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Abstract: Background: Limited data exist on postoperative acute kidney injury (AKI) in patients who
have undergone esophageal cancer surgery. The purpose of this study was to evaluate the incidence,
risk factors, and consequences of postoperative acute kidney after esophagectomy. Methods: This was
a retrospective cohort study. The study was conducted in a tertiary specialized cancer center in Italy.
All patients undergoing elective esophageal cancer surgery between 2016 and 2021 were included in
the study. AKI was defined according to Kidney Disease Improving Global Outcomes criteria (both
serum creatinine and urine output), within 48 h after surgery. Preoperative and intraoperative data
were registered. We also collected data concerning progression of AKI, need for renal replacement
therapy, mortality, and medical (pulmonary, cardiovascular, septic) and surgical complications within
30 days from surgery, as well as length of hospital stay. Results: Incidence of postoperative AKI was
32%. The independent risk factors were body mass index and the use of an invasive surgical approach.
Persistent AKI accounted for 15% of the cases and it was associated with increased risk of major
cardiovascular events (odds ratio 4.14, 95% CI 1.05–15.8, p-value 0.036), pulmonary complications
(OR 3.67, 95% CI 1.04–14.9, p-value 0.050), and increased length of hospital stay (AME 7.2, 0.5–13.9,
p-value 0.035). Conclusions: Postoperative AKI is common after esophageal cancer surgery. BMI and
a totally invasive surgical approach are independent risk factors. Persistent AKI lasting more than
48 h increased the risk for any cardiovascular or pulmonary complications, with prolonged length of
hospital stay.

Keywords: postoperative acute kidney injury; esophageal cancer surgery; outcome

1. Introduction

Esophagectomy is considered to be the cornerstone treatment for locally advanced
esophageal cancer [1]. Esophagectomy is a complex major intervention, with well-known
risk of pulmonary, cardiac, anastomotic, and septic complications. The presence of postoper-
ative complications after esophagectomies for cancer is associated with reduced long-term
survival [2]. There is a paucity of data in the literature concerning postoperative renal
outcomes after esophageal surgery, with a wide range of incidence [3–7]. Perioperative
acute kidney injury (AKI) and the ways in which it develops is multifaceted and com-
plex. Hypoperfusion, inflammation, and neuroendocrine response to surgery are common
mechanisms affecting renal function and structure [8]. Moreover, AKI may be considered
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a sentinel complication which engenders distant organ dysfunctions, resulting in more
postoperative complications with increased length of hospital stay [9].

The primary aim of this study was to evaluate the incidence of postoperative AKI in
patients undergoing elective esophageal cancer surgery. As a secondary aim, we assessed
the progression of the acute kidney injury and the association with adverse pulmonary,
cardiovascular, anastomotic, and septic events, as well as mortality. We also identified the
risk factors associated with AKI incidence.

2. Materials and Methods
2.1. Study Population

This is a retrospective observational study conducted at the University Hospital of
Padua in patients who underwent elective esophagectomy from January 2016 to January
2021. Exclusion criteria were age < 18 years, end-stage renal disease, missing data for
AKI definition, second surgery (for patients having multiple surgeries performed during a
30-day period, only the first in each period was included).

2.2. Objectives

Our primary objective was to evaluate the incidence of postoperative AKI according
KDIGO criteria within 48 h after surgery. Our secondary objectives were the distinction
between transient and persistent AKI, occurrence of recovery of AKI or progression at
7 days, 30 days, and 3 months, the association between AKI and pulmonary complications,
major adverse cardiovascular events, surgical or septic complications, or death, i.e., the
identification of risk factors associated with AKI occurrence.

2.3. Statistical Analysis

Descriptive statistics were reported as median (I quartile–III quartile) for continuous
variables and as absolute numbers (percentages) for categorical variables. Univariable and
multivariable logistic regression models were employed to identify factors associated with
postoperative AKI. Results were reported as odds ratio, 95% Confidence Interval (CI), and
p-value. Univariable logistic models were employed to evaluate the association between
AKI and postoperative binary outcomes. Univariable gamma models were employed for
continuous variables, given the non-normal distribution of all the continuous variables con-
sidered (normality of numerical data was assessed using the Shapiro–Wilk test). Regarding
the gamma models, the marginal effect was computed considering the partial derivatives
of the marginal expectation. Results were reported as average marginal effect (AME), 95%
CI, and p-value. Analyses were performed using the R software version 4.1.2.

