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Abstract

Acute kidney injury (AKI) is a common complication in patients undergoing major abdominal surgery. Various recent
studies using modern standardized classifications for AKI reported a variable incidence of AKl after major abdominal
surgery ranging from 3 to 35%. Several patient-related, procedure-related factors and postoperative complications
were identified as risk factors for AKI in this setting. AKI following major abdominal surgery has been shown to be
associated with poor short- and long-term outcomes. Herein, we provide a contemporary and critical review of AKI
after major abdominal surgery focusing on its incidence, risk factors, pathogeny and outcomes.
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Background

Acute kidney injury (AKI) is a common occurrence
in hospitalized patients and it has a detrimental effect
on patient outcome. Indeed, AKI is associated with
increased costs, length of hospital stay and in-hospital
mortality [1-3]. Postoperative AKI has been associated
with higher risk of developing chronic kidney disease
(CKD) [4, 5] and increased early [6—17] and long-term
mortality [10-22], comparable to the consequences of
AKI facing critically ill patients. Postoperative AKI is
hence of particular interest, serving as a measurable indi-
cator of perioperative harm and an important potential
target for intervention [23].

The clinical characteristics and the impact of AKI in
cardiac surgery have been extensively studied [24, 25],
and most of the published data regarding AKI in the non-
cardiac surgery population are limited to high-risk aor-
tic procedures [26—31]. Abdominal surgery is frequently
associated with AKI. Recently, a number of studies have
addressed AKI following major abdominal surgery [11,
19, 32, 33], especially since it shows a pathophysiology
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and indicate if changes were made.

that is distinct from that of cardiac and vascular surgery.
Therefore, it is unsuitable to assume that the risk factors
for AKI after abdominal surgery are the same as those
after cardiac and vascular surgery. The purpose of this
review is therefore to perform a critical and contempo-
rary review of the incidence, risk factors, pathogenesis
and outcome of AKI in patients undergoing major non-
vascular abdominal surgery.

Incidence, risk factors and pathogenesis

Incidence

Over the last decade, the definition of AKI has evolved
from the former term acute renal failure to a set of uni-
form criteria combining small changes in creatinine and
urine output ultimately defining AKI [34]. The first defi-
nition of AKI, the Risk, Injury, Failure, Loss of kidney
function and End-stage kidney disease (RIFLE) classi-
fication, was published in 2004 [35]. In 2007, the Acute
Kidney Injury Network (AKIN) classification, also known
as ‘modified RIFLE], was published [36]. In recent times,
the RIFLE and AKIN classifications have been merged
into the Kidney Disease: Improving Global Outcomes
(KDIGO) classification in order to provide simpler and
more integrated criteria applicable in clinical activity,
research, and public health surveillance. (Table 1) [37]
AKI is thus defined as an increase in serum creatinine

© The Author(s) 2018. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13613-018-0369-7&domain=pdf

Page 2 of 10

Gameiro et al. Ann. Intensive Care (2018) 8:22

(0DI1aX pue NIyY) € 9bes 01 spuodsaiiod (I141Y) sse|> ainjiey pue (ODIAN PUe NIMY) T 96els 01 spuodsaiiod (3741Y) ssep> Ainfur (ODIAN Pue NiyY) L 96eis 01 spuodsaiiod (3141Y) ssep sty .

sawo021no |eqo|b Buiroadwi aseasip Adupiy 0DIgy “NoMISN Ainful A3Uply| 33NdY NIYY ‘(SYluow €
15e9) 1e 10} duapuadap sisA|elp) aseasip Asupiy a6e1s-puT ‘($39M 7 1sea| 1 1oy 9duapuadap sisk|elp) uonduny ASupiy Jo ssoT ‘ainjied ‘Ainful sty 37474 ‘indino auLn O ‘S1ed uollell|y Jejnidwo|b Y40 ‘SUIUIeaId WNISS JJS

