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Abstract  

Objectives 

Knee Replacement (KR) is a highly-effective procedure for improving pain and function in patients. Acute Kidney Injury 

(AKI) is a potential complication that is associated with increased length of stay, morbidity and mortality. The aims of this 

systematic review were to establish the incidence of AKI following primary KR and to characterize risk factors for AKI 

and the incidence of Renal Replacement Therapy (RRT).   

Methods   

A systematic review of the literature was undertaken with a search of Medline, Embase, Scopus, Cochrane Library.  The 

review included clinical trials or observational studies (cohort, case-control or cross-sectional studies) reporting the 

incidence of AKI following primary KR.  

Results   

1,523 studies were identified in the initial search, with eight meeting the inclusion criteria. A total of 13,574 episodes of 

patients undergoing primary knee replacement were included. The mean age of patients was 68.91 years (SD 2.68). 11,346 

(83.02%) of patients were female. The weighted pooled incidence of AKI in the included studies was 8.85 (95% CI 8.35% 

to 9.35%). Risk factors highlighted for AKI following primary KR frequently identified were Age >65, Diabetes Mellitus 

and pre-existing chronic kidney disease. There was limited data on the requirement for RRT.  

Conclusion  

AKI is one of the most common complications following KR. There is a need for research into interventions that may 

reduce the risk of AKI.   

Keywords: acute kidney injury; knee; arthroplasty   

Introduction 

Knee Replacement (KR) is a highly-effective procedure for improving 

pain and function in patients [1]. Approximately 80,000 knee 

replacements are undertaken in the United Kingdom each year with this 

number anticipated to increase [2-4]. Primary KR has demonstrated 

excellent long-term implant survival and patient-reported outcome scores 

however minimising post-operative complications continue to remain a 

priority [1,2]. Acute kidney injury (AKI) is one such complication that 

can have implications for, length of stay, patient morbidity and mortality 

[5-9].  

AKI is a complex clinical condition, characterized by a sudden 

deterioration in kidney function, characterised by increased serum 

creatinine levels and/or reduced urine output [10-13]. The cause of AKI 

is commonly multifactorial in origin, with factors including hypovolemia, 

nephrotoxic medications and systemic inflammation [14,15]. Globally, 

AKI is a very common condition affecting over 13 million patients per 
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year [5,7,14]. There is increasing evidence that even a transient AKI can 

cause subsequent increases in short and long-term mortality, as well as 

increased hospital costs and length of stay following surgery [6,16,17].  

 There are three commonly used classification systems for the diagnosis 

of AKI [10,12,18].  The first proposed was the Risk, Injury, Failure, Loss 

and End-stage disease (RIFLE) classification [11]. Subsequently, the 

Kidney Disease Improving Global Outcomes (KDIGO) [18] and the 

Acute Kidney Injury Network (AKIN) [12] have been developed.  The 

individual diagnostic and staging criteria of each classification system can 

in found in Table 1.  

Criteria  RIFLE (11)  AKIN (13)  KDIGO (17)  

Stages  Risk, Injury, Failure, Loss, End-stage 

kidney disease  

Stages 1, 2, 3  Stages 1, 2, 3  

Time period   Within 7 days  Within 48 hours  Within 7 days   

Stage 1  Risk (≥ 1.5 times baseline or  

Glomerular  

Filtration Rate  

(GFR) decrease ≥ 25%),  

Creatinine increase≥ 0.3 mg/dL 

or GFR decrease ≥ 25% or 

urine output < 0.5 mL/kg/hr for 

≥ 6 hours  

Serum creatinine≥ 0.3 mg/dL increase or GFR 

decrease ≥ 25% or urine output  

< 0.5 mL/kg/hr for ≥  

6-12 hours),  

Stage 2  Injury (≥ 2 times baseline or GFR decrease 

≥ 50%),  

GFR decrease ≥  

50% or urine output  

< 0.5 mL/kg/hr for ≥ 12 hours  

GFR decrease ≥  

50% or urine output  

< 0.5 mL/kg/hr for ≥ 12-24 hours  

Stage 3  Failure ≥ 3 times baseline or GFR 

decrease ≥ 75% or serum creatinine ≥ 4 

mg/dL with an acute rise ≥ 0.5 mg/dL  

GFR decrease ≥ 75% or GFR < 

3.5 mL/kg/hr for ≥ 24 hours or 

anuria for ≥ 12 hours  

GFR decrease ≥ 75% or GFR < 35 mL/min/1.73 

m² for ≥ 24 hours or initiation of renal 

replacement therapy  

Stage 4  Loss (complete loss of kidney function > 4 

weeks),  

    