2.4. Data Collection

A qualified team collected patients’ data in a CRF (Case Report Form). An electronic
copy of the CRF was retained in Microsoft Excel format. We collected preoperative data
(age, gender, body mass index (BMI), level of dependency (using the Karnofsky index),
American Society of Anesthesiology (ASA) status, comorbidities, medications, laboratory
tests, such as serum creatinine (SCr), urea, blood cells count, estimation of glomerular
filtration rate (eGFR) and length of hospital stay according to the National Surgical Quality
Improvement Program (NSQIP)), intraoperative data (type of surgery, type of anesthesia,
duration of anesthesia, type of ventilation, lower systolic arterial pressure, lower ratio of
oxygen saturation and fractional inspired oxygen content, amount of fluids, use of colloids
or blood, use of vasopressors, inotropes or antiarrhythmics, blood loss, hemoglobin and
lactate at the end of surgery, diuresis at the end of surgery and use of non-steroidal anti-
inflammatory drugs), and postoperative data (serum creatinine, diuresis, fluid balance,
medical and surgical complications). All collected data were identified and stored in
such a way as to protect patient confidentiality. The staff involved in the collection and
management of data did not use or disseminate such information for purposes other than
those provided for the realization of the study. All data were collected and processed in a
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completely anonymous way, in compliance with the guaranteed terms of privacy and as
approved by Comitato Etico per la Sperimentazione Clinica della Provincia di Padova.

2.5. Assessment of Renal Function

AKI was defined according to Kidney Disease Improving Global Outcomes (KDIGO)
2012 consensus guidelines [10] as an increase in SCr by ≥0.3 mg/dL, or an increase in SCr
level 1.5–1.9 times the baseline value or urine volume <0.5mL/kg/h for 6–12 h. AKI was
staged as followed: stage 1 as an increase in SCr level by ≥0.3 mg/dL, or an increase in
SCr level 1.5–1.9 times the baseline value or urine volume <0.5mL/kg/h for 6–12 h; stage 2
as an increase in SCr level 2.0–2.9 times the baseline value or urine volume <0.5 mL/kg/h
for ≥12 h; stage 3 as an increase in SCr level 3.0 times baseline or ≥4.0 mg/dL, or initiation
of kidney replacement therapy. For those who did not have available baseline SCr levels,
we expanded the screening criteria to an increase or decrease in SCr by 0.3 mg/dL during
hospital stay. Every patient with suspected AKI was reviewed on a case-by-case basis
to confirm or to rule out the diagnosis. Positive fluid balance and hemodilution were
considered in the diagnosis and staging of AKI using the following formula [11,12]:

adjusted SCr level = SCr × correction factor

where the correction factor = weight (kg) upon hospital admission × 0.6 + Σ (daily cu-
mulative fluid balance (L))/hospital admission weight × 0.6. The eGFR was determined
using SCr [13]. The following definitions according to the Acute Dialysis Quality Initiative
Consensus [14] were applied:

Persistent AKI: the protraction of AKI by serum creatinine or urine output criteria
(according KDIGO criteria) beyond 48 h from AKI onset. Transient AKI: complete reversal
of AKI by KDIGO criteria within 48 h of AKI onset. Acute kidney disease (AKD): a
condition wherein criteria for AKI stage 1 or greater persists ≥7 days after surgery.

2.6. Assessment of Complications and Mortality

Postoperative pulmonary complications were identified and classified based on European
Perioperative Clinical Outcome definitions from the European Society of Anesthesiology–
European Society of Intensive Care Medicine taskforce on perioperative outcome mea-
sures [15]. These include respiratory infection, respiratory failure, pleural effusion, atelecta-
sis, pneumothorax, bronchospasm, and aspiration pneumonitis. Major adverse cardiac and
cerebrovascular events (MACCE) were a composite outcome of non-fatal cardiac arrest, acute
myocardial infarction, congestive heart failure, new cardiac arrhythmia, angina, and ischemic
stroke [15]. Sepsis was defined according to the Sepsis-3 definition [16]. We performed
analyses of complications apparently related to surgical technique (classified according to the
Esophagectomy Complications Consensus Group [17]) and medical complications.

