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INTRODUCTION

Lung resection is a surgical procedure performed to 
treat a disease of the lungs such as malignant tumors, in-
fection, and trauma, and is mainly applied as a surgical 
method for lung cancer [1]. As the incidence of lung cancer 
in Korea gradually increases every year from 21,358 in 
2010 to 28,949 in 2020, the number of lung resections per-
formed also rises [2,3]. After lung resection, pulmonary 
function deteriorates due to the aftermath of anesthesia, 
loss of lung parenchyma due to surgery, pain, chest move-
ment restriction, and inefficient bronchial secretion dis-
charge [4,5]. Poor respiratory function increases the risk of 
postoperative pulmonary complications [6,7]. 

According to the European Perioperative Clinical Out-
come (EPCO), Postoperative Pulmonary Complications 
(PPCs) refers to respiratory infection, respiratory failure, 
pleural effusion, atelectasis, pneumothorax, bronchospasm, 
and aspiration pneumonia [8]. However, previous studies 
and clinical practice have used various definitions [9-11]. 
The incidence of PPCs in patients undergoing thoracic sur-
gery varies from 3% to 49% [12,13], and that of pulmonary 
complications after lung resection was particularly high at 
21.3% [14]. In Korea, the incidence of pulmonary compli-
cations in patients undergoing general surgery was 6.8% 
[15], and the incidence of pulmonary complications after 
lung resection was 14.1% [9].

PPCs contribute to negative outcomes such as increased 
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postoperative morbidity and mortality and increased 
medical costs due to prolonged hospital stay [16]. Patients 
who develop PPCs suffer from deteriorating functional 
status, and one in seven patients are reported to have died 
in a hospital [17,18]. Therefore, early identification of the 
risks of developing PPCs facilitates timely treatment and 
preventive interventions [18], reducing morbidity, mortal-
ity, and medical costs of the patients [19]. 

Currently, the Assess Respiratory Risk in Surgical Pati-
ents in Catalonia Tool (ARISCAT) is the most known tool 
for predicting PPCs [17], which is developed for patients 
who receive general anesthesia, spinal anesthesia, or local 
anesthesia for surgery. ARISCAT includes comprehensive 
PPCs such as respiratory infection, respiratory failure, 
pleural effusion, atelectasis, pneumothorax, bronchospasm, 
and aspiration pneumonia. ARISCAT is derived using vari-
ables that can be evaluated easily and objectively in clin-
ical practice and are often used to validate other tools 
[12,20-22]. The American College of Surgeons reported six 
types of surgery with a high incidence of PPCs (lung re-
section, laparotomy for abdominal aortic aneurysm, pan-
createctomy, hepatectomy, esophagectomy, and laparoto-
my for aortic iliac artery repair) and developed six types of 
Pulmonary Complications Risk Scores (PCRS) [10] using 
National Surgical Quality Improvement Program (NSQIP), 
a large-scale surgical outcome database. One of these is the 
PCRS-lung resection model.

In a study that verified the validity of a predictive mod-
el for PPCs, Mazo et al. [23] confirmed the generalization 
of ARISCAT through a large-scale European cohort study 
but suggested that the model should be evaluated in other 
geographical environments. Azharuddin and Yunyongy-
ing [24] showed the application of ARISCAT to the US 
population without additional validation. Therefore, to 
use the predictive model for PPCs, it is necessary to verify 
its validity according to the geographical environment 
and population characteristics. However, although mod-
els for predicting PPCs are being continuously developed, 
external validation of predictive models other than ARIS-
CAT [25] is insufficient, and the validity of the PCRS-lung 
resection model has rarely been reported. 

In Korea, a few studies have verified the validity of pre-
dictive models for PPCs, except for one study [12] that 
compared predictive models for PPCs using ARISCAT 
and nutritional and inflammatory indices. Therefore, it is 
necessary to investigate the validity of a risk prediction 
model for PPCs in patients undergoing lung resection 
with a high incidence of PPCs. 

To prevent the negative physical and economic effects 
of PPCs, which frequently occur in patients undergoing 

lung resection, it is essential to use a reliable predictive 
model through validation [26]. Therefore, this study aims 
to identify a predictive model for PPCs that can be suitably 
applied to domestic patients by evaluating and comparing 
the predictive validity of the PCRS-lung resection model 
and ARISCAT. 

Identifying a predictive model for PPCs suitable for pa-
tients undergoing lung resection is crucial in nursing be-
cause it can contribute to developing evidence-based prac-
tice for cooperation and communication with medical 
staff, in addition to serving as basic data for practice and 
education, which nurses can use to establish a systematic 
patient assessment and nursing plan in clinical practice. In 
patients who have undergone lung resection, the primary 
goal of nursing is to prevent postoperative pulmonary 
complications. Therefore, screening of high-risk patients 
by applying objectively verified tools and early detection 
and prevention of PPCs through intensive monitoring and 
observation of risk factors will help improve the quality of 
nursing.

