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Abstract

Background: The intermediate-term impact of acute kidney injury (AKI) in patients after major gastrointestinal and liver surgery has
not been well characterized. This study aimed to evaluate the 1-year mortality rate and renal outcomes associated with postopera-
tive AKI in a national prospective cohort.

Methods: This prospective multicentre, observational cohort with 1-year postoperative follow-up included adults undergoing
major gastrointestinal and liver surgery across the UK and Ireland between 23 September and 18 November 2015. AKI was defined
according to Kidney Disease Improving Global Outcomes (KDIGO) criteria. The primary outcome was death at 1-year after surgery,
and the secondary outcome was Major Adverse Kidney Events (MAKE-365). Cox proportionate and multilevel logistic regression
were used to account for case mix.

Results: Of 5745 patients across 173 centres, 1-year follow-up data was completed for 3504 patients (62.2 per cent, 126 centres), with
attrition largely explained by centre non-participation (63.1 per cent). Some 13.6 per cent (475 of 3504) patients developed AKI by 7 days after
surgery (stage 1: 9.2 per cent; stage 2/3: 4.3 per cent). At 1 year, 10.8 per cent (378 patients) experienced a MAKE-365 endpoint (303 patients
had died, 61 had renal replacement therapy and 78 had renal dysfunction). Patients who experienced AKI by 7 days after surgery had a
higher hazard of death at 1 year for KDIGO stage 1 (hazard ratio 1.50 (95 per cent c.i. 1.08 to 2.08), P¼ 0.016) and KDIGO stage 2/3 (hazard ratio
2.96 (95 per cent c.i. 2.02 to 4.33), P< 0.001). Both KDIGO stage 1 (odds ratio 2.09 (95 per cent c.i. 1.50 to 2.92), P< 0.001) and stage 2/3 (odds
ratio 9.26 (95 per cent c.i. 6.31 to 13.59), P< 0.001) AKI were independently associated with MAKE-365.

Conclusion: AKI events within 7 days after gastrointestinal or liver surgery are associated with significantly worse survival and renal
outcomes at 1 year.

Introduction
Acute kidney injury (AKI) after major abdominal surgery is a com-
mon complication1, affecting one in seven patients after major ab-
dominal surgery2,3. Early postoperative outcomes associated with
AKI have been well documented, with significantly longer inpatient
stays, critical care requirement and in-hospital death4–7.

The longer-term impact of AKI following major non-cardiac
surgery on renal function and death remains unclear. Studies to
date have often been limited by the lack of large, prospective,
multicentre evidence2,8–11, however they have supported a persis-
tent risk of death associated with postoperative AKI in patients
undergoing major surgery, even after the early postoperative pe-
riod2. AKI has also been associated with persistent renal dysfunc-
tion and acceleration of progression of chronic kidney disease,
but the impact of postoperative AKI and its severity has not been
explored previously in prospective series12–14.

The aim of this national, prospective cohort study was to de-
scribe the incidence of death at 1 year and major adverse kidney
events following major gastrointestinal and liver surgery. The
secondary aim was to explore the impact of AKI severity on these
outcomes.

Methods
Study design and setting
A prospective multicentre, observational cohort study (Outcomes
After Kidney injury in Surgery (OAKS))15, with follow-up up to
1 year after surgery adopted a trainee-research collaborative ap-
proach to ‘snapshot’ data collection and management16. Adult
patients (age 18 years or greater) undergoing elective or emer-
gency gastrointestinal (GI) resection, liver resection or reversal of
ileostomy or colostomy, using any operative approach, were
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eligible for inclusion3 (Table S1). All centres routinely conducting
eligible operations in the UK and Ireland were invited to partici-
pate. Consecutive patients were identified by local collaborators
across several predefined, 2-week patient-inclusion windows be-
tween 23 September and 18 November 2015. Early postoperative
outcomes (up to 30 days after surgery) from this cohort have
been reported previously3. The protocol for this study was pre-
published online (www.starsurg.org, publication date: 18 October
2016). An interdisciplinary expert advisory group, with represen-
tation from nephrology, critical care, anaesthesiology, surgery
and research methodology, provided expert oversight.