Adesaya
1uaWwade|dal [euUas JO UOR
-eniuLIo (Jp/bw G0 <)

|/jowr z4y <105 (Ip/bw 60 <)
Adelay1 Juswade|dal jeual (Ip/Bw ¥ <) j/lown zyy <1DS | (Ip
JO uopeul 1o (jp/bw ¥ <) |/jowr 9'€5¢ < 1D /Bw <) jown ggge <
yeu) yeu) Yzl <) eunue [/lowr 9€ge < 011054 auljeseq 41 1o DS dulfeseq 1 Jo
elINUe JO (Y #7) Y/Bx/|w £0>  eunue Jo (Y 47) 4/Bxy/|w €0> 10 (Y ¥Z <) /bW €0> 10 (X€ <) %00€ < 1S ¥ (XE <) %00€ < 1DS ¥ %S/ <4¥4D 110 ¢ X DS o£/3In|1e4
Y z1L <) y/o/|w 50> Yzl <) y/bs/w o> YTLQU/BN|WS0>  (XE-C <) %00E-00Z < DS ¥ (XE-T <) %00E-00T < 1DS %05 < Y49 T 107 X105 4 o2/Kinlu
(X2=S'1) 9007051 < (XZ-S'1) %00Z-0S 1 <
1DS | 1o (jp/Bbuwi €0 <) 105 4 10 (jp/bw €0 <)
(49 <) u/by/lw 50> Y9 <) u/by/wso> (49 <) u/by/w 50> l/jowr 697 < DS | l/jowr 69z <uDS Y %SC<y4D 110G L XIS oL/ASIY
0DIax NIV EREIL 0DIax NIV EREIL
on 449/10S  abeis/sse]d

suonedyisse]d [£€] (ODIAY) Swo1no [eqo|b buinoadwi
aseasip Aaupnj pue ‘[9€] (NIMV) Y10mdN Ainfup Asupry amndy ‘[S€] (3Td1Y) dseasip Asuppyj abejs-pu3 ‘uonduny Asupny jo ssoq ‘aunjieq ‘Ainfu] sty L sjqelL



Gameiro et al. Ann. Intensive Care (2018) 8:22

(SCr) by > 0.3 mg/dl (> 26.5 pumol/l) within 48 h; or an
increase in SCr to > 1.5 times the baseline value, which
is known or presumed to have occurred within the prior
7 days; or urine volume < 0.5 ml/kg/h for 6 h [38]. These
classifications also categorize patients according to the
severity of AKI [38].

In the past decades, the incidence of AKI has suffered
an increase and has been related to multiple factors such
as an increasingly aging population, increasing number of
comorbidities of the hospitalized population, increased
prevalence of chronic kidney disease and diabetes, and
the liberal use of intravenous contrast agents for imaging
and cardiovascular intervention procedures [39].

Additionally, mortality has been trending downwards
despite the reported modifications in the clinical profile
and characteristics of patients with AKI [40, 41]. None-
theless, it is not clear if this fact can be credited to an
improvement in patient care or to specific interventions
or therapies directed at those with AKI [42, 43].

Depending on the classification system employed in
the studies, the reported incidence of AKI varies from 5.0
to 7.5% in hospitalized patients, reaching up to 50-60%
in critically ill patients [2, 44—46].

Surgery remains a leading cause of AKI in hospitalized
patients, accounting for up to 40% of in-hospital AKI
cases. The incidence of AKI in this group of patients is
variable, depending on the surgical setting and the AKI
definition used, with the highest rates found after cardiac
(18.7%), general (13.2%), and thoracic (12.0%) surgeries
[47, 48].

A considerable heterogeneity regarding the rate of
AKI reported has been shown in recent studies of AKI
following major abdominal surgery. (Table 2) The inci-
dence varied between 3.1 and 35.3%, with the majority
of patients in all studies placing in the less severe stage
of AKI (Risk or Stage 1). One of the major limitations of
these studies is that, only three evaluated simultaneously
serum creatinine and urine output to define and catego-
rize AKI, as recommended [35].

