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Background  
Total knee arthroplasty (TKA) is one of the most commonly performed orthopedic 
procedures worldwide as it is highly effective in relieving pain and restoring function in 
patients with end-stage osteoarthritis and related degenerative joint conditions. 
However, TKA procedures are not without risk. Although rare, postoperative renal failure 
requiring dialysis is a serious complication that can lead to increased morbidity, longer 
hospital stays, higher healthcare costs, and mortality. Even mild postoperative renal 
dysfunction has been associated with prolonged hospitalization and long-term renal 
decline. 

Methods  
This study utilized a large, national surgical database to evaluate predictors of 
postoperative renal failure requiring dialysis in patients undergoing primary TKA. Patient 
demographics, comorbidities (including chronic kidney disease, diabetes, and congestive 
heart failure), and operative variables were analyzed. Multivariate regression analysis was 
conducted to identify independent risk factors for acute renal failure requiring dialysis 
following surgery. 

Results  
Preliminary analysis identified several key predictors of postoperative renal failure 
requiring dialysis, including lower pre-op hematocrit, higher ASA class, higher body mass 
index, older age, male sex, history of congestive heart failure, hypertension or diabetes, 
and prolonged operative times. These findings remained significant after adjusting for 
confounding variables. 

Conclusions  
Despite being relatively uncommon, postoperative renal failure requiring dialysis in TKA 
patients is associated with worse clinical outcomes. The identification of specific 
preoperative risk factors enables better perioperative risk stratification and supports 
targeted interventions to improve patient safety, particularly in the context of enhanced 
recovery protocols and outpatient arthroplasty. These results may help inform 
preoperative counseling, surgical planning, and the development of renal-protective 
strategies in high-risk orthopedic patients. 

INTRODUCTION 

Total knee arthroplasty (TKA) is a well-established ortho
pedic surgery commonly performed to improve pain and 
function in patients with end-stage osteoarthritis and other 
degenerative joint diseases.1 Perioperative complications 
following TKA remain an area of concern with regard to an 
aging and sicker patient population, specifically with regard 
to renal complications. 

Incidence of postoperative renal failure requiring dialy
sis, while rare, is a serious complication of TKA and is as
sociated with increased morbidity, mortality, length of stay 
(LOS), and healthcare costs, as shown in studies of both 
hip and knee arthroplasty.2 Postoperative renal dysfunc
tion, even in mild or transient forms, has been associated 
with worsening long-term renal function and longer recov
ery times.3 Yet, incidence, predictors, and pathophysiologic 
contributors to postoperative renal failure requiring dialy
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sis following TKA are not well described in orthopedic liter
ature.4 

Existing studies of postoperative renal complications 
have been primarily focused on cardiac and major abdom
inal surgeries and do not translate well to an orthopedic 
population.5 In addition, previous work in this area has 
been limited by small sample sizes, underreporting of renal 
complications, and lack of perioperative granularity leading 
to lack of effective risk stratification tools for patients un
dergoing TKA.6,7 

There are a number of potential risk factors for post
operative renal failure requiring dialysis, described in the 
surgical literature that may apply to patients undergoing 
primary TKA, including preexisting chronic kidney disease 
(CKD), diabetes mellitus, congestive heart failure, preoper
ative use of nephrotoxic agents (NSAIDs, ACE inhibitors, 
etc.), intraoperative hypotension and prolonged operative 
time.8 To date, the comparative contributions of these indi
vidual factors in primary TKA have not been elucidated in a 
large, national data set. 

The aim of this study is to use the American College of 
Surgeons National Surgical Quality Improvement Program 
(ACS-NSQIP) database to develop and validate a predic
tive model for postoperative renal failure requiring dialy
sis in the primary TKA population.9 Additionally, we hoped 
to identify the preoperative and perioperative risk factors 
with the greatest effect size and model an adjusted risk 
stratification score for use by clinicians to help with risk 
stratification, clinical decision making, and preoperative 
optimization to possibly decrease renal complications and 
improve outcomes following TKA. As arthroplasty increas
ingly shifts toward enhanced recovery pathways and out
patient surgery, improved identification of patients at el
evated risk for postoperative complications has become 
increasingly important for perioperative planning and risk 
stratification 