To facilitate changes in research team members over the 1-
year interval from recruitment to follow-up, patient-identifi-
cation numbers were stored centrally using a secure REDCap
(Research Electronic Data Capture) server17, or on a password-
protected NHS computer according to local Caldicott
Guardian requirement. The full methodology for long-term
follow-up in this study has been reported previously18. In
brief, all participating centres were invited to submit 1-year
follow-up data for patients included in the original cohort
study. Clinical notes and electronic health records at the site
of index admission were reviewed to collect prespecified data,
and follow-up was censored at postoperative day 365 with the
day of surgery as day 0. All researchers were required to com-
plete online training modules in AKI, case ascertainment, out-
come measurement and data governance before beginning
data collection.

Study definitions
The primary outcome was death at 1 year after surgery (all
causes). The key secondary outcome was Major Adverse Kidney
Events at 1 year after surgery (MAKE-365). This is a validated,
composite measure including death (all causes), new require-
ment for renal replacement therapy (RRT) and/or persistent renal
dysfunction (defined as 30 per cent or greater reduction in esti-
mated glomerular filtration rate (eGFR) on last recorded serum
creatinine prior to surgery)19. Secondary outcomes included the
rate of outpatient nephrology review, and the rate and timing of
postoperative serum creatinine measurement between discharge
and 1 year after surgery.

Postoperative AKI was defined according to creatinine-based
Kidney Disease: Improving Global Outcomes (KDIGO) criteria20,
and severity classified as stage 1 (serum creatinine increase of
26�5–353.5 lmol/l within 48 hours or 1.5 to 1.9-fold from baseline
within 7 days) or stage 2–3 (serum creatinine concentration in-
crease of 353.6 lmol/l within 48 hours or 2-fold or greater from
baseline within 7 days, or if undergoing unplanned RRT).
Postoperative AKI included events occurring within 7 days of the
index operation.

Statistical analysis
There were two anticipated classifications of loss to follow-up in
this study. First, it was predicted that 1-year follow-up would not
be possible in all participating centres (‘centre non-participa-
tion’); for example, due to rotation of trainee research teams
away from a participating site, or sites being unable to obtain per-
mission from a local Caldecott Guardian to store linked identifi-
able data. Second, loss to follow-up was also predicted where
sites were unable to collect and/or submit data from specific
patients in sites that were able to participate in long-term follow-
up (‘patient missing data’). The proportion of missing outcome
data at 1 year was described according to these two categories. It
was preplanned to explore any impact of attrition bias through

comparing patient, disease and operation factors of patients
retained within 1-year follow-up versus those with no outcome
data available. Full exploration of the effects of attrition within
this study methodology has been described previously18.

Continuous data were plotted to assess for normality, with
data formally tested for normality using a Shapiro–Wilk test as
required. Normally distributed data were summarized using
mean(s.d.) and analysed using the appropriate t test. Non-
normally distributed data were summarized using median
(i.q.r.) and analysed using equivalent tests for non-normal data.
Categorical data were cross-tabulated, and differences in pro-
portions were tested using chi-squared or Fisher’s exact
test where required. Time-to-event analysis of postoperative
creatinine monitoring were censored by death or last known
follow-up within 1 year. Statistical analyses were conducted in
R, version 3.4.4 (R Foundation for Statistical Computing, Vienna,
Austria), with a two-sided significance level of P< 0.050 selected
a priori.

Outcomes were compared across three groups based on the
7-day postoperative AKI status on their index admission (none;
stage 1; stage 2/3)20. For multivariable analyses, explanatory
variables were selected a priori based on clinical plausibility in
influencing postoperative death or renal outcomes. These in-
cluded: age, sex, ASA grade, diabetes mellitus (present or absent),
baseline eGFR, operative pathology (benign or malignant), opera-
tive risk (based on previously described procedure-specific 30-day
mortality rates21), urgency (elective or emergency) and approach
(open or laparoscopic). Finally, site of index admission (hospital)
was included in the models as a random effect to account for
regional variation.

