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Abstract

Background: This retrospective study compared the change in serum creatinine between African 

American and Caucasian Total Knee Arthroplasty (TKA) patients. The authors hypothesized that 

African Americans would demonstrate significantly greater change, and that a significantly greater 

proportion would demonstrate creatinine changes consistent with acute kidney injury (AKI).

Methods: Primary TKAs performed at a single institution between July, 2011-June, 2016 were 

identified: 1035 primary TKAs met inclusion and exclusion criteria (110 African American, 925 

Caucasian, excluding Hispanic and Asian patients). None were excluded based on sex, age, BMI, 

preoperative diagnosis or comorbidities. All patients had pre-operative and post-operative 

creatinine levels available in the EMR. Each patient received the same pre-op and post-op protocol 

for NSAID use along with other drugs administered including anesthesia. All patients received 1 

gram of IV (intravenous) vancomycin with some patients additionally receiving 1 gram of 

vancomycin powder administered locally at the end of surgery. All patients were controlled for 

fluid intake and blood loss, along with no patient receiving a transfusion or IV contrast. Patient 

demographics and pre/postoperative serum creatinine were recorded then analyzed for presence of 

AKI (≥0.3mg/dL). Pre/postoperative serum creatinine concentrations were compared between 

African American and Caucasian patients using 2×2 repeated measures ANOVA. Prevalence of 

patients in each group demonstrating AKI was calculated using Fisher Exact test.

Results: African American patients had significantly greater serum creatinine preoperatively 

(1.00±0.26 vs. 0.90±0.22, p<0.001) and a significantly greater increase postoperatively (0.10 vs. 

0.03, p<0.001). A significantly greater number of African American patients demonstrated AKI 

(10.9% vs. 5.1%, p=0.03). Furthermore, a significantly greater number of African American 

patients stayed in the hospital an additional 2 or more days for renal issues (2.7% vs. 0.4%, 

p=0.03).
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Conclusions: Altered renal function was significantly more common in African American TKA 

patients. Future studies are necessary to determine if tailoring anti-inflammatories, perioperative 

medications, and preoperative comorbidities reduce the risk of renal injury and/or a longer hospital 

stay for this subset of patients.
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Introduction

Osteoarthritis affects more than 4 million Americans and the current gold standard of 

treatment for knee osteoarthritis is total knee arthroplasty (TKA) [1]. Approximately 

700,000 knee replacement procedures are performed annually in the United States and this 

number is projected to increase to 3.48 million procedures per year by 2030 [1]. 

Periprosthetic joint infections (PJI) represent what can be a devastating outcome for TKA 

patients and impart a significant burden of cost to the health care system [2–3]. Many 

methods have been investigated to decrease the incidence, and antibiotic administration 

within 1 hour of incision has proven to be the most effective in reducing these infections [4].

Prophylactic intravenous vancomycin therapy has been purposed as an adjunctive agent to 

cephalexin to prevent periprosthetic joint infection; however, there have been concerns due 

to its effect on kidney function [5]. Despite these concerns, periprosthetic infection can be a 

devastating complication following elective surgery [6]. Administration of a cephalosporin 

alone fails to cover patients who are carriers of MRSA. Despite decolonization strategies, 

20% of patients remain MRSA carriers [7]. Thus, with administration of two antibiotics, 

there is the potential for renal injury. Over the past two decades, dramatic rises in the 

incidences of acute kidney injury (AKI) have been reported in the United states. Between 

2000–2009 there were continued increases by up to 10% per year with a near tripling in 

absolute number of annual cases [8]. In 2011 acute and unspecified renal failure ranked #16 

in the top 20 most expensive conditions billed to Medicare with an aggregate hospital cost of 

more than 3 billion dollars [9].

Race has been previously identified as a risk factor related to complication and readmission 

rates after primary TKA [10] and African American patients have been previously reported 

to be at greater risk of renal disease due to higher rates of diabetes, hypertension, and 

cardiovascular disease while being almost four times as likely as Caucasians to develop 

acute renal failure [11–12]. Few studies have explored if racial differences in acute renal 

function exist following primary TKA. Because of the known detrimental effects of 

vancomycin on kidney function, our hypothesis was that African Americans would 

demonstrate significantly greater changes in serum creatinine, and that a significantly greater 

proportion of African American patients would demonstrate creatinine changes consistent 

with acute kidney injury (AKI) according to the Kidney Disease Improving Global 

Outcomes KDIGO criteria [13]. The purpose of this study was to compare the pre- to 

postoperative change in serum creatinine between African American and Caucasian TKA 

Womble et al. Page 2

J Arthroplasty. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



patients and secondarily to ascertain if this leads to an increased cost on the healthcare 

system.