All complications were evaluated at 30 days after surgery. Only in-hospital mortality
was considered. This was more reliably quantified than 30-day mortality.

3. Results
3.1. Participants

A total of 263 patients underwent elective esophagectomy during the 60-month study
period. According to the study protocol, nine patients were excluded, while 254 patients
were eligible for analysis, as shown in Figure 1.

The baseline perioperative characteristics of these 254 patients are shown in Table 1.
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Figure 1. Flowchart. AKI, acute kidney injury. 

The baseline perioperative characteristics of these 254 patients are shown in Table 1. 

Table 1. Preoperative and  intraoperative  characteristics. BMI, body mass  index; ASA, American 

Society of Anesthesiology; COPD, chronic obstructive pulmonary disease; NSQIP, National Surgical 

Quality  Improvement  Program;  SpO2/FiO2,  ratio  between  peripheral  saturation  of  oxygen  and 

fractional inspired oxygen content. 

Characteristic  N 
Overall,   

N = 254 1 

Non‐AKI,   

N = 172 1 

AKI,   

N = 82 1 
p‐Value 

Age (years)  254  66 (56, 72)  65 (56, 71)  66 (58, 73)  0.091 

Gender  254        0.863 

Male    206 (81%)  140 (81%)  66 (80%)   

Female      48 (19%)  32 (19%)  16 (20%)   

BMI (kg/h2)  254  24.3 (22.4, 27.7)  24.0 (22.0, 26.9)  26.2 (23.1, 29.4)  <0.001 

Level of 

dependency 
254        0.547 

Independent    247 (97%)  168 (98%)  79 (96%)   

Partially 

dependent 
  7 (2.8%)  4 (2.3%)  3 (3.7%)   

ASA status  254        0.987 

1    1 (0.4%)  1 (0.6%)  0 (0%)   

2    144 (57%)  105 (61%)  39 (48%)   

3    106 (42%)  64 (37%)  42 (51%)   

4    3 (1.2%)  2 (1.2%)  1 (1.2%)   

Chronic steroid use  254        0.936 

No    242 (95%)  164 (95%)  78 (95%)   

Yes    12 (4.7%)  8 (4.7%)  4 (4.9%)   

Diabetes mellitus  254        0.224 

No    209 (82%)  145 (84%)  64 (78%)   

Yes    45 (18%)  27 (16%)  18 (22%)   

Hypertension  254        0.022 

No    153 (60%)  112 (65%)  41 (50%)   

Yes    101 (40%)  60 (35%)  41 (50%)   

Figure 1. Flowchart. AKI, acute kidney injury.

Table 1. Preoperative and intraoperative characteristics. BMI, body mass index; ASA, American
Society of Anesthesiology; COPD, chronic obstructive pulmonary disease; NSQIP, National Surgical
Quality Improvement Program; SpO2/FiO2, ratio between peripheral saturation of oxygen and
fractional inspired oxygen content.

Characteristic N Overall,
N = 254 1

Non-AKI,
N = 172 1

AKI,
N = 82 1 p-Value

Age (years) 254 66 (56, 72) 65 (56, 71) 66 (58, 73) 0.091
Gender 254 0.863

Male 206 (81%) 140 (81%) 66 (80%)
Female 48 (19%) 32 (19%) 16 (20%)

BMI (kg/h2) 254 24.3 (22.4, 27.7) 24.0 (22.0, 26.9) 26.2 (23.1, 29.4) <0.001
Level of

dependency 254 0.547

Independent 247 (97%) 168 (98%) 79 (96%)
Partially

dependent 7 (2.8%) 4 (2.3%) 3 (3.7%)

ASA status 254 0.987
1 1 (0.4%) 1 (0.6%) 0 (0%)
2 144 (57%) 105 (61%) 39 (48%)
3 106 (42%) 64 (37%) 42 (51%)
4 3 (1.2%) 2 (1.2%) 1 (1.2%)

Chronic steroid use 254 0.936
No 242 (95%) 164 (95%) 78 (95%)
Yes 12 (4.7%) 8 (4.7%) 4 (4.9%)

Diabetes mellitus 254 0.224
No 209 (82%) 145 (84%) 64 (78%)
Yes 45 (18%) 27 (16%) 18 (22%)

Hypertension 254 0.022
No 153 (60%) 112 (65%) 41 (50%)
Yes 101 (40%) 60 (35%) 41 (50%)
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Table 1. Cont.

