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Abstract

Background The present study aimed to assess the impact of perioperative fluid management on early acute kidney
injury (AKI) rate and long-term sequelae in patients undergoing elective colorectal procedures within an enhanced
recovery pathway (ERP).

Methods Retrospective analysis of consecutive patients from a prospectively maintained ERP database (2011-2015)
is performed. Pre- and postoperative creatinine levels (within 24 h) were compared according to risk (preoperative
creatinine rise x1.5), injury (x2), failure (x3), loss of kidney function and end-stage kidney disease (RIFLE)
criteria. Risk factors for early AKI were identified through logistic regression analysis, and long-term outcome in
patients with AKI was assessed.

Results Out of 7103 patients, 4096 patients (58%) with pre- and postoperative creatinine levels were included. Of
these, 104 patients (2.5%) presented postoperative AKI. AKI patients received higher amounts of POD 0 fluids
(3.8 £24vs.32 2L, p=0.01) and had increased postoperative weight gain at POD 2 (6 £ 4.9 vs. 3 £+ 2.7 kg,
p = 0.007). Independent risk factors for AKI were high ASA score (ASA > 3: OR 1.7; 95% CI 1.1-2.5), prolonged
operating time (>180 min: OR 1.9; 95% CI 1.3-2.9) and diabetes mellitus (OR 2.5; 95% CI 1.5-4), while minimally
invasive surgery was a protective factor (OR 0.6; 95% CI 0.4-0.9). Five patients (0.1%) developed chronic kidney
disease, and two of them needed dialysis after a mean follow-up of 33.7 £ 22.4 months.

Conclusions Early AKI was very uncommon in the present cohort of colorectal surgery patients treated within an
ERP, and long-term sequelae were exceptionally low.

Introduction

Balanced fluid management with a goal of euvolemia is a
key item of enhanced recovery pathways (ERP). Fluid
overload has been repeatedly associated with adverse
postoperative outcomes [1, 2]. While the principle of goal-
directed fluid therapy applies for high-risk patients or
procedures, the principles of ERP aim for near zero fluid
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Recent series, however, have reported worrying rates of
acute kidney injury (AKI) of up to 11% in patients
undergoing colorectal surgery within ERP [7, 8]. This
controversy was rekindled after controversial results of a
recent randomized controlled trial found higher rates of
AKI in patients undergoing restrictive perioperative fluid
management as compared to the liberal fluid group [9].

The present study aimed to assess postoperative AKI
rates within 24 h of surgery to study the direct impact of
restrictive perioperative fluid management on early AKI
rate in the setting of an established ERP. Our secondary
aim was to establish the long-term sequelaec of those
patients suffering from early AKI.

Methods
Patients

All consecutive patients undergoing elective colorectal
surgical procedures at Mayo Clinic, Rochester, MN, a
tertiary academic teaching facility, between January 1,
2011, and December 31, 2015, were eligible. Data were
retrieved from a prospectively maintained institutional
electronic enhanced recovery database. All patient-related
information was anonymized prior to analysis. This study
was approved by the institutional review board.

Demographic information included age, gender, body
mass index (BMI), American Society of Anesthesiologists
(ASA) Physical Status Classification group, presence of
diabetes mellitus and preoperative serum creatinine (mg/
dL), albumin (g/dL) and hemoglobin levels (g/dL), pro-
viding that they were drawn within 90 days of surgery [10].
Surgical information was stratified according to malignant
indication, procedure type (colonic, rectal resections, low
anterior resections and abdominoperineal resections), ost-
omy procedures (Hartmann reversals and ostomy closures)
and other (small bowel procedures, repair of rectal prolapse
and procedures not assignable to either former category),
approach (open vs. minimally invasive, including laparo-
scopic and robotic) and operation duration.

Administered intravenous (IV) fluids including crystal-
loids, packed red blood cells, albumin and hetastarch
(plasma volume expander) were calculated intraoperatively
(start to end of anesthesia), at the post-anesthesia care unit
(PACU), POD 0 until midnight, POD 1 and POD 2. Further
gathered were amounts of ingested oral fluids at POD 0
through POD 2. Weight was assessed preoperatively
(within 1 month of surgery) and on postoperative day
(POD) 1, 2 and at discharge.
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Enhanced recovery pathway

All patients were treated within a comprehensive enhanced
recovery pathway (ERP), which was formally implemented
in Rochester in 2009 and expanded to include all surgeons
as of January 1, 2011. Details regarding this pathway have
been extensively described previously, including data on
compliance with the pathway [11-14].