Materials and Methods

As part of this IRB-approved retrospective study we identified 1071 primary TKAs 

performed at a single institution between July 2011 and June 2016. Twenty patients were 

excluded due to incomplete electronic medical records regarding demographic factors, 

creatinine, and/or antibiotic prophylaxis. Due to small numbers in our sample data, Hispanic 

(n=9), Asian (n=4), and patients with unknown or other race (n=3) were excluded from this 

analysis. Patients were not excluded based on sex, age, BMI, preoperative diagnosis or other 

medical comorbidities in order to be as otherwise wholly inclusive as possible. After 

application of inclusion and exclusion criteria, 1035 primary TKAs were identified, 110 

were African American and 925 were Caucasian patients.

Demographic information, which included age, body mass index (BMI), sex, and race, was 

collected for each patient, and ASA grade was utilized as a surrogate measure for 

preoperative comorbidities. Per the standard of care at our institution, pre- and postoperative 

serum creatinine values were collected, and patient charts were individually reviewed to 

determine any incidences of extended hospital stay due specifically to renal issues.

In order to limit outside influence on kidney function, a number of factors were controlled 

for. All patients had their creatinine measured pre-operatively to establish a baseline and 

once again day 1 post-operatively when admitted to the hospital. If the patient stayed 

multiple days creatinine was checked daily, however the post-op day 1 creatinine value was 

used for analysis. Each patient received the same pre-op and post-op protocol for NSAID 

use along with other drugs administered including anesthesia. Patients were not screened for 

MRSA colonization given the lack of evidence demonstrating cost effectiveness [7,14,15]. 

As high as 20% of patients who undergo decolonization protocol remain colonized with 

MRSA [7]. Thus, institutional protocol was for all patients to receive 1 gram of IV 

(intravenous) vancomycin and weight-based dosing of cephalosporin or clindamycin with 

some patients additionally receiving 1 gram of vancomycin powder administered locally at 

the end of surgery. The intra-wound application of vancomycin was given based on recent 

studies demonstrating reduced infection rates with local administration [16–19]. All patients 

were controlled for fluid intake and blood loss, along with no patient receiving a transfusion 

or IV contrast.

Statistical Analyses

Pre- and post-op serum creatinine concentrations were compared between African American 

and Caucasian patients using a 2 × 2 repeated measures ANOVA with antibiotic prophylactic 

regimen included as a covariate. The prevalence of AKI was determined using the KDIGO 

definition for Stage I AKI: Increase in SCr ≥0.3 mg/dl within 48h or ≥50% within 7 days. 

(Table 1) [13]. The prevalence of patients in each group that demonstrated acute renal failure 

(ARF) was calculated using the Fisher Exact test. Similar methods were then used to 

compare the frequency of patients whose hospital stay was extended 2 or more days due to 

renal-related issues. Analyses were performed with SPSS Statistics 23 (IBM, Armonk, NJ) 
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and MedCalc (Ostend, Belgium), and p ≤ 0.05 was considered statistically significant for all 

analyses.

Results

African American patients were found on average to have significantly greater serum 

creatinine pre-operatively 1.00 ± 0.26 vs. 0.90 ± 0.22, p<0.001 which was to be expected 

given the known association between African American’s and higher serum creatinine levels 

at baseline [20]. However, a significantly greater increase in serum creatinine 

postoperatively was observed in African American patients versus Caucasian patients (pre- 

to postoperative change = 0.10 vs. 0.03, p < 0.001) (Figure 1). African Americans 

demonstrated a significantly greater rate of AKI according to the aforementioned KDIGO 

criteria showing a 10.9% incidence (12/110) compared to a 5.1% incidence (47/925) in the 

Caucasian population (p =0.03) (Table 3). A significantly greater number of African 

American patients had hospital stays extended by an extra 2 days or more specifically for 

renal issues when compared to Caucasian patients (3/110, 2.7% vs. 4/925, 0.4%, p = 0.03) 

(Table 4). African American patients were significantly more likely to have an extended stay 

of 2 or more days in the hospital attributed to renal issues than Caucasians (Odds Ratio = 

6.5, p < 0.02, [95%CI 1.4–29.2])

Discussion

Recent medical advances in anesthetic and surgical techniques have led to decreased 

morbidity and mortality, allowing patients with more significant comorbidities to undergo 

elective TKA procedures [21–23]. Despite these advances, AKI persists as a perioperative 

problem evidenced by epidemiological studies citing renal injury occurences with a 0.3–0.4 

mg/dL rise in serum creatinine increased hospital-based mortality by 70% [21,24–25]. Due 

to limited treatment options, it is essential to identify at risk populations with the goal of 

preventing the occurrence of perioperative AKI.

