
Intensive Care Med (2023) 49:1508–1510
https://doi.org/10.1007/s00134-023-07250-1

EDITORIAL

A global perspective on acute kidney injury 
after major surgery: much needed insights 
and sobering results
Bernd Saugel1,2* , Eric Hoste3 and Michelle S. Chew4

© 2023 The Author(s)

Acute kidney injury (AKI) is an abrupt decline in kidney 
function occurring within hours or days. In patients hav-
ing surgery, postoperative AKI is a major complication 
associated with adverse outcomes including mortality 
[1]. Postoperative AKI is common but reported inci-
dences substantially vary [2]. Zarbock and colleagues [3], 
with an international observational study on more than 
10,000 patients, now provide much needed insights into 
the incidence of postoperative AKI in patients having 
major surgery.

The findings of the study are sobering. About 1 in every 
5 patients having major surgery requiring postoperative 
treatment in an intensive care or high-dependency unit 
developed AKI according to the Kidney Disease: Improv-
ing Global Outcomes (KDIGO) criteria within the first 
three postoperative days. Postoperative AKI occurred 
most frequently in patients having urological, cardiac, 
vascular, and general surgery (and not so frequently in 
patients having neurosurgery or orthopedic surgery). 
Although two-thirds of patients had ‘only’ stage 1 AKI, 
one-third of patients had persistent AKI (defined as AKI 
lasting for more than 48 h). Additionally, although most 
patients had low severity and short duration of AKI, 
postoperative AKI was associated with a fivefold higher 
risk for in-hospital mortality.

A strength of the study is that urine output was consid-
ered for AKI diagnosis, while most previous studies only 
considered creatinine criteria. Another strength is the 

documentation of rapid reversal and persistent AKI as 
well as the relevant composite long-term outcome major 
adverse kidney events at day 90 that occurred in about 
20% of patients developing postoperative AKI. Finally, 
the study provides a global perspective on postoperative 
AKI, with about half of the patients recruited in Europe 
and about a third in Asia. About 10% of patients were 
included in African countries, and close to 2% in North 
America.

To potentially avoid postoperative AKI, identifying 
modifiable risk factors for its development is important. 
Besides non-modifiable baseline risk factors such as older 
age, comorbidities, and type of surgery, the study iden-
tified risk factors amenable to changes in perioperative 
management, including use of vasopressors and amino-
glycosides. Interestingly, intraoperative hypotension was 
not an independent risk factor for postoperative AKI, yet 
the use of vasopressors was.

The lack of statistical association between intraop-
erative hypotension and postoperative AKI in the study 
by Zarbock and colleagues [3] does not discount the 
importance of perioperative blood pressure control. In 
contrast to this study, previous registry studies clearly 
established intraoperative hypotension as a modifiable 
risk factor for postoperative AKI [4]. As the population 
harm threshold for postoperative AKI is a mean arterial 
pressure of 60–70  mmHg, it is generally recommended 
to maintain mean arterial pressure above 65 mmHg [4]. 
As preoperative baseline blood pressure varies [5], intra-
operative hypotension harm thresholds may also dif-
fer among individual patients having surgery. It remains 
unknown though whether the relation between intra-
operative hypotension and postoperative AKI is causal 
because there are only few randomized trials on the 
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effect of targeted blood pressure management on post-
operative renal function. Maintaining mean arterial pres-
sure at ≥ 75  mmHg compared to at ≥ 60  mmHg did not 
reduce the incidence of postoperative AKI within 30 days 
after surgery in major non-cardiac surgery patients [6]. 
Individualized—compared to routine—blood pressure 
management reduced renal risk and injury (according to 
RIFLE criteria), but not renal failure, in patients having 
major non-cardiac surgery in the INPRESS trial [7]. The 
ongoing GUARDIAN (NCT04884802) and IMPROVE-
multi (NCT05416944) trials will provide further evidence 
whether targeted intraoperative blood pressure manage-
ment can help to reduce postoperative AKI.

Beyond blood pressure control, small trials suggested 
that goal-directed—mainly cardiac output-guided—
hemodynamic therapy may help to reduce the risk for 
AKI [8, 9]. However, the largest trial to date, the OPTI-
MISE II trial, revealed that maximizing stroke volume 
using fluids and dobutamine does not reduce the inci-
dence of postoperative AKI (OPTIMISE II trial [10]; 
presented at EBPOM World Congress of Prehabilitation 
Medicine 2023 in London on July 6, 2023).