METHODOLOGY 

Patients undergoing primary total knee arthroplasty were 
identified in the ACS-NSQIP database using CPT code 
27447. Data from 2018-2022 were analyzed. Patients with 
missing key variables were excluded. The final cohort in
cluded 308,121 patients, of whom 442 developed postop
erative renal failure requiring dialysis. The outcome of in
terest, postoperative dialysis, was coded as the dependent 
variable (yes/no), and potential predictor variables were 
coded as independent variables. The independent variables 
were age, sex, body mass index (BMI), operative time, ASA 
physical status classification, comorbid conditions such as 
diabetes, pre-existing renal failure, congestive heart fail
ure, and hypertension requiring medication, all of which 
have been previously identified as established risk factors 
for postoperative renal dysfunction.10 Multivariable logistic 
regression was used to assess independent predictors of 
postoperative dialysis.11 Collinearity was assessed using 
variance inflation factors. Odds ratios (ORs) with 95% con
fidence intervals (CIs) were calculated for all variables. The 
model performance was assessed using the area under the 

receiver operating characteristic curve (AUC),12 while 
model fit was evaluated using likelihood ratio tests. Statis
tical significance was defined as p < 0.05 for all variables. 

RESULTS 

Figure 1 lists the factors most strongly associated with 
postoperative renal failure requiring dialysis after total 
knee arthroplasty (TKA). In this table, variables are pre
sented by LogWorth (−log10 p-value), from lowest to high
est, indicating the strength of their association with the 
outcome of interest. The variable at the top of the table 
is the preoperative hematocrit value. A lower value, po
tentially representing anemia, is associated with increased 
risk of postoperative renal failure requiring dialysis. The re
maining variables in this table are well-known risk factors 
for kidney injury or dialysis, including American Society of 
Anesthesiologists (ASA) physical classification (ASACLAS), 
advanced age, higher body mass index (BMI), hypertension 
requiring medication (HYPERMED), prolonged operative 
time (OPTIME), anesthesia type, smoking (SMOKE), male 
sex (SEX), preoperative creatinine level (PRCREAT), preop
erative renal failure, and diabetes. 

Figure 2 depicts a Forest plot illustrating adjusted odds 
ratios (ORs) with 95% confidence intervals for independent 
predictors of postoperative renal failure requiring dialysis 
following primary total knee arthroplasty, derived from 
multivariable logistic regression analysis. Variables posi
tioned to the right of the vertical reference line (OR = 1) 
are associated with increased odds of postoperative dial
ysis, whereas those to the left represent protective asso
ciations.13 Congestive heart failure demonstrated the 
strongest association with postoperative dialysis, followed 
by hypertension requiring medication and impaired func
tional status. Patient-level physiologic factors, including 
increasing age, higher body mass index, and elevated pre
operative creatinine, were also independently associated 
with increased risk. In contrast, higher preoperative hema
tocrit was associated with lower odds of postoperative renal 
failure. Odds ratios are adjusted for all covariates included 
in the final multivariable model. 

Preoperative creatinine (PRCREAT) has an odds ratio of 
1.47, meaning that each 1 mg/dL increase in preoperative 
creatinine was associated with a 47% increase in odds of 
postoperative dialysis. This finding is consistent with the 
fact that creatinine is a known marker of kidney function.14 

Figure 3 depicts the predicted probability curve illustrating 
the relationship between preoperative serum creatinine 
and the risk of postoperative renal failure requiring dialysis 
following primary total knee arthroplasty. The curve was 
derived from the multivariable logistic regression model 
and reflects the adjusted effect of creatinine while holding 
other model covariates constant. Increasing preoperative 
creatinine is associated with progressively higher predicted 
risk of postoperative dialysis. Although the absolute risk re
mains low due to the rarity of this complication, the rela
tive increase in risk highlights the importance of preopera
tive renal function in perioperative risk stratification. 
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Figure 1. Effect summary plot for the most important predictors for postoperative dialysis.            
PRHCT= pre-op hematocrit; ASACLAS= American Society of Anesthesiologists Class; PRBUN= pre-op blood urea nitrogen; Age= age in years; BMI= body mass index; HYPERMED= 
hypertension requiring medication; OPTIME= operative time; ANESTHES Gen or No= General anesthesia or not; SMOKE= current smoker; PRCREAT= pre-op creatinine. 

Figure 2. Forest plot depicting multivariable predictors      
of postoperative renal failure requiring dialysis after        
total knee arthroplasty.    

Body mass index (BMI) also had an odds ratio greater 
than 1, making it a potential risk factor for kidney injury. 
The other predictors with ORs greater than 1 were age and 
operative time. It is likely that these variables are risk fac
tors due to greater physiological stress. Preoperative hema
tocrit (PRHCT) had an odds ratio less than 1, indicating that 
higher hematocrit levels are associated with lower odds of 
postoperative kidney injury or dialysis. 

