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Objective: The purpose of this study was to identify

perioperative risk factors for postoperative acute kidney injury

(AKI) in patients undergoing esophageal cancer surgery.

Design: A retrospective analysis of the prospectively col-

lected medical data.

Setting: A tertiary care university hospital.

Participants: All consecutive adult patients (n ¼ 595) who

underwent elective esophageal surgery for cancer between

January 2005 and April 2012.

Interventions: None.

Measurements and Main Results: AKI was defined by the

AKI Network criteria based on serum creatinine changes

within the first 48 hours after esophageal cancer surgery.

The relationship between perioperative variables and AKI

was evaluated using multivariate logistic regression. Post-

operative AKI developed in 210 (35.3%) patients. Risk factors
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for AKI were body mass index (odds ratio [OR] 1.07; 95%

confidence interval [CI] 1.01-1.14), preoperative serum albu-

min level (OR 0.52; 95% CI 0.33-0.84), use of angiotensin-

converting enzyme inhibitors or angiotensin-receptor block-

ers (OR 1.35; 95% CI 1.05-1.75), colloid infusion during surgery

(OR 1.11; 95% CI 1.06-1.18), and postoperative 2-day

C-reactive protein (OR 1.05; 95% CI 1.01-1.09). Postoperative

AKI was associated with prolonged length of hospital stay.

Conclusions: Postoperative AKI is common in patients

undergoing esophageal surgery for cancer. Closer evaluation

and monitoring in patients with risk factors for AKI may be

warranted.
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ACUTE KIDNEY INJURY (AKI) is a common post-
operative complication.1 The incidence of AKI in patients

undergoing noncardiac surgery varies between 1% and 8%
according to the type of surgery and the definition used for
AKI.2–5 Because postoperative AKI is linked to high short-term
and long-term morbidity and mortality and currently there is no
effective treatment for AKI,2,6–8 early identification of patients
at risk for AKI may be helpful in optimizing perioperative care
for prevention of AKI.

To date, there has been no consensus regarding the
definition of AKI. Recently, a definition of AKI was proposed
by the AKI Network group based on accumulating evidence
that even subtle changes in serum creatinine levels after surgery
are associated with adverse outcomes.8,9 This has been
validated in numerous studies and is reported to improve the
sensitivity of the AKI diagnosis.5,6,10 A significant number of
studies have addressed AKI after cardiac surgery and a limited
number have addressed noncardiac surgery.3,5–8 However, little
is known about postoperative AKI after esophageal cancer
surgery. Although postoperative renal dysfunction has been
reported to occur in 1% to 7% of patients undergoing
esophagectomy,11–13 this is likely to underestimate the true
incidence of AKI because of the stringent criteria used to define
this adverse event (eg, modest increase in serum creatinine or
requirement for dialysis).

The purpose of this study was to determine the incidence of
AKI after esophageal cancer surgery based on the AKI
Network criteria and to identify the perioperative risk factors
for the development of postoperative AKI.

PATIENTS AND METHODS

The records of all patients who underwent elective esophageal
surgery for cancer in a tertiary hospital in South Korea between January
2005 and April 2012 were evaluated retrospectively. For providing
continuous assessment and improvement of quality of care, the
Department of Anesthesiology and Cardiothoracic Surgery keep a
prospective database on all patients undergoing esophageal surgery.
Patients with missing preoperative serum creatinine measurements and
pre-existing renal failure requiring preoperative dialysis were excluded,
as well as those who underwent repeat esophageal surgery or
concomitant renal or hepatic surgery. All clinical data about patients
were extracted from computerized databases and analyzed. This study
was approved by the Institutional Review Board of this institution
(2012-0459) and conducted in accordance with Strengthening the
Reporting of Observational Studies in Epidemiology guidelines.14