Clinicians routinely give vasopressors and fluids to 
‘optimize’ hemodynamics during surgery. However, vaso-
pressors themselves may promote postoperative AKI 
[11]. In the study by Zarbock and colleagues [3], the use 
of vasopressors was associated with a 1.8-fold increased 
risk of developing postoperative AKI. However, the use 
of vasopressors should not be interpreted as the cause 
of AKI and it seems unwise to postulate that vasopres-
sors should be avoided. Whether the use of vasopres-
sors is a surrogate for suboptimal hemodynamic status 
or whether they directly affect renal function cannot be 
answered in this study.

Optimal perioperative fluid therapy to prevent AKI 
also remains unknown. Regarding the amount of fluid, 
fluid overload, on the one hand, will compromise kidney 
function by increasing venous congestion and hemodi-
lution. On the other hand, the RELIEF trial [12] showed 
that restrictive—compared to liberal—perioperative fluid 
management resulted in more AKI in patients who had 
major abdominal surgery. Regarding the type of fluid, the 
use of hydroxyethyl starch containing fluids is associated 
with AKI in critically ill patients. In patients having elec-
tive surgery, the association between hydroxyethyl starch 
and AKI is less clear.

Several studies suggested that the use of an ‘AKI bun-
dle’ in at-risk patients can help to decrease AKI rates 
[13]. AKI bundles proposed in the literature substantially 
differ, but typically consist of a group of measures aimed 
at improving hemodynamics and minimizing exposure to 
nephrotoxic events in patients who were identified by a 
biomarker to be at high risk for AKI. Currently, Zarbock 

and colleagues are conducting a trial testing the hypoth-
esis that a KDIGO-based bundle intervention reduces 
stage 2 and 3 AKI within three days after major non-car-
diac surgery compared to routine care (NCT04647396).

Another remarkable finding in the study by Zar-
bock and colleagues [3] is the striking difference in the 
incidence of AKI by region, with a 5.6-fold difference 
between the highest (North America) and lowest (Africa) 
incidences. These differences in AKI incidence remain 
unexplained but presumably result from differences in 
AKI screening, patient baseline risk, and types of surgery. 
It is notable though that failure to rescue rates also dif-
fered substantially among regions: mortality was highest 
in regions with the lowest AKI incidence. This suggests 
that outcomes from AKI are amenable to intervention, 
and that the lack or inadequacy of intervention is a driv-
ing factor for mortality. It may, thus, be wise to invest 
more resources in reducing rates of failure to rescue 
and progression from acute to chronic kidney disease to 
improve long-term survival among patients with post-
operative AKI. These resources may include systematic 
kidney health assessments after surgery, routine postop-
erative rounds for high-risk patients identified pre- and 
intraoperatively, and continuous postoperative monitor-
ing [14, 15].

Identifying interventions to avoid postoperative AKI 
and reduce progression from acute to chronic kidney 
disease remain key challenges for future perioperative 
research. In the meantime, it seems prudent to avoid 
restrictive or zero balance perioperative fluid regimens 
[12] and to optimize intraoperative hemodynamics [8, 9].

Author details
1 Department of Anesthesiology, Center of Anesthesiology and Intensive Care 
Medicine, University Medical Center Hamburg-Eppendorf, Martinistrasse 52, 
20246 Hamburg, Germany. 2 Outcomes Research Consortium, Cleveland, OH, 
USA. 3 Intensive Care Unit, Department of Internal Medicine and Pediatrics, 
Ghent University Hospital, Ghent University, Ghent, Belgium. 4 Departments 
of Anaesthesia and Intensive Care, Biomedical and Clinical Sciences, Linköping 
University, Linköping, Sweden. 

Funding
Open Access funding enabled and organized by Projekt DEAL.

Declarations

Conflicts of interest
BS is a consultant for and has received institutional restricted research grants 
and honoraria for giving lectures from Edwards Lifesciences (Irvine, CA, USA). 
BS is a consultant for Philips North America (Cambridge, MA, USA) and has 
received honoraria for giving lectures from Philips Medizin Systeme Böblingen 
(Böblingen, Germany). BS has received institutional restricted research 
grants and honoraria for giving lectures from Baxter (Deerfield, IL, USA). BS 
is a consultant for and has received institutional restricted research grants 
and honoraria for giving lectures from GE Healthcare (Chicago, IL, USA). BS 
has received institutional restricted research grants and honoraria for giving 
lectures from CNSystems Medizintechnik (Graz, Austria). BS is a consult-
ant for Maquet Critical Care (Solna, Sweden). BS has received honoraria for 
giving lectures from Getinge (Gothenburg, Sweden). BS is a consultant for 