Urine output (UO) is a sensitive and early marker for
AKI, independent of serum creatinine, thereby included
as a criterion to diagnose AKI [49, 50]. However, recent
literature reports that there is a physiologic reduction in
UO as a result from hypovolemia, anesthesia and release
of aldosterone and vasopressin in response to stress,
which raises the hypothesis that UO may not be a reliable
criterion for postoperative AKI, or that the threshold for
AKI diagnosis with UO should be lower [51-53].

Research has focused on serum and urine biomarkers
that could predict AKI before functional damage occurs
[54]. This has been investigated mainly in cardiac pro-
cedures, with the most promising marker being plasma
and urinary neutrophil gelatinase-associated lipocalin
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(NGAL) [54]. Also, the combination of urinary Kidney
Injury Molecule-1 (KIM-1), N-acetyl-beta-Dp-glucosa-
minidase, and NGAL improved the sensitivity of early
recognition of postoperative AKI when compared with
individual biomarkers [55]. Recently, tissue inhibitor of
metalloproteinases-2 (TIMP-2) and insulin-like growth
factor binding protein 7 (IGFBP7) have been validated as
risk predictors for AKI [56].

According to a recently published meta-analysis of 19
studies representing 82,514 patients undergoing abdomi-
nal surgery, the pooled incidence of AKI was 13.4% [23].
However, the incidence did not significantly vary by AKI
definition, surgical category or inclusion or exclusion of
preexisting CKD, demonstrating that other factors are
probably also implied, such as the different surgical set-
tings and baseline patient characteristics between indi-
vidual studies [23].

Risk factors

A number of studies have investigated and identified
patient- and procedure-related risk factors associated
with the development of AKI, namely older age, African
American race, hypertension, diabetes mellitus and CKD
[20, 48]. Patient-related factors are often more strongly
associated with postoperative mortality than surgical fac-
tors [57].

Focusing on major abdominal surgery, demographic
patient characteristics such as male gender, older age,
and higher body mass index, as well as preexisting CKD,
hypertension, cardiovascular disease, diabetes, chronic
obstructive pulmonary disease, metastatic cancer,
hypoalbuminemia, use of angiotensin-converting enzyme
inhibitors (ACEI) or angiotensin-receptor blockers have
been implicated as predisposing to AKI [8, 9, 58—65].

Additionally, several risk assessment scores have been
associated with higher incidence of AKI. A higher MELD
score, which predicts liver failure progression; a higher
Revised Cardiac Index score, developed to predict car-
diac complications and mortality after major noncardiac
surgery; and higher SAPS II score, used to evaluate dis-
ease severity, have all been independently associated with
AKI [8, 63, 65, 66].

Numerous studies have established the negative bear-
ing of surgery or procedure-related factors in AKI in
major abdominal surgery, specifically the use of intrave-
nous contrast for vascular imaging and intervention, the
use of diuretics and vasopressors, more invasive proce-
dures, episodes of intraoperative hemodynamic insta-
bility, need for intraoperative blood transfusions, large
colloid infusion during surgery, epidural anesthesia in
liver resections and cases of emergent surgery [8, 9, 58,
60-63, 65, 67—69].
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Nevertheless, the impact of the urgency of surgery has
not been consensual in all studies. For instance, urgent sur-
gery was not associated with an increased risk of postoper-
ative AKI in a recent study by Teixeira et al. [8], despite the
higher incidence of risk factors for AKI in these patients.

The role of laparoscopy has also been studied as the
creation of a pneumoperitoneum is concomitant to
increased intraabdominal pressure and the associated
hormonal modifications that have been associated with
decreased renal blood flow and could be linked to AKI
[8]. Nevertheless, Teixeira et al. [8] demonstrated no dif-
ference in AKI between patients undergoing laparoscopy
versus laparotomy.

