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Background: Postoperative pulmonary complications (PPCs) are the most prevalent complication after esophagectomy and are
associated with a worse prognosis. This study aimed to investigate the perioperative risk factors for PPCs after minimally invasive
esophagectomy (MIE).

Methods: Seven hundred and sixty-seven consecutive patients who underwent McKeown MIE via thoracoscopy and laparoscopy
were retrospectively studied. Patient characteristics, perioperative data, and postoperative complications were analyzed.

Results: The incidence of PPCs after MIE was 25.2% (193/767). Univariate analysis identified age (odds ratio [OR] 1.022, P = 0.044),
male sex (OR 2.955, P <0.001), pulmonary comorbidities (OR 1.746, P = 0.032), chronic obstructive pulmonary disease (COPD) (OR
2.821, P = 0.003), former smoking status (OR 1.880, P = 0.001), postoperative albumin concentration (OR 0.941, P = 0.007),
postoperative creatinine concentration (OR 1.011, P = 0.019), and perioperative transfusion (OR 2.250, P = 0.001) as risk factors for
PPCs. In multivariate analysis, the independent risk factors for PPCs were male sex (OR 3.135, P < 0.001), body mass index (BMI)
(OR 1.088, P = 0.002), COPD (OR 2.480, P = 0.012), neoadjuvant chemoradiotherapy (OR 2.057, P = 0.035), postoperative albumin
concentration (OR 0.929, P = 0.002), and perioperative transfusion (OR 1.939, P = 0.013). The area under the receiver operating
characteristic curve for the predictive model generated by multivariate logistic regression analysis was 0.671 (95% confidence interval
0.628-0.713).

Conclusions: Male sex, BMI, COPD, neoadjuvant chemoradiotherapy, postoperative albumin concentration, and perioperative
transfusion were independent predictors of PPCs after MIE.
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Introduction

Esophagectomy is associated with high risks of mortality and morbidity, particularly postoperative pulmonary complica-
tions (PPCS),1 which are strongly associated with increased durations of ventilation, intensive care, and hospitalization,
and are reported to adversely affect overall survival.>> Recently, minimally invasive esophagectomy (MIE) has become
a standard procedure for the surgical treatment of esophageal cancer. MIE is reportedly associated with significantly
better short-term outcomes than open esophagectomy.®’ Studies have also found a lower incidence of PPCs in patients
undergoing MIE compared with open surgery.®'® In a multi-center randomized controlled trial of patients undergoing
esophagectomy, the incidence of a major pulmonary complication was 18% in the hybrid-procedure group and 30% in
the open-procedure group.” Additionally, MIE reportedly decreases the risk of respiratory failure after esophagectomy.'’
However, PPCs remain a major concern after MIE, and the risk factors related to PPCs after MIE have not been fully
investigated. Therefore, it would be beneficial for both patients and healthcare providers to identify the perioperative risk
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factors that influence the development of PPCs, especially regarding the best protective strategies during perioperative
management of MIE to enhance clinical decision-making. The aim of this study was to assess the perioperative risk
factors that influence the occurrence of PPCs after total MIE.

Materials and Methods

This study was approved by the Ethics Committee of Peking University Cancer Hospital, Beijing, China. The need for
patient consent was waived by the ethics committee due to the retrospective study design. The data analyzed in the study
were anonymized and the study was conducted in accordance with the Declaration of Helsinki. The study was registered in
the Chinese Clinical Trial Registry (No. ChiCTR2300071822). Consecutive patients who were diagnosed with esophageal
cancer and underwent McKeown MIE via thoracoscopy and laparoscopy between January 2016 and February 2023 were
retrospectively studied. Patients with cervical esophageal cancer, esophageal cancer recurrence, an American Society of
Anesthesiologists grade of greater than class III, a diagnosis of COVID-19 within 1 month prior to surgery or during
hospitalization, unresectable tumors found during surgery, conversion of thoracoscopy or laparoscopy to an open procedure,
unplanned resection of other organs, or a lack of complete case records were excluded from the study.