Differences in survival at 1 year were first assessed using
Kaplan–Meier survival curves and log rank tests. Subsequently,
Cox proportional hazard models were applied to estimate the
hazard of death at any point over the 1 year after surgery. The
proportional hazard assumption was evaluated visually via
scaled Schoenfeld residual plots and using Schoenfeld global
and individual tests. In the event of the assumption being vio-
lated, a corresponding time-dependent co-variable was incorpo-
rated within an extended Cox regression model22. Sensitivity
analyses to explore further the long-term relationship between
AKI and postoperative death were conducted. One included only
patients undergoing elective surgery, and another excluded
patients who died in the early postoperative interval (days 0–30)
and also incorporated the effect of other major postoperative
complications (Clavien–Dindo grade III–IV) up to postoperative
day 3023. A secondary multilevel, hierarchical binary logistic re-
gression model was constructed to explore the association of
postoperative AKI and occurrence of MAKE-365. Effect estimates
were presented as adjusted odds ratios with 95 per cent confi-
dence intervals.

Ethics and reporting
An NHS Health Research Authority tool was completed, that in-
dicated that no formal ethical approval would be required for
this study, as it used routinely collected data only, and was ano-
nymized at source before analysis. Exemption from ethics re-
view was confirmed by the South East Scotland Research Ethics
Service (Appendix 1). UK centres therefore preregistered the
study locally as either clinical audit or service evaluation. Local
Caldecott Guardian approval was sought for data collection and
storage in all centres before study initiation. In the Republic of
Ireland, participating centres secured research ethics approval
locally, as required by their institutional regulations. These
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study results are reported in line with STROBE24. Contributing
authors are recognized in accordance with the consensus guide-
lines for standardizing reporting of authorship in collaborative
research25.

Results
Baseline characteristics
Some 5745 patients across 173 centres were included in the origi-
nal OAKS cohort, and 1-year follow-up was completed for 62.2
per cent (3576 patients) across 126 centres (Fig. 1). There were
3504 patients included in the final analysis after exclusion of 72
patients who had no baseline serum creatinine data (64 patients)
or had the recorded outcome death at 30 days (8 patients).

Assessment for attrition bias
The majority of missing outcome data was explained by centre
non-participation (63.1 per cent, 1414 of 2241 patients) or issues
with local pseudo-anonymized record linkage (33.3 per cent,
747 of 2241 patients). There were few significant differences in
attrition with regard to baseline patient characteristics and
early postoperative outcomes between groups included and ex-
cluded from the analysis (Table S2). The rate of open surgery
was higher in patients in the included group (62.2 versus 52.5

per cent, P< 0.001) with a marginally higher rate of malignant
pathology (59.1 versus 56.2 per cent, P¼ 0.028) and major 30-day
postoperative complications (15.9 versus 13.9 per cent,
P¼ 0.034). However, there was no statistically significant differ-
ence in the AKI rate at 7 days between the included and ex-
cluded groups (P¼ 0.163).

Postoperative acute kidney injury
A total of 13.6 per cent of patients (475 of 3504) developed AKI by
postoperative day 7, with 9.2 per cent (323 patients) developing
stage 1, and 4.3 per cent (152 patients) stage 2/3 AKI. Patients
who developed AKI were significantly more likely to be older,
male and have a higher co-morbidity burden (including poorer
baseline renal function), to undergo higher-risk procedures
(emergency or open) and to have experienced major postopera-
tive complications (Table 1). There were no significant differences
of AKI incidence across type of surgery: upper gastrointestinal
(15.2 per cent, 61 of 400 patients), hepatopancreatobiliary (10.9
per cent, 15 of 138 patients) or colorectal (13.5 per cent, 399 of
2966) surgery (P¼ 0.395).

Death at 1 year after surgery
Overall, 8.6 per cent of patients (303 patients) died within 1 year, of
whom 31.0 per cent (94 patients) died by day 30, and 69.0 per cent

Patients identified for
1-year follow-up n = 5745

Patients at non-participating centres n = 1414

Patients with incomplete follow-up n = 755
   Locally held record linkage unavailable or
   incorrectly recorded n = 747
Patient underwent ineligible procedure
   for index admission n = 8

Patients excluded from analysis  n = 72
   No baseline serum creatinine recorded n = 64
   No death outcome recorded  n = 8

Patients at participating
centres n = 4331

Patients with complete
1-year follow-up n = 3576

Eligible patients included
in analysis n = 3504

None
n = 3029, 86.4%

Stage 1
n = 323, 9.2%

Stage 2/3
n = 152, 4.3%

MAKE n = 250, 8.3%
Death n = 223, 7.4%

MAKE n = 60, 18.6%
Death n = 45, 13.9%

MAKE n = 68, 44.7%
Death n = 35, 23.0%

7-Day AKI

1-year
outcomes

Fig. 1 Flow diagram of patient inclusion in 1-year follow-up study from the original Outcomes After Kidney injury in Surgery cohort