The purpose of this study is to determine the incidence 
of PPCs in patients who have undergone lung resection, 
and to identify a predictive model for PPCs with high pre-
dictive validity for these patients by evaluating the sensi-
tivity, specificity, positive predictive value, negative pre-
dictive value, and Area Under the receiver operating char-
acteristic Curve (AUC) of ARISCAT and PCRS-lung resec-
tion model. 

METHODS

1. Study Design

This retrospective survey study used medical records to 
examine the incidence of PPCs in lung resection patients, 
and to suggest a predictive model for PPCs with high pre-
dictive validity for patients undergoing lung resection by 
comparing and analyzing the sensitivity, specificity, pos-
itive predictive value, negative predictive value, and AUC 
of ARISCAT and PCRS-lung resection model.

2. Population

The study subjects were inpatients who underwent 
lung resection from May 1, 2018, to April 30, 2021, at a uni-
versity hospital located in B city. The selection criteria for 
patients were those aged 18 years or older who had under-
gone wedge resection, segmentectomy, lobectomy, or 
pneumonectomy, excluding patients undergoing surgery 
other than lung resection during hospitalization, patients 
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diagnosed with pneumonia before surgery, and patients 
experiencing PPCs 30 days after surgery. The number of 
inpatients who underwent lung resection during the study 
period was 1,216. The study excluded 21 patients under 
the age of 18, 29 patients who underwent surgery in addi-
tion to lung resection during hospitalization, one patient 
diagnosed with pneumonia before surgery, and five pa-
tients who experienced PPCs 30 days after surgery. There 
were no other missing data; therefore, 1,160 patients were 
included in the target population. According to the liter-
ature [27], the minimum sample size required for external 
validation of a predictive model is 100 events. According-
ly, considering that the incidence rate of PPCs in Korea 
was from 8.6% to 14.1% [9,12], at least 710 and at most 
1,163 patients were needed to collect data from 100 pa-
tients with PPCs. As the number of lung resections per-
formed in this hospital for one year is about 400 times, 
3-year data were collected and investigated.

3. Ethical Considerations

Prior to conducting this study, approval (PNU IRB/ 
2021_70_HR) was obtained from the Bioethics Committee 
of P University in B City, and medical record inquiry was 
approved through the hospital's office. For the data col-
lected, a serial number was assigned to each subject's pa-
tient registration number to avoid identification of person-
al information. To prevent the leakage of research content, 
it was coded and stored in an encrypted security device so 
that only researchers could access it. Research data would 
be retained for 3 years before deletion.

4. Measures

1) Characteristics of subjects
This study investigated the demographic and clinical 

characteristics of the study subjects. Age and gender were 
examined for demographic characteristics, and preopera-
tive, surgical, and postoperative characteristics were in-
vestigated for clinical characteristics. Preoperative charac-
teristics include smoking status (last cigarette within one 
year, smoking cessation over one year, never smoked), un-
derlying disease, diagnosis, preoperative functional status 
(independent, partially independent, dependent), pre-
operative blood test results (oxygen saturation, hemoglo-
bin, albumin, and hematocrit), and the American Society 
of Anesthesiologist's (ASA) physical status classification. 
Regarding surgery, range of lung resection, surgical in-
cision, emergency procedure (Yes or No), and duration of 
surgery were included, and for postoperative character-

istics, Intensive Care Unit (ICU) stay, length of stay, post-
operative hospital stay, and type of discharge were 
included. These data were confirmed using the electronic 
medical record. The ASA physical status classification [28] 
is used to assess the fitness of patients before surgery. ASA 
1, 2, 3, 4, 5, and 6 refer to a normal healthy patient, a patient 
with mild systemic disease, a patient with severe systemic 
disease, a patient with severe systemic disease that is a 
constant threat to life, a moribund patient who is not ex-
pected to survive without operation, and a declared 
brain-dead patient whose organs are being removed for 
donor purposes, respectively. Each characteristic was 
based on the predictive factors of ARISCAT [17] and 
PCRS-lung resection model [10], and factors representing 
the subjects' postoperative status.

2) Prediction model for PPCs
 (1) ARISCAT 
ARISCAT [17], developed in Spain, was approved by 

the author as a tool to assess the risk of PPCs in surgical 
patients. The PPCs included in this tool were respiratory 
infection, respiratory failure, pleural effusion, atelectasis, 
pneumothorax, bronchospasm, and aspiration pneumo-
nia, and detailed diagnostic criteria [17] were presented. 
Accordingly, in this study, the absence of PPCs was de-
termined by finding the content from the medical records 
corresponding to these criteria. Respiratory infection was 
defined as a condition when one or more of the following 
criteria was met: a case when antibiotics were being ad-
ministered for suspected respiratory infection, the onset of 
or changes in sputum, the onset of or changes in lung 
opacity, fever, or white blood cell count >12,000/μL. Re-
spiratory failure was defined as a condition when one of 
the following criteria was met: arterial partial oxygen 
pressure (PaO2) <60 mmHg, the ratio of arterial blood 
oxygen partial pressure (PaO2) to inspired oxygen concen-
tration (FiO2) <300, or oximetry <90% requiring oxygen 
therapy. Pleural effusion, atelectasis, and pneumothorax 
were confirmed by chest radiographs or medical records. 
Bronchospasm was a case where bronchodilators were 
used for newly discovered expiratory wheezing, and aspi-
ration pneumonia was a case where acute lung damage 
was observed due to aspiration of refluxed gastric con-
tents. This study confirmed these criteria and investigated 
it using medical records. 