Stage 5  End-stage kidney disease (complete loss 

of kidney function > 3 months)  

    

Table 1: Summary of commonly used classification systems for AKI 

The KDIGO classification is the most widely used by peri-operative 

clinicians [18].  

The reported incidence of AKI following primary KR varies greatly and 

many of the studies combine data from knee and hip replacements to 

provide incidence estimates [19-23]. The incidence of AKI following hip 

or knee joint replacement surgery reported in the literature range from 

0.05% to 21.9% [5,6,20,24,25]. The cause for the variability of incidence 

reported in the literature is not known. (Table 1).  

Methods   

This systematic review was conducted using guidance from the JBI 

(formerly Joanna Briggs Institute) [26]. Findings are reported according 

to the extension for Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) guidelines [27]. Prior to commencing this 

review, a study protocol was developed and registered with PROSPERO 

(Reference number: CRD42023406314) [28].   

The search was performed in MEDLINE, Embase, Scopus, Cochrane 

Library and the grey literature. The search terms were acute kidney injury, 

acute kidney failure, acute renal failure, total knee replacement, knee 

replacement and knee arthroplasty. 

Appendix 1: Search Strategy and Results   

Medline   

Database:  

Medline (Ovid MEDLINE® Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE® Daily and Ovid MEDLINE®) 1946 

to present  

#  Query  Results from 9 Mar 2023  

1  exp Acute Kidney Injury/  55,189  

2 
(acute kidney injur* or acute kidney insufficienc* or acute kidney failure* or  

 acute renal injur* or acute renal insufficienc* or acute renal failure*).ti,ab,kw.  
62,995  

3  1 or 2  81,697  

4  arthroplasty, replacement, knee/  30,850  

5 (knee arthroplast* or knee replacement*  or knee prosthe*).ti,ab,kw.  40,398  

6 
(joint arthroplast* or joint replacement*  

or joint prosthe*).ti,ab,kw.  
16,746  

7  4 or 5 or 6  56,665  

8  3 and 7  205  

 exp Acute Kidney Injury/  
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(acute kidney injur* or acute kidney insufficienc* or acute kidney failure* or acute renal injur* or acute renal insufficienc* or acute renal 

failure*).ti,ab,kw.  

1 or 2 arthroplasty, replacement, knee/  

(knee arthroplast* or knee replacement* or knee prosthe*).ti,ab,kw.  

(joint arthroplast* or joint replacement* or joint prosthe*).ti,ab,kw.  

4 or 5 or 6  

3 and 7  

Scopus Searched:31/3/2023  

#  Query    

  Knee AND replacement     

OR  Knee AND arthroplasty    

And  Acute AND renal AND injury    

OR  Acute AND renal AND failure    

OR  Acute AND kidney AND injury    

 Total results 882  

Embase   

Database:  

Embase 1974 to present  

#  Query  Results from 9 Mar 2023  

1 
total knee replacement/ or knee  

 replacement/ or knee arthroplasty/  
53,138  

2 acute kidney injury.mp. and acute kidney failure/  51,811  

3 acute kidney failure.mp. or acute kidney failure/  117,896 

4 acute renal failure.mp. or acute kidney failure/  125,956 

5  2 or 3 or 4  126,258 

6  1 and 5  382  

total knee replacement/ or knee replacement/ or knee arthroplasty/ acute 

kidney injury.mp. and acute kidney failure/ acute kidney failure.mp. or 

acute kidney failure/ acute renal failure.mp. or acute kidney failure/  

2 or 3 or 4  

1 and 5 

Cochrane Clinical reviews   Searched on 9/3/2023  

Results: 53 (acute kidney injury):ti,ab,kw OR (Acute renal 

injury):ti,ab,kw AND (Knee arthroplasty):ti,ab,kw OR ("total knee 

replacement"):ti,ab,kw OR ("knee 

The search was performed on 31/3/2023. Duplicates were removed using 

Rayyan.AI software deduplication function, any excluded duplicates were 

re-checked manually to prevent any articles from being excluded by error. 