All patients were admitted to the same general ward and were perioperatively managed in accordance with the standard
protocol for MIE. Patients routinely underwent chest physiotherapy and were nutritionally supported if required before
surgery. All patients underwent general anesthesia or general anesthesia combined with regional anesthesia (intercostal
nerve block/paravertebral nerve block/combined paravertebral nerve block and transversal plane block) managed by the
same team of anesthesiologists specialized in thoracic anesthesia. Epidural anesthesia was not routinely used for total MIE
in our institution and therefore was not included in the analysis. After establishing standard monitoring, anesthesia was
induced intravenously with sufentanil/oxycodone, propofol/etomidate, and cisatracurium/rocuronium. Patients were intu-
bated with either a single-lumen endotracheal tube, bronchial blocker, or double-lumen endobronchial tube based on the
decision of the anesthesiologists and surgeons. In patients intubated with a single-lumen endotracheal tube, the thoracic
procedure was completed with the facilitation of artificial pneumothorax. In patients intubated with a bronchial blocker or
a double-lumen endobronchial tube, the thoracic procedure was completed under one-lung ventilation. The tidal volume
was set at 4—6 mL/kg during the thoracic phase, and was set at 6 mL/kg during the remaining surgery. The respiratory rate
was set at 12 to 20 breaths/minute and adjusted according to the end-tidal carbon dioxide and arterial blood gas analysis
measurements. General anesthesia was maintained with sevoflurane, propofol, remifentanil, and cisatracurium/rocuronium.
Neuromuscular blockade was reversed by neostigmine at the end of surgery. Neuromuscular monitoring was not routinely
performed during surgery, but was monitored before extubation. Postoperative analgesia was managed with patient-
controlled intravenous opioids. All surgeries were performed by one of three experienced thoracic surgeons from the
same general ward, and consisted of MIE with either two-field or three-field lymphadenectomy. The thoracic procedures
were performed under thoracoscopy in the left lateral decubitus position. The abdominal procedures were performed under
laparoscopy in the supine position. Gastroesophageal anastomosis was performed in the neck. After surgery, patients were
transferred to the post-anesthesia care unit and extubated after making a full recovery, and then transferred to the general
ward; patients who required continued mechanical ventilation after surgery and patients with poor cardiopulmonary reserve
were transferred to the intensive care unit (ICU). Postoperative care was managed by doctors and nurses on the same
general ward or in the ICU. Perioperative transfusion was defined as the infusion of red blood cells and/or fresh frozen
plasma intraoperatively or within 7 days postoperatively.

Patient demographic characteristics, tumor-specific characteristics, preoperative evaluations, surgical and anesthesia-
related data, and postoperative complications during hospitalization were retrieved from the electronic medical records.
Preoperative pulmonary comorbidities were defined as a history of chronic obstructive pulmonary disease (COPD), asthma,
bronchiectasis, pulmonary bulla, pulmonary tuberculosis, or pulmonary infection within 1 month before surgery. The
primary outcome was the occurrence of PPCs by postoperative day 7, as most primary PPCs occur within the first
postoperative week.'> PPCs were assessed using classification criteria adapted from the Clavien-Dindo classification
regarding the respiratory system: grade I was defined as atelectasis requiring physiotherapy, grade II was defined as
pneumonia treated with antibiotics on the ward, grade III was defined as the need for suction during bronchoscopy, grade IV
was defined as respiratory failure requiring endotracheal or non-invasive ventilation/respiratory failure with failure of
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another organ, and grade V was defined as death of the patient. Patients with a grade of II or above were considered to have
developed PPCs."* The secondary outcomes were the occurrences of non-pulmonary complications including anastomotic
leakage, cardiac complications (arrhythmia, myocardial infarction, and heart failure), wound infection, chylothorax, and
recurrent laryngeal nerve injury during hospitalization. All complications were identified from the patients’ electronic
medical records. The incidences of unplanned postoperative intubations, tracheostomies, prolonged ICU stay (> 2 days), or
re-admission into the ICU during hospitalization were recorded. The length of hospital stay was also documented.

Sample Size

According to previous studies, the estimated incidence of PPCs after MIE is reported to be around 20%.'* For 10 or
fewer independent predictors and a target number of events of more than 10 per variable analyzed in logistic regression,
the required sample size was a minimum of 500 patients."?

Statistical Analysis

SPSS version 26.0 (IBM Corp., Armonk, NY, USA) was used for statistical analysis. Categorical variables were analyzed
with the Pearson chi-squared test or Fisher’s exact test and reported as number (percentage). Continuous variables were
analyzed with the independent-samples #-test (normally distributed data) or Mann—Whitney U-test (non-normally
distributed data) and reported as mean + SD or median (interquartile range). Univariate analyses using the forced
entry method were performed to identify potential risk factors associated with PPCs. Covariates included in the
multivariate logistic regression analysis were selected based on the results of the univariate analysis (factors with a p
< 0.1) and previously reported risk factors in the literature. The receiver operating characteristic (ROC) curve was used to
describe the discriminative abilities of the predictive model. The area under the curve was used as the quantitative index
to describe the ROC curve. P < 0.05 was considered statistically significant.