Figure 4 depicts the Receiver Operating Characteristic 
curve (ROC curve) from the logistic regression model. The 
ROC curve is a graphical representation of a statistical 
model’s diagnostic ability. The ROC curve plots the sensi
tivity or true positive rate on the y-axis versus 1-specificity 
or false positive rate on the x-axis at every possible cut-

Figure 3. Predicted probability of postoperative renal      
failure requiring dialysis according to preoperative       
creatinine level.   

point for the data used to classify a new observation.15 As 
can be seen, the curve increases rapidly towards the upper 
left corner, suggesting that the model has good discrimina
tive ability. The AUC (area under the curve) for the outcome 
of postoperative dialysis was 0.82601. This would be con
sidered very good predictive performance. These findings 
indicate that the preoperative and perioperative variables 
selected for this study are effective in identifying those at 
increased risk for postoperative renal failure requiring dial
ysis. 
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Figure 4. Receiver operating characteristic curve from      
the logistic regression model for postoperative       
dialysis.  

DISCUSSION 

The results of the current analysis suggest physiologic re
serve, as evidenced by renal and hematologic reserve, was 
the strongest predictor of postoperative dialysis following 
TKA. Preoperative creatinine is a significant risk factor and 
hematocrit was a significant protective factor. The findings 
are not surprising as renal clearance, and hematologic pa
rameters are critical determinants of end-organ perfu
sion.16 Our data are also in alignment with previous studies 
indicating renal insufficiency represents a high indepen
dent risk factor for perioperative morbidity and mortality in 
even low-risk and elective surgeries.17 This contrasts with 
single variables like demographics or comorbidity burden 
which represent a step removed from the physiologic basis 
of renal injury. If this hypothesis is correct, then preoper
ative optimization of fluid status and avoidance of nephro
toxic medications may have a more meaningful impact than 
conventional population-wide risk assessment.18 There are 
also data from anesthetic literature that suggest intraoper
ative maintenance of hemodynamic parameters, especially 
renal perfusion pressure, may reduce the development of 
acute tubular injury and decrease dialysis risk. This sug
gests that the combination of renal and hematologic para
meters may be the foundation for a more physiologic and 
individualized risk stratification process which incorporates 
both filtration and oxygen-carrying capacity.19 The protec
tive effect of higher hematocrit also emphasizes the im
portance of prevention of renal ischemic damage and the 
ability to facilitate tissue recovery. These findings suggest 
physiologic laboratory parameters may outperform tradi
tional administrative risk metrics such as ASA classification 
in predicting renal complications.20 Demographic and sur

gical factors such as age, BMI, and length of procedure were 
significant in the multivariate model but did not have as 
strong independent risk profiles. As the above discussion 
addressed, these likely represent a surrogate or parallel 
stressors that are more markers of frailty, changes in me
tabolism, or extended exposure to anesthetics than direct 
physiologic factors causing renal insult and injury.21 The 
AUC of the model was excellent and in line with the hy
pothesis that development of postoperative dialysis follow
ing TKA was not a random event but has a physiologic ba
sis. The ability to identify these patients before surgery may 
allow for interventions that specifically target physiologic 
deficits including judicious perioperative hydration, and re
nal-protective anesthetic techniques. 

Clinicians can apply the results of this study in their 
practice to identify high-risk patients for dialysis after TKA 
and optimize their care accordingly. Patients with risk fac
tors such as pre-existing renal failure, diabetes, or ASA sta
tus of three or greater, can be identified preoperatively and 
closely monitored to prevent postoperative dialysis. Age 
and sex have also been identified as important demographic 
factors influencing the risk of postoperative acute kidney 
injury, highlighting the need for individualized periopera
tive monitoring strategies.22 Careful attention to renal per
fusion and volume status can be implemented to prevent 
worsening renal function [23]. 

LIMITATIONS 

This study has several limitations. First, the ACS-NSQIP 
database does not capture mild or transient acute kidney 
injury and only records severe renal failure requiring dialy
sis. Second, the database lacks detailed intraoperative vari
ables such as hemodynamic parameters, fluid administra
tion, and anesthetic technique. Third, residual confounding 
may exist despite multivariable adjustment. Finally, be
cause this was a retrospective observational analysis, causal 
relationships cannot be inferred. 

