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Background: Pulmonary complications after thoracic surgery are common and are associated with prolonged hospital stay, higher
costs, and increased mortality. This study aimed to evaluate the value of The Assess Respiratory risk in Surgical Patients in Catalonia
(ARISCAT) risk index in predicting pulmonary complications after thoracic surgery.

Methods: This retrospective study was conducted at Almoosa Specialist Hospital, Saudi Arabia, from August 2016 to August 2019
and included 108 patients who underwent thoracic surgery during the study period. Demographic data, ARISCAT risk index score,
length of hospital stay, time of chest tube removal, postoperative complications, and time of discharge were recorded.

Results: The study involved 108 patients who met the inclusion criteria. Their mean age was 42.5 + 18.9 years, and most of them were men
(67.6%). Comorbid diseases were present in 53.7%, including mainly type 2 diabetes mellitus and hypertension. FEV1% was measured in
58 patients, with a mean of 71.1 + 7.3%. The mean ARISCAT score was 39.3 + 12.4 and ranged from 24 to 76, with more than one-third
(35.2%) having a high score grade. The most common surgical procedures were thoracotomy in 47.2%, video-assisted thoracoscopic surgery
(VATS) in 28.7%, and mediastinoscopy in 17.6%. Postoperative pulmonary complications (PPCs) occurred in 22 patients (20.4%), mainly
pneumonia and atelectasis (9.2%). PPCs occurred most frequently during thoracotomy (68.2%), followed by VATS (13.6%), and
mediastinoscopy (9.1%). Multinomial logistic regression of significant risk factors showed that lower FEV1% (OR = 0.88 [0.79-0.98];
p=0.017), longer ICU length of stay (OR = 1.53 [1.04-2.25]; p=0.033), a higher ARISCAT score (OR = 1.22 [1.02-1.47]; p=0.040), and
a high ARISCAT grade (OR = 2.77 [1.06-7.21]; p=0.037) were significant predictors of the occurrence of postoperative complications.
Conclusion: ARISCAT scoring system, lower FEV1% score, and longer ICU stay were significant predictors of postoperative
complications. In addition, thoracotomy was also found to be associated with PPCs.
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Introduction
Pulmonary complications after thoracic surgery are relatively common and are associated with increased costs, morbidity, and
mortality. Thoracic surgery results in impaired postoperative respiratory function due to a decrease in lung volume and capacity,

dysfunction of the diaphragm, impaired gas exchange, inefficient cough and mucociliary clearance, such that it may take up to six
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weeks for the respiratory system to return to its preoperative state. These changes are more pronounced in patients with chronic
obstructive pulmonary disease (COPD), advanced age, heart disease, and smokers.'

The incidence of postoperative pulmonary complications (PPCs) after thoracic surgery has been reported to range from 5% to
80%. The incidence varies from hospital to hospital and depends on many factors: patient status, type of anesthesia, surgeon
experience, details of thoracic surgery procedures, and quality of perioperative care.* The most common PPCs after thoracic
surgery are atelectasis, pneumonia, hemothorax, pulmonary edema, atrial fibrillation, wound infection, persistent air leak, and
respiratory failure. Other less common complications include empyema, bronchopleural fistula, cardiac hernia, and others.”

Certain perioperative measures aimed at reducing PPCs, such as smoking cessation and pulmonary physiotherapy, optimiza-
tion of cardiorespiratory comorbidities, correction of anemia, optimal anesthesia and surgical techniques (early awakening and
effective pain management, pulmonary hygiene and physiotherapy, fluid and pain management, and pleural space management),
must be taken.®’

In recent years, several risk indices for preoperative assessment have been developed to predict PPCs, including the American
Society of Anesthesiologists Physical Status Classification (ASA), the Assess Respiratory Risk in Surgical Patients in Catalonia
(ARISCAT), and the Respiratory Failure Index (RFI).* '° The ARISCAT score has shown promising results in identifying patients
at higher risk for PPCs. The ARISCAT risk index is derived from numerous variables, including age, oxygen saturation, previous
respiratory infections, anemia, abdominal or thoracic surgery, duration of surgery, and emergency surgery.”'® The expected PPCs
in these patients may differ from those in other surgical groups because thoracic surgery includes different patient populations with
different diseases and different surgical procedures on the thoracic wall, mediastinum, or lung. The ARISCAT risk index is most
commonly used for surgeries other than thoracic surgery and may not be appropriate for evaluating PPCs in thoracic surgery.'