AKI, acute kidney injury; MAKE, Major Adverse Kidney Events.
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(209 patients) died between days 31 to 365. On univariable survival
analysis, developing either stage 1 AKI (hazard ratio 1.95 (95 per
cent c.i. 1.42 to 2.69), P< 0.001) or stage 2/3 AKI (hazard ratio 3.56
(95 per cent c.i. 2.49 to 5.08), P< 0.001) was associated with a higher
hazard of death at any point over the first postoperative year (day
0 to 365) (Table 2).

On multivariable adjustment, however, the proportional haz-
ards assumption was violated due to a disproportionately higher
hazard of death in the 30-day postoperative period (global chi-
squared test P< 0.001). Therefore, an extended Cox regression
model for time-dependent variables was used to account for
this (Fig. 2, Table 2) which stratified postoperative death into
early (0–30 days) and intermediate periods (30–365 days). This
model demonstrated the hazard of death at any point over the
1-year period was significantly higher in patients with AKI stage
1 (hazard ratio 1.50 (95 per cent c.i. 1.08 to 2.08), P¼ 0.016) and
AKI stage 2–3 (hazard ratio 2.96 (95 per cent c.i. 2.02 to 4.33),
P< 0.001) compared with patients without AKI. This relationship
remained consistent in a subgroup analysis of only elective
patients (Table S3).

A sensitivity analysis excluding all patients who died within
30 days after surgery was conducted to determine if these differ-
ences observed in survival could be attributed to early postopera-
tive deaths alone (Fig. 3, Table 3). For patients who were alive at
postoperative day 30, there was a marginally significant increase
in the hazard of death in patients who experienced AKI. This was
similar in both stage 1 AKI (hazard ratio 1.50 (95 per cent c.i. 1.01
to 2.21), P¼ 0.042) and stage 2/3 AKI (hazard ratio 1.82 (95 per
cent c.i. 1.06 to 3.13), P¼ 0.030).

Major adverse kidney events at 1 year
Within the follow-up cohort, there were 378 patients (10.8 per
cent) who met the MAKE-365 endpoint (Fig. 4). A majority of
MAKE-365 outcomes was due to death (303 patients, 80.2 per
cent); 61 patients (16.1 per cent) commenced RRT and 78 patients
(20.6 per cent) had evidence of persistent renal dysfunction on
their last recorded creatinine.

There was a significant association between patients who ex-
perienced AKI and the MAKE-365 endpoint on univariable analy-
sis (Table 4). Even following multilevel logistic regression, this
significantly higher odds of death persisted with a two-fold in-
crease in stage 1 AKI (odds ratio 2.09 (95 per cent c.i. 1.50 to 2.92),
P< 0.001) and a nine-fold increase in stage 2/3 AKI (odds ratio
9.26 (95 per cent c.i. 6.31 to 13.59), P< 0.001), compared with those
without AKI.

Post-discharge monitoring
Of the 3411 patients who were alive at 30 days after surgery, 2.4
per cent (81 patients) had a documented outpatient nephrology
review within 1 year. There was no significant difference
(P¼ 0.163) in the outpatient nephrology review rate for patients
who developed AKI stage 1 (3.0 per cent, 9 of 302 patients) or
stage 2/3 (0 per cent, 0 of 133 patients), and those who did not (2.4
per cent, 72 of 2967 patients). Similarly, there was no statistically
significant difference between those who did and did not develop
a MAKE-365 (3.5 versus 2.3 per cent, P¼ 0.189). However, there
was a significant difference (P¼ 0.019) in the time to first
recorded serum creatinine after discharge between AKI groups

Table 1 Baseline demographics of patients with and without postoperative acute kidney injury (AKI)

Characteristic AKI (n¼475) No AKI (n¼3029) P

Age (years)* 67.4(13.4) 62.4(16.2) <0.001
Sex

Female 175 (11.2) 1388 (88.8) <0.001
Male 300 (15.5) 1641 (84.5)

ASA grade
I–II 242 (11.3) 1903 (88.7) <0.001
III–V 201 (17.9) 923 (82.1)
Unknown 32 (13.6) 203 (86.4)