In all patients, general anesthesia was induced with a bolus IV
injection of 0.2 mg/kg of etomidate followed by 0.8 mg/kg rocuronium
to facilitate orotracheal intubation with a double-lumen endotracheal
tube. A continuous infusion of remifentanil and propofol was main-
tained using a target-controlled infusion pump. Intra-arterial and central
venous catheters were inserted into the radial artery and the internal
jugular vein, respectively. Patients were ventilated to normocapnia
(35-45 mmHg) with 50% to 100% oxygen. To maintain intraoperative
intravascular volume, patients received lactated Ringer’s solution or
6% hydroxyethyl starch 130/0.4 (Voluvens, Fresenius Kabi, Bad
Homburg, Germany). Intraoperative fluid replacement was performed
using continuous infusions of crystalloid solution at 4 to 5 mL/kg/h as
maintenance fluid and additional colloidal doses based on the patient’s
intravascular volume status. Hemodynamic variables (ie, heart rate
[60–100bpm], mean arterial pressure [65-90 mmHg], and central
venous pressure [8-12 mmHg]) and urine output (4 0.5 mL/kg/hr)
were used to monitor the volume therapy. If mean arterial pressure
remained low despite volume replacement, vasopressor agents were
administered as repeated boluses (phenylephrine, 100 μg, or ephedrine,
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10 mg) or continuous infusion (dopamine) to maintain mean arterial
pressure between 65 mmHg and 90 mmHg. Packed red blood cells
were transfused during actual ongoing bleeding, when the hemoglobin
level was less than 8 g/dL in patients with no history of coronary or
cerebral artery disease or no evidence of myocardial ischemia, or when
this level was less than 10 g/dL in patients with a history of coronary or
cerebral artery disease or evidence of myocardial ischemia. Propofol
and remifentanil were stopped 5 minutes before the end of surgery. The
patient’s trachea was extubated when there was response to verbal
commands, spontaneous respiratory rate exceeded 12 breaths/min, and
end-tidal carbon dioxide partial pressure was less than 45 mmHg.

After surgery, all patients were transferred to the intensive care unit
(ICU) within 5 minutes of tracheal extubation. In the ICU, fluid
management consisted of infusion of 10% dextrose with additional
colloid solution or blood to maintain normovolemia and hemoglobin
greater than 9 g/dL and to correct blood coagulation. Inotropic and
vasopressor agents (ie, dopamine, epinephrine, or norepinephrine) were
used as necessary to maintain hemodynamics within a normal range.
Patients were discharged from the ICU to the general ward when their
clinical status became stabilized and further ICU monitoring and care
were not required. Postoperative analgesia was provided exclusively by
patient-controlled epidural sufentanil.

Preoperative chemotherapy consisted of cisplatin and capecitabine,
and radiotherapy was delivered to a dose of 4,600 cGy in 23 fractions
of 2 Gy each. If hematologic or renal toxicity occurred, then chemo-
therapy and radiotherapy were withheld until evidence of recovery.
Surgery (usually the Ivor-Lewis operation for infracarinal primary
tumor and the McKeown approach for supracarinal tumor) was per-
formed within 8 weeks of the conclusion of chemotherapy and radio-
therapy. En bloc resection of the paraesophageal, posterior mediastinal,
and paracardial lymph nodes and esophagus was performed. For
the supraclavicular node, surgeons performed elective node sampling
rather than extensive node dissection. Antimicrobial prophylaxis
was administered before (cefotetan 2 g) and during (metronidazole 1 g)
surgery as single doses.