In ARISCAT, the risk of pulmonary complications is as-
sessed using seven items: age, preoperative oxygen satu-
ration, respiratory infection within a month, preoperative 
hemoglobin concentration, surgical incision site, surgical 
time, and emergency surgery. The medical records of the 
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subjects were used to evaluate the above items. Regarding 
the test results, this study checked the date and time clos-
est to the preoperative period. In terms of determining 
whether there were respiratory infections, the records of 
respiratory infections in the outpatient or hospitalization 
records were checked and any symptom of respiratory in-
fections such as cough and sputum and their duration 
were confirmed. 

Scores for each item were as follows: 0 for those under 
50 years of age, 3 for those aged 51~80 years, and 16 for 
those over 80 years of age. Preoperative oxygen saturation 
≥96% received 0 points, followed by 8 points for satu-
ration of 91~95%, and 24 points for saturation ≤90%. No 
point was given if there was no respiratory infection with-
in the past month, and 17 points were given if there was 
infection. No point was given for hemoglobin concen-
tration of more than 10 g/dL, and 11 points for that less 
than 10 g/dL. Regarding the surgical incision site, 0 points 
were given for the peripheral area, 15 points for the upper 
abdomen, and 24 points for the intrathoracic cavity. In ad-
dition, 0 points were given for operation time of less than 
2 hours, 16 points for that of 2~3 hours, and 23 points for 
that more than 3 hours. Regarding the emergency proce-
dure, 0 points were given for elective surgery and 8 points 
for emergency surgery. The combined scores ranged from 
0~123 points and was classified into three levels: less than 
26 points as low risk, 26~44 points as intermediate risk, 
and 45 points or more as high risk.

 (2) PCRS-lung resection model 
The PCRS-lung resection model [10] developed in the 

United States was designed to predict PPCs using the na-
tional database, and its use was approved by the author. In 
this model, PPCs were defined as re-intubation, post-
operative pneumonia, and prolonged mechanical ven-
tilation that occurred within 30 days after surgery. Un-
planned reintubation was defined as a case when a patient 
was re-intubated and ventilator-assisted due to the onset 
of respiratory or heart failure manifested by severe respi-
ratory distress, hypoxia, hypercapnia, or respiratory aci-
dosis within 30 days of surgery. Postoperative pneumonia 
was defined as a case when a crackling sound or dullness 
was observed in the chest during physical examination, 
with the onset of purulent sputum or changes in the char-
acteristics of sputum, a positive blood culture, or when 
bacteria were isolated from bronchial aspiration or biopsy 
specimens. Postoperative pneumonia was defined as a 
case when the onset or gradual infiltration, consolidation, 
cavitation, or pleural effusion were observed on chest ra-
diographs, with the onset of purulent sputum or changes 

in sputum's characteristics, a positive blood culture, iso-
lation of bacteria from specimens obtained by bronchial 
aspiration and biopsy, virus isolation and antigen de-
tection from respiratory specimens, a 4-fold increase in 
immunoglobulin M or immunoglobulin G, or histopatho-
logical evidence of pneumonia. Prolongation of mechan-
ical ventilation was defined as a case when the length of 
assisted breathing through a ventilator during hospital-
ization after surgery exceeded 48 hours.

In the PCRS-lung resection model, the risk of pulmo-
nary complications was evaluated using 12 items: age, 
gender, preoperative serum albumin concentration, ASA 
classification, congestive heart failure within 1 month, his-
tory of chronic obstructive pulmonary disease, smoking 
history in the past year, preoperative dyspnea at rest and 
moderate dyspnea, preoperative functional status, pre-
operative hematocrit, total operative time, and preoper-
ative sepsis. The onset of congestive heart failure and pre-
operative sepsis during the past month were checked us-
ing hospitalization records, records before anesthesia, and 
nursing records. Regarding the onset of dyspnea at rest or 
moderate dyspnea, cases where the thoracic surgeon re-
corded 'shortness of breath at rest' in the hospitalization or 
outpatient record were investigated. 

Each item was given the following scores: 10 points for 
patients aged 60~69 years old, 29 points for those aged 
70~79 years, 58 points for those aged 80 years or older; 0 
points for women and 26 points for men; 0 points for se-
rum albumin levels≥3.5 g/dL and 62 points for those less 
than 3.5 g/dL; 0 points for ASA classification of 1~2 and 54 
points for 3~5; 0 points for the absence of congestive heart 
failure 1 month before surgery and 80 points for the onset 
congestive heart failure; 0 points for having no history of 
Chronic Obstructive Pulmonary Disease (COPD), 67 points 
for having a history of COPD; 0 points for no history of 
smoking within 1 year and 42 points for having a history 
of smoking; 0 points for the absence of dyspnea at rest and 
moderate dyspnea and 24 points for the onset; 0 points for 
independent functional status and 95 points for fully or 
partially dependent functional status; 0 points for hema-
tocrit values ≥37% in men, 38 points for those less than 
37%, 0 points for those ≥35% in women, and 38 points for 
those less than 38%; 36 points for 90~139 minutes of oper-
ation time and 56 points for 140~202 minutes; and 0 points 
for no sepsis and 122 points for the onset. The combined 
score ranged from 10 to 762 points, and the expected in-
cidence of PPCs according to the range of scores was 
1.5~2.4% for less than 111 points, 4.4~4.9% for 111~172 
points, 8.8~9.1% for 173~231 points, and 17.2~17.8% for a 
score of more than 231 points. 
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5. Data Collection