If AKI was identified according to below definition,
ERP was adapted as follows:

e Fluid resuscitation was initiated in concordance with
nephrology consult until resolution of AKI on subse-
quent serum creatinine measurements

e Potentially nephrotoxic drugs including NSAIDs were
discontinued

e Daily serum creatinine laboratory check until normal-
ization or back to baseline

Outcomes/study endpoints

The primary endpoint was the rate of early AKI within
24 h after surgery, according to risk (preoperative serum
creatinine rise x1.5), injury (x2), failure (x3), loss of
kidney function and end-stage kidney disease (RIFLE)
criteria, considering a comparison of preoperative baseline
creatinine level on POD 1 [15]. Early AKI rate was also
assessed using Kidney Disease Improving Global Out-
comes (KDIGO) criteria, yielding a postoperative crea-
tinine increase of 0.3 mg/dL [16]. According to
institutional practice, serum creatinine (SCr) was measured
preoperatively for all patients. Postoperatively it was a
standard practice to obtain values on POD 1; however, this
standard was executed at a rate of 66%. As a general rule,
SCr was not measured in patients without particular pre-
vious or ongoing health issues and or those under the age of
50. If on POD 1 AKI was identified or other potential
complications in the postoperative course, further mea-
surements were performed on subsequent postoperative
days.

If criteria for AKI were fulfilled according to above-
mentioned criteria, patient charts were scrutinized through
case-by-case analysis to retrieve the following additional
information:

e renal history, considering previous episodes of AKI and
previous or present renal disease including preexisting
chronic kidney disease (CKD)

e cardiac history regrouping coronary heart disease
(CHD), cardiac failure according to NYHA classifica-
tion [17] or previous ischemic events (including
transient ischemic attacks (TIA) or strokes) and
pulmonary embolism
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e pulmonary history, in particular, presence of chronic
obstructive pulmonary disease (COPD) and obstructive
sleep apnea syndrome

e Potentially nephrotoxic drugs as current medications by
the time of surgery, including angiotensin-converting
enzyme (ACE) inhibitors, nonsteroidal anti-inflamma-
tory drugs (NSAID), angiotensin II receptor blockers
(ARB) and diuretic treatment.

In addition, in patients with AKI the potential long-term
impairment of kidney function, including the need for long-
term dialysis, was evaluated. Chronic kidney disease
(CKD) was defined according to guidelines of the National
Kidney Foundation (estimated glomerular filtration rate of
less than 60 mL/min/1.73 m” sustained for more than
90 days or evidence of structural or functional kidney
damage with normal eGFR) [18]. AKI patients were fol-
lowed until July 31, 2018, or until loss to follow-up or
death in order that we could identify potential long-term
sequelae (CKD or dialysis).

Secondary endpoints were overall complications other
than AKI according to Clavien-Dindo Grades -V [19],
bleeding complications, defined as need for transfusion
through POD 0-2, surgical site infections (SSI) needing
invasive treatment (either percutaneous, surgical or vac-
uum dressings), radiologically or clinically confirmed
anastomotic leaks, postoperative ileus (defined as need for
nasogastric tube reinsertion), reoperation, readmission to
Mayo facility and length of hospital stay (procedure until
discharge). All complications were assessed in hospital and
until 30 days postoperatively (outpatient control visits) and
compared between the two groups (patients with early AKI
within 24 h after surgery vs. patients without early AKI).

Statistical analysis

Descriptive statistics for categorical variables were repor-
ted as frequency (%) and continuous variables as mean
(standard deviation) or median (interquartile range IQR).
Chi-squared test was used to compare categorical variables.
All statistical tests were two-sided, and a level of 0.05 was
used to indicate statistical significance. Variables with
p values < 0.05 were then entered into a multivariable
logistic regression (based on a probit regression model) to
provide adjusted estimations of the odds ratio (OR). Data
analysis was performed with the Statistical Software for the
Social Sciences SPSS Advanced Statistics 22 (IBM Soft-
ware Group, 200 W. Madison St., Chicago, IL 60606,
USA).