Diabetes mellitus
No 381 (12.7) 2617 (87.3) <0.001
Yes 94 (18.7) 410 (81.3)

Baseline eGFR**
>90 166 (10.9) 1351 (89.1) <0.001
60 to 89 204 (13.9) 1267 (86.1)
<60 104 (20.6) 402 (79.4)
Missing 1 (10.0) 9 (90.0)

Operative pathology
Benign 186 (13.0) 1244 (87.0) 0.444
Malignant 289 (14.0) 1780 (86.0)

Operative urgency
Elective 348 (12.8) 2377 (87.2) 0.013
Emergency 127 (16.3) 652 (83.7)

Operative approach
Minimally invasive 156 (11.8) 1166 (88.2) 0.019
Open 319 (14.7) 1858 (85.3)

Operative specialty
Colorectal 399 (13.5) 2567 (86.5) 0.395
Upper gastrointestinal 61 (15.2) 339 (84.8)
Hepatopancreatobiliary 15 (10.9) 123 (89.1)

30-day postoperative complication
No major 310 (10.5) 2633 (89.5) <0.001
Major 165 (29.6) 393 (70.4)

Values in parentheses are percentages unless indicated otherwise. All tests are chi-square tests unless otherwise stated. *Values are mean(s.d.) with associated
2-sample t-test.**eGFR on admission (ml/min/1.73 m2). AKI, acute kidney injury; ASA, American Society of Anesthesiologists; eGFR, estimated glomerular
filtration rate.
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(Fig. 5). There was a median of 50.5 days for patients with AKI
stage 2/3 until first serum creatinine recorded after discharge
(compared with a median of 69.5 and 80.0 days respectively for
patients who experienced AKI stage 1 and no AKI). Overall, one in
five patients (80.5 per cent, 664 of 3411 patients) did not receive
any follow-up serum creatinine during the follow-up period; 82.9
per cent (257 patients) with stage 1 and 80.2 per cent (105
patients) with stage 2/3 AKI.

Discussion
AKI is one of the most common complications following major
abdominal surgery, yet its long-term implications remain
poorly understood. This large, prospective multicentre cohort
study across UK and Ireland demonstrates that AKI within
7 days of surgery is associated with higher rates of death, RRT
and persistent renal dysfunction at 1 year. Severe effects were
seen even following a mild renal insult (KDIGO stage 1), and are
sustained over the intermediate postoperative period. Despite
these concerns, the authors observed post-discharge monitor-
ing of renal recovery which did not adhere to Royal College of
General Practitioners guidance26 and low rates of referral to ex-
pert nephrology services; enhanced monitoring was not well
targeted to individuals at highest risk of deterioration. These
data suggest targeted efforts are required to identify better
those at risk of postoperative AKI, and determine how best to
modify this with enhanced perioperative care and monitoring
as part of future research and national quality-improvement
efforts.

Data from several previous studies2,4,27 have reported worse
long-term outcomes for patients who develop postoperative AKI

after major abdominal surgery. While surgery represents a dis-
tinct physiological insult28, this association has been reinforced
through studies in general inpatient populations14,29.
Nevertheless, previous evidence has been limited by retrospective
design, risk of bias, small sample sizes, heterogeneity in patient
populations and inconsistent definitions. This large prospective
study adopted global consensus definitions and timing of AKI20

and major renal events19, standardized using investigator training
and a prepublished study protocol. While cause of death was not
collected in this study, previous work has identified complications
of cardiovascular disease and malignancy to be among the most
common causes identified after AKI following discharge after sur-
gery30,31. The role that AKI has in the causal pathway of deaths
remains unclear; AKI may be a marker of physiological frailty, or
have a direct effect on risk of death (for example through chronic
renal failure or cardiovascular events). Irrespective of the causal
role, the authors identify that early postoperative AKI is a key pre-
dictor of poor intermediate-term postoperative outcomes. This re-
lationship persisted even in patients undergoing elective surgery,
further supporting the significance of AKI. This warrants investi-
gation in future clinical trials on perioperative renoprotective
interventions, and consideration of routine implementation of
risk stratification for AKI prevention bundles, and enhanced peri-
operative surveillance3,32.