Results
During the study period, a total of 838 patients were scheduled for MIE via thoracoscopy and laparoscopy; of these, 767
patients met the inclusion and exclusion criteria and were enrolled in the study. The overall incidence of PPCs was 25.2%

(193/767). The demographic and perioperative characteristics are shown in Table 1.

Table | Demographic and Perioperative Characteristics

Non-PPCs Group (n=574) | PPCs Group (n=193) | Statistics P
Age, y 63.0 (57.5-68.0) 64.0 (59.0-68.8) 1.978 0.048
Sex 16.104 < 0.001
Male 453 (78.9) 177 91.7)
Female 121 (21.1) 16 (8.3)
Height, cm 166.0 (161.3-171.0) 165.3 (162.0-170.0) 0.159 0.874
Weight, kg 65.0 (58.0-71.5) 66.0 (59.2-71.0) 0.864 0.387
BMI, kg/m? 235 (21.6-25.7) 23.9 (21.6-26.3) 1.680 0.093
ASA 0.096 0.953
Grade | 38 (6.6) 12 (6.2)
Grade I 506 (88.2) 170 (88.1)
Grade llI 30 (5.2) 11 (5.7)
Comorbidities
Pulmonary comorbidities 47 (8.2) 26 (13.5) 4.682 0.030
COPD 19 (3.3) 17 (8.8) 9.761 0.002
Pulmonary infection within one month 13 (65.0) 7 (35.0) 1.055 0.304
DM 73 (12.7) 24 (12.4) 0.010 0919
(Continued)
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Table | (Continued).

Non-PPCs Group (n=574) | PPCs Group (n=193) | Statistics P

Smoking history
Former smoker 373 (65.0) 150 (77.7) 10.803 0.001
Current smoker 37 (6.4) 18 (9.3) 1.800 0.180

Neoadjuvant therapy 422 (73.5) 149 (77.2) 1.030 0.310
Neoadjuvant chemotherapy 395 (68.8) 133 (68.9) 0.001 0.980
Neoadjuvant chemoradiotherapy 27 (4.7) 16 (8.3) 3.510 0.061

Preoperative
Hemoglobin, g/L 130.0 £ 16.2 131.1 £ 16.7 0.834 0.404
Albumin, g/L 44.5 (42.146.3) 43.7 (41.4-45.9) 1.542 0.123
Creatinine, umol/L 67.0 (58.0-77.0) 67.0 (60.0-73.8) 0.247 0.805

Anesthesia technique 0.001 0.977
General anesthesia alone 532 (92.7) 179 (92.7)

Combined regional anesthesia 42 (7.3) 14 (7.3)

Ventilation 0914 0.339
One-lung ventilation 8l (14.1) 22 (11.4)

Two-lung ventilation 493 (85.9) 171 (88.6)

Pre-anesthesia glucocorticoids 400 (69.7) 127 (65.8) 1.013 0314

Lymphadenectomy 0.011 0917
Two-field 557 (97.0) 187 (96.9)

Three-field 17 (3.0) 6 (3.1)

Fluid intake, mL 2200.0 (2000.0-2600.0) 2300.0 (2000.0-2700.0) 1.433 0.152
Crystalloid, mL 1600.0 (1300.0-2000.0) 1700.0 (1250.0-2037.5) 1.275 0.202
Colloid, mL 500.0 (500.0-500.0) 500.0 (500.0-500.0) 0.407 0.684

Blood loss, mL 100.0 (50.0-100.0) 100.0 (50.0—100.0) 1.892 0.058

Urinary output, mL 300.0 (150.0-500.0) 300.0 (200.0-500.0) 0.505 0.614

Length
Surgery, min 200.0 (176.0-234.0) 208.5 (184.0-244.8) 2.139 0.032
Anesthesia, min 251.0 (224.5-288.0) 255.5 (235.0-302.0) 2.200 0.028

Postoperative
Hemoglobin, g/L 1194 £ 15.3 119.7 £ 16.3 0.277 0.782
Albumin, g/L 36.0 £ 3.7 352 35 2.752 0.006
Creatinine, umol/L 63.0 (55.0-73.0) 65.5 (57.0-74.8) 1.786 0.074