This study aimed to evaluate the value of the ARISCAT risk index in predicting PPCs after thoracic surgeries.

Materials and Methods
Study Design and Setting

A retrospective study involving record analysis was conducted at Almoosa Specialist Hospital, one of the largest private hospitals
in Al- Ahsa, the Eastern province of the Kingdom of Saudi Arabia with a capacity of 300 beds during the period from August 2016
to August 2019.

Inclusion Criteria
All patients who underwent various types of thoracic surgery (thoracotomy, thoracoscopy (medical and surgical), mediastino-
scopy, mediastinotomy, or sternotomy) regardless of age or gender during the study period were included.

Exclusion Criteria
Patients who have not undergone thoracic surgery and patients who have undergone simple outpatient thoracic procedures
involving only peripheral or local anesthesia.

Data

The following data were recorded during the preoperative examination: Sex, age, height, body weight, BMI, smoking history,
complete blood count (leukocytes, hemoglobin, platelets), liver function tests (liver enzymes, albumin), renal function tests,
preoperative oxygen saturation, history of previous surgery, and concomitant diseases (type 2 diabetes, hypertension, pulmonary
and cardiac diseases).

The following data were also collected: History and physical examination findings, chest radiographs, computed
tomographic examinations of the chest (CT), electrocardiography (ECG) and echocardiography (if required), pulmonary
function test results (forced expiratory volume (FEV1), forced vital capacity (FVC), and FEV1/FVC ratio), and arterial
blood gases. In patients with lung cancer, the type and stage of malignancy were determined, and flexible bronchoscopy
was performed.
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During the intraoperative process, the type of endotracheal tube, the duration of anesthesia and surgery, the surgical procedure
(VATS, thoracotomy, mediastinoscopy, and others) performed, and complications that required intraoperative treatment were also
noted.

PPCs have been defined as complications that occur in the postoperative period and cause clinical conditions.

Score
The ARISCAT risk index is used to predict the following: respiratory failure, bronchospasm, respiratory infections, atelectasis,
pneumothorax, pleural effusion, and aspiration pneumonitis.”'® Atelectasis, pneumonia, or pleural effusion were diagnosed by
routine clinical examination, chest radiography (chest x-ray or CT), and other relevant investigations. The risk score was classified
as: Low risk: < 26, intermediate risk: 26-44, and High risk: >45 (Table 1).

Other PPCs have also been reported, such as phrenic dysfunction due to phrenic nerve injury, hoarseness due to recurrent
laryngeal nerve injury, difficult extubation, wound infection, and other complications. The management of complications,
duration of chest drainage, length of ICU and hospital stay, and patient outcomes (discharge or in-hospital mortality) were also

recorded.

Table | Parameters of the ARISCAT Score and Risk Classification
Score Components Risk Score
Age <50 year 0

51-80 year 3
>80 year 16
Preoperative oxygen saturation 296% 0
91-95% 8
< 90% 24
Respiratory infection in past | month No 0
Yes 17
Preoperative hemoglobin < 10g/dl No 0
Yes I
Incision Peripheral incision 0
Upper abdominal incision 15
Intrathoracic incision 24
Surgery duration <2 hours 0
2-3 hours 16
>3 hours 23
Emergency procedure No 0
Yes 8
Risk ARISCAT Score
Low <26 (1.6%)
Medium/Intermediate 2644 (13.3%)
High = 45 (42.1%)
Journal of Multidisciplinary Healthcare 2023:16 https: 627
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Ethical Considerations

The study was conducted in accordance with the Declaration of Helsinki. Ethical approval was obtained from Almoosa
Specialized Hospital Review Board (IRB log number: ARC-22.01.02) and exempted from informed consent because it was
a retrospective study. All data were collected anonymously. Data protection, privacy, and confidentiality were maintained
throughout the study process.