The primary outcome was the development of AKI, defined as
changes in creatinine (Z0.3 mg/dL or Z150% from baseline or
initiation of renal replacement therapy) within the first 48 hours after
surgery specified by the AKI Network.9 Urine output was not used
because data were recorded inconsistently in all patients and may have
been affected by diuretic use. Postoperative AKI was staged for
severity according to AKI Network criteria, with stage I defined as
an increase in serum creatinine of Z0.3 mg/dL or Z150 to 200%,
stage II as an increase in serum creatinine 4200% to 300%, and stage
III as an increase in serum creatinine 4300%, or Z4 mg/dL with an
acute increase of at least 0.5 mg/dL, or the need for renal replacement
therapy (RRT). Serum creatinine levels were checked preoperatively,
upon arrival at the ICU, and at 1 and 2 days after surgery. The
concentration measurement that was closest to the time of surgery was
regarded as the baseline creatinine level and the highest concentration
measured within 2 days after surgery was used to diagnose AKI. The
estimated glomerular filtration rate was calculated using the Modifica-
tion of Diet in Renal Disease equation II (186 � serum crea-
tinine�1.154 � age�0.203 � [0.742 if female] � [1.210 if African-
American]).15 Perioperative variables were assessed for association
with the primary outcome. Postoperative cardiovascular function was
assessed through the use of inotropes and the maximal cardiovascular
component of the sequential organ failure assessment (SOFAc) score
observed within the first 24 hours after surgery. Postoperative body
weight gain was determined by comparing patient weight before
surgery and after postoperative ICU admission.

In addition, other postoperative outcome measures, including length
of ICU and hospital stays and death from any cause during the first
30 days after surgery or before discharge, were assessed to determine
their association with postoperative AKI.
The sample size was determined such that stable point estimates in
the final multivariate model could be determined, thus enabling
identification of the independent risk factors for postoperative AKI.
To avoid an overfitted logistic regression model, at least 12 to 15
outcome events per predictor would be required.16 Thus, to fit a model
with 10 possible predictors, approximately 150 outcome events would
be required. Based on an estimated AKI incidence of 30%, determined
from a chart review of 100 patients after esophageal surgery
(unpublished), the final sample size estimate was 500 patients.

Descriptive statistics are reported as numbers and percentages for
categoric variables and means � standard deviations or medians with
interquartile ranges for continuous variables. Preoperative and intra-
operative characteristics and postoperative outcomes were analyzed
using the χ2 test or Fisher’s exact test for categoric variables and the
Student t test or Mann-Whitney rank-sum test for continuous variables.

To determine independent risk factors for postoperative AKI,
logistic regression analyses were performed. Initially, all perioperative
variables were considered. Some variables, such as ejection fraction
and postoperative 2-day C-reactive protein (CRP), were missing 25% to
30% of data. To retain all valid data and maintain the maximal sample
size for analyses, the authors managed missing data using a multiple
imputation under the missing-at-random assumption. Ten imputations
of missing data using the Markov chain Monte Carlo method were
generated using PROC MI (SAS Version 9.3s, SAS Institute Inc.,
Cary, NC). The authors performed sensitivity analysis to assess the
robustness of the findings and whether there were changes in inferences
when using different methods to handle missing data.

After multiple imputation, nonparsimonious multivariate logistic
regression was used to estimate the relationship between perioperative
characteristics and postoperative AKI. All the variables shown in
Tables 1 and 2 were included in this analysis. A backward elimination
process was used to develop the final multivariate model. Because the
final sets of variables may vary across the 10 imputed datasets, the
authors performed the bootstrapping method (number of repetitions =
100) for each imputed dataset to make variable selection more robust.
Through this bootstrapping method, the proportion of times (ie,
inclusion frequency) that appears as a significant factor in each
bootstrapped data was calculated, and then variables that exceed 50%
for the inclusion frequency in each dataset were selected.17 Using
multivariate logistic regression, parameter estimates of the variables
selected through bootstrapping in each imputed dataset were calculated.
Finally, the authors combined the results from logistic regression in
each imputed dataset and calculated the combined coefficient of the
estimates from logistic regression in each imputed dataset using PROC
MIANALYZE (SASs Version 9.2). The authors then constructed a
final model with significant predictors given a p value o 0.05. The
final independent predictors were reported as adjusted odds ratios (OR)
with 95% confidence intervals (CI). The discriminative ability of the
model was measured using an averaged c-index and the goodness of fit
for the model was tested with the Hosmer-Lemeshow test for each
dataset. All tests are 2-sided, and values of p o 0.05 were considered
statistically significant. Data manipulation and statistical analyses were
performed using SAS 9.2 (SAS Institute Inc.).