Results
Patients

A total of 7103 colorectal procedures were performed over
the study period within an ERP. SCr measurements were
performed as follows: preoperatively in 6210 patients
(87%), postoperatively at POD 1 in 4656 patients (66%)
and pre- and postoperatively at POD 1 in 4097 patients
(58%). Median elapsed time between preoperative and
POD 1 SCr measurements was 4 days (IQR 1-14). Patients
with pre- and postoperative creatinine measurements
(n = 4097) compared to the excluded remaining cohort
(n =3006) as follows: Significant differences were
observed in age (>70 years: 24.4% vs. 16.6%, p < 0.001),
ASA score (=3: 31.5% vs. 20.6%, p < 0.001), surgical
duration (>180 min.: 41% vs. 37%, p = 0.001) and dia-
betes mellitus (10.6% vs. 6%, p < 0.001). No differences
were observed regarding minimally invasive approach
(37.4% vs. 38.9%, p = 0.198), gender (male: 51.9% vs.
50.1%, p = 0.135) and BMI (>30 kg/mzz 26.6% vs. 24.6%,
p = 0.057).

Of the 4097 patients included for further analysis, 104
patients (2.5%) fulfilled RIFLE criteria for AKI: 82 (2%)
with preoperative serum creatinine rise x1.5, 21 (0.5%)
with preoperative serum creatinine rise x2 and one patient
(0.003%) with preoperative serum creatinine rise X3.
Using KDIGO criteria, 184 patients (4.5%) of our cohort
developed early AKI. Table 1 summarizes demographic
and surgical characteristics of both groups (early AKI
within 24 h after surgery vs. no early AKI). Upon uni-
variate analysis, AKI patients were older and had higher
ASA scores, BMI and incidence of diabetes mellitus and
had significantly more open and prolonged procedures (all
p < 0.05).

Perioperative fluid management differed between both
groups (early AKI within 24 h after surgery vs. no early
AKI), with AKI patients receiving higher amounts of total
IV fluids at POD 0 [3820 =+ 2370 vs. 3200 £ 2040 mL,
p =0.01, of which intraoperative: 3120 4 2250 vs.
2540 £+ 1920 mL (p = 0.011), PACU: 540 &+ 560 mL vs.
490 + 480 mL (p = 0.401), post-PACU until midnight:
160 £ 290 vs. 170 & 300 mL (p = 0.972)], as well as
postoperative fluids at POD 1 and 2, which translated in
increased postoperative weight gain at POD 2 (6 &£ 4.9 vs.
3 +£27kg, p=0.007) and at discharge (2.9 & 4.5 vs.
1.6 £ 1.1 kg, p = 0.108). AKI patients ingested less oral
fluids through POD 0-2, with a significant difference at
POD 2 (960 £ 610 vs. 1110 £ 630 mL, p = 0.029). Fig-
ure 1 illustrates intravenous and oral fluid balances and
evolution of postoperative weight.
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Table 1 Demographics and surgical details

All Early AKI No early AKI D
(n = 4097) (n =104) (n =3993)
Age (years) (mean £ SD) 55+ 17 62 + 14 55+ 18 <0.001
Age > 70 years (%) 983 (24) 36 (35) 947 (24) 0.014
Gender (m: f) 2125: 1972 62: 42 2063: 1930 0.113
(52: 48) (60: 40) (52: 48)
BMI (kg/mz) (mean + SD) 272+ 72 294 + 7.2 27.1 £ 7.1 0.003
BMI > 30 kg/m? (%) 1098 (27) 38 (37) 1060 (27) 0.023
ASA Group (1-2: 3-4) (%) 2796: 1301 50: 54 2746: 1247 <0.001
(68: 32) (48: 52) (69: 31)
Diabetes mellitus (%) 428 (10) 27 (26) 401 (10) <0.001
Preoperative albumin (g/dL) (%) 4+0.6 39 +0.6 4 +0.6 0.502
Preoperative hemoglobin (g/dL) (%) 12.1 £ 2.3 13+ 25 12.1 £ 22 0.296
Preoperative creatinine (mg/dL) (%) 0.95 + 0.44 0.93 + 0.27 0.96 + 0.44 0.255
Malignancy (%) 2202 (54) 58 (56) 2144 (54) 0.675
Minimally invasive approach (%) 1502 (37) 25 (24) 1477 (37) 0.007
Procedure
Left colectomy (%) 946 (23) 24 (23) 922 (23) 0.997
Right colectomy (%) 726 (18) 17 (16) 709 (18) 0.711
Segmental/transverse colectomy (%) 344 (8) 4 (3) 340 (9) 0.09
Total colectomy (%) 265 (7) 4 (3) 261 (7) 0.271
Rectal resection (%) 465 (11) 19 (18) 446 (11) 0.024
Ostomy procedure (%) 522 (13) 8 (8) 514 (13) 0.118
Other (%) 829 (20) 28 (27) 801 (20) 0.085
Operation duration (min) (mean = SD) 180 £ 110 220 £ 110 180 £ 110 0.001
Operation duration > 180 min (%) 1647 (40) 59 (57) 1588 (40) 0.001