References of included articles were assessed to identify if any potential 

studies for inclusion had been missed by the search.   

 Eligibility criteria   

Clinical Trials and observational studies (cohort, case-control or cross-

sectional studies) reporting the incidence of AKI following primary KR 

were included. Studies must have documented the classification criteria 

used for AKI diagnosis. No time or geographical restrictions were placed 

on the inclusion criteria. The exclusion criteria were as follows; if the 

study provided only pooled data on hip and knee replacements or did not 

provide the required demographic or outcome data, and studies published 

in languages other than English.  

Inclusion Criteria   

1.Studies reporting the incidence of AKI following primary KR  

2.Clinical Trials and Observational Studies (Cohort, Case-Control, Cross-sectional)  

3.All indications for primary KR  

4. Clear classification criteria used for diagnosis of AKI (KDIGO, AKIN, RIFLE)  

Exclusion Criteria  

1.Studies providing pooled data for hip and knee replacement  

2.Review articles, case series and reports  

3. Studies published in languages other than English 

Table 2: Summary of Inclusion and Exclusion criteria 
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Data Extraction:   

 Screening was performed by two authors (JD, TW). This initially 

consisted of title and abstract screening using the Rayyan.AI software, 

followed by a full-text review of potential studies to ensure they met the 

selection criteria. Included studies were extracted for the following data: 

last name of the first author, year of publication, journal, study design, 

total number of patients, demographic data (age and sex), criteria used for 

diagnosis of AKI, length of follow-up, inclusion/exclusion criteria for the 

study, the incidence of AKI, risk factors for AKI, RRT and subgroup data 

from each study. Data was inputted into a Microsoft Excel spreadsheet. 

The duration of the peri-operative period for which AKI diagnosis was 

recorded was documented for each study. This was to ensure we had 

comparable data between studies to enable data synthesis. For studies 

reporting patients who required RRT, we recorded the diagnostic criteria 

and time from surgery that this diagnosis was made.   

 All studies reporting the rate of AKI following KR were included for data 

synthesis. All criteria used for AKI diagnosis (AKIN, RIFLE, KDIGO) 

were included in weighted pooled incidence calculations. Subgroup 

analysis was performed for different diagnostic criteria (AKI; KDIGO, 

AKIN and RIFLE). 

Risk of bias:  

Risk of bias was calculated using the Risk of Bias in Non-randomised 

Studies - of Interventions (ROBINS-I) I criteria [29] and Methodological 

Index for Non-Randomised Studies (MINORS) criteria [30]. All studies 

were assessed against the Oxford Centre for Evidence-Based Medicine 

2011 Levels of Evidence criteria (OCEBM) [31].  

Results   

The search identified 1,523 studies with 487 duplicate records excluded 

via the Rayyan.AI software, which were then manually checked for 

accuracy. 1,036 records were screened, and 32 full texts were assessed 

against inclusion and exclusion criteria  
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Figure 1: Prisma Search strategy flow diagram 