Our study demonstrated African American TKA patients exhibited greater increases in 

serum creatinine, increased prevalence of AKI, and more frequent occurrence of prolonged 

hospital stays attributed to renal issues. Treating orthopaedists may need to consider 

modifying standard TKA protocols to include strategies to prevent insults to the kidneys 

including a risk stratification system to better balance the risk of kidney insult with the need 

for antibiotic prophylaxis and prevention of PJI. Similar to national trends aimed at 

preoperatively optimizing patients by reducing BMI, A1C, blood pressure, and tobacco use, 

surgery could be delayed in favor of medically optimizing patients known risk factors for 

AKI in order to facilitate better outcomes while still allowing for routine antibiotic 

administration [26]. Improved perioperative pain management, renally dosed anti-

inflammatories, and other pre- or peri-operative treatments such as early aggressive volume 

status optimization may assist in reducing the risk of renal injury and increased hospital stay 

in this subset of patients [27].

Future studies are necessary in order to determine if either medically optimizing patients or 

modifying pre- and perioperative clinical care pathways can reduce the risk of AKI in 
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African American TKA patients. Not only would successful intervention lessen the disparity 

in TKA outcomes for African American patients, but with changing healthcare 

reimbursement, there are financial ramifications for failing to reduce preventable 

postoperative complications. In addition, identifying and implementing interventions for 

other patient groups at increased risk of AKI are needed. Perioperative dehydration, history 

of diabetes mellitus, perioperative shock, administration of non-steroid anti-inflammatory 

drugs, and nephrotoxic antibiotics have been shown to be statistically significantly correlated 

with development of postoperative kidney disease and failure to regain preoperative renal 

function [28]. It has also been theorized that diminished intravascular volume, secondary to 

an inability of certain patients to manage fluid shifts that occur during TKA, may be a 

potential cause of hemoconcentration and subsequent AKI [21,29–30]. Furthermore, 

multiple studies have observed a connection between angiotensin-converting enzyme 

inhibitor (ACE-I) medications and AKI in both cardiac and gastric bypass patients [31–35]. 

While a possible connection between these needs to be further investigated in arthroplasty 

patients, ACE-I have been purported to have contributed to a case of AKI in a TKA patient 

[21].

This study was not without limitations. It was a single center study and future studies 

replicating the results are needed. Due to the retrospective nature of the study, it was subject 

to transcription errors, omissions of reporting, and other known limitations of this study 

design. An a priori power analysis was not run prior to the analysis; however, the study was 

adequately powered to detect group differences, and the racial makeup of the sample was 

consistent with local demographics. The 2016 US census data reported African Americans 

represent 14.1% [36] of our local population compared with the 10.7% representation by 

African Americans in the dataset. The rates of comorbidities such as hypertension, diabetes, 

and cardiovascular disease were not collected during our data collection in favor of ASA. 

The decision to utilize ASA was based off the finding by Courney et al [5] that ASA was an 

independent predictor of AKI postoperatively which was consistent with previous literature. 

However we acknowledge this is a limitation of the study as it does not provide assurance 

that differences in these other comorbidities could be affecting the relative rates of AKI in 

both groups rather than race itself. Finally, potential treatments that patients were receiving 

for preoperative renal disease were not taken into account, which could have potentially 

influenced the current results.

Conclusion:

African American TKA patients demonstrated greater increases in serum creatinine, an 

increased prevalence of AKI, and more frequent increased hospital stays attributed to renal 

issues. Future studies are necessary to determine if the instance is preventable or can be 

reduced in order to better outcomes and reduce cost.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
The pre- to postoperative change in serum creatinine levels was significantly greater for 

African American than Caucasian subjects (p < 0.001)
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Table 1.

Comparison of patient demographics

African American Caucasian p value

Patients 110 927

Mean Age 59.8 61.8 0.03

Mean BMI 35.3 34.0 0.06

Sex 0.64

 Female 69 560

 Male 41 367

ASA Grade 0.46

 1 1 18

 2 29 269

 3 78 603

 4 2 37
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Table 2:

Kidney Disease Improving Global Outcomes (KDIGO)

KDIGO Criteria

Stage 1: Increased of ≥0.3 mg/dl or to 1.5–1.9 times baseline

Stage 2: To 2–2.9 times baseline

Stage 3: To 3.0 times baseline or at least 4.0 mg/dl or initiation of RRT
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Table 3.
Comparison of acute kidney injury between African American and Caucasian subjects

African Americans demonstrated a significantly greater rate of AKI according to the aforementioned KDIGO 

criteria showing an incidence of 10.9% (12/110) compared to a 5.1% incidence (47/925) in the Caucasian 

population (p =0.03).

Stage 1 AKI No AKI AKI Incidence

African American 12 98 10.9%

Caucasian 47 878 5.1%
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Table 4.
Comparison of hospital stay between African American and Caucasian subjects

A significantly greater number of African American patients had hospital stays extended by an extra 2 days or 

more specifically for renal issues when compared to Caucasian patients (3/110, 2.7% vs. 4/925, 0.4%, p = 

0.03) (Table 4).

Extended stay No Extended Stay

African American 3 110

Caucasian 4 925
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