Perioperative transfusion 45 (7.8) 31 (l6.1) 10.939 < 0.001

Pathology 0.422 0.846
SCC 541 (94.3) 184 (95.3)

Adenocarcinoma 21 3.7) 5 (2.6)
Other malignancy 12 (2.1) 4 (2.1)

Location 1.633 0.442
Upper thoracic 60 (10.5) 24 (12.4)

Middle thoracic 291 (50.7) 88 (45.6)
Lower thoracic® 223 (38.9) 8l (42.0)

Notes: Data are presented as median (interquartile range), number (%), or mean + standard deviation. *Including the gastroesophageal junction.

Abbreviations: PPCs, postoperative pulmonary complications; BMI, body mass index; ASA, American Society of Anesthesiologists; COPD, chronic
obstructive pulmonary disease; DM, diabetes mellitus; SCC, squamous cell carcinoma.

Compared with patients without PPCs (non-PPCs group), patients who developed PPCs (PPCs group) had signifi-
cantly higher incidences of unplanned re-intubation (P < 0.001), tracheostomy (P < 0.001), re-admission to the ICU (P <
0.001), and prolonged ICU stay (P < 0.001). The PPCs group also had a higher incidence of non-pulmonary complica-
tions (P < 0.001), namely anastomotic leakage (P = 0.015), recurrent laryngeal nerve injury (P = 0.005), and cardiac
complications (P < 0.001) (Table 2). The length of hospital stay was significantly longer in the PPCs group than the non-
PPCs group (14.0 vs 13.0 days, P = 0.005).
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Table 2 Postoperative Data and Non-Pulmonary Complications

Variables Non-PPCs Group | PPCs Group 1 P
(n=574) (n=193)

Unplanned re-intubation 3 (0.5) 16 (8.3) 32.929 < 0.001

Tracheostomy 0 (0.0 16 (8.3) 44.625 < 0.001

Re-admission to ICU 5(0.9) 16 (8.3) 29.854 < 0.001

Prolonged ICU stay 7 (1.2) 21 (10.9) 38.330 < 0.001

Non-pulmonary complications 103 (17.9) 63 (32.6) 18.400 < 0.001
Anastomotic leakage 44 (7.7) 26 (13.5) 5.871 0.015
Recurrent laryngeal nerve injury 6 (1.0) 9 (4.7) 8.063 0.005
Chylothorax 4 (0.7) I (0.5) - 1.000
Cardiac complications 24 (4.2) 23 (11.9) 15.026 < 0.001
Wound infection 13 (2.3) 2 (1.0) 0.586 0.444

Notes: Data are presented as number (%).
Abbreviations: PPCs, postoperative pulmonary complications; ICU, intensive care unit.

The univariate logistic regression analysis results are shown in Table 3. The following variables were entered as
covariates into the multivariable logistic regression analysis: age, sex, body mass index (BMI), pulmonary comorbidities,
COPD, former smoking status, neoadjuvant chemoradiotherapy, fluid intake, blood loss, surgery duration, postoperative

albumin concentration, postoperative creatinine concentration, and perioperative transfusion. The independent risk

Table 3 Risk Factors Associated with PPCs: Univariate Logistic Regression Analysis

Odds Ratio 95% CI P

Age, y 1.022 1.001-1.045 0.044
Sex, male 2.955 1.706-5.119 < 0.001
Height, cm 0.995 0.973-1.018 0.688
Weight, kg 1.010 0.994-1.026 0.207
BMI, kg/m? 1.049 0.997-1.103 0.065
ASA