Prisma Search strategy flow diagram   

Eight manuscripts met the inclusion criteria 

Author   Year  Country   Study design  

Number  

of 

patients  

OCEBM  

Rating  

Inclusion 

criteria  

AKI 

diagnosis   

AKI 

incidence 

Overall 

%  

Renal 

replacement 

therapy 

incidence %  

Risk Factors for 

AKI  

Klasan 

et al  
38 2021  

New  

Zealand   

Retrospective 

cohort  631  3  

Intraoperative 

vancomycin 

and cefazolin 

in KR 

patients  KDIGO   3.9  Not reported  

Chronic Kidney 

Disease  

Koh et 

al  35  2018  

South 

Korea   

Retrospective 

cohort   1453  3  

Bilateral KR 

patients  KDIGO  8.1  

Not  

Reported  

Simultaneous and 

staged (within 7 

days) bilateral Knee 

replacements  

are high risk 

for AKI  

Kim et 

al  36 2016  

South 

Korea  

Retrospective 

cohort  1309  3  

All patients 

undergoing  

KR  KDIGO   4.4  Not reported  

Age, Diabetes 

Mellitus, 

preoperative beta 

blocker use, high 

uric acid, 

intraoperative 

diuretic use and post 

operative albumin 

level <  

3.0g/dL   

Sehgal 

et al 37 2014  USA  

Retrospective 

cohort   627  3  

All patients 

undergoing  

KR   AKIN  21.9  Not reported  

Age over 65,  

Diabetes  

Mellitus and 

Angiotensin 

converting Enzyme  

inhibitor use   

Halawi 

et al i33  2020  USA   

Retrospective 

cohort   319  3  

All patients 

undergoing  

KR  AKIN  3.3  Not reported  

Chronic Kidney 

Disease, or having at 

least two of the 

following: age >65 

years, BMI> 35, 

ASA score >3, 

Diabetes, heart 

disease, and/or 

anaemia  

Womble 

et al    32  

 2019  USA   

Retrospective 

cohort   1035  3  

All patients 

undergoing  

KR  KDIGO  5.6  

Not  

Reported  

African  

Americans  

Kim et 

al 34 2019  

South 

Korea   

Retrospective 

cohort   2987  3  

All patients 

undergoing  

KR  KDIGO   5.4  0.0003  

General anaesthesia 

increased risk but not 

statistically 

significant   
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Ko et 

al8 2022  

South 

Korea   

Retrospective 

cohort  5302  3  

All patients 

undergoing  

KR   KDIGO  10.20  0.004  

Pre-operative serum 

creatinine levels, Use 

of tranexamic acid, 

General anaesthesia, 

Use of Renin 

angiotensin 

antagonists, ASA 

class and sex  

Table 3: Included Studies in the review 

All the studies included were retrospective in design. Four of the studies 

originated in South Korea, three in USA and one in New Zealand.  All the 

studies reported undertaking primary KR; however, no information was 

provided on the spilt between partial and total KR surgery. Six studies 

used the KDIGO classification to diagnose AKI and two studies used the 

AKIN classification. The RIFLE classification was not used in any of the 

included studies.   

A risk of bias assessment was undertaken for all included studies using 

the ROBINS-I tool (Figure 2) [29].  

 

ROBINS-I, visual representation showing domain and overall level 

data  

All studies were listed as low risk of bias in the classification of 

interventions. Regarding cofounders, there was a moderate risk of bias 

highlighted in five studies [34-38] and a serious risk of bias in one study 

[32]. The studies by Halawi [33] and Kim [34] were at high risk of bias 

for missing data.  On overall rating with the ROBINS-I tool, seven of the 

studies included in this review were at moderate risk of bias, with one 

study at serious risk of bias [33].  (Figure 2)   

The MINORS score across all papers is demonstrated in Appendix 2  
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Appendix 2: MINORS criteria scoring for each study  

  Klasan 2021  

Kim 

2016  

Koh 

2018  

Sehgal 

2014  

Halawi 

2020  

Womble 

2019  

Kim  

2019  

Ko 

2022  

1.Clearly stated aim  2  2  2  1  2  2  2  2  

2.Inclusion of Consecutive patients   1  1  2  1  0  1  2  1  

3.Prospective data collection  1  1  1  1  1  1  1  1  

4.Endpoints appropriate to aim of study   2  1  1  0  2  0  1  2  

5.Unbiased assessment of study endpoint  2  2  2  2  1  0  2  2  

6.Follow up period appropriate to aim of the 

study   2  1  1  0  2  1  1  2  

7.Loss to follow up less than 5%  2  2  1  2  1  2  0  2  

8.Prospective calculation of study size   0  0  0  0  0  0  0  1  

9.Adequate control group  2  2  2      2  2    

10.Contemporay groups  1  2  2      2  2    

11.Baseline equivalence of groups   1  2  1      1  2    

12.Adequate statistical analysis   2  2  2      0  2    

Total score    18  18  17  7  9  12  17  13  

[30]. The mean score across all papers was 14, with a breakdown of a 

mean score of eight for non-comparative studies and 15.8 for comparative 

studies. All studies scored three on the OCEBM Rating.    