RESULTS

A total of 616 patients underwent esophageal surgery during
the 88-month study period. After excluding patients without
preoperative serum creatinine data (n ¼ 5) and those who met
any of the exclusion criteria (n ¼ 16), data for 595 patients
were analyzed (Fig 1). The baseline and perioperative charac-
teristics of these 595 patients are shown in Tables 1 and 2.
Patients consisted of 560 males (94.1%) and 35 females
(5.9%), with a mean age of 62.0 � 8.2 years. The majority



Fig 2. Proportion of patients according to Acute Kidney Injury

(AKI) Network classification. RRT, renal replacement therapy.
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of patients were American Society of Anesthesiologists (ASA)
physical status II (91.8%). Two hundred fifty-eight (43.4%)
patients received neoadjuvant therapy before surgery. Of these,
249 patients had concurrent chemoradiotherapy, 8 had chemo-
therapy only, and 1 had radiotherapy only.

The incidence of AKI after esophageal surgery is shown in
Figure 2. Two hundred ten patients (35.3%) developed post-
operative AKI (180 patients [30.3%] with an AKI Network
classification of stage 1, 16 [2.7%] with stage 2, and 14 [2.3%]
with stage 3), and 11 patients (1.9%) required renal replace-
ment therapy. When compared with patients without AKI,
patients with AKI had a larger body mass index (BMI) and
were more likely to have histories of hypertension and
dyslipidemia and to be receiving angiotensin-converting
enzyme inhibitors (ACEI) or angiotensin-receptor blockers
(ARB). In addition, operation time was longer and maximal
SOFAc score, postoperative 2-day CRP, infused colloid
volumes during surgery, and total packed red blood cells given
intraoperatively and during the 48-hour period after surgery
were higher in patients who developed AKI.

In multivariate logistic regression analysis after multiple
imputation, five independent predictors of AKI after esoph-
ageal surgery for cancer were identified (Table 3): BMI
(OR 1.07; 95% CI 1.01-1.14), preoperative albumin level
(OR 0.52; 95% CI 0.33-0.84), preoperative treatment with
ACEI or ARB (OR 1.35; 95% CI 1.05-1.75), total colloid
volume infused during surgery (OR 1.11; 95% CI 1.06-1.18),
and postoperative 2-day CRP (OR 1.05; 95% CI 1.01-1.09).
The fitness of the model based on a Hosmer-Lemeshow test of
each dataset was not found to be deviated significantly and the
discriminative ability of the model measured using an averaged
c-index was 0.662. The authors compared the multivariate
logistic regression analyses results for each model “before
multiple imputation” and “after multiple imputation” to eval-
uate the impact of simulating missing data on the adjusted OR.
The adjusted ORs were similar across these multivariate
logistic regression analyses.

Of the 595 patients, 18 (3.0%) died within 30 days of
surgery or in the hospital. The median duration of stay in the
ICU and hospital were 1.8 days (range, 0.9-2.0 days) and 12
Fig 1. Study inclusion/exclusion flow diagram.
days (range, 11-18 days), respectively. Although there were no
significant differences in length of stay in the ICU, the duration
of stay in the hospital was significantly longer in patients with
than without AKI (Table 4). In addition, although postoperative
AKI was associated with an increased trend toward death, the
difference was not statistically significant (4.8% in the patients
with AKI v 2.1% in the patients without AKI; p ¼ 0.115).

DISCUSSION

In this observational single-center study of 595 patients
undergoing esophageal cancer surgery, the authors demon-
strated that postoperative AKI as defined by the AKI Network
criteria occurred in 35.3% of esophageal surgeries. In the
present cohort, variables independently related to AKI were
elevated BMI, low preoperative serum albumin level, preoper-
ative treatment with ACEI or ARB, large colloid infusion
during surgery, and high postoperative 2-day CRP.