Grade | 0.953

Grade Il 1.064 0.543-2.083 0.857

Grade llI I.161 0.450-2.996 0.757
Pulmonary comorbidities 1.746 1.049-2.906 0.032
COPD 2.821 1.435-5.547 0.003
Pulmonary infection within one month 1.624 0.638-4.131 0.309
DM 0.975 0.595-1.596 0.919
Former smoker 1.880 1.286-2.749 0.001
Current smoker 1.493 0.829-2.689 0.182
Neoadjuvant chemotherapy 1.005 0.706—1.429 0.980
Neoadjuvant chemoradiotherapy 1.831 0.965-3.477 0.064
Preoperative hemoglobin, g/L 1.004 0.994-1.014 0.404
Preoperative albumin, g/L 1.011 0.981-1.043 0.476
Preoperative creatinine, umol/L 1.003 0.993-1.013 0.537
Anesthesia technique, regional anesthesia 0.991 0.529-1.857 0.977
Ventilation, OLV 0.783 0.474-1.294 0.340
Pre-anesthesia glucocorticoids 0.837 0.592-1.184 0314
Lymphadenectomy, three-field 1.051 0.408-2.706 0917
Fluid intake, mL 1.000 1.000-1.000 0.231
Blood loss, mL 1.002 0.999-1.005 0.178
Urinary output, mL 1.000 0.999-1.001 0911
Surgery duration, min 1.003 0.999-1.006 0.098

(Continued)
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factors for PPCs were male sex (odds ratio [OR] 3.135, P < 0.001), high BMI (OR 1.088, P = 0.002), COPD (OR 2.480,
P =0.012), neoadjuvant chemoradiotherapy (OR 2.057, P = 0.035), low postoperative albumin concentration (OR 0.929,
P = 0.002), and perioperative transfusion (OR 1.939, P = 0.013) (Table 4). The predictive model generated by multi-
variate logistic regression analysis included the factors of sex, BMI, COPD, neoadjuvant chemoradiotherapy, post-
operative albumin concentration, and perioperative transfusion, and its predictive value was examined using the ROC
curve. The area under the curve for the generated model was 0.671 (95% confidence interval 0.628-0.713) (Figure 1).

Discussion

In the present study, the overall incidence of PPCs was 25.2%, which was within the range reported in previous studies
(18-32%).”'%'* The PPCs group had significantly higher incidences of unplanned re-intubation and tracheostomy
postoperatively than the non-PPCs group. The PPCs group also had a prolonged duration of ICU stay, higher incidence
of re-admission to the ICU, and prolonged hospital stay, which may not only affect patient outcomes, but could also

Table 3 (Continued).

Odds Ratio 95% CI P

Anesthesia duration, min 1.002 0.999-1.005 0.107
Postoperative hemoglobin, g/L 1.001 0.991-1.012 0.781
Postoperative albumin, g/L 0.941 0.900-0.983 0.007
Postoperative creatinine, umol/L 1.011 1.002-1.020 0.019
Perioperative transfusion 2.250 1.378-3.673 0.001
Pathology

SCC 0.779

Adenocarcinoma 0.700 0.260-1.883 0.480

Other malignancy 0.980 0.312-3.076 0.972
Location

Upper thoracic 0.443

Middle thoracic 0.756 0.445-1.284 0.301

Lower thoracic® 0.908 0.531-1.554 0.725

Note: “including the gastroesophageal junction.
Abbreviations: PPCs, postoperative pulmonary complications; Cl, confidence interval; BMI, body mass
index; ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease; DM,

diabetes mellitus; OLV, one-lung ventilation; SCC, squamous cell carcinoma.

Table 4 Independent Risk Factors Associated with PPCs: Multivariate

Logistic Regression Analysis

Variables Odds Ratio 95% ClI P

Age, y - - 0.064
Sex, male 3.135 1.784-5.508 < 0.001
BMI, kg/m? 1.088 1.031-1.149 0.002
Pulmonary comorbidities - - 0.938
COPD 2.480 1.222-5.034 0.012
Former smoker - - 0.396
Neoadjuvant chemoradiotherapy 2.057 1.053-4.020 0.035
Fluid intake, mL - - 0.868
Blood loss, mL - - 0.866
Surgery duration, min - - 0.790
Postoperative albumin, g/L 0.929 0.885-0.974 0.002
Postoperative creatinine, umol/L - - 0.480
Perioperative transfusion 1.939 1.152-3.266 0.013

Abbreviations: PPCs, postoperative pulmonary complications; Cl, confidence interval; BMI,
body mass index; COPD, chronic obstructive pulmonary disease.
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Figure | Receiver operating characteristic curve for the model of the risk factors including male sex, BMI, COPD, neoadjuvant chemoradiotherapy, postoperative albumin
concentration, and perioperative transfusion. The area under the curve was 0.671.
Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease.

cause a high economic burden. Therefore, it is of great value to identify the possible predictive factors of PPCs after MIE
to provide adequate perioperative monitoring and management, and appropriate prophylactic or treatment modalities.
Previous studies have focused on conventional open esophagectomy, while few studies have investigated the risk factors
for PPCs after MIE. In the present study, we focused on the predictive risk factors for PPCs after MIE via thoracoscopy
and laparoscopy.