Baseline demographic and surgical parameters of patients with early AKI within 24 h after surgery (n = 104) and patients without early AKI

(n =3993)
Bold characters indicate significant values (p < 0.05)

AKI acute kidney injury, ASA American Society of Anesthesiology, BMI body mass index

Patients suffering from early AKI had more overall
complications as well as individual complications of
bleeding, SSI and postoperative ileus. Length of stay was
significantly longer in patients with early AKI (8 & 7 vs.
5 £ 4 days, p =0.002). Table 2 displays postoperative
complication rates of both groups (early AKI within 24 h
after surgery vs. no early AKI).

Independent risk factors for early acute kidney
injury

Multivariable analysis (Fig. 2) revealed high ASA score
[ASA > 3: Odds ratio (OR) 1.67; 95% confidence interval
(CI) 1.09-2.54, p =0.018], prolonged operating time
(>180 min: OR 1.91; 95% CI 1.28-2.88, p = 0.02) and
diabetes mellitus (OR 2.48; 95% CI 1.53-4.02, p < 0.001)
as independent risk factors for early AKI, while minimally
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invasive surgery was an independent protective factor (OR
0.55; 95% CI 0.35-0.87, p = 0.01).

Long-term follow-up of patients with early AKI

Mean follow-up time for patients with early AKI was
33.7 £ 22.4 months, with 24 patients (23%) lost to long-
term follow-up beyond hospital stay and outpatient control
visit (Table 3). In 94 patients (90%), creatinine values
normalized (back to baseline level) before discharge of the
index hospitalization, while in five patients, creatinine
normalized on subsequent measurement within 3 months
of surgery.

Five patients (5% of early AKI patients; 0.1% of study
cohort) developed or exacerbated chronic kidney disease
(CKD). Three of these patients underwent extensive sur-
gery for rectal cancer, and two had preexisting renal dis-
ease (one previous kidney transplant with chronic failure
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Fig. 1 Fluid management-related parameters. Comparison of
patients with early AKI within 24 h after surgery (n = 104) and
patients without early AKI (n =3993) regarding a intra- and
postoperative IV fluid administration, b oral fluid intake through
POD 0-2, ¢ weight gain at POD 1, POD 2 and at discharge. AKI
acute kidney injury, [V intravenous, POD postoperative day.
*Indicates significant values (p < 0.05)

and one preexisting diabetic nephropathy). Preoperative
creatinine level 1in these five patients averaged
1.3 + 0.2 mg/dL. Two patients including the transplant

patient needed postoperative dialysis, while the others
stabilized their renal dysfunction while attending regular
outpatient nephrology control visits during follow-up.

Discussion

The present study revealed a low early postoperative AKI
rate of 2.5% (4.5% according to KDIGO criteria) within
the first 24 h after surgery in a large cohort of patients
undergoing elective colorectal surgery within an estab-
lished enhanced recovery program. Furthermore, no causal
relation of restrictive fluid administration and early post-
operative AKI could be established. Over 90% of affected
patients recovered to baseline preoperative renal function
before discharge, while five patients (0.1% of total cohort)
worsened their kidney function over the 3-year follow-up
period, ultimately leading to permanent dialysis in two
cases (0.04%). Hence, this study contrasts to recent evi-
dence reporting worrying AKI rates after implementation
of enhanced recovery care.