In this study, data was collected after obtaining appro-
val for the use of electronic medical records at P University 
Hospital in B City. Subsequently, its Medical Information 
Team provided a list of data corresponding to the surgical 
codes of wedge resection (O1401, O1403 - O1405), segmen-
tectomy (O1410), lobe and lung segmentectomy (O1423), 
lobectomy (O1421, O1422, O1424), pneumonectomy (O1431 
- O1432). Data was gathered for about two months from 
August 1, 2021. All data were directly collected by one re-
searcher using these medical records. To evaluate pre-
operative characteristics, surgical characteristics, post-
operative characteristics, the onset of PPCs, and each item 
(risk factor) of the instrument, outpatient, hospitalization, 
pre-op, nursing, and clinical observation records, diag-
nostic test and imaging test results, progress records, and 
consultation records were collected by searching the in-
tegrated electronic medical records. 

6. Data Analysis 

The data obtained was analyzed using the IBM SPSS 
Statistics for Windows, Version 25.0 program (IBM Corp., 
Armonk; NY) as follows.
 The demographic and clinical characteristics of the 

subjects were calculated as frequency, percentage, 
mean and standard deviation, minimum value, and 
maximum value.

 The sensitivity, specificity, positive predictive value, 
and negative predictive value of each tool were pre-
sented, and the case with the highest Youden index 
was determined as the cut-off score. Sensitivity was 
calculated as the ratio of subjects predicted to be at 
risk of PPCs to the score of the prediction model 
among patients with PPCs. Specificity was calculated 
as the ratio of subjects predicted to be in a non-risk 
group for PPCs to the score of the prediction tool 
among patients without PPCs. The positive predictive 
value was calculated as the ratio of subjects who de-
veloped PPCs to the total number of patients pre-
dicted to be in a risk group for PPCs. The negative 
predictive value was calculated as the ratio of subjects 
who did not develop PPCs to the total number of pa-
tients predicted to be in a non-risk group for PPCs. 
The Youden index refers to the value obtained by 
subtracting 1 from the sum of the ratios of sensitivity 
and specificity ( [sensitivity + specificity] - 1).

 To compare the overall predictive validity, the ROC 
curve of each model was drawn and the AUC was cal-

culated, with a 95% Confidence Interval (CI).

RESULTS

1. Characteristics of the Subjects 

Table 1 lists the demographic and clinical character-
istics of the subjects. The average age was 62.95±13.43 
years, and men accounted for 60.7%. Regarding the clin-
ical characteristics, 58.1% of the subjects had no smoking 
history before surgery, and 24.1% had a smoking history 
within the past one year. Approximately 82.2% of the sub-
jects had underlying health conditions, including hyper-
tension (36.8%) and diabetes (20.9%). The diagnosis of 
76.4% of the subjects was lung cancer, of which 40.9% of 
the subjects were in stage 1. Functionally independent sta-
tus was the most common at 98.7%. An ASA classification 
of 2 was the most frequent at 73.5%. Regarding surgery, lo-
bectomy accounted for 59.3%, followed by wedge resec-
tion at 59.0%, and thoracoscopic surgery was the most 
common at 99.6%. Most of the surgeries were elective, and 
emergency surgeries accounted for only 0.5%; the average 
total operation time of the subjects was 147.64±74.09 
minutes. 

In terms of the postoperative characteristics of the sub-
jects, 59.7% of the subjects stayed in the ICU, and the aver-
age length of stay in the ICU was 0.77±1.59 days, of which 
87.1% of the subjects stayed for one day. The average 
length of stay for post-surgery hospitalization was 5.91± 
8.33 days, with 4.2% of the subjects staying for more than 
15 days after surgery and 0.8% of them staying for more 
than 30 days. In most cases, the length of stay was pro-
longed due to the use of a ventilator or application of 
high-flow oxygen therapy due to pneumonia and respira-
tory failure after surgery. Regarding the discharge type, 
97.6% of the subjects were discharged home, but 2.1% 
were transferred to skilled nursing facilities for rehabili-
tation due to continuous pain or postoperative help-
lessness; 0.3% of the subjects died due to exacerbation of 
pneumonia and respiratory failure (Table 2).