In general, preoperative respiratory comorbidities are reported as strong predictors of PPCs.? In particular, a recent
study found that COPD is an independent risk factor for PPCs after MIE.'* Similarly, COPD was found to be an
independent risk factor for PPCs after MIE in the present study. However, because of the retrospective design, we only
categorized the patients as having preoperative COPD or not, while the impact of different grades of COPD was not
analyzed. A high BMI is a well-recognized patient-related risk factor associated with PPCs after esophagectomy.'®
Obesity causes substantial changes to the mechanics of the lung and chest wall. The pulmonary function of patients with
obesity is characterized by reduced respiratory system compliance, expiratory reserve volume, and functional residual
capacity.'” Furthermore, a previous study reported that obesity is associated with increased respiratory complications
after esophagectomy.'® In the present study, a high BMI was also revealed to be an independent risk factor for PPCs after
MIE. Sex was the strongest patient-related predictor identified in the present study, with a threefold increased risk of
PPCs in males. This result was consistent with a study that reported female sex as an overall protective factor against
PPCs after abdominal surgery.'® Previous investigations of patients undergoing major abdominal surgery have also
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reported an association between male sex and postoperative pneumonia.'® One study found that male patients are five
times more likely to develop postoperative pneumonia than female patients.”® It was demonstrated that cell-mediated
immune responses after trauma are depressed in males.”' This might lead to the increased incidence of PPCs in males
after surgical trauma.

A low postoperative serum albumin concentration was recognized as another independent risk factor for PPCs in the
present study. This result was in accordance with an earlier study.”> Malnutrition is reported to be a significant predictor of
postoperative pneumonia after general and digestive surgery, and perioperative nutritional support may prevent postoperative
pneumonia in patients with malnutrition.”* A possible explanation for the association of the postoperative albumin concentra-
tion with the development of PPCs may be that hypoalbuminemia contributes to decreased plasma osmotic pressure, which
may induce pulmonary interstitial edema. The independent patient-related risk factors for PPCs after MIE identified in the
present study (such as sex and COPD) are non-adjustable, and the potentially modifiable factor BMI is unlikely to be altered in
a short period of time. Therefore, the only improvable patient-related factor was a low postoperative albumin concentration.
Physicians should be vigilant when treating patients with multiple patient-related risk factors identified in the current study, as
they might have a higher risk of developing PPCs after MIE. Efforts to prevent PPCs should be actively pursued; in particular,
malnutrition should be corrected to maintain an adequate albumin concentration.

Studies have shown a relationship between neoadjuvant therapy and a worse prognosis after esophagectomy. A meta-
analysis involving 2,311 patients with esophageal cancer found an apparent increase in treatment-related mortality in
patients who received neoadjuvant treatment, mainly in patients who received neoadjuvant chemoradiotherapy.®*
A recent retrospective study using propensity-score matching found a higher incidence of pneumonia and pleural
effusion in patients treated with neoadjuvant combined immunotherapy and chemotherapy.”® Additionally, salvage
esophagectomy after definitive chemoradiotherapy is an independent factor associated with the occurrence of PPCs.?
However, other studies have reported contradictory results.''” Therefore, it remains unclear whether neoadjuvant
treatment has a negative impact on PPCs. In the present study, multivariate analysis revealed that PPCs after MIE
were associated with pretreatment neoadjuvant chemoradiotherapy, but not neoadjuvant chemotherapy. Further investi-
gation is needed to better understand the influence of neoadjuvant chemoradiotherapy on PPCs after MIE. However,
current studies have also reported the benefits of neoadjuvant pretreatment, such as a higher complete resection rate, an
improved 3-year survival rate, and reduced local-regional cancer recurrences, which might outweigh the possible
disadvantages of increased short-term complications.”®** In addition, although one study found a higher incidence of
PPCs in patients with pre-surgical neoadjuvant treatment, there were no differences regarding postoperative hospital stay,
hospital cost, and 30-day mortality.>> Therefore, we speculate that although neoadjuvant chemoradiotherapy is associated
with the development of PPCs, it may not be detrimental to the patients’ overall outcomes.