Characteristic N Overall,
N = 254 1

Non-AKI,
N = 172 1

AKI,
N = 82 1 p-Value

Current smoker
within 1 year 254 0.029

No 206 (81%) 133 (77%) 73 (89%)
Yes 48 (19%) 39 (23%) 9 (11%)

Severe COPD 254 0.208
No 226 (89%) 156 (91%) 70 (85%)
Yes 28 (11%) 16 (9.3%) 12 (15%)

NSQIP 254 9.00 (8.00, 11.50) 9.00 (8.00, 11.50) 10.50 (8.00, 11.50) 0.011
Alcohol use 254 0.596

No 244 (96%) 166 (97%) 78 (95%)
Yes 10 (3.9%) 6 (3.5%) 4 (4.9%)

Statins use 254 0.689
No 208 (82%) 142 (83%) 66 (80%)
Yes 46 (18%) 30 (17%) 16 (20%)

Angiotensin-
converting-

enzyme inhibitors
use

254 0.075

No 208 (82%) 146 (85%) 62 (76%)
Yes 46 (18%) 26 (15%) 20 (24%)

Angiotensin-
receptors blockers

use
254 0.044

No 223 (88%) 156 (91%) 67 (82%)
Yes 31 (12%) 16 (9.3%) 15 (18%)

Beta blockers 254 0.700
No 204 (80%) 137 (80%) 67 (82%)
Yes 50 (20%) 35 (20%) 15 (18%)

Insulin use 254 0.945
No 245 (96%) 166 (97%) 79 (96%)
Yes 9 (3.5%) 6 (3.5%) 3 (3.7%)

Proton pump
inhibitor use 254 0.143

No 116 (46%) 84 (49%) 32 (39%)
Yes 138 (54%) 88 (51%) 50 (61%)

Non-sterois-
antinflammatory

drugs use
254 0.295

No 219 (86%) 151 (88%) 68 (83%)
Yes 35 (14%) 21 (12%) 14 (17%)

Baseline serum
creatinine
(µmol/L)

254 77 (67, 87) 77 (66, 87) 78 (69, 92) 0.076

Preoperative urea
(mmol/L) 230 5.55 (4.31, 7.00) 5.60 (4.36, 6.88) 5.50 (4.07, 7.53) 0.872

Estimated
glomerular

filtration rate
(mL/min/1.73m2)

254 90 (79, 100) 92 (81, 101) 88 (72, 98) 0.040

Preoperative
hemoglobin

(g/dL)
248 12.90 (11.70, 13.80) 12.80 (11.70, 13.80) 12.90 (11.80, 13.70) 0.464
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Table 1. Cont.

Characteristic N Overall,
N = 254 1

Non-AKI,
N = 172 1

AKI,
N = 82 1 p-Value

Preoperative white
blood cell count

(×109/L)
210 5.71 (4.48, 7.30) 5.66 (4.50, 6.98) 6.03 (4.46, 7.60) 0.365

Preoperative
platelet count

(×104/µL)
244 207 (165, 252) 205 (168, 247) 216 (164, 258) 0.706

Preoperative atrial
fibrillation 254 0.596

No 244 (96%) 166 (97%) 78 (95%)
Yes 10 (3.9%) 6 (3.5%) 4 (4.9%)

Preoperative
ejection

fraction < 45%
254 0.547

No 247 (97%) 168 (98%) 79 (96%)
Yes 7 (2.8%) 4 (2.3%) 3 (3.7%)

Surgical technique 254 0.021
Mini-invasive 39 (15%) 33 (19%) 6 (7.3%)

Partially-invasive 9 (3.5%) 4 (2.3%) 5 (6.1%)
Totally-invasive 206 (81%) 135 (78%) 71 (87%)

Tri-incisional
surgery 254 0.198

No 241 (95%) 161 (94%) 80 (98%)
Yes 13 (5.1%) 11 (6.4%) 2 (2.4%)

Type of anesthesia 248 0.987
Inhaled 2 (0.8%) 0 (0%) 2 (2.5%)

Totally intravenous 23 (9.3%) 16 (9.5%) 7 (8.9%)
Inhaled + epidural 18 (7.3%) 9 (5.3%) 9 (11%)
Totally intravenous