2. Incidence of PPCs in the Subjects

The frequency of PPCs among 1,160 subjects was div-
ided into the 7th, 14th, and 30th days after surgery accord-
ing to the criterion of each tool. In ARISCAT, respiratory 
infection occurred in 15.6% of the subjects, pleural effu-
sion in 20.1%, and aspiration pneumonia in 0.9%. In the 
PCRS-lung resection model, reintubation and prolonged 
mechanical ventilation occurred in 0.7% and 0.5% of the 
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Table 1. Demographic and Clinical Characteristics of the Subjects (N=1,160)

Characteristics Categories n (%)   M±SD
Age (year) ＜40

40~49
50~59
60~69
≥70

84
64

174
423
415

(7.2)
(5.5)
(15.0)
(36.5)
(35.8)

 62.95±13.43

Gender Men
Women

704
456

(60.7)
(39.3)

History of smoking Current smoker
Ex-smoker 
Non-smoker

279
206
675

(24.1)
(17.8)
(58.1)

Underlying disease No
Yes†

207
953

(17.8)
(82.2)

Hypertension
Diabetes

427
242

(36.8)
(20.9)

Diagnosis Lung cancer 886 (76.4)
Stage 1

2
3
4

474
230
71

111

(40.9)
(19.8)
(6.1)
(9.6)

Lung mass
Lung nodule
Pneumothorax
Etc.

46
81
85
62

(4.0)
(7.0)
(7.3)
(5.3)

Functional status Independent
Partially dependent

1,145
15

(98.7)
(1.3)

SpO2 (%) ≥95 1,141 (98.4) 97.08±1.43
Serum albumin (g/dL) ≥3.5 1,154 (99.5)  4.71±0.32
Serum hemoglobin (g/dL) ＞10 990 (85.3) 13.62±2.10
Serum hematocrit (%) Men ＜37

≥37
30

674
(2.6)
(58.1)

42.37±3.98

Women ＜35
≥35

21
435

(1.8)
(37.5)

ASA classification 1
2
3
4

28
853
271

8

(2.4)
(73.5)
(23.4)
(0.7)

Range of lung resection† Wedge resection
Segmentectomy
Lobectomy
Pneumonectomy

684
138
688

7

(59.0)
(11.9)
(59.3)
(0.6)

Surgical incision Thoracoscopic
Open

1,155
5

(99.6)
(0.4)

Emergency procedure No
Yes

1,154
6

(99.5)
(0.5)

Duration of surgery (minute) ＜120
120~180
＞180

419
430
311

(36.1)
(37.1)
(26.8)

147.64±74.09

Postoperative ICU stay No
Yes

468
692

(40.3)
(59.7)

Postoperative ICU LOS (day) 1
≥2

603
89

(87.1)
(12.9)

 0.77±1.59

Postoperative hospital LOS (day) 1~3
4~7
8~14
≥15

300
662
148
50

(25.9)
(57.1)
(12.8)
(4.2)

 5.91±8.33

Type of discharge Home
Hospital transfer
Deceased

1,132
24
4

(97.6)
(2.1)
(0.3)

ASA=American society of anesthesiologist; ICU=intensive care unit; LOS=length of stay; M=mean; SD=standard deviation; SpO2=saturation of 
peripheral oxygen; †Multiple responses. 
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subjects, respectively, pneumonia in 6.7%, and the sum of 
PPCs was 6.7% within 30 days of surgery. The total in-
cidence rate of the subjects who met the criteria for each 
tool was 36.0% on the 7th day and 36.2% on the 14th and 
30th days, excluding duplicates (Table 2). 

3. Predictive Validity of Prediction Models for PPCs

1) Predictive Validity and AUC according to ARISCAT 
Scores
The sensitivity, specificity, positive predictive value, 

and negative predictive value according to the ARISCAT 
score were as follows (Table 3). In this study, the sensi-
tivity, specificity, positive predictive value, and negative 
predictive value (26 points for the intermediate-risk group 
and 45 points for the high-risk group) suggested by the 
original author of ARISCAT were 98.8%, 10.3%, 36.9%, and 
94.0%, respectively, at 26 points and 53.5%, 69.8%, 48.4%, 
and 73.9%, respectively, at 45 points. The sensitivity, spe-
cificity, positive predictive value, and negative predictive 
value at the cut-off scores based on quartiles were 98.8%, 
10.3%, 36.9%, and 94.0%, respectively, at 27 points in the 
first quartile (Q1). They were 74.6%, 43.8%, 41.3%, 76.5%, 
respectively, at 43 points in the second quartile (Q2), and 
51.7%, 71.5%, 49.1%, and 73.6%, respectively, at 50 points 
in the third quartile (Q3). The predictive validity at 27 
points (Q1) of ARISCAT was the same as the predictive 
validity at 26 points, the cut-off score for the medium-risk 
group according to the original tool. In this study, the 
cut-off score at which the Youden index had the maximum 

value in ARISCAT was 47 points, which was higher than 
the boundary (45 points) of the high-risk group presented in 
the original tool. The sensitivity, specificity, positive pre-
dictive value, and negative predictive value at 47 points 
were 53.2%, 70.6%, 49.0%, and 74.0%, respectively.