This study confirms results from previous studies at higher
risk of bias2,4,27,33 which indicated a sustained increased hazard
of death associated with postoperative AKI even after the early
postoperative period. Underestimation of the severity of AKI may
explain why apparently small increases in creatinine level are
significantly associated with adverse outcomes, and why AKI
remains associated with ongoing risk even when there is

Table 2 Extended Cox regression model of patient survival from postoperative day 0 to 365 following major gastrointestinal surgery,
by AKI stage

Died (n¼303) Alive (n¼3201) Univariable analysis Multivariable analysis‡

Hazard ratio† P Hazard ratio† P

7-day postoperative AKI
No 223 (7.4) 2806 (92.6) – –
Stage 1 45 (13.9) 278 (86.1) 1.95 (1.42, 2.69) <0.001 1.50 (1.08, 2.08) 0.016
Stage 2/3 35 (23.0) 117 (77.0) 3.56 (2.49, 5.08) <0.001 2.96 (2.02, 4.33) <0.001

Age (years) 71.5(12.4)* 62.3(16.0)* 1.05 (1.04, 1.06) <0.001 1.04 (1.02, 1.05) <0.001
Sex

Female 121 (7.7) 1442 (92.3) – –
Male 182 (9.4) 1759 (90.6) 1.22 (0.97, 1.54) 0.085 1.24 (0.97, 1.57) 0.087

ASA grade
I–II 109 (5.1) 2036 (94.9) – –
III–V 172 (15.3) 952 (84.7) 3.23 (2.54, 4.11) <0.001 1.99 (1.54, 2.57) <0.001
Unknown 22 (9.4) 213 (90.6) 1.90 (1.20, 3.00) 0.006 1.46 (0.91, 2.33) 0.113

Diabetes mellitus
No 248 (8.3) 2750 (91.7) – –
Yes 55 (10.9) 449 (89.1) 1.33 (1.00, 1.79) 0.053 1.07 (0.79, 1.45) 0.648

Baseline eGFR**
>90 116 (7.6) 1401 (92.4) – –
60–89 109 (7.4) 1362 (92.6) 0.97 (0.75, 1.26) 0.806 0.75 (0.57, 0.97) 0.032
<60 78 (15.4) 428 (84.6) 2.13 (1.60, 2.84) <0.001 0.99 (0.72, 1.37) 0.974

Operative pathology
Benign 114 (8.0) 1316 (92.0) – –
Malignant 187 (9.0) 1882 (91.0) 1.12 (0.89, 1.42) 0.333 1.59 (1.19, 2.13) 0.002

Operative urgency
Elective 166 (6.1) 2559 (93.9) – –
Emergency 137 (17.6) 642 (82.4) 3.14 (2.51, 3.94) 0.001 3.30 (2.53, 4.30) <0.001

Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.); †values in parentheses are 95 per cent confidence intervals. ‡Number in
model ¼ 3484, number of groups ¼ 125. **eGFR on admission (ml/min/1.73 m2). AKI, acute kidney injury; eGFR, estimated glomerular filtration rate.
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apparent recovery of renal function. Notably, stage 1 and stage
2/3 AKI were associated with similar hazards of death, even after
the early postoperative period. This further confirms the impor-
tance of recognizing stage 1 AKI in this surgical population, and
efforts to mitigate risks of even ‘mild’ AKI where possible. Finally,
there was some evidence to suggest that the poorer outcomes as-
sociated with chronic kidney disease observed in other studies in
non-cardiac surgery12,14,34–36 may be mediated by the increased
likelihood of postoperative AKI. Like a recent prospective study
into early clinical outcomes7, following multivariable risk adjust-
ment there was no longer an association between preoperative
renal function and poorer intermediate clinical outcomes, despite
strong univariable associations between these variables.

In this study, there were few changes recorded in post-
discharge management following stage 1 or 2/3 AKI. It should be
of concern that one in five patients with postoperative AKI did
not have a post-discharge serum creatinine recorded and there
was no increase in referral for nephrology review after an early

postoperative AKI. There was also no significant difference in the
time to first serum creatinine measurement after discharge for
patients with stage 1 AKI, compared with patients without AKI.
This conflicts with Royal College of General Practitioners guid-
ance on post-discharge monitoring of AKI26, and may reflect poor
recognition of stage 1 AKI, or challenges in communication be-
tween secondary and primary care37,38.