To date, there has been little information on AKI after
esophageal surgery, with risk assessment mainly focused on
respiratory and cardiovascular complications. Although the
incidences of AKI based on AKI Network criteria were not
reported in previous studies on esophageal surgery, there are a
limited number of studies reporting the incidence of post-
operative renal failure.11–13 A recent study using the Society of
Thoracic Surgeons General Thoracic Database reported that
postoperative renal failure—defined as a doubling of the
plasma creatinine levels or requirement for renal replacement
therapy—occurred in 2.6% of esophagectomies for esophageal
cancer.13 This is markedly lower than the incidence of AKI
found in the present study. This discrepancy may be due to
differences in the definition of AKI, in populations and risk
factors, or in perioperative management strategies.

Analysis identified 5 predictors of AKI after esophageal
cancer surgery. Elevated BMI was found to be an independent
predictor of postoperative AKI in accordance with a finding in
previous studies that an elevated BMI is associated with AKI
after cardiac and noncardiac surgery.2,18,19 A high BMI may be
related to increased oxidative stress, endothelial dysfunction,
and inflammation and may affect the dosing and volume of
distribution for nephrotoxic drugs.19–21 However, controversy
referred to as the “obesity paradox” or “reverse epidemiology”



Table 1. Baseline Demographic and Clinical Characteristics According to AKI Status

Missing All Patients AKI No AKI p Value

N 595 210 (35.3) 385 (64.7)

Demographics

Age (y) 0 62.0 � 8.2 62.6 � 8.2 61.7 � 8.2 0.206

Female, n 0 35 (5.9) 12 (5.7) 23 (6.0) 0.957

Clinical characteristics

Body mass index (kg/m2) 0 23.0 � 3.0 23.5 � 2.8 22.8 � 3.0 0.008

American Society of Anesthesiologists class 0 0.134

I 38 (6.4) 8 (3.8) 30 (7.8)

II 546 (91.8) 197 (93.8) 349 (90.7)

III 11 (1.9) 5 (2.4) 6 (1.6)

Laboratory data

Hematocrit (%) 0 38.5 [34.9-41.4] 38.25 [34.7-41.4] 38.6 [35.0-41.5] 0.900

Creatinine (mg/dL) 0 0.8 [0.7-0.9] 0.8 [0.7-0.9] 0.8 [0.7-0.9] 0.091

Total bilirubin (mg/dL) 0 0.7 [0.5-0.8] 0.7 [0.5-0.8] 0.7 [0.5-0.8] 0.870

Albumin (g/dL) 0 3.8 [3.5-4.0] 3.8 [3.5-4.0] 3.8 [3.6-4.1] 0.073

Left ventricular ejection fraction (%) 149 62 [59–65] 62 [59–65] 61 [59–65] 0.162

Forced vital capacity (% predicted) 14 93 [85–101] 92 [84–101] 93 [86–102] 0.204

Forced expiratory volume in 1 second (% predicted) 14 94 [84–103] 92 [84–104] 94 [84–103] 0.712

Forced expiratory volume in 1 second / Forced vital capacity 14 74 [68–80] 74 [68–79] 74 [68–80] 0.911

Medical history

Diabetes mellitus 0 103 (17.3) 45 (21.4) 58 (15.1) 0.065

Hypertension 0 198 (33.3) 84 (40.0) 114 (29.6) 0.013

Coronary artery disease 0 6 (1.0) 1 (0.5) 5 (1.3) 0.596

Cerebrovascular disease 0 17 (2.9) 8 (3.8) 9 (2.3) 0.440

Peripheral vascular disease 0 26 (4.4) 7 (3.3) 19 (4.9) 0.482

Liver disease 0 85 (14.3) 29 (13.8) 56 (14.5) 0.902

Chronic obstructive pulmonary disease 0 10 (1.7) 2 (1.0) 8 (2.1) 0.492

Dyslipidemia 0 8 (1.3) 6 (2.9) 2 (0.5) 0.046

Smoking status 0 477 (80.2) 172 (81.9) 305 (79.2) 0.498

Alcohol status 0 517 (86.9) 186 (88.6) 331 (86.0) 0.441

Estimated glomerular filtration rate o60 mL/min/1.73 m2 0 22 (3.7) 10 (4.8) 12 (3.1) 0.430