To evaluate the validity of the tools, a ROC curve was 
drawn, and AUC was calculated and compared for each 
tool. The larger the AUC, the higher is the validity of the 
diagnostic test. An AUC of less than 0.5 is not useful, 0.5 to 
less than 0.6 is bad, 0.6 to less than 0.7 is sufficient, 0.7 to 
less than 0.8 is good, 0.8 to less than 0.9 is very good, and 
0.9 or more to 1.0 is excellent [29]. In this study, the ROC 
curve of ARISCAT is depicted in Figure 1. The AUC of 
ARISCAT was 0.65 (95% CI 0.61 to 0.68), indicating that it 
was sufficient.

2) Predictive Validity and AUC according to PCRS-Lung 
Resection Model
The sensitivity, specificity, positive predictive value, 

and negative predictive value according to the score of the 
PCRS-lung resection model are listed in Table 3. In this 
study, the sensitivity, specificity, positive predictive val-
ue, and negative predictive value at the scores proposed 
by the original authors of the model were 74.4%, 57.0%, 
11.1%, and 96.9%, respectively, at 111 points, 30.8%, 86.8%, 
14.4%, and 94.6%, respectively, at 173 points and 11.5%, 
95.9%, 17.0%, and 93.8%, respectively, at 232 points. The 
sensitivity, specificity, positive predictive value, and neg-
ative predictive value in the score based on quartiles were 
91.0%, 24.0%, 8.0%, and 97.4%, respectively, at 62 points in 

Table 2. Incidence of Postoperative Pulmonary Complications

Variables Categories

Postoperative days

7 days 14 days 30 days

n (%) n (%) n (%)

ARISCAT† Respiratory infection
Respiratory failure
Pleural effusion
Bronchospasm
Aspiration pneumonia
Atelectasis
Pneumothorax
Total‡

176 
64 

227 
14
8
0
0

398

(15.2)
(5.5)
(19.6)
(1.2)
(0.7)
(0.0)
(0.0)
(34.3)

181
64

230
14
10
0
0

402

(15.6)
(5.5)
(19.8)
(1.2)
(0.9)
(0.0)
(0.0)
(34.7)

181
64

233
14
11
0
0

402

(15.6)
(5.5)
(20.1)
(1.2)
(0.9)
(0.0)
(0.0)
(34.7)

PCRS-lung resection model† Re-intubation
Pneumonia
Prolonged ventilation
Total‡

7
70
5

73

(0.6)
(6.0)
(0.4)
(6.3)

8
76
6

78

(0.7)
(6.6)
(0.5)
(6.7)

8
78
6

78

(0.7)
(6.7)
(0.5)
(6.7)

Overall PPCs‡ 418 (36.0) 420 (36.2) 420 (36.2)

ARISCAT=assess respiratory risk in surgical patients in Catalonia tool; PCRS=pulmonary complications risk score; PPCs=postoperative 
pulmonary complications; †Multiple responses; ‡Total frequencies (percent) excluded multiple responses.
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Q1, 78.2%, 51.9%, 10.5%, and 97.1%, respectively, at 100 
points in Q2, and 53.8%, 76.4%, 14.1%, and 95.8%, re-
spectively, at 145 points in Q3. In the PCRS-pulmonary re-
section model, the cut-off score at which the Youden index 
had the maximum value was 147 points, which was lower 
than the score for the group with the highest risk of occur-
rence (>231 points) suggested by the original author. The 
sensitivity, specificity, positive predictive value, and neg-
ative predictive value at that time were 53.8%, 78.5%, 
15.3%, and 95.9%, respectively.

In this study, the ROC curve of the PCRS-lung resection 
model is depicted in Figure 1. The AUC of the model was 
0.70 (95% CI 0.64~0.76), which indicates that the tool is 
good.

DISCUSSION

This study found that the incidence of PPCs in in-
patients who underwent lung resection was 34.7% in 
ARISCAT and 6.7% in PCRS-lung resection model, and 
the AUC of each model was 0.65 in ARISCAT and 0.70 in 
PCRS-lung resection model.

Among the various ranges of PPCs suggested in pre-
vious studies [9-11], this study investigated the incidence 
according to each predictive tool to explore pulmonary 
complications that should be carefully observed in lung 
resection. In this study, the PPC rate of the PCRS-lung re-
section model was similar to the one shown in the devel-
opmental study [10], which was 7.6%. However, the dif-

Table 3. Tests of Scales at Various Cut-off Scores

Variables Cut-off score Sensitivity (%) Specificity (%) PPP (%) NPP (%)

ARISCAT 25
26 (intermediate risk)
27 (Q1)
28
40
41
42
43 (Q2)
44
45 (high risk)
46
47†

48
49
50 (Q3)

98.8
98.8
98.8
85.1
77.1
74.6
74.6
74.6
53.5
53.5
53.5
53.2
51.7
51.7
51.7

10.3
10.3
10.3
31.8
41.6
43.8
43.8
43.8
69.8
69.8
69.8
70.6
71.2
71.5
71.5

36.9
36.9
36.9
39.8
41.2
41.3
41.3
41.3
48.4
48.4
48.4
49.0
48.8
49.1
49.1

94.0
94.0
94.0
80.1
77.4
76.5
76.5
76.5
73.9
73.9
73.9
74.0
73.6
73.6
73.6

PCRS-lung 
resection model

62 (Q1)
63
64
99

100 (Q2)
101
109
110
111 (Intervals 1)
112
144
145 (Q3)
146
147†

148
171
173 (Intervals 2)
230
231
232 (Intervals 3)