In the present study, we investigated the impact of perioperative transfusion of red blood cells and/or fresh frozen
plasma, as lung injury can occur following the transfusion of any type of blood product. The pre- and postoperative
hemoglobin concentrations and the intraoperative blood loss volume were comparable between patients who developed
PPCs and those who did not. However, patients with PPCs had a higher incidence of perioperative transfusion. Multivariate
analysis revealed that perioperative transfusion was an independent risk factor for PPCs, and was associated with a nearly
twofold increased risk of PPCs after MIE. One study reported that transfusion is an independent procedural risk factor for
PPCs.*® Furthermore, a previous meta-analysis of 3,659 patients investigating transfusion and postoperative lung injury
found evidence of a strong association between perioperative transfusion of blood products and increased risk of post-
operative ARDS.*! Similarly, other investigations have also recognized a relationship between perioperative transfusion and
postoperative pulmonary infection.”? This finding might be related to the fact that allogeneic blood transfusion induces
inflammation, immunosuppression, and predisposes patients to postoperative infection.**** A recent retrospective study
found that blood cell transfusion has an OR of 2.02 for the development of postoperative complications in patients
undergoing MIE.* In the present study, the PPCs group also had higher incidences of non-pulmonary complications
than the non-PPCs group. Therefore, it is unclear whether the risk of development of PPCs was caused by transfusion or
was related to a higher incidence of non-pulmonary complications. However, we consider it more likely that the association
between perioperative transfusion and PPCs was related to other aspects, such as the severity of illness or complexity of
treatments (for non-pulmonary complications), which resulted in an increased requirement for transfusion. Nevertheless,
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based on our results and previous findings, clinicians should carefully consider the risks versus the benefits regarding the
use of blood products, and should avoid unnecessary transfusions.

Our results revealed that patients with PPCs also had significantly higher incidences of non-pulmonary complications
such as anastomotic leakage, recurrent laryngeal nerve injury, and cardiac complications compared with patients without
PPCs. The pathophysiology of recurrent laryngeal nerve injury and PPCs are linked. Patients with recurrent laryngeal
nerve injury might have resultant vocal cord dysfunction, manifested clinically by hoarseness, ineffective cough,
dysphagia, and aspiration. There is a reported correlation between recurrent laryngeal nerve palsy and pneumonia after
MIE,*’ and recurrent laryngeal nerve paralysis is significantly associated with PPCs and the requirements for tracheost-
omy and mechanical ventilation.*®*” Similarly, atrial fibrillation is also frequently associated with PPCs.>® However,
anastomotic leakage is reportedly a predictive factor for secondary pulmonary complications.'? Leaks are more likely to
result in patients with severe illness, which also makes those patients more inclined to develop PPCs. However, the
causal relationship between these non-pulmonary complications and PPCs was not evaluated in our study. Despite this,
unlike the non-adjustable risk factors, physicians could strive to prevent potential procedural risk factors, such as
recurrent laryngeal nerve injury, through improvements in surgical techniques and early interventions to minimize
their impact on the respiratory system.

Limitations

This study has several limitations. First, this was a retrospective study and the results may have been affected by potential
bias, such as variability in standard practice among clinicians. Information related to perioperative care may also be
biased by the experiences and preferences of different clinicians, and by the time-related changes in medical strategies,
which is unavoidable given the nature of retrospective analyses. Second, intraoperative ventilator parameters such as tidal
volume and positive end-expiratory pressure were not recorded because of the retrospective design. These data may
affect PPCs. Third, only the short-term results during hospitalization were analyzed. It is possible that postoperative non-
pulmonary complications may have occurred after hospital discharge. Therefore, the incidence of postoperative non-
pulmonary complications may be underestimated. Finally, this study was conducted in a single institution and our
findings may not be generalizable. Multi-center, randomized controlled trials are warranted.

Conclusions

Male sex, high BMI, COPD, neoadjuvant chemoradiotherapy, low postoperative albumin concentration, and periopera-
tive transfusion were independent predictors of PPCs after MIE. Physicians should carefully monitor patients with these
risk factors for the development of PPCs in the clinical setting. Malnutrition after surgery should be corrected in a timely
manner to maintain an adequate albumin concentration. Furthermore, the risks and benefits should be weighed carefully
with regard to the use of perioperative blood products.

Abbreviations
PPCs, postoperative pulmonary complications; MIE, minimally invasive esophagectomy; ICU, intensive care unit; COPD,
chronic obstructive pulmonary disease; ROC, receiver operating characteristic; BMI, body mass index; OR, odds ratio.
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