Statistical Analysis

It was performed with the SPSS computer package version 25.0 (IBM SPSS Statistics for Windows, Armonk, NY: IBM Corp.,
USA). The data were normally distributed according to the Shapiro—Wilk test. For descriptive statistics, mean = standard deviation
(SD) was used for quantitative variables, and frequency and percentage were used for qualitative variables. Chi-square or Fisher’s
exact tests were used to assess differences in the frequency of qualitative variables, whereas the independent-samples #-test was
used to assess differences in the means of quantitative variables. Significant variables associated with postoperative complications
in the univariate analysis were included in multivariate logistic regression to determine the independent predictors of the

development of postoperative complications. The significance level was set at p < 0.05.

Results

The study involved 108 patients who met the inclusion criteria. Their mean age was 42.5 + 18.9 years and ranged from 3 to 80
years, with approximately two-thirds of them being men (67.6%). Comorbid diseases were present in 58 patients (53.7%),
including mainly diabetes mellitus and hypertension. FEV1% was measured in 58 patients with a mean of 71.1 + 7.3 and a range
of 50% to 80%. The mean ARISCAT score was 39.3 + 12.4 and ranged from 24 to 76, with more than one-third (35.2%) having
a high score grade (Table 2).

Table 2 General and Clinical Characteristics of the Studied

Patients
Variables N = 108 (%)
Age (years) Mean * SD 42.5 + 189
Min — Max 3-80
Gender Male 73 (67.6)
Female 35 (324)
Comorbidities * 58 (53.7)
FEV1% (n=58) Mean + SD 7.1 £73
Min — Max 50-80
ARISCAT score Mean + SD 393+ 124
Min — Max 24-76
ARISCAT grade Low (<26) 20 (18.5)
Medium (26—44) 50 (46.3)
High (> 45) 38 (35.2)

Notes: “Some patients had more than one comorbid condition.

Abbreviations: DM, diabetes mellitus (27 patients); HTN, hypertension (23
patients); COPD, chronic obstructive pulmonary diseases (8 patients); IHD,
ischemic heart diseases (four patients); SLE, systemic lupus erythematosus
(three patients), Cardiomyopathy, Dyslipidemia; ESRD, end-stage renal disease;
MG, myasthenia gravis, and Cancer colon (two patients each),
Bronchopneumonia, Asthma, Mediastinal lesion, Pulmonary nodules, Right
apical shadow, Pectus excavatum, Hypercoagulable state, Depression,
Anxiety; CVA, cerebrovascular accident; CAD, coronary artery disease;
SCD, Sickle cell disease; Post PCI, percutaneous coronary intervention, Past
history of breast cancer (one patient each); FEV 1%, forced expiratory volume.
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Patients were diagnosed with mediastinal lesions (36 patients), pleural disease (34 patients), pulmonary neoplasms (13
patients), diffuse parenchymal lung disease (8 patients), diaphragmatic problems (three patients), and other lesions in 14 patients.
Details of all lesions and procedures are listed in Supplementary Table 1.

Thoracotomy was performed in 51 patients (47.2%), VATS in 31 patients (28.7%), mediastinoscopy in 19 patients
(17.6%), and mediastinotomy in two patients (1.9%). Other types of surgery are listed in Table 3, and the site of surgery
is shown in Figure 1.

The average length of ICU stay was 1.76 + 1.07 days in 95 patients and ranged from 1 to 7 days. However, three
patients received long-term ventilation in the ICU and were not included in the analysis. The mean length of stay in the
ward was 3.16 £ 2.1 days and ranged from 1 to 15 days, and the mean length of stay until chest tube removal was 3.78 +
2.63 days and ranged from 1 to 16 days, including patients treated by thoracotomy and VATS.