91.0
89.7
89.7
78.2
78.2
78.2
74.4
74.4
74.4
67.9
53.8
53.8
53.8
53.8
53.8
34.6
30.8
11.5
11.5
11.5

24.0
26.4
26.4
51.9
51.9
52.4
55.6
56.4
57.0
60.4
76.4
76.4
77.4
78.5
78.5
85.7
86.8
95.9
95.9
95.9

8.0
8.1
8.1
10.5
10.5
10.6
10.8
10.9
11.1
11.0
14.1
14.1
14.7
15.3
15.3
14.8
14.4
17.0
17.0
17.0

97.4
97.3
97.3
97.1
97.1
97.1
96.8
96.8
96.9
96.3
95.8
95.8
95.9
95.9
95.9
94.8
94.6
93.8
93.8
93.8

ARISCAT=assess respiratory risk in surgical patients in Catalonia tool; NPP=negative predictive power; PCRS=pulmonary complications risk 
score; PPP=positive predictive power; †Cut-off point of this study.
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ference between the ARISCAT and PCRS-lung resection 
model in the incidence of PPCs is considered to be due to 
the different definitions or ranges of PPCs defined in each 
tool. ARISCAT consists of seven items (respiratory in-
fection, respiratory failure, pleural effusion, atelectasis, 
pneumothorax, bronchospasm, and aspiration pneumo-
nia), whereas the PCRS-lung resection model consists of 
three items (reintubation, pneumonia, and prolonged me-
chanical ventilation). In particular, among the ARISCAT 
items, the incidence of pleural effusion was the highest, 
which generally causes an imbalance in pleural fluid turn-
over within 24~48 hours after lung resection [30]. It is con-
sidered a postoperative phenomenon and not a complica-
tion [31]. It was difficult to compare the incidence of PPCs 
as few previous studies matched the scope defined as 
PPCs. Therefore, a standard should be first established for 
the definition and scope of PPCs.

This study investigated PPCs that occurred within 30 
days after lung resection based on previous studies [10, 
14], which suggested that the duration of PPCs varied 
from 7 to 30 days after surgery. However, there was very 
little change in the incidence of PPCs at 7, 14, and 30 days 
after surgery. This reflects the fact that the length of stay of 
lung resection patients is short, less than a week on aver-
age, and most PPCs occur within a week. 

The gender distribution of the subjects in this study was 
60.7% men and 39.3% women, with more men with an 
average age of 62.95 years. This is similar to the distribu-
tion of subjects in previous studies [4,9,15] on PPCs of pa-
tients with lung cancer who underwent lung resection in 

Korea, with 58.6~62.6% men, 37.4~41.4% women, and an 
average age of 62~67 years. Lung cancer was the most 
common diagnosis in 76.4% of the subjects, probably be-
cause lung resection is mainly applied as the primary 
treatment method for early lung cancer [32]. The most 
common method of surgical incision was thoracoscopic 
surgery. The rate of thoracoscopic surgery was high 
among subjects because the use of minimally invasive sur-
gery reduced the incidence of PPCs and contributed to the 
rapid recovery of patients compared to thoracotomy [33]; 
thus, the number of thoracoscopic surgeries is increasing 
in clinical practice. In a previous study [9] that analyzed 
data from 2012 to 2014, the frequency of use was similar, 
with thoracotomy at 44.9% and thoracoscopy at 55.1%. 
However, in a previous study [4] that analyzed data from 
2015 to 2018, the rate of subjects who underwent thoraco-
scopic surgery was high at 95.3%; the results of this study 
are interpreted in a similar context.

In this study, sensitivity was considered first in the eval-
uation of risk prediction tools for PPC. Sensitivity and spe-
cificity are ideally high in the evaluation of diagnostic 
tools, but this is practically impossible. Therefore, this 
study inferred that considering sensitivity [34], which re-
fers to a test's ability to designate an individual with a dis-
ease as positive, is more in line with the purpose of screen-
ing in terms of prevention. PPCs lead to serious negative 
consequences such as prolonged hospital stay and in-
creased mortality [16,17]; therefore, preventive aspects are 
important. Thus, sensitivity was considered a priority. In 
this study, the cut-off score at which the Youden index of 

ARISCAT=assess respiratory risk in surgical patients in Catalonia tool; AUC=area under the receiver operating characteristic curve; 
PCRS=pulmonary complications risk score.