CONCLUSIONS 

The current analysis supports increased attention to renal 
complications in arthroplasty. The contributions of this 
work include the development and validation of a predic
tive model for postoperative dialysis in TKA using a na
tional database with thousands of cases, and the deter
mination of a shortlist of risk factors for prioritization in 
interventions, risk stratification, and improvement efforts. 
Additionally, randomized trials or QI initiatives to mitigate 
the risk factors identified as most important in this study 
could further define the clinical pathways and patient man
agement approaches that lead to improved outcomes. 

Submitted: March 14, 2026 EDT. Accepted: March 26, 2026 
EDT. Published: April 01, 2026 EDT. 

Physiologic Predictors of Postoperative Dialysis After Total Knee Arthroplasty

Orthopedic Reviews 4



REFERENCES 

1. Alghadir AH, Iqbal ZA, Anwer S, Anwar D. 
Comparison of simultaneous bilateral versus 
unilateral total knee replacement on pain levels and 
functional recovery. BMC Musculoskelet Disord. 
2020;21(1):246-252. doi:10.1186/s12891-020-03269-3 

2. Singh JA, Cleveland JD. Acute kidney injury is 
associated with increased healthcare utilization, 
complications, and mortality after primary total knee 
arthroplasty. Ther Adv Musculoskelet Dis. 
2020;12:1759720X20908723. doi:10.1177/
1759720X20908723 

3. Veltkamp DMJ, Porras CP, Gant CM, et al. Long-
term risks of adverse kidney outcomes after acute 
kidney injury: a systematic review and meta-analysis. 
Nephrol Dial Transplant. 2025;40(11):2143-2158. 
doi:10.1093/ndt/gfaf093 

4. Nadkarni GN, Patel AA, Ahuja Y, et al. Incidence, 
Risk Factors, and Outcome Trends of Acute Kidney 
Injury in Elective Total Hip and Knee Arthroplasty. 
Am J Orthop (Belle Mead NJ). 2016;45(1):E12-E19. 

5. Weingarten TN, Gurrieri C, Jarett PD, et al. Acute 
kidney injury following total joint arthroplasty: 
retrospective analysis. Can J Anaesth. 
2012;59(12):1111-1118. doi:10.1007/
s12630-012-9797-2 

6. Haider MA, Cardillo C, Connolly P, Schwarzkopf R. 
Postoperative Acute Kidney Injury in Total Joint 
Arthroplasty: A Review of the Literature. Orthop Clin 
North Am. 2025;56(2):145-153. doi:10.1016/
j.ocl.2024.09.001 

7. Ali Vial IA, Babar T, Boutros I. Incidence and risk 
factors of acute kidney injury after total joint 
arthroplasty; a retrospective cohort study. J Clin 
Orthop Trauma. 2020;11(Suppl 2):S255-S259. 
doi:10.1016/j.jcot.2019.10.012 

8. Filippone EJ, Yadav A. Acute kidney injury after hip 
or knee replacement: Can we lower the risk? Cleve 
Clin J Med. 2019;86(4):263-276. doi:10.3949/
ccjm.86a.18044 

9. Stead TS, Ganti L, Persaud NA, Hua Y. Using the 
American College of Surgeons’ National Surgical 
Quality Improvement Program (ACS-NSQIP) database 
to teach data exploration, statistical analysis, and 
clinical inference to residents and medical students. 
Acad Med Surg. Published online May 10, 2025. 
doi:10.62186/001c.137943 

10. Gupta A, Stead TS, Ganti L. Determining a 
meaningful R-squared value in clinical medicine. 
Acad Med Surg. Published online October 27, 2024. 
doi:10.62186/001c.125154 

11. Hua Y, Stead TS, George A, Ganti L. Clinical risk 
prediction with logistic regression: best practices, 
validation techniques, and applications in medical 
research. Acad Med Surg. Published online March 7, 
2025. doi:10.62186/001c.131964 

12. Friedel JE, Ashley Treem KM, Frye CCJ, Salem SK, 
Westberry-Nix MB, Devonshire L. Clarifications for 
calculating area under the curve for discounting data: 
A primer and technical report. J Exp Anal Behav. 
2025;124(1):e70041. doi:10.1002/jeab.70041 

13. George A, Stead TS, Ganti L. What’s the Risk: 
Differentiating Risk Ratios, Odds Ratios, and Hazard 
Ratios? Cureus. 2020;12(8):e10047. doi:10.7759/
cureus.10047. PMID:32983737 