+ epidural 205 (83%) 144 (85%) 61 (77%)

Anesthesia
duration (hours) 251 6.00 (5.20, 7.20) 6.00 (5.20, 7.20) 6.05 (5.95, 7.00) 0.964

Intraoperative
minimal

SpO2/FiO2

248 120 (98, 155) 120 (96, 158) 120 (107, 155) 0.809

Intraoperative
minimal systolic
blood pressure

(mmHg)

247 100 (90, 100) 100 (90, 100) 100 (90, 110) 0.162

Intraoperative
colloid use 247 0.758

No 233 (94%) 159 (95%) 74 (94%)
Yes 14 (5.7%) 9 (5.4%) 5 (6.3%)

Intraoperative
blood loss (mL) 246 150 (100, 200) 100 (100, 200) 200 (100, 215) 0.193

Intraoperative
blood transfusion 247 0.146

No 233 (94%) 161 (96%) 72 (91%)
Yes 14 (5.7%) 7 (4.2%) 7 (8.9%)

Intraoperative
volume infused

(mL/kg/h)
247 9.26 (7.68, 10.72) 9.50 (7.67, 11.13) 8.70 (7.74, 10.15) 0.407

End of surgery
hemoglobin level

(mg/dL)
241 12.00 (11.00, 13.10) 12.00 (11.10, 13.20) 12.00 (10.90, 12.80) 0.371
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Table 1. Cont.

Characteristic N Overall,
N = 254 1

Non-AKI,
N = 172 1

AKI,
N = 82 1 p-Value

End of surgery
lactate level
(mmol/L)

74 1.16 (0.99, 1.78) 1.10 (0.88, 2.03) 1.25 (1.06, 1.65) 0.833

Intraoperative
vasopressor use 247 0.626

No 231 (94%) 158 (94%) 73 (92%)
Yes 16 (6.5%) 10 (6.0%) 6 (7.6%)

Intraoperative
inotrope use 247 0.762

No 230 (93%) 157 (93%) 73 (92%)
Yes 17 (6.9%) 11 (6.5%) 6 (7.6%)

Intraoperative
arrhytmya 248 0.345

No 242 (98%) 166 (98%) 76 (96%)
Yes 6 (2.4%) 3 (1.8%) 3 (3.8%)

End of surgery
diuresis

(mL/kg/h)
246 1.14 (0.76, 1.75) 1.20 (0.81, 1.77) 1.01 (0.63, 1.65) 0.046

Intraoperative use
of diuretics 248 0.359

No 223 (90%) 154 (91%) 69 (87%)
Yes 25 (10%) 15 (8.9%) 10 (13%)

Intraoperative use
of non-steroid-anti

inflammatory
drugs

248 0.054

No 129 (52%) 95 (56%) 34 (43%)
Yes 119 (48%) 74 (44%) 45 (57%)

End of surgery
extubation 253 0.901

No 117 (46%) 80 (47%) 37 (46%)
Yes 136 (54%) 92 (53%) 44 (54%)

Intraoperative
acute kidney injury 246 0.063

No 219 (89%) 153 (92%) 66 (84%)
Yes 27 (11%) 14 (8.4%) 13 (16%)

1 Median (IQR); n (%).

3.2. Incidence and Risk Factors of Postoperative AKI

The incidence of postoperative AKI within 48 h from esophageal cancer surgery was
32%. Figure 2 shows the distribution of AKI KDIGO criteria within different stages of
postoperative AKI.

Only two patients required renal replacement therapy after surgery, for 8 and 9 days.
In univariable model regression, eight factors were associated with postoperative AKI:
BMI, history of hypertension, smoking habit, NSQIP-calculated length of hospital stay,
angiotensin-receptor blocker use, preoperative eGFR, totally invasive surgery, and intraop-
erative urinary output. In multivariable model regression, the only independent predictors
for postoperative AKI were BMI (OR 1.1, 95% CI 1.03–1.18, p-value < 0.01) and totally inva-
sive surgery (OR 3.5, 95% CI 1.3–9.2, p-value < 0.05). The complete analysis is presented in
Supplementary File S1.
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Figure 2. Distribution of AKI according to Kidney Disease Improving Global Outcomes criteria and 

stages. AKI,  acute  kidney  injury; AKI-KRT,  acute  kidney  injury  requiring  kidney  replacement 
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0.8% of the overall population (two patients); one patient (0.4%) died during ICU stay. 