While death is clearly an important outcome, a shift toward
targeting patient-centred renal outcomes in clinical research has
led to the development of the MAKE endpoint19. This collabora-
tive research provides useful validation of the stage 2/3 MAKE
composite outcome to support its adoption into clinical trials.
However, it should be noted that 80 per cent (303 of 378 patients)
of MAKE-365 outcomes related to death in this cohort and that
this is by definition inclusive of all causes of death (rather than
renal-specific causes).

There are several limitations of methodology. First, there was
a moderate attrition of patients from recruitment to 1-year
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follow-up. However, this was largely related to centre non-
participation and there was no suggestion of residual attrition
bias18. The high rate of open surgery included may explain the
marginally higher rates of malignant pathology and major
30-day postoperative complications observed compared with the
original cohort. However, this was accounted for in multivariable

models, and is unlikely to have had a significant effect on the
study findings, nor the generalizability of the data; representative
patient data from 126 centres were included. Furthermore, it
should be acknowledged that the type and stage of any cancers
were not accounted for in the analyses and which may be associ-
ated with different 1-year survival prognoses. Therefore, while
the cohort is considered representative of routine surgical prac-
tice at those centres, potential bias may have arisen based on the
representation of patients with individual malignant pathologies
which may affect generalizability.

Second, this was a pragmatic observational study with no devia-
tion from routine clinical practice. Therefore, it was not feasible to
collect all variables that might impact on the incidence of AKI or
postoperative death such as frailty39 or perioperative haemodynamic
instability40. Furthermore, data collected were limited to the routinely
available data at the index site—an issue noted in other observational
studies7,41. Both unmeasured deterioration of renal function and
measured deterioration in hospitals without access to community
investigations may have led to under-reporting of the primary and
secondary outcomes. However, this would reinforce rather than un-
dermine the primary conclusions of this study. Third, it is important
to recognize that AKI can often coincide with other early postopera-
tive complications—hence the attempt to adjust for the effects of
major complications (not resulting in death) on intermediate-term
survival in the sensitivity analysis. While postoperative AKI and re-
sultant organ support (for example dialysis) were determined sepa-
rately, the Clavien–Dindo grade encompassed these complications.
Therefore, bias from adjustment for major 30-day complications in

Table 3 Cox regression sensitivity analysis of patient survival from postoperative day 30 to 365 following major gastrointestinal
surgery, by AKI stage

Died (n¼209) Alive (n¼3183) Univariable analysis Multivariable analysis‡

Hazard ratio† P Hazard ratio† P

7-day postoperative AKI
No 160 (5.4) 2789 (94.6) – –
Stage 1 33 (10.6) 277 (89.4) 2.01 (1.39, 2.93) <0.001 1.50 (1.01, 2.21) 0.042
Stage 2/3 16 (12.0) 117 (88.0) 2.34 (1.40, 3.91) 0.001 1.82 (1.06, 3.13) 0.030

Age (years) 70.8(12.9)* 62.3(16.0)* 1.04 (1.03, 1.05) <0.001 1.03 (1.02, 1.05) <0.001
Sex

Female 85 (5.6) 1436 (94.4) – –
Male 124 (6.6) 1747 (93.4) 1.19 (0.91, 1.57) 0.208 1.15 (0.86, 1.52) 0.340

ASA grade
I–II 89 (4.2) 2026 (95.8) – –
III–V 102 (9.7) 948 (90.3) 2.39 (1.80, 3.17) <0.001 1.48 (1.09, 2.02) 0.012
Unknown 18 (7.9) 209 (92.1) 1.95 (1.17, 3.23) 0.010 1.47 (0.86, 2.50) 0.160

Diabetes mellitus
No 170 (5.9) 2735 (94.1) – –
Yes 39 (8.0) 448 (92.0) 1.38 (0.98, 1.96) 0.068 1.12 (0.78, 1.60) 0.540

Baseline eGFR**
>90 84 (5.7) 1397 (94.3) – –
60–89 77 (5.4) 1358 (94.6) 0.94 (0.69, 1.29) 0.716 0.71 (0.51, 0.98) 0.037
<60 48 (10.1) 428 (89.9) 1.83 (1.29, 2.61) 0.001 0.94 (0.64, 1.40) 0.780