Chemotherapy 0 257 (43.2) 91 (43.3) 166 (43.1) 0.972

Radiotherapy 0 250 (42.0) 88 (41.9) 162 (42.1) 0.963

Medication

ACEI or ARB 0 85 (14.3) 40 (19.1) 45 (11.7) 0.020

β-Blocker 0 40 (6.7) 19 (9.1) 21 (5.5) 0.133

Calcium channel blocker 0 91 (15.3) 35 (16. 7) 56 (14.6) 0.570

Diuretics 0 48 (8.1) 22 (10.5) 26 (6.8) 0.151

Statins 0 51 (8.6) 17 (8.1) 34 (8.8) 0.878

NOTE. Data are expressed as number of patients (%), mean � standard deviation, or median [first-third quartiles].

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AKI, acute kidney injury; ARB, angiotensin-receptor blocker.
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remains about the relationship between BMI and AKI after
surgery. Some studies have reported no significant association
between high BMI and renal dysfunction after surgery.5,22

Additionally, the mean BMI in these patients with AKI was
23.5 kg/m2, which is below the cutoff point of 25 kg/m2, the
definition for being overweight in the World Health Organization
(WHO) classification.23 However, some studies have recom-
mended lowering BMI cutoff points for Asians (eg, BMI Z 23
kg/m2 as a definition for being overweight) because Asians
generally have a higher percentage of body fat and prevalence of
type 2 diabetes mellitus, as well as more cardiovascular risk
factors, than white people of the same age, sex, and BMI.23

The authors also identified low serum albumin level as an
independent preoperative predictor of AKI. A recent meta-
analysis demonstrated that hypoalbuminemia was a significant
independent predictor both of AKI and of death after AKI
development.24 In addition, preoperative hypoalbuminemia has
been shown to be an important risk factor for AKI after
surgery.6,24,25 Because serum albumin levels can be influenced
by several factors, including overall nutritional status, stress
response, or specific disease,26 hypoalbuminemia simply may be
a marker of malnutrition or the severity of the underlying disease.
However, several studies have suggested that serum albumin may
have some renoprotective effects, including its ability to improve
renal perfusion, preserve proximal tubular integrity and function,
bind endogenous toxins and nephrotoxic drugs, and scavenge
reactive oxygen species and deliver protective lysophosphatidic
acid.24 Thus, a low serum albumin level may contribute to an
increased risk of AKI in patients undergoing esophageal surgery.

ACEI or ARB commonly are used in many clinical settings
and are known to have some benefits with regard to survival in
patients with congestive heart failure and progression of renal
disease.27 These drugs routinely are stopped on the day of the
operation in this institution. Thus, the use of ACEI or ARB



Table 2. Intraoperative and Postoperative Characteristics According to AKI Status

Missing All patients AKI No AKI p Value

N 595 210 (35.3) 385 (64.7)

Intraoperative data

Operation time (min) 0 370 [285–430] 380 [305–450] 370 [275–425] 0.017

Total crystalloid (mL) 0 1675.7 � 1111.0 1692.7 � 1120.8 1666.4 � 1107.0 0.612

Total colloid (mL) 0 1088.7 � 337.1 1161.9 � 351.3 1048.6 � 322.6 o0.001

Urine output (mL) 0 440 [280–700] 470 [289–683] 440 [280–709] 0.553

Postoperative data in intensive care unit

Use of inotropes 0 144 (24.2) 61 (29.1) 83 (21.6) 0.053

Maximal SOFAc score 0 0.009

0 390 (65.6) 129 (61.4) 261 (67.8)

1 61 (10.3) 20 (9.5) 41 (10.7)

2 70 (11.8) 29 (13.8) 41 (10.7)

3 68 (11.5) 26 (12.4) 42 (10.9)

4 6 (1.0) 6 (2.9) 0 (0)

Postoperative weight gain (%) 4 0.5 � 1.5 0.4 � 1.6 0.5 � 1.5 0.311

PRBC (unit) 0 0.5 � 1.5 0.7 � 1.8 0.4 � 1.2 0.021

Postoperative 2-day C-reactive protein (mg/dL) 188 20.1 � 5.3 21.5 � 5.2 19.3 � 5.2 o0.001

NOTE. Data are expressed as number of patients (%), mean � standard deviation, or median [first-third quartiles].