Patients with postoperative AKI had greater risk of postoperative MACCE within 30 days 
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Figure 2. Distribution of AKI according to Kidney Disease Improving Global Outcomes criteria and
stages. AKI, acute kidney injury; AKI-KRT, acute kidney injury requiring kidney replacement therapy.

3.3. Difference between Transient and Persistent Postoperative AKI

The vast majority of AKI patients (85%) had transient postoperative AKI, while only
12 AKI patients (15%) had persistent postoperative AKI lasting more than 48 h. Within
the AKI group, eight patients (9.8%) didn’t recover within 7 days from surgery, and
were therefore diagnosed as having acute kidney disease. When comparing patients
with transient AKI, patients with persistent AKI had less preoperative eGFR (86 ± 18 vs.
77 ± 18, p-value 0.02; OR 0.97, 95% CI 0.94–0.99, p-value 0.024), had greater AKI stage
(stage 1 74% vs. 67%, stage 2 26% vs. 8%, stage 3 0% vs. 25%, p-value < 0.001; OR 5.7,
95% CI 2.7–11.9, p-value < 0.001), and were more likely to be diagnosed according to both
serum creatinine and diuresis KDIGO criteria (10% vs. 33%, p-value 0.02; OR 2.9, 95% CI
1.3–6.7, p-value 0.009).

3.4. Postoperative Complications and Association with Kidney-Related Adverse Events

The most frequent postoperative complications were pulmonary (37%), followed by
renal (32%), septic (18%), surgical (14%, with second surgery in 6%), and cardiovascular
(11%). We had data on renal function at 3 months from surgery in only 47 patients; two
patients (0.8% of the overall cohort and 2.4% of the AKI patients) were classified as having
chronic kidney disease. The median lengths of stay were 1 day (IQR 1–2) and 12 days (IQR
10–14) in ICU and in hospital, respectively. Intra-hospital mortality accounted for 0.8% of
the overall population (two patients); one patient (0.4%) died during ICU stay. Patients
with postoperative AKI had greater risk of postoperative MACCE within 30 days from
surgery (OR 2.51, 95% CI 1.14–5.56, p-value 0.021). No significant association was found
between postoperative AKI and other medical or surgical complications. Although patients
who developed AKI did not stay longer in hospital, patients who experienced persistent
AKI were more likely to have increased length of hospital stay (p-value 0.035).
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Patients who had persistent postoperative AKI had a higher risk of medical com-
plications, such as MACCE (OR 4.14, 95% CI 1.05–15.8, p-value 0.036) and pulmonary
complications (OR 3.67, 95% CI 1.04–14.9, p-value 0.050), with a significant effect on hospi-
tal length of stay (AME 7.2, 0.5–13.9, p-value 0.035). The complete analysis is presented in
Supplementary File S1.

4. Discussion
4.1. Major Findings

In this monocentric retrospective study, the incidence of postoperative AKI after
esophageal cancer surgery, as defined by serum creatinine and diuresis KDIGO criteria,
was 32%. The only independent risk factor associated with postoperative AKI was BMI.
The AKI episode was transient in the majority of the cases and did not affect length of
hospital stay; nonetheless, it was associated with a two-fold risk increase for MACCE
within 30 days from surgery. Moreover, an AKI episode lasting more than 48 h was not
only associated with a four-fold risk increase for MACCE and three-fold risk increase for
pulmonary complications within 30 days from surgery, but it also increased the length of
hospital stay by an average of 7 days.

4.2. Comparison with Previous Studies

There are few studies investigating the incidence of renal dysfunction specifically
in patients undergoing elective esophageal cancer surgery. The incidence reported was
variable, ranging from 1.3% to 35.3% [2–7]; some studies, however, lacked a sufficient
definition of renal dysfunction [2,4], and others used Acute Kidney Injury Network SCr
criterion [3,5,7], or Risk, Injury, Failure, Loss, and End-Stage kidney disease SCr crite-
rion [6]. The population analyzed in our study is similar to former studies [3–7] in terms
of preoperative characteristics. Our study differs from the previous studies [3–7] by using
KDIGO criteria, urine output, and SCr for AKI diagnosis, and not only SCr. We also
conducted the adjustment for SCr according to cumulative fluid balance (which reduced
the possible underestimation of AKI incidence due to perioperative change in body water).
This methodology of SCr adjustment has been previously tested and used for SCr correc-
tion [11,12]. Cumulative fluid balance is certainly subject to variation because it does not
account for insensible losses; however, we had no information on body weight change, or
other surrogate parameters of fluid status, and fluid balance is a widely used method of
assessing changes in volume status.