Postoperative complications occurred in 22 patients (20.4%), mainly pneumonia and atelectasis (five patients each),
phrenic/laryngeal nerve injury (four patients), wound infection and difficult extubation (two patients each), and
bronchopleural fistula, hemothorax, surgical emphysema, and acute exacerbation of interstitial lung disease (ILD) (one
patient each). Regarding treatment, six patients required systemic antibiotic therapy, four patients required wound care,
three patients required supportive care, two patients required systemic steroids, and one patient required noninvasive
ventilation. No mortality was recorded (Table 4).

Postoperative complications occurred more frequently in patients who had undergone thoracotomy (in 15 patients),
followed by VATS (in three patients), mediastinoscopy, and other types of incisions (two patients each). Regarding risk
factors for postoperative complications, no significant association was found between the development of postoperative
complications and age, gender, presence of comorbidities, days elapsed until chest tube removal, low and intermediate
ARISCAT grade, site of surgery, and/or other types of surgery other than thoracotomy. A low FEV1% score (mean 65.4 +
8.6), longer length of stay in the ICU and in the hospital ward, higher ARISCAT score, high ARISCAT grade, and
surgery by thoracotomy were found to be significant risk factors for the occurrence of postoperative complications.
Further multinomial logistic regression of the significant risk factors revealed that a lower FEV1% score (OR = 0.88
[0.79-0.98]; p=0.017), a longer ICU length of stay (OR = 1.53 [1.04-2.25]; p=0.033), a higher ARISCAT score (OR =
1.22 [1.02-1.47]; p=0.040), and a high ARISCAT grade (OR = 2.77 [1.06-7.21]; p=0.037) were significant predictors of
the occurrence of postoperative complications (Table 5).

Discussion
PPCs have significant clinical and economic implications that depend on the type of thoracic surgery, type of anesthesia,
preoperative health status, concomitant diseases, baseline pulmonary function, and quality of postoperative hospital

care.3’5
Table 3 Type of Surgery for the Studied Patients
Type of Surgery n=108 (%)
Thoracotomy 51 (47.2)
Video-assisted thoracoscopic surgery (VATS) 31 (28.7)
Mediastinoscopy 19 (17.6)
Mediastinotomy 2(1.9)
Tracheostomy 1 (0.9)
Sternotomy I (0.9)
Neck incision 1 (0.9)
Right cervical incision 1 (0.9)
Anterior chest wall incision 1 (0.9)
Journal of Multidisciplinary Healthcare 2023:16 https: 629
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Figure | Site of surgery for the study patients.

The incidence of PPCs observed in this study was 20.4%, mainly pneumonia and atelectasis (9.2%), with no mortality
reported. This incidence lies within the previously reported PPC rate of 5% to 55% in the literature.'*'"'7 Similar
incidence was reported by Bevilacqua et al who found 20% of cases developed PPCs after thoracotomy lung resection
with a mortality rate of 5%, and pneumonia was the most common complication.'' However, our incidence was higher
than the results reported by Pipanmekaporn et al who included a total of 1488 patients over a 7-year period, of whom
15.8% developed respiratory complications.'? In the study by Lugg et al, the occurrence of PPCs was observed in 13%."?
On the other hand, higher incidence was reported by Baar et al where the overall incidence of PPCs was 27% in
a multicenter registry analysis of PPCs after thoracotomy for resection of primary lung cancer.'* The incidence of PPCs
after thoracic surgery varies from study to study, mainly because thoracic surgery is heterogeneous and involves many

Table 4 Outcomes of Surgery Among the Studied Patients

Outcomes n=108 (%)
ICU stay (days) (n=95) Mean * SD 1.76 £ 1.07
Min—Max -7
Ward stay (days) (n=105) Mean + SD 3.16 £ 2.1
Min—Max 1-15
Chest tube removal (days) (n=82)* Mean £ SD 3.78 £ 2.63
Min—Max 1-16
Post-operative complications (n = 22) 22 (20.4)
Pneumonia 5 (4.6)
Atelectasis 5 (4.6)
Phrenic and/or laryngeal nerves injury 4 (3.7)
Wound infection 2 (1.9)
Difficult extubation 2 (1.9)
Bronchopleural fistula 1 (0.9)
Hemothorax 1 (0.9)
(Continued)
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Table 5 Association of Different Study Variables as Risk Factors for Post-Operative Complications

Table 4 (Continued).