Abbreviations: AKI, acute kidney injury; PRBC, total packed red blood cells given intraoperatively and during the 48-hour period after surgery;

SOFAc, cardiovascular sequential organ failure assessment in the first 24 hours.
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may be just a marker of the severity of systemic comorbidities
(eg, hypertension, cardiovascular disease, or renal disease).
However, use of ACEI or ARB could be associated with
development of AKI in conditions causing renal hypoperfusion,
including systemic hypotension and dehydration when the
constriction of efferent arteriole is needed for maintenance of
glomerular hydrostatic pressure and filtration.27 Thus, because
renal hypoperfusion caused by hemodynamic instability, by the
increased use of vasopressors or by hypovolemia, commonly
can occur during esophageal surgery, preoperative use of ACEI
or ARB may have a more significant impact on postoperative
renal dysfunction. In fact, previous studies performed in
cardiovascular and lung surgery in which situations leading
to renal hypoperfusion commonly may occur also have shown
that preoperative use of ACEI or ARB was an independent risk
factor for AKI.5,28 In addition, the preoperative use of ACEI or
ARB could in itself cause profound hypotension or increase the
vasoconstrictor level during anesthesia.29 Unfortunately, how-
ever, the database contains no information on intraoperative
hemodynamic status or on the pattern of use or dosage of
vasopressors. Therefore, further investigations are warranted to
evaluate these issues.

The authors also demonstrated an association between
colloid infusion during surgery and AKI after esophageal
Table 3. Multivariate Predictors of Acute Kidney Injury After

Esophageal Surgery for Cancer

Predictor Odds Ratio 95% CI p Value

Body mass index 1.07 1.01-1.14 0.047

Albumin (g/dL) 0.52 0.33-0.84 0.008

ACEI or ARB 1.35 1.05-1.75 0.019

Total colloid (per 100 mL) 1.11 1.06-1.18 o0.001

Postoperative 2-day C-reactive

protein (mg/dL)

1.05 1.01-1.09 0.009

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor;

ARB, angiotensin-receptor blocker; CI, confidence interval.
surgery. This finding is in accordance with previous reports
that colloid may be associated with renal dysfunction.30,31 In
the present cohort, all patients received 6% hydroxyethyl starch
130/0.4 during surgery, which has been regarded as an
improved and safer solution than older starches.32 However,
recent studies have demonstrated that there is no convincing
evidence that this solution is safe with regard to renal function
in surgical or intensive care patients.31,33

In the present analyses, postoperative CRP was found to be
associated with postoperative AKI. This finding was in agree-
ment with the results of previous reports that the postoperative
CRP is related to AKI and complications after surgery.6,34 CRP
is a nonspecific marker of systemic inflammation that is
produced within 4 to 6 hours of surgical insult and peaks at
36 to 60 hours after this injury, and the levels of CRP also are
related to the severity of systemic inflammation.35 Thus, the
levels of CRP after esophageal surgery may reflect the severity
of the systemic inflammatory response during surgery that
plays a significant role in the pathogenesis of AKI.36 Further-
more, a recent study has suggested that CRP could exacerbate
renal ischemic reperfusion injury and might be a promising
therapeutic target for the treatment of AKI.37 However, this
increase in the circulating CRP concentration may be consid-
ered to be a result, rather than a cause, of AKI. Indeed,
inflammatory biomarkers, including CRP, could be increased
as kidney functions decrease through increased production or
decreased clearance.38 The clinical role of postoperative CRP
monitoring to identify patients at risk of AKI warrants further
investigation.