Incidence of AKI  

The eight included studies had a total of 13,574 episodes of patients 

undergoing primary KR. The weighted pooled mean age of patients was 

68.91 years (SD 2.68). 9,046 (73.67%) of the patients were female. The 

weighted pooled incidence of AKI in the included studies was 8.85 (95% 

CI 8.35%-9.35%).   

On subgroup analysis of the classification system used to diagnose AKI.  

The KDIGO and AKIN groups had a weighted pooled AKI rate of 7.56% 

(95% CI 7.01%-8.05%) and 15.80% (95% CI 13.32 to 18.50%) 

respectively.   

The pooled incidence was 7.93 (95% CI 7.36% to 8.34%) for South Korea 

and 11.73 (95% CI 11.43% to 12.04%) for the USA.   

Renal Replacement Therapy   

Two studies identified in this review reported the overall incidence of 

RRT following KR surgery, this was reported as 0.004% [35] and 0.003% 

[34].  

The paper by Ko et al demonstrated that 2.2% of the patients that 

developed AKI following KR progressed to requiring RRT in comparison 

to 0.2% of the non-AKI patients. The odds ratio for requiring RRT for the 

AKI group in comparison to the non-AKI group was 9.8 (95% CI 4.3–

22.4) [35].    

Risk factors  

Age [33,35–37], diabetes mellitus [33,35,37] and a preoperative diagnosis 

of chronic kidney disease (CKD) [33,35,38] were identified as 

independent risk factors for AKI.  

Two papers reported a reduced risk of AKI with spinal anaesthesia over a 

general anaesthetic, although the results were not statistically significant 

[34,35]. The paper by Womble et al, demonstrated that African 

Americans were at higher risk of AKI than Caucasians [32]. No other 

ethnic groups were included in this analysis due to low patient numbers.  

Koh et al, [35] demonstrated a significantly reduced risk of AKI in staged 

bilateral KR when the second surgery was within 7 days) (2.4%) 

(p>0.001); compared with staged KR when the second surgery was 

performed between 8 days and one year later (6%), or simultaneous 

groups (on the same day) (11.2%).   

American Society of Anaesthesiologists (ASA) score was found to be a 

risk factor for AKI in two studies [33,35], with an ASA score of 3 or 

greater associated with a higher risk of developing post-operative AKI. 

The study by Kim et al, demonstrated that serum albumin less <3.0 g/dL 

was an independent risk factor for AKI [36].   

Discussion   

This review of eight studies and 13,574 surgical procedures has shown a 

weighted pooled incidence of AKI following KR of 8.85% (95% CI 8.35- 

9.35). The pooled rate of AKI following KR reported in this study is 

similar to rates that have previously been reported in a systematic review 

and meta-analysis of the incidence of AKI following total hip replacement 

(6.3%) [15]. The incidence of AKI is, however, lower than that following 

other major operations, including heart valve replacement (AKI incidence 

35% to 47%) [39], vascular surgery [40,41] (AKI incidence 

approximately 25%) or coronary artery bypass grafting (AKI incidence 

approximately 25%) [42].  

Patients who develop AKI carry significant risks of prolonged hospital 

stay, with an increased likelihood of re-admission and mortality [43-46]. 