1510

and has received institutional restricted research grants and honoraria for 
giving lectures from Pulsion Medical Systems (Feldkirchen, Germany). BS is 
a consultant for and has received institutional restricted research grants and 
honoraria for giving lectures from Vygon (Aachen, Germany). BS is a consultant 
for and has received institutional restricted research grants from Retia Medical 
(Valhalla, NY, USA). BS has received institutional restricted research grants from 
Osypka Medical (Berlin, Germany). BS was a consultant for and has received 
institutional restricted research grants from Tensys Medical (San Diego, CA, 
USA). BS is an Editor of the British Journal of Anaesthesia. EH is a consultant 
for AM Pharma (Utrecht, The Netherlands). MSC has received speaker’s fees 
and honoraria from B Braun (Danderyd, Schweden) and Edwards Lifesciences 
(Irvine, CA, USA) outside the submitted work and holds editorial roles with the 
European Journal of Anaesthesiology and Critical Care.

Open Access
This article is licensed under a Creative Commons Attribution-NonCommercial 
4.0 International License, which permits any non-commercial use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a 
link to the Creative Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence 
and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by-nc/4.0/.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 14 August 2023   Accepted: 7 October 2023
Published: 31 October 2023

References
 1. Gumbert SD, Kork F, Jackson ML, Vanga N, Ghebremichael SJ, Wang CY, 

Eltzschig HK (2020) Perioperative acute kidney injury. Anesthesiology 
132:180–204. https:// doi. org/ 10. 1097/ ALN. 00000 00000 002968

 2. Zarbock A, Koyner JL, Hoste EAJ, Kellum JA (2018) Update on periopera-
tive acute kidney injury. Anesth Analg 127:1236–1245. https:// doi. org/ 10. 
1213/ ANE. 00000 00000 003741

 3. Zarbock A, Weiss R, Albert F, Rutledge K, Kellum JA, Bellomo R, Grigoryev 
E, Candela-Toha AM, Demir ZA, Legros V, Rosenberger P, Galan Menendez 
P, Garcia Alvarez M, Peng K, Leger M, Khalel W, Orhan-Sungur M, Meersch 
M, Investigators T-AKI (2023) Epidemiology of surgery associated acute 
kidney injury (EPIS-AKI): a prospective international observational 
multi-center clinical study. Intensive Care Med. https:// doi. org/ 10. 1007/ 
s00134- 023- 07169-7

 4. Saugel B, Sessler DI (2021) Perioperative blood pressure management. 
Anesthesiology 134:250–261. https:// doi. org/ 10. 1097/ ALN. 00000 00000 
003610

 5. Saugel B, Reese PC, Sessler DI, Burfeindt C, Nicklas JY, Pinnschmidt HO, 
Reuter DA, Sudfeld S (2019) Automated ambulatory blood pressure 
measurements and intraoperative hypotension in patients having 
noncardiac surgery with general anesthesia: a prospective observational 
study. Anesthesiology 131:74–83. https:// doi. org/ 10. 1097/ ALN. 00000 
00000 002703

 6. Wanner PM, Wulff DU, Djurdjevic M, Korte W, Schnider TW, Filipovic M 
(2021) Targeting higher intraoperative blood pressures does not reduce 
adverse cardiovascular events following noncardiac surgery. J Am Coll 
Cardiol 78:1753–1764. https:// doi. org/ 10. 1016/j. jacc. 2021. 08. 048

 7. Futier E, Lefrant JY, Guinot PG, Godet T, Lorne E, Cuvillon P, Bertran S, 
Leone M, Pastene B, Piriou V, Molliex S, Albanese J, Julia JM, Tavernier B, 
Imhoff E, Bazin JE, Constantin JM, Pereira B, Jaber S, INPRESS Study Group 
(2017) Effect of individualized vs standard blood pressure management 
strategies on postoperative organ dysfunction among high-risk patients 
undergoing major surgery: a randomized clinical trial. JAMA 318:1346–
1357. https:// doi. org/ 10. 1001/ jama. 2017. 14172

 8. Giglio M, Dalfino L, Puntillo F, Brienza N (2019) Hemodynamic goal-
directed therapy and postoperative kidney injury: an updated meta-
analysis with trial sequential analysis. Crit Care 23:232. https:// doi. org/ 10. 
1186/ s13054- 019- 2516-4

 9. Nicklas JY, Diener O, Leistenschneider M, Sellhorn C, Schon G, Winkler M, 
Daum G, Schwedhelm E, Schroder J, Fisch M, Schmalfeldt B, Izbicki JR, 
Bauer M, Coldewey SM, Reuter DA, Saugel B (2020) Personalised haemo-
dynamic management targeting baseline cardiac index in high-risk 
patients undergoing major abdominal surgery: a randomised single-
centre clinical trial. Br J Anaesth 125:122–132. https:// doi. org/ 10. 1016/j. 
bja. 2020. 04. 094