The current results differed from those of previous stud-
ies,4,5,13 showing that hypertension, peripheral vascular disease,
and the American Society of Anesthesiologists physical score
are associated with postoperative AKI. These are in fact well-
known risk factors for perioperative AKI, but peripheral
vascular disease and American Society of Anesthesiologists
class were not significant in the univariate analysis performed
in the present study and thus were not entered into the final



Table 4. Postoperative Outcomes in Patients With AKI

All Patients AKI No AKI p Value

N 595 210 (35.3) 385 (64.7)

Intensive care unit stay (d) 1.8 [0.9-2.0] 1.8 [0.9-2.0] 1.8 [0.9-2.0] 0.322

Hospital stay (d) 12 [11–18] 14.0 [11.0-21.0] 12.0 [11.0-16.0] o0.001

Renal replacement therapy, n 11 (1.9) 11 (5.2) 0 (0) o0.001

Death 18 (3.0) 10 (4.8) 8 (2.1) 0.115

NOTE. Data are expressed as number of patients (%) or median [first-third quartiles].

Abbreviation: AKI, acute kidney injury.
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multivariate model. The reasons for the divergent findings in
this regard were not obvious but may be explained partly by
differences in the inclusion and exclusion criteria, AKI
diagnostic criteria, patient populations, statistical methods,
and ethnic groups between the studies in question.

There were several limitations in the present study. First,
because of the nonrandomized and observational nature of the
present study, despite adjustment of many variables thought to
affect postoperative AKI, residual or uncollected confounding
variables may have influenced the results. Second, because
perioperative hemodynamic status has been considered to play
an important role in postoperative AKI,39 the greater hemody-
namic instability in esophageal surgery may be an important
contributory factor in postoperative AKI. Although the use of
inotropes and SOFAc scores as surrogate measures of post-
operative hemodynamic status was included in the current
analysis, the authors did not include pre- and intraoperative
hemodynamic data in the analysis; hence, conclusions regard-
ing the influence of these variables on AKI cannot be made.
Third, the authors diagnosed postoperative AKI using serum
creatinine, which traditionally has been used in almost all
definitions of AKI. However, the serum creatinine level is a
poor early biomarker for diagnosing AKI.10 Although several
other biomarkers of AKI, including neutrophil gelatinase-
associated lipocalin, cystatin C, interleukin-18, and kidney
injury molecule 1, have been identified to date, most of these
factors still are not available for routine clinical analysis and
their utility in the diagnosis and management of AKI requires
further validation. Fourth, consideration should be given to the
possibility that there may be a dilution effect on serum
creatinine by perioperative volume status or extent of fluid
administration. This dilution effect can alter the potential
impact of early diagnosis and the magnitude of injury.
However, although the authors cannot completely exclude this
possibility, the findings that patients with and without AKI had
a small weight gain of 0.4 � 1.6% and 0.5 � 1.5%, respec-
tively, made it unlikely that the observed differences in renal
outcome after esophageal surgery in the AKI versus NO AKI
group could be attributed to dilutional effects. Finally, because
this study was conducted within a single tertiary care academic
center, caution should be taken when generalizing these results
to centers with different patient, surgical, and anesthetic
profiles. To shed further light on the possible mechanisms
underlying AKI in this patient population, further prospective
randomized trials may be needed to evaluate the effects of
various anesthetic techniques and also fluid management
regimens incorporating perioperative hemodynamic data
on AKI.

CONCLUSIONS

Postoperative AKI as defined by the AKI Network occurred
in 35.3% of patients after esophageal cancer surgery. Inde-
pendent risk factors for AKI after esophageal surgery were
BMI, preoperative serum albumin level, use of ACEI or ARB,
colloid infusion during surgery, and postoperative 2-day CRP.
Postoperative AKI was associated with prolonged hospital
length of stay.
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