14. Lacour B. Créatinine et fonction rénale 
[Creatinine and renal function]. Nephrologie. 
1992;13(2):73-81. PMID:1608500 

15. Nahm FS. Receiver operating characteristic curve: 
overview and practical use for clinicians. Korean J 
Anesthesiol. 2022;75(1):25-36. doi:10.4097/kja.21209. 
PMID:35124947 

16. Blitz JD, Shoham MH, Fang Y, et al. Preoperative 
Renal Insufficiency: Underreporting and Association 
With Readmission and Major Postoperative Morbidity 
in an Academic Medical Center. Anesth Analg. 
2016;123(6):1500-1515. doi:10.1213/
ANE.0000000000001573. PMID:27861446 

17. Singh JA, Cleveland JD. Acute kidney injury after 
primary total hip arthroplasty: a risk multiplier for 
complication, mortality, and healthcare utilization. 
Arthritis Res Ther. 2020;22(1):31. doi:10.1186/
s13075-020-2116-3 

18. Abar O, Toossi N, Johanson N. Cost and 
determinants of acute kidney injury after elective 
primary total joint arthroplasty. Arthroplast Today. 
2018;4:335-339. doi:10.1016/j.artd.2018.05.002. 
PMID:30186917 

19. Siddiqi A, White PB, Etcheson JI, George NE, 
Gwam CU, Mistry JB. Acute kidney injury after total 
knee arthroplasty: a clinical review. Surg Technol Int. 
2017;31:243-252. PMID:29301167 

Physiologic Predictors of Postoperative Dialysis After Total Knee Arthroplasty

Orthopedic Reviews 5

https://doi.org/10.1186/s12891-020-03269-3
https://doi.org/10.1177/1759720X20908723
https://doi.org/10.1177/1759720X20908723
https://doi.org/10.1093/ndt/gfaf093
https://doi.org/10.1007/s12630-012-9797-2
https://doi.org/10.1007/s12630-012-9797-2
https://doi.org/10.1016/j.ocl.2024.09.001
https://doi.org/10.1016/j.ocl.2024.09.001
https://doi.org/10.1016/j.jcot.2019.10.012
https://doi.org/10.3949/ccjm.86a.18044
https://doi.org/10.3949/ccjm.86a.18044
https://doi.org/10.62186/001c.137943
https://doi.org/10.62186/001c.125154
https://doi.org/10.62186/001c.131964
https://doi.org/10.1002/jeab.70041
https://doi.org/10.7759/cureus.10047
https://doi.org/10.7759/cureus.10047
https://doi.org/10.4097/kja.21209
https://doi.org/10.1213/ANE.0000000000001573
https://doi.org/10.1213/ANE.0000000000001573
https://doi.org/10.1186/s13075-020-2116-3
https://doi.org/10.1186/s13075-020-2116-3
https://doi.org/10.1016/j.artd.2018.05.002


20. Ottesen TD, Zogg CK, Haynes MS, Malpani R, 
Bellamkonda KS, Grauer JN. Dialysis Patients 
Undergoing Total Knee Arthroplasty Have 
Significantly Increased Odds of Perioperative Adverse 
Events Independent of Demographic and 
Comorbidity Factors. J Arthroplasty. 
2018;33(9):2827-2834. doi:10.1016/
j.arth.2018.04.012. PMID:29754981 

21. Kimmel LA, Wilson S, Janardan JD, Liew SM, 
Walker RG. Incidence of acute kidney injury following 
total joint arthroplasty: a retrospective review by 
RIFLE criteria. Clin Kidney J. 2014;7(6):546-551. 
doi:10.1093/ckj/sfu108 

22. Mittal A, Tamer P, Shah I, Cortes A, Hinman AD. 
Postoperative acute kidney injury with dual NSAID 
use after outpatient primary total joint arthroplasty. J 
Am Acad Orthop Surg. 2022;30(14):676-681. 
doi:10.5435/JAAOS-D-21-00934 

Physiologic Predictors of Postoperative Dialysis After Total Knee Arthroplasty

Orthopedic Reviews 6

https://doi.org/10.1016/j.arth.2018.04.012
https://doi.org/10.1016/j.arth.2018.04.012
https://doi.org/10.1093/ckj/sfu108
https://doi.org/10.5435/JAAOS-D-21-00934

	Physiologic Predictors of Postoperative Dialysis After Total Knee Arthroplasty
	Background
	Methods
	Results
	Conclusions
	Introduction
	Methodology
	Results
	Discussion
	Limitations
	Conclusions
	References