 10. Edwards MR, Forbes G, MacDonald N, Berdunov V, Mihaylova B, Dias P, 
Thomson A, Grocott MP, Mythen MG, Gillies MA, Sander M, Phan TD, 
Evered L, Wijeysundera DN, McCluskey SA, Aldecoa C, Ripolles-Melchor 
J, Hofer CK, Abukhudair H, Szczeklik W, Grigoras I, Hajjar LA, Kahan BC, 
Pearse RM (2019) Optimisation of Perioperative Cardiovascular Manage-
ment to Improve Surgical Outcome II (OPTIMISE II) trial: study protocol 
for a multicentre international trial of cardiac output-guided fluid therapy 
with low-dose inotrope infusion compared with usual care in patients 
undergoing major elective gastrointestinal surgery. BMJ Open 9:e023455. 
https:// doi. org/ 10. 1136/ bmjop en- 2018- 023455

 11. Chiu C, Fong N, Lazzareschi D, Mavrothalassitis O, Kothari R, Chen LL, 
Pirracchio R, Kheterpal S, Domino KB, Mathis M, Legrand M (2022) Fluids, 
vasopressors, and acute kidney injury after major abdominal surgery 
between 2015 and 2019: a multicentre retrospective analysis. Br J 
Anaesth 129:317–326. https:// doi. org/ 10. 1016/j. bja. 2022. 05. 002

 12. Myles PS, Bellomo R, Corcoran T, Forbes A, Peyton P, Story D, Christophi C, 
Leslie K, McGuinness S, Parke R, Serpell J, Chan MTV, Painter T, McCluskey 
S, Minto G, Wallace S (2018) Restrictive versus liberal fluid therapy for 
major abdominal surgery. N Engl J Med 378:2263–2274. https:// doi. org/ 
10. 1056/ NEJMo a1801 601

 13. Schaubroeck HAI, Vargas D, Vandenberghe W, Hoste EAJ (2021) Impact 
of AKI care bundles on kidney and patient outcomes in hospitalized 
patients: a systematic review and meta-analysis. BMC Nephrol 22:335. 
https:// doi. org/ 10. 1186/ s12882- 021- 02534-4

 14. Sessler DI, Saugel B (2019) Beyond “failure to rescue”: the time has come 
for continuous ward monitoring. Br J Anaesth 122:304–306. https:// doi. 
org/ 10. 1016/j. bja. 2018. 12. 003

 15. Prowle JR, Forni LG, Bell M, Chew MS, Edwards M, Grams ME, Grocott 
MPW, Liu KD, McIlroy D, Murray PT, Ostermann M, Zarbock A, Bagshaw 
SM, Bartz R, Bell S, Bihorac A, Gan TJ, Hobson CE, Joannidis M, Koyner 
JL, Levett DZH, Mehta RL, Miller TE, Mythen MG, Nadim MK, Pearse RM, 
Rimmele T, Ronco C, Shaw AD, Kellum JA (2021) Postoperative acute 
kidney injury in adult non-cardiac surgery: joint consensus report of the 
acute disease quality initiative and perioperative quality initiative. Nat Rev 
Nephrol 17:605–618. https:// doi. org/ 10. 1038/ s41581- 021- 00418-2

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1097/ALN.0000000000002968
https://doi.org/10.1213/ANE.0000000000003741
https://doi.org/10.1213/ANE.0000000000003741
https://doi.org/10.1007/s00134-023-07169-7
https://doi.org/10.1007/s00134-023-07169-7
https://doi.org/10.1097/ALN.0000000000003610
https://doi.org/10.1097/ALN.0000000000003610
https://doi.org/10.1097/ALN.0000000000002703
https://doi.org/10.1097/ALN.0000000000002703
https://doi.org/10.1016/j.jacc.2021.08.048
https://doi.org/10.1001/jama.2017.14172
https://doi.org/10.1186/s13054-019-2516-4
https://doi.org/10.1186/s13054-019-2516-4
https://doi.org/10.1016/j.bja.2020.04.094
https://doi.org/10.1016/j.bja.2020.04.094
https://doi.org/10.1136/bmjopen-2018-023455
https://doi.org/10.1016/j.bja.2022.05.002
https://doi.org/10.1056/NEJMoa1801601
https://doi.org/10.1056/NEJMoa1801601
https://doi.org/10.1186/s12882-021-02534-4
https://doi.org/10.1016/j.bja.2018.12.003
https://doi.org/10.1016/j.bja.2018.12.003
https://doi.org/10.1038/s41581-021-00418-2

	A global perspective on acute kidney injury after major surgery: much needed insights and sobering results
	References