Only two studies reported data on the requirement for RRT. The incidence 

is RRT is low, but may be required in patients who develop AKI following 

KR [8,34]. The RRT odds ratio for patients with AKI compared to non-

AKI was 9.8 (95% CI 4.3-22.4) [8]. Even mild AKI is associated with 

poor long-term outcomes including the progression to CKD and the 

development of cardiovascular disease [45]. This association highlights 

the importance of preventative measures to reduce the overall incidence 

of AKI, and to diagnose AKI postoperatively to permit early intervention. 

The Incidence of AKI reported in the study by Sehgal et al. 21.9% [37], 

is significantly higher than that reported in the other studies included in 

this review. The reason may be the classification system used to diagnose 

AKI. The study diagnosed AKI with the AKIN classification and the 

majority of the patients had stage 1 AKI, 87.9% (120/137). However, 
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another study that used the AKIN classification criteria had an AKI rate 

of 3.3% [33]. The AKI rate in the Sehgal study was significantly higher 

in the cohort of patients from 2008 than 2009 (odds ratio 0.55, 95% CI 

0.37 to 0.82) for which the authors were unable to explain. The mean age 

of patients in the Sehgal paper (67.90 years) [37] was lower than the 

weighted pooled mean for this review (68.91 years), but there was a 

higher prevalence of diabetes (24.45%)[37] compared with other studies 

[9,34-36,39,40] (18.86%). 

There was a significant heterogeneity in how studies collected and 

analysed risk factors for AKI. The risk factors for AKI highlighted in this 

study are similar to those published for other surgical procedures [47]. Of 

the risk factors identified, pre-operative CKD was highlighted as the 

strongest risk factor in predicting AKI by Ko et al [8].  Clinicians should 

consider peri-operative interventions for patients with commonly 

identified risk factors (Age>65, diabetes and CKD).  Ko et al.  have 

published a risk assessment and prediction tool based on their study [8]. 

The pooled incidence of AKI reported in this review is higher than that 

reported in some large cohort studies that use coding data for the 

identification of AKI [11,19,20]. These studies were excluded from this 

review as the clinical criteria used to diagnose AKI was unclear 

[11,19,20].  Previously studies demonstrated that the sensitivity and 

positive predictive value for ICD-10 and billing code data to identify AKI 

is poor [48,49].  The sensitivity of ICD-10 codes has been reported for all 

AKI as 25.7% and 35.8% [48]. The sensitivity of billing code data for the 

correct identification of AKI has been reported at 17.2% [49].   The rates 

of AKI recorded in the big data studies [11,20,50,51] 0.05%, 0.5%, 0.33% 

and 1.3%. respectively, were significantly lower than the results of all 

studies included in this review. This finding is consistent with the 

underreporting of AKI in large datasets.  

The results of this review are valuable for clinical practice. Knowing the 

incidence of AKI following KR surgery allows clinicians to provide more 

accurate information to their patients preoperatively. A post-operative 

incidence of 8.85% makes AKI one of the most common medical 

complications following KR surgery [52-54]. Patient with risk factors for 

AKI should receive preoperative optimisation and postoperative 

measurement of their renal function. 

Limitations   

The limitations of this study include the retrospective and non-

randomised design of studies included in this review, which may be a 

source of bias. All the included studies were felt to be at moderate to 

serious risk of bias.  

A further limitation is this review has only included studies from the USA, 

South Korea and New Zealand. Ethnicity has been highlighted as a risk 

factor for AKI and therefore it is unclear if the results of this review would 

be generalisable to all healthcare institutions [32].    

Further high-quality population-based studies evaluating the incidence of 

AKI following primary KR are required to provide a more accurate 

representation of the incidence.  

Conclusion  

The weighted pooled incidence for AKI following KR is 8.85% (95% CI 

8.35- 9.35). There is limited data on the incidence of progression to the 

requirement for RRT following primary KR. Risk factors for AKI include 

age over 65, CKD and diabetes mellitus. 

AKI is one of the most common complications following KR surgery. 

Clinicians should therefore acknowledge this potential complication in 

their pre-operative consenting of patients prior to KR surgery. Further 

research should be undertaken into perioperative interventions that 

reduced the risk of AKI. Patients at high risk of AKI should have their 

renal function monitored postoperatively.  
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