O’Connor et al. [23] essayed to determine AKI inci-
dence in different surgical settings, namely gastrointesti-
nal, upper gastrointestinal, hepato-biliary, colorectal and
major gynecological surgeries, however they were not
able to demonstrate a significant difference in pooled AKI
between these subgroups due to substantial heterogene-
ity between the studies. Similarly, in the study by Teixeira
et al.,, colorectal surgery had an increased rate of AKI,
which was not evidenced in other surgery types such as
gastric, hepato-biliary and pancreatic, small bowel and
esophageal. However, this finding was not independently
associated with a higher risk of postoperative AKI [8].
These studies did not analyze the incidence of AKI after
liver transplant surgery which can reach up to 70%, as it
includes several specific risk factors in its pathogenesis,
namely those related to the recipient and graft [70, 71].
Also important to consider, with the increasing preva-
lence of obesity in the global population, the prevalence
of bariatric surgery has risen in the past decades and AKI
has also been reported in 5-10% of these patients [72, 73].

Growing evidence has demonstrated that the need
for intraoperative blood transfusions may contribute to
organ injury in susceptible patients by promoting a pro-
inflammatory state, exacerbating tissue oxidative stress,
and activating leukocytes and the coagulation cascade,
thus impairing oxygen delivery paradoxically [74-76].

Colloids have been used for acute fluid resuscitation in
trauma, perioperatively and in critically ill patients, due
to their longer intravascular persistence. Recent studies
have shown no evidence of a significant mortality benefit
from resuscitation with colloids [77-81]. In critically ill
patients, the use of hydroxyethyl starch has been associ-
ated with AKI [77, 82]. However, this association has not
been demonstrated in the surgical setting, namely after
living donor hepatectomy, cardiac surgery, or gastroen-
terological surgery [83—85].

Furthermore, patients who developed significant post-
operative complications, such as leak, respiratory failure
and sepsis, also have an increased rate of AKI [58, 59, 61,
62] (Fig. 1).
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Patient related factors

- male gender;

- older age;

- higher body mass index;

- chronic kidney disease;

- hypertension;

- cardiovascular disease;

- diabetes;

- chronic obstructive pulmonary disease;
- metastatic cancer;

- hypoalbuminemia;

- use of angiotensiaconverting enzyme
inhibitors or angiotensisreceptor blockers;
- higher MELD, Revised Cardiac Index
and SAPSII scores.

Procedure related factors

- use of intravenous contrast;

- use of diuretics and vasopressors;

- invasive procedures;

- intraoperative hemodynamic instahty;
- intra-operative blood transfusions;

- large colloid infusion;

- epiduralanesthesia in liver resections.

Procedure relatedcomplications
- leak;

- respiratory failurg

- sepsis

Fig. 1 Risk factors for AKI after major abdominal surgery

Pathogenesis

The pathogenesis of postoperative AKI is complex and
multifactorial. In this setting, we must consider not only
the effects of fluid depletion, but also the neuroendocrine
response to anesthesia and surgery itself [86, 87].

Fluid depletion includes the preoperative period as a
result of the routine nil-by mouth regimens and the loss
of fluid through concomitant pathology, and the perio-
perative period resulting from blood and intravascu-
lar fluid losses, insensible losses, and the so-called third
space effect, through extravasation of fluid out of the vas-
cular compartment. Mechanical ventilation of the intu-
bated patient constitutes an additional mechanism for
increased fluid loss during general anesthesia. The perio-
perative fluid requirements vary according to the extent
of the surgical insult [86].

The renal response to hypoperfusion is afferent arte-
riole dilation and efferent arteriole vasoconstriction to
maintain glomerular filtration in addition to neurohor-
monal responses as a means to expand the intravascular
volume [57, 86, 87]. The increases in sympathomimetic
hormones lead to renal cortical vasoconstriction, which
is a compensatory attempt to redistribute blood flow
to the renal medulla, but in fact causes ischemia of the
medulla which is particularly vulnerable due to its ele-
vated metabolic demand [57, 86, 87].