Operative pathology
Benign 62 (4.5) 1311 (95.5) – –
Malignant 147 (7.3) 1872 (92.7) 1.63 (1.21, 2.19) 0.001 2.20 (1.53, 3.14) <0.001

Operative urgency
Elective 128 (4.8) 2543 (95.2) – –
Emergency 81 (11.2) 640 (88.8) 2.46 (1.86, 3.24) <0.001 3.04 (2.18, 4.26) <0.001

30-day postoperative complication
No major 157 (5.4) 2756 (94.6) – –
Major 52 (10.9) 427 (89.1) 2.11 (1.54, 2.89) <0.001 1.62 (1.15, 2.27) 0.005

Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.); †values in parentheses are 95 per cent confidence intervals. ‡Number in
model ¼ 3392, number of groups ¼ 125. **eGFR on admission (ml/min/1.73 m2). AKI, acute kidney injury; eGFR, estimated glomerular filtration rate.
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Fig. 4 Venn diagram of patients who had a major adverse kidney event
(MAKE-365).

RRT, renal replacement therapy.
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in the 30–365-day period may have reduced the effect of postopera-
tive AKI on death observed. Furthermore, it is possible that minor
complications (such as anaemia or bleeding requiring blood transfu-
sion, a Clavien–Dindo grade II complication), which remain unac-
counted for in the present model may have residual unmeasured
effects on the study outcomes.
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Table 4 Multilevel logistic regression on the occurrence of MAKE-365 outcomes in patients after major gastrointestinal and liver
surgery

MAKE-365 outcomes Univariable analysis Multivariable analysis‡

Yes (n¼378) No (n¼3016) Odds ratio† P Odds ratio† P

7-day postoperative AKI
No 250 (8.3) 2779 (91.7) – –
Stage 1 60 (18.6) 263 (81.4) 2.54 (1.85, 3.43) <0.001 2.09 (1.50, 2.92) <0.001
Stage 2/3 68 (44.7) 84 (55.3) 9.00 (6.36, 12.70) <0.001 9.26 (6.31, 13.59) <0.001

Age (years) 69.6(13.4)* 62.3(16.0)* 1.04 (1.03, 1.04) <0.001 1.03 (1.02, 1.04) <0.001
Sex

Female 154 (9.9) 1409 (90.1) – –
Male 224 (11.5) 1717 (88.5) 1.19 (0.96, 1.48) 0.110 1.14 (0.90, 1.45) 0.283

ASA grade
I–II 147 (6.9) 1998 (93.1) – –
III–V 203 (18.1) 921 (81.9) 3.00 (2.39, 3.76) <0.001 1.86 (1.43, 2.42) <0.001
Unknown 28 (11.9) 207 (88.1) 1.84 (1.18, 2.78) 0.005 1.45 (0.91, 2.32) 0.118

Diabetes mellitus
No 311 (10.4) 2687 (89.6) – –
Yes 67 (13.3) 437 (86.7) 1.32 (0.99, 1.75) 0.051 1.05 (0.77, 1.43) 0.772

Baseline eGFR**
>90 147 (9.7) 1370 (90.3) – –
60–89 139 (9.4) 1332 (90.6) 0.97 (0.76, 1.24) 0.823 0.78 (0.59, 1.02) 0.069
<60 92 (18.2) 414 (81.8) 2.07 (1.56, 2.74) <0.001 1.06 (0.76, 1.48) 0.737

Operative pathology
Benign 212 (7.8) 2513 (92.2) – –
Malignant 166 (21.3) 613 (78.7) 3.21 (2.57, 4.00) <0.001 3.35 (2.52, 4.46) <0.001

Operative urgency
Elective 156 (10.9) 1274 (89.1) – –
Emergency 220 (10.6) 1849 (89.4) 0.97 (0.78–1.21) 0.796 1.41 (1.05, 1.88) 0.020

Values in parentheses are percentages unless indicated otherwise; *values are mean(s.d.); †values in parentheses are 95 per cent confidence intervals. AKI,
acute kidney injury; eGFR, estimated glomerular filtration rate. ‡Number in model ¼ 3487, number of groups ¼ 126, akaike information criterion (AIC) ¼ 2053.3,
C-statistic ¼ 0.788. **eGFR on admission (ml/min/1.73 m2).
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