Considering urine output as a diagnostic criterion, we certainly increased the estimated
incidence of AKI, also including those patients (substantially, AKI stage 1 by urine output
criterion only) who may have responded to multiple physiological perioperative factors,
including volume status, relative, or absolute hypotension and neurohormonal response to
surgery. Similar to other previous studies [3–7], we found that BMI was a modifiable factor
that was found to be associated with increased risk for AKI occurrence [3,7]. Unlike the
results of our study, previous studies also showed that older age and elevated ASA status
were associated with AKI development [3,6], as well as some intraoperative factors, like
colloid use [3], fluid management [5], or duration of surgery [2]. Interestingly, the choice
of a totally invasive surgery was associated with increased risk for AKI, possibly because
of more traumatic body injury with more inflammation or more difficult management of
perioperative status, including fluid or pain management. We investigated the relevance of
duration of renal insult, by distinguishing between transient and persistent postoperative
AKI event. In line with Murphy et al. [7], in our population AKI was mostly transient and
did not increase length of hospital stay, even though it was associated with a two-fold risk
increase for major cardiovascular events within 30 days from surgery. Persistent AKI was a
less frequent but frightening postoperative complication, which appeared to be associated
with increased risk for MACCE and increased incidence of pulmonary complications
with significant impact on length of hospital stay. It is now well-established that AKI
is associated with increased morbidity and mortality, but in the perioperative settings,
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data on short- and long-term outcomes are still limited. Few studies have shown a strong
relationship between AKI and cardiovascular, pulmonary complications or mortality in
abdominal surgery [18–20], but none have pointed out the relationship between these
complications and the duration of AKI event. From a pathophysiological perspective, in
the perioperative period, the factors determining kidney dysfunction may be multiple
and simultaneous, sustaining the perpetuation of AKI event. We should also keep in
mind that major thoraco-abdominal surgery, like esophagectomy, stresses many organs
at the same time. In this scenario, the renal insult may initiate or result from another
organ dysfunction. The link between kidney dysfunction and other organs’ dysfunction
is conceptualized as organ crosstalk and may be at the basis of persistent postoperative
AKI. This, for example, explains the relationship found between kidney dysfunction and
cardio-pulmonary complications.

4.3. Limitations

Our results should be generalized carefully because the study was conducted in a
single tertiary specialized cancer hospital. The retrospective nature of the study is the
major limitation: the study lacks information on several variables of clinical relevance
(notably neoadjuvant treatment, preoperative dysphagia, previous AKI history, cancer
staging, or strategies to mitigate AKI). Moreover, the authors acknowledge that the use
of preoperative eGFR to unmask possible preoperative chronic kidney dysfunction might
be disputable, but it took into account the fact that there were few cases of patients with
known history of CKD. The study shows an association between persistent AKI and other
postoperative complications, but the cause–effect relationship cannot be determined due to
the retrospective analysis. Moreover, the limited number of events for mortality limit the
evaluation of association between AKI and in-hospital death from surgery. Unfortunately,
the follow-up at 90 days for determining CKD association was not available. We used
the timeframe of 48 h from surgery to diagnose postoperative AKI, instead of 7 days as
suggested by the more recent Acute Dialysis Quality Initiative consensus published by
Prowle et al. [21]; on the other hand, the authors believed that using such a time limitation
could also limit the error of including AKI events not necessarily associated with surgery.

5. Conclusions

In our study, 32% of patients who underwent esophagectomy experienced postop-
erative AKI, which was transitory in the majority of cases. However, a postoperative
AKI event lasting more than 48 h was associated with an increased risk of MACCE and
pulmonary complications and increased the length of hospital stay. The factors found to
be associated with increased risk for AKI development were BMI and the use of a totally
invasive surgical approach.
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