Most anesthetics cause peripheral vasodilatation and
myocardial depression, also impairing kidney perfu-
sion [86, 87]. The effect of the surgery results in both
an increase in catabolic hormones and cytokines, lead-
ing to increased secretion of antidiuretic hormone,
which will result in water retention. Increases in aldos-
terone, through activation of the renin—angiotensin sys-
tem, associated with increased glucocorticoids cause
sodium and water retention and potassium loss. Plasma
renin activity is also elevated as a result of a decrease in
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circulating blood volume. Thus, adjustments in overall
fluid and electrolyte homeostasis occur on account of
impaired water excretion, impaired sodium excretion,
and increased excretion of potassium [86].

Patients with long-term ACEI therapy have higher risk
of postoperative renal dysfunction as a result of a loss of
ability of the renin—angiotensin system to compensate for
decreases in renal perfusion [86, 87].

Ischemic kidneys are more susceptible to continuing
detrimental insults, such as, nephrotoxins and sepsis
[86]. Nephrotoxins such as contrast media increase intra-
renal vasoconstriction, decrease medullary blood supply
and present the medullary nephrons with an increased
osmotic load leading to an increased oxygen requirement
in the presence of an already low tissue oxygen tension
[88].

Nevertheless, in most cases, hemodynamic or toxic
actions seem to be insufficient in the pathogenesis of AKI
[89]. The role of nonhemodynamic factors, such as dys-
functional inflammatory cascades, oxidative stress, acti-
vation of proapoptotic pathways, differential molecular
expression, and leukocyte trafficking, in AKI has been
increasingly recognized [89, 90]. During abdominal sur-
gery, a pro-inflammatory response is activated by the
released endotoxin load from gut ischemia, impaired vis-
ceral perfusion, and portal endotoxaemia [91]. Further-
more, in the postischemic or reperfusion period there is
further tubular injury caused by reactive oxygen species
and tissue inflammation [90, 92]. The immune activation
following AKI appears to negatively impact other organs
[89].

Outcomes
Various studies have verified the deleterious impact of
AKI on the early outcomes of patients, namely longer
lengths of hospital stay, increased healthcare costs,
increased mortality and an increased likelihood of dis-
charge to an extended care facility [46, 93-97]. Grant-
ing that AKI patients may have more comorbidities than
non-AKI patients, these do not appear to account for all
of the increased early mortality associated with AKI [3,
46, 97, 98]. Other factors should perhaps be regarded
since even increases in SCr considered as minor lead to
worse outcomes [88, 97, 98]. Accordingly, AKI has been
progressively more thought of as part of a systemic dis-
ease with underlying mechanisms that cause multior-
gan dysfunction including the kidney, which could help
explain the decreased survival observed in AKI patients
[87,99].

An observational study by Grams et al. demonstrated
an association between postoperative AKI after major
surgery and longer lengths of stay (15.8 vs 8.6 days) and
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higher rates of 30-day hospital readmission (21 vs 13%)
[48].

The association between a higher incidence of other
postoperative complications, increased length of stay,
higher healthcare costs and increased hospital readmis-
sions and postoperative AKI related to major abdominal
surgery has also been widely described. Lee et al. per-
formed a retrospective analysis of 595 esophageal cancer
surgery patients and established that the extent of hos-
pital stay was significantly longer in patients with AKI
[62]. In a retrospective review of 339 colectomies by Cau-
sey et al.,, AKI development was associated with a 5-day
increase in hospital length of stay and nearly doubled the
rate of other infectious complications (56 vs 30%) [61].
Tomozawa et al. reported that AKI after liver resection
surgery was correlated with prolonged length of stay, and
increased rates of artificial ventilation, need for reintu-
bation, and requirement for renal replacement therapy
[65]. In a retrospective study by Kim et al. gastric sur-
gery patients with AKI had significantly longer hospital
stay and higher prevalence of intensive care unit (ICU)
admission after the operation (mean 18.7 vs 12.0 days,
P <0.001; 9.1 vs 1.2%, P < 0.001, respectively) [67].