A large-scale study examining almost 40,000 patients
found that even minor postoperative increases in creatinine
levels were associated with adverse outcomes [20]. Both
too restrictive management leading to renal hypoperfusion
and excessive fluid administration have been associated
with devastating effects [21-23]. Postoperative AKI
strongly correlates with an increased incidence of other
postoperative complications and may ultimately lead to
CKD [24]. In consequence, caution is warranted in the light
of recent studies demonstrating an increase in AKI after
ERP implementation [7, 8]. A recent large-scale random-
ized controlled trial found an 8.7% AKI rate in the
restrictive fluid group compared to 5% in the group man-
aged by liberal fluid administration [9]. However, less than
half of patients were treated according to enhanced
recovery principles [4, 25, 26]. ERPs advocate a near zero
fluid balance, embedded within pre- and postoperative
liberal oral diet including liquids [4, 27], while goal-di-
rected fluid therapy using invasive monitoring provides
useful guidance for high-risk patients or procedures
[28-30]. Optimal fluid volumes of either approach are,
however, not clearly defined in the literature [31]. Fluid
administration balances in the present study averaging
around 3L at POD 0 were comparable to reports in similar
settings [7, 31].

Comparison of AKI rates among studies is difficult
considering different definitions and the focus of our study
on early postoperative AKI, aiming to specifically assess
the impact of stringent fluid management. With 4.5%, the
rate using KDIGO criteria was arguably higher than with
RIFLE criteria. Whereas RIFLE criteria specifically
endorse an abrupt creatinine increase [32], KDIGO implies
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Table 2 Outcome

All Early AKI No early AKI D

(n =4097) (n =104) (n =3993)
Any complication (%) 1115 (27) 50 (48) 1065 (26) <0.001
Bleeding complication (%) 559 (13) 36 (35) 523 (13) <0.001
Transfusion POD 0 (%) 387 (9) 18 (17) 369 (9) 0.01
Transfusion POD 1 (%) 150 (4) 13 (13) 137 3) <0.001
Transfusion POD 2 (%) 105 (3) 10 (10) 95 (2) <0.001
SSI (%) 332 (8) 18 (18) 314 (8) <0.001
Anastomotic leak (%) 167 (4) 6 (6) 161 (4) 0.318
Tleus (%) 474 (12) 23 (22) 451 (11) 0.002
Reoperation (%) 292 (7) 12 (11) 280 (7) 0.082
Readmission (%) 583 (14) 17 (16) 566 (14) 0.569
Length of stay (days) (mean + SD) 5+4 8+ 7 5+4 0.002

Postoperative complications in patients with early AKI within 24 h after surgery (n = 104) and patients without early AKI (n = 3993)

Any complication within 30 days according to Clavien—Dindo Grades I-V

Bold characters indicate significant values (p < 0.05)

AKI acute kidney injury in early postoperative period, POD postoperative day, SSI surgical site infection

Fig. 2 Multivariable analysis ;

of risk factors for early acute Minimally invasive surgery ——

kidney injury. Multivariable

analysis of univariate 2 i

. . . -1 —a—

demographic and surgical risk BMI =30 kg/m i

factors (p < 0.05) for early AKI

within 24 h after surgery. AKI Age >70 years - ——

acute kidney injury, ASA

American Society of Rectal surgery 4 : =

Anesthesiologists, BMI body

mass index. Odds ratio ASA > 34

(squares), 95% CI (bars) - :

Duration > 180 minutes - =
Diabetes mellitus - =
0 1 2 3 4 S
Odds ratio

a 0.3 mg/dL increase within 48 h. Since systematic
assessment was performed at 24 h in our institution, RIFLE
criteria were used for further analysis. In the study of
Hassinger et al. [7], AKI was defined as a rise in serum
creatinine >1.5 times within 30 days of surgery. In their
study, the rate of 12% was similar to the pre-ERAS rate of
13.5%. This is remarkable, since fluid administration
decreased considerably from 4.1 to 2.3 L at POD 0 and
from 3.6 to 1.3 L at POD 1. The authors found similar risk
profiles for AKI as did the present study, including pro-
longed surgery and open surgery, but also hypertension,
dependent functional status and perioperative NSAID use.
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Our study did not specifically compare these additional
items, but the preponderance of antihypertensive drugs and
increased ASA score among AKI patients suggest similar
patterns.