Outcomes n=108 (%)
Surgical emphysema 1 (0.9)
Acute exacerbation of ILD 1 (0.9)

Management (n=16) 16 (14.8)
Systemic antibiotic 6 (5.6)
Wound care 4 (3.7)
Supportive treatment 3(28)
Systemic steroids 2 (1.9)
Noninvasive ventilation 1 (0.9)

Notes: ®Includes patients managed by thoracotomy and VATS.

Abbreviation: ILD, interstitial lung disease.

Variables Post-Operative Complications Univariate Analysis Multivariate Analysis
Yes (n=22) No (n=86) OR [95% CI] P-value OR [95% CI] P-value
Age (years) 445+ 133 43.3 +20.0 1.0 [0.98-1.03] 0.809
FEV1% 654 + 8.6 726 £ 6.2 1.14 [1.14-1.26] 0.008* 0.88 [0.79-0.98] 0.017*
Gender Male 17 (23.3) 56 (76.7) 1.82 [0.61-5.42] 0.319
Female 5(14.3) 30 (85.7) |
Comorbidities 12 (54.5) 46 (53.5) 1.04 [0.41-2.67] 1.000
ICU stay (days) 231 +1.28 1.62 £ 1.23 1.24 [0.65-1.95] 0.031* 1.53 [1.04-2.25] 0.033*
Ward stay (days) 33622 2.06 + 0.7 2.25 [0.76-6.62] 0.018* 1.17 [0.96—1.42] 0.125
Chest tube removal (days) 4.17 £ 3.18 3.67 + 247 1.07 [0.89-1.28] 0.485
ARISCAT score 428 + 10.7 384+ 127 0.88 [0.80-0.97] 0.013* 1.22 [1.02-1.47] 0.040*
ARISCAT Low 2(9.1) 18 (20.9) | 0.355
grade
Medium 8 (36.4) 42 (48.8) 0.60 [0.23-1.57] 0.344
High 12 (54.5) 26 (30.2) 2.77 [1.06-7.21] 0.045% 2.77 [1.06-7.21] 0.037*
Site of Right 8 (36.4) 38 (44.2) 0.72 [0.27-1.90] 0.631
surgery
Left 10 (45.5) 25 (29.1) 2.03 [0.78-5.31] 0.201
Bilateral 0 (0.0) 2 (23) 1.26 [1.15-1.39] 1.000
Localized 4(182) 21 (24.4) | 0.777
Type of Thoracotomy 15 (68.2) 36 (41.9) 2.98 [1.10-8.04] 0.032* 1.41 [0.22-9.10] 0.721
surgery
VATS 3(13.6) 28 (32.6) 0.33 [0.09-1.20] 0.113
Mediastinoscopy 2 (9.1) 17 (19.7) 0.41 [0.09-1.91] 0.352
Other incisions 2(9.1) 5(5.8) | 0.629
Notes: Values present as number (%) or as mean + SD. *Significant.
Abbreviations: OR, odds ratio; Cl, confidence interval.
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parts of the thorax. There is no standard; it depends on the type of complications included, the definition of pulmonary
complications, and the type of procedure.'?