The influence of postoperative AKI on higher in-hos-
pital and 30-day mortality has also been demonstrated
after major abdominal surgery. Kim et al. conducted a
retrospective study of 4718 gastric surgery patients and
reported that the in-hospital and 3-month mortality for
patients with AKI were significantly higher than those
for patients without AKI (3.5 vs 0.2%, P < 0.001; 3.8 vs
0.3%, P < 0.001, respectively), and moreover that the rate
of in-hospital and 3-month mortality increased with the
advancement in the stage of AKI, in a stepwise manner
[67]. In a retrospective analysis of 642 liver resection
patients by Tomozawa et al., AKI was associated with
increased mortality (14.1 vs 2.3%, P < 0.0001) [65]. In a
study by Teixeira, et al., 450 major abdominal surgery
patients were retrospectively studied and postoperative
AKI was independently associated with increased in-hos-
pital mortality (20.8 vs 2.3%, P < .0001; unadjusted OR
11.2, 95% CI 4.8-26.2, P < .0001; adjusted OR 3.7, 95% CI
1.2-11.7, P = 0.024), furthermore there was a direct rela-
tionship between more severe AKI and increased in-hos-
pital mortality [8]. O’Connor has also recently reported a
12.6-fold relative mortality risk in patients with postop-
erative AKI after major abdominal surgery [23].

Additionally, it is known that the detrimental effects
of AKI persist after hospitalization, with greater risk of
developing CKD and increased long-term mortality in
AKI patients [20, 100, 101]. Progression to CKD results
from an inadequate resolution of the acute insult fol-
lowing AKI, with persistent inflammation, increased
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transformation of pericytes into myofibroblasts in
response to tubular injury, and consequent build-up of
extracellular matrix and vascular rarefaction, leading to
permanent scarring in renal structure and changes in
renal function [102]. The risk of development or progres-
sion of CKD occurs in proportion to the severity of AKI
[103]. The increased risk of proteinuria and hypertension
and GFR decline described after AKI are known risk fac-
tors for cardiovascular disease, and may contribute to the
decrement in survival observed among AKI survivors
[104-107].

The long-term effect of AKI in postoperative patients
has also been described. In a retrospective cohort study
of 10,518 patients with AKI discharged after a major sur-
gery, Bihorac et al. [20] reported that even small changes
in creatinine level during hospitalization were associ-
ated with an independent long-term risk of death. Also,
Grams et al. [48] performed an observational study of
3.6 million veterans submitted to major surgery and
described an association between postoperative AKI and
1-year end-stage renal disease (0.94 vs 0.05%), and mor-
tality (19 vs 8%), with more severe stage of AKI relating
to poorer outcomes.

In a retrospective cohort of 390 major abdominal sur-
gery patients, Gameiro et al. [108] demonstrated that
AKI was independently associated with worse renal out-
comes, comprising renal function decline and/or long-
term need for dialysis (47.2 vs 22.0%, P < 0.0001), as well
as with mortality after hospital discharge (47.2 vs 20.5%,
P <0.0001).

Conclusion

AKI is a frequent occurrence following major abdominal
surgery and is independently associated with both in-
hospital and long-term mortality, as well as with a higher
risk of progressing to CKD. Preventive strategies such as
hemodynamics stabilization, fluid balance control, eva-
sion of nephrotoxins, improved preoperative patient
management (body weight reduction, hypertension, dia-
betes, cardiovascular and pulmonary disease control) and
prevention/treatment of any postoperative complications
encountered could potentially reduce postoperative AKI
and thereby improve patient outcomes.
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