As a counterpart of the aforementioned studies, Horres
et al. [33] found similar rates of AKI using same criteria as
the present study when comparing ERP to an adjusted
traditional care group, emphasizing the safety of inten-
tional fluid management strategies. Our study compared
pre- to early postoperative creatinine levels to identify
patients with AKI according to an established definition
(RIFLE criteria). Due to this definition, late development
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Table 3 Details on patients with early AKI

Risk (creat x1.5)

Injury (creat x2) Failure (creat x3)

n=2_82 n=21 n=1

Cardiac history (%) 23 (28) 4 (19) 1 (100)
Pulmonary history (%) 26 (32) 6 (29) 0
Renal history (%) 9 (11) 3 (14) 0
Nephrotoxic baseline treatments

Diuretics (%) 17 21) 4 (19) 0

ACE inhibitor (%) 27 (33) 4 (19) 0

NSAID’s (%) 7 () 5(24) 1 (100)

ARB’s (%) 6 (7) 2 (10) 0
Baseline creatinine (mg/dL) (mean + SD) 09 +03 09+£03 0.3
Creatinine at POD 1 (mg/dL) (mean £ SD) 1.5+ 05 2+0.6 1.3
Back to baseline by end of stay (%) 75 91) 19 (90) 1 (100)
Chronic kidney disease (%) 5 (6) 0 0
Long-term dialysis (%) 2(2) 0 0
30-day mortality (%) 2(2) 1(5) 0
Follow-up beyond hospital stay (%) 63 (77) 16 (76) 1 (100)
Time of follow-up (days) 1050 £+ 690 970 £+ 590 740

Comparison of patients presenting with early AKI within 24 h after surgery (n = 104), stratified according to RIFLE criteria

ACE angiotensin-converting enzyme, AKI acute kidney injury, ARB angiotensin II receptor blockers, creat creatinine, NSAID’s nonsteroidal anti-

inflammatory drugs, POD postoperative day

of AKI in the setting of other complications was not
accounted for, potentially underestimating and underre-
porting the overall AKI rate, which was 3.8% in former
publications of our ERP series before 2011 [13, 34].
However, this approach isolated the impact of periopera-
tive fluid management and the early perioperative aspects
of ERP on kidney function prior to the potential con-
founder of complications. Interestingly, the present study
could not confirm a causal effect of restrictive periopera-
tive fluid management and early AKI occurrence. Rather
AKI patients received on average higher intraoperative
fluids volumes than the remainder of the cohort. Beyond
fluid volume, constitutional risk factors such as high ASA
score and diabetes mellitus appear to be independent risk
factors. Early assessment of renal function at POD 1
allowed for prompt discontinuation of potentially nephro-
toxic drugs including NSAIDs and initiation of fluid
resuscitation, which may have led to observed encouraging
long-term outcomes in this present study.

CKD was very rarely observed, emphasizing the safety
of the presently applied ERP, despite scarce use of labo-
ratory parameters. Further, the causative impact of ERP
and surgery is uncertain, as preexisting renal problems
were present. However, it is important to note that CKD
rate was only assessed for patients with early AKI and not
for the entire cohort, leading to an inherent risk of under-
reporting. This approach implies careful identification of at

risk patients based on comorbidities, in particular, diabetes,
and potentially nephrotoxic preoperative treatments. A
proactive selective use of NSAIDs as part of ERP criteria
and tailored fluid management strategies in these patients
may have contributed to the low AKI rate in the present
cohort.

This study has several limitations beyond its retrospec-
tive design that need to be addressed. First, the definition of
AKI relied on creatinine increase at POD 1 solely, since
blood samples were not systematically performed accord-
ing to ERP protocol. Hence, actual AKI prevalence might
be underestimated and underreported, providing that AKI
occurred later during the hospital stay. However, this def-
inition was chosen as a pragmatic approach in a high-
volume facility with short average hospital stay of 5 days
despite a complex surgical practice and considering a cost-
conscious environment. The present findings suggest an
even more economical use of laboratory evaluation in
many patients given the low rate and impact of early
postoperative AKI. Second, urine output was not consid-
ered for the present analysis, according to recent evidence
questioning its utility for perioperative guidance in the first
place [4, 6]. Third, a straightforward comparison of pre-
operative NSAID use in all patients was not possible in the
setting of this large retrospective study. Finally, detailed
assessment of ERP compliance was not re-performed,
assuming that compliance was high according to previous

@ Springer



1214

World J Surg (2019) 43:1207-1215

institutional publications [11, 12]. Hence, no cause—effect
patterns are claimed through this situation analysis 5 years
after implementation of a comprehensive ERP.

Conclusions

The present study, which specifically aimed to assess the
impact of restrictive perioperative fluid management in the
setting of an established ERP, found a very low rate of
early postoperative AKI within 24 h after surgery, and
long-term impact of AKI was marginal. Proper patient
identification and a standardized, criteria-based application
of specific elements of enhanced recovery principles in
high-risk patients may be crucial to prevent devastating
long-term consequences.
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