In this study, multinomial logistic regression of significant risk factors revealed that a high ARISCAT grade (OR =
2.77 [1.06-7.21]; p=0.037) was a significant predictor of the occurrence of postoperative complications. Ulger et al
analyzed data from 120 patients and reported that PPCs developed in 21.7% and the 3-month mortality was 3.3%. The
development of PPCs was statistically significant in patients with high ARISCAT scores. A small positive correlation was
found between ARISCAT score and the timing of chest tube removal (P <0.001)."® Canet et al reported that the highest
rate of PPCs was after cardiac surgery (39.6%), followed by thoracic (31.4%), abdominal (7.2%), and vascular
procedures (5.8%), and that ARISCAT grade was statistically significantly higher (P = 0.009) in patients who developed
PPCs.” Gupta et al reported that the incidence of PPCs was 59 out of 1170 patients (5%). Multivariate analysis showed
that patients with intermediate and high ARISCAT scoring had a higher risk of developing PPCs.'? Shaik et al studied the
ARISCAT risk index to predict PPCs in patients undergoing elective or emergency surgical procedures, at a single center
in India and reported that 55.6% of patients developed PPCs after intrathoracic procedures. The incidence of PPCs was
higher in the high-risk group (45.7%) than in the intermediate- risk (17.6%) and low-risk (2.5%) groups.® This was
consistent with the study by Mazo et al which showed that the incidence of PPCs was higher in the high-risk group
(38.01%) than in the intermediate- risk group (12.98%) and the low-risk group (3.39%) and found that it performed
differently in different European geographic areas; it performed well in a Western European subsample.'®

Other PPCs such as phrenic nerve injury, recurrent laryngeal nerve injury, hemothorax, and persistent air leak were
not assessed with the ARICAST score. Thoracic surgery may result in injury to the phrenic nerve and recurrent laryngeal
nerve, which may be temporary or permanent.?' In this study, four patients (3.7%) sustained injuries to the phrenic and
laryngeal nerves. One of the most common problems after thoracic surgery is persistent postoperative air leak (28% to
60%), with most leaks resolving spontaneously by the fourth postoperative day.* In this study, one patient (0.9%)
experienced a persistent postoperative air leak which was treated by intrapleural injection of 100 mL of autologous blood
through the intercostal chest drain. Bleeding after thoracic surgery is rare, occurring in less than 2% of VATS and in
approximately 01% to 3% of open procedures.?® In this study, one patient (0.9%) had hemothorax after VATS bullectomy
and pleurodesis for pneumothorax and was treated conservatively with blood transfusion.

In this study, PPCs occurred most frequently during thoracotomy (in 47.2%), followed by VATS (28.7%), and
mediastinoscopy (17.6%). This is consistent with results from the literature and studies. VATS approach can reduce the
incidence of PPCs.**?” Thoracotomy was associated with a 10-fold higher risk of postoperative complications compared
with VATS and was an independent risk factor for surgical complications.*® 2

Multinomial logistic regression in our study showed that a low FEV1% score (OR = 0.88 [0.79-0.98]; p=0.017) was
a significant predictor of the occurrence of postoperative complications. FEV1% may be useful to categorize the severity
of underlying lung disease. Functional status has also been shown to influence outcomes.>® Berry et al showed that
FEV1% is an independent predictor of PPCs,*” which is consistent with our findings. However, FEV1% is often less
reliable in patients with airway obstruction.>* Studies have shown that older age is an important factor in the develop-
ment of PPCs.>**77 In addition, male gender has been shown to be a risk factor for the development of PPCs.*® This is
in contradiction with our results where both age and gender showed no significant association with the development of
postoperative complications.

Limitations of the Study

The study has some limitations including the retrospective records review design, a single center study with
a heterogeneous patient population, a small sample size, and possible selection bias. In addition, variables predicting
postoperative complications may be modifiable and even a strong statistical association does not necessarily indicate
a cause-effect relationship. Also, possible confounding effect caused by unmeasured covariates may occur as some
independent risk factors were not investigated that may pose an increased risk for PPCs such as obesity, smoking,
anemia, etc. Also, we did not include some of the other surgical risk scores as Respiratory Failure Risk score in the
current study for more future studies covering this issue. Finally, we did not evaluate the risk factors for PPCs
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independently for each type of surgery and we are not sure about the long-term survival as we reviewed only in-hospital
mortality.

Conclusions

ARISCAT scoring system, lower FEV1% score, and longer ICU stay were significant predictors of postoperative
complications. Multicenter prospective studies in more specific patient populations are needed to more accurately
determine the parameters that are successful in estimating PPCs and to enable future management plans of those at
higher risk of postoperative and even preoperative complications.
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