in terms of incidence and death rates worldwide,
including in China. Surgery is deemed the optimal strategy or option for patients with early or resectable
tumors. Due to poor lung function and sequential PPCs, patients with lung cancer often require long
hospitalizations and high postoperative costs[21-22]. Recently, growing attention has been paid to the
implementation of ERAS programs [23-26], which are effective in decreasing postoperative morbidity and
mortality and were formerly known as the “fast-track surgery” introduced by Kehlet and Mogensen in
1999 [27]. Many institutions have proposed ERAS protocols according to the medical care conditions of
the patients. ERAS was �rst proposed for colorectal surgery and has demonstrated clinical bene�ts in
other surgeries in decreasing morbidity, hospital stay, and costs [23-26].

Some issues should be noted before the implementation of an ERAS protocol in lung cancer surgery. 1)
Advances in radiography and prevalent cancer screening programs have considerably increased the
probability of early detection, of a higher detection rate of early-stage or resectable lesions and of timely
surgical therapy. 2) VATS, which signi�cantly alters thoracic operational steps and brings considerable
bene�ts, such as less wound pain and shorter hospital stay, has become the mainstream approach for
lung cancer surgery, especially at early-stages [28-30]. 3) The components of ERAS programs vary among
different institutions, and the practice of ERAS elements likely relies on clinical experience. Many
elements of ERAS programs have become routine and it is di�cult to judge whether temporal changes in
practice can improve the outcomes, rather than the use of the ERAS pathway per se.

Our ERAS multidisciplinary and collaborative team was established in 2015 to more professionally and
effectively carry out the ERAS pathway. The patients can counsel and are supervised by trained nurses to



Page 11/17

complete the ERAS phases. Breathing exercise and postoperative nutrition procedures are conducted by
specialized physical therapists and nutritionists.

We found that the proportion of patients who underwent the ERAS pathway with early-stage (stage 0 or I)
cancer were not signi�cantly greater than those of patients who underwent the routine pathway, but the
proportion of VATS among ERAS patients increased. The possible reasons were that the wide promotion
of minimally invasive surgery and the commonly accepted or recognized advantaged of VATS, especially
for young surgeons. From the surgeons’ perspective, the implementation of minimally invasive surgery is
also an important element of the ERAS protocol, as it offers patients a shorter surgical time, less
intraoperative blood loss, postoperative pain and surgical trauma, and faster sequential recovery after
surgery. In the guidelines for ERAS drafted by the ERAS Society and the European Society of Thoracic
Surgeons (ESTS), a VATS approach for lung resection is recommended for early-stage lung cancer with a
high evidence level and strong recommendation grade [26]. According to the results, lower surgery time
and less blood loss were observed in the ERAS group, showing the potential bene�ts that this minimally
invasive approach provided to the patients’ postoperative recovery.

PPCs are considered important negative in�uences on recovery outcomes, increasing the risk of mortality.
Evidence shows that ERAS regimens integrating effective perioperative courses prevent PPCs for patients
with lung cancer undergoing lung resection [31]. Controversially, Brunelli et al. reported no signi�cant
difference in postoperative morbidity after the use of an ERAS program. Potential reasons include study
heterogeneity, the exact structure of the ERAS program, and the quality of implementation or patient
selection [32]. We found lower occurrences of PPCs and pneumonia in the ERAS group than in the routine
pathway group. Theoretically, elements including the VATS approach, pain, and VTE management may
jointly improve postoperative recovery and decrease the PPC rate. Furthermore, the results of
multivariable analysis revealed that the ERAS intervention was an independent factor of PPCs as well as
of pneumonia and atelectasis, validating its effectiveness in improving postoperative recovery for those
patients. Another essential variable was LOS. Proper pain control, early mobilization, chest tube removal
and few complications contribute to a shorter LOS, indicating better postoperative recovery. A recent
systematic review summarized RCTs concerning ERAS and reported that four of the �ve RCTs indicated
the mean LOS was signi�cantly shortened by the ERAS [33]. Our study reveals shorter LOS and
postoperative LOS in ERAS group, suggesting better recovery in those population. Meanwhile, lower in-
hospital expenses including drug costs and a shorter duration for the indwelling chest tube were found in
the ERAS group, which also provided evidence of the effectiveness of the ERAS program.

In the present study, we also explored the predictive factors for developing PPCs. In addition to the ERAS
intervention, age, COPD, and FEV1 can also signi�cantly and independently predict the risk of developing
PPCs.

The study has some limitations that should not be ignored. First, all the patients were selected from a
single regional center by a small group of surgeons, and propensity-matching was not analyzed in the
control group. As a retrospective study, the lack of randomization limited the control of intergroup bias.
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We enrolled the patients over a large time span of approximately 5 years. Therefore, better outcome for
the ERAS group may be the result of the bias caused by an the increased experience of our team. Second,
the effects of the ERAS program, the sole effects of standardization, and whether temporal changes in
practice improved the outcomes, rather than the use of the ERAS pathway per se cannot be easily
determined. Third, the selection of patients receiving anatomical resection and the exclusion of patients
undergoing wedge section and pneumonectomy resulted in a relevant bias and the sequential limitation
of generalization of the conclusions. Moreover, we did not detail the in-hospital costs, so we cannot fully
explore the economic outcomes of the ERAS program. Finally, we did not assess the pain control and
nutrition-related variables between groups, and could not directly assess the role of pain and nutrition
management in the ERAS program.

Conclusion
The use of an ERAS pathway improved the postoperative outcomes, including a shorter LOS and a lower
occurrence of PPCs, providing bene�ts of postoperative recovery for patients with lung cancer undergoing
surgical treatment.

Abbreviations And Acronyms
VATS: video-assisted thoracoscopic surgery

ERAS: enhanced recovery after surgery

NSCLC: non-small-cell lung cancer

VTE: venous thromboembolism

LMWH: low-molecular-weight heparin

NRS: numeric rating scales

PPCs: postoperative pulmonary complications

SD: standard deviations

LOS: length of stay

COPD: chronic obstructive pulmonary disease

FEV1: forced expiratory volume in one second;

FVC: forced vital capacity
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Figure 1

A nomogram established to predict risk score of developing a postoperative pulmonary complication
after anatomical lung resection. Each factor (ERAS intervention, age, FEV1 and COPD) must be vertically
referred to the “Points” line and the sum of points for each variable is then calculated for the single
patient. At the bottom, total points correspond, by vertical downward projection, to the estimated overall
probability of complications. C‐index for the model is 0.663
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Figure 2

Calibration plot for the preoperative nomogram with an internal validation using the bootstrapping
technique with 200 repetitions