Figure 1. Receiver operating characteristic curves of ARISCAT (AUC=0.65) and PCRS-lung resection model (AUC=0.70).
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ARISCAT reached the maximum value was 47 points, 
which was similar to the cut-off score of 45 points for the 
high-risk group for PPCs suggested by the author of the 
original study. However, to predict the probability of oc-
currence in the high risk group more accurately, the sensi-
tivity and negative predictive value may be increased by 
adjusting the cut-off score of the high-risk group to 43 
points, the Q2 score in this study. The cut-off score at 
which the Youden index of the PCRS-lung resection mod-
el had the maximum value was 147 points, which corre-
sponded to the second lowest risk group (111-172 points) 
among the 4-stage risk group classifications suggested by 
the author of the original study. Therefore, when apply-
ing the PCRS-lung resection model to domestic patients, 
the cut-off score of the high-risk group should be de-
creased to 147~148 points to increase sensitivity and neg-
ative predictive value. 

Through this study, the sensitivity, specificity, positive 
predictive value, and negative predictive value were ex-
amined in quartiles of each prediction tool score and the 
cut-off score at which the Youden index had the maximum 
value. However, it was difficult to interpret this due to the 
lack of comparable previous studies. The cut-off score of 
the high-risk group in the predictive tool in this study dif-
fers from that of the original tool because ARISCAT was 
developed for the Spanish population, and the PCRS-lung 
resection model was developed for the US population. 
There may also be differences in the geographic environ-
ment of Korea. To generalize the application of the pre-
dictive tool, it is necessary to confirm geographical mobi-
lity and stability [17,35]. Therefore, repeated analyses are 
needed to confirm the optimal cut-off score for domestic 
lung resection patients in follow-up studies.

As a result of checking the AUC of each model in this 
study, the PCRS-lung resection model was similar to 0.74 
indicated in the previous study [10], but the ARISCAT was 
0.65, which was lower than 0.80~0.81 in the previous 
study [21,23]. This might be due to a difference in the sub-
jects, as the previous study included both patients who un-
derwent abdominal surgery and general surgery; thus, it 
can be assumed that ARISCAT lacks specificity to apply to 
patients with a single lung resection. Meanwhile, in a pre-
vious study [12] targeting patients who underwent lung 
resection for lung cancer, the AUC of ARISCAT was 0.54, 
which was lower than that of this study. This may be re-
lated to the inclusion of persistent air leaks, chylocho-
phora, hemorrhage, and empyema, which are outside the 
category of PPCs suggested by ARISCAT in previous 
studies. 

Predictive validity was examined by applying ARISCAT 

and the PCRS-lung resection model, which assessed the 
risk of PPCs. To comprehensively assess PPCs in lung re-
section patients, the PCRS-lung resection model can be 
considered as a more appropriate tool because it is surgery 
specific.

The limitation of this study was that the definition of 
PPCs, which is used in various clinical settings, was inves-
tigated by applying the categories and detailed criteria 
presented in each prediction tool. Thus, follow-up studies 
are needed to clarify the definition of PPCs. In addition, 
this study was a retrospective investigation using medical 
records for inpatients who underwent lung resection at a 
university hospital, with limitations in generalizing, inter-
preting, and applying the study results. In the future, a 
prospective study that investigates patients who have un-
dergone lung resection at multiple hospitals is needed.

 However, this study is significant in that it explored 
predictive validity by applying the ARISCAT and PCRS- 
lung resection models, which have not yet been actively 
studied in Korea, to domestic patients who have under-
gone lung resection. In addition, since the definition of 
PPCs has not been presented, there have been difficulties 
in diagnosing them in practice. This study presented the 
incidence of PPCs in patients with lung resection and sug-
gested an appropriate predictive tool by applying the cri-
teria defined by the two tools. In addition, objective pre-
dictive tools are currently being used to select high-risk 
groups for falls and pressure ulcers in clinical practice. As 
such, the PCRS-lung resection model can be used to eval-
uate the risk of PPCs in patients, share information among 
medical staff, and provide preventive care. To this end, re-
search on the development of protocols for the provision 
of interventions should be conducted according to the ad-
ditional verification and classification of predictive tools 
so that they can be used in nursing practice.

CONCLUSION

This study investigated the incidence of PPCs in in-
patients who underwent lung resection at a university hos-
pital, and analyzed the predictive validity of each tool by 
applying ARISCAT and the PCRS-lung resection model. 
This was a retrospective study to explore the applicability 
of a predictive tool for PPCs to domestic patients who un-
derwent lung resection.

This study demonstrated that among 1,160 inpatients 
who underwent lung resection, PPCs occurred in 34.7% of 
patients in ARISCAT and 6.7% in the PCRS-lung resection 
model. ARISCAT showed sufficient accuracy, and the PCRS 
-lung resection model showed good accuracy. Therefore, 
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the PCRS-lung resection model can be used as a valid pre-
dictive tool for PPCs in domestic patients.

The PCRS-lung resection model presented in this study 
will provide nursing care to prevent PPCs by selecting a 
high-risk group for PPCs in inpatients who have under-
gone lung resection. Therefore, it should be used in clinical 
nursing practice. In addition, future studies should ana-
lyze the predictive validity of tools for PPCs based on mul-
tiple hospitals and identify the optimal cut-off score for 
domestic lung resection patients. Finally, the incidence of 
PPCs in surgeries other than lung resection should be in-
vestigated and predictive validity compared using tools 
specific to each operation.
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