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adverse events (AEs) associated with AKI.

ated with AKI using multivariate logistic regression.

Background: Acute kidney injury (AKI) is one of the most common medical causes for readmission following total
joint arthroplasty (TJA). This study aimed to (1) examine whether the incidence of AKI has changed over the past
decade with the adoption of modern perioperative care pathways and (2) identify the risk factors and concomitant

Methods: 535,291 primary TJA procedures from the American College of Surgeons National Surgical Quality
Improvement Program from 2011 to 2018 were retrospectively reviewed. The annual incidence of AKI was analyzed
for significant changes over time. Matched cohort analyses were performed to identify the risk factors and AEs associ-

Results: The mean incidence of AKl was 0.051%, which remained unchanged during the study period (P=0.121).
Factors associated with AK| were diabetes (OR 1.96, P=0.009), bilateral procedure (OR 6.93, P=0.030), lower preopera-
tive hematocrit level (OR 1.09, P=0.015), body mass index (OR 1.04, P=0.025), and higher preoperative BUN (OR 1.03,
P=0.043). AKl was associated with length of stay (LOS) >2days (OR 4.73, P< 0.001), non-home discharge (OR 0.25,

P < 0.001), 30-day readmission (OR 12.29, P< 0.001), and mortality (OR 130.7, P< 0.001).

Conclusions: The incidence of AKI has not changed over the past decade, and it remains a major bundle buster
resulting in greater LOS, non-home discharge, readmissions, and mortality. Avoidance of bilateral TJA in patients with
DM and high BMI as well as preoperative optimization of anemia and BUN levels are advised.
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Introduction

To successfully navigate bundled payment programs for
total joint arthroplasty (TJA), it is paramount to avoid
perioperative adverse events (AEs), commonly termed
“bundle busters” [1]. AEs can result in additional treat-
ments that significantly increase the 90-day episode-of-
care costs [2]. Aside from prosthetic infections, medical
complications are the most common reasons for read-
mission following TJA, accounting for 41-51% of the
economic burden for 90-day readmissions [3-5]. In
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particular, acute kidney injury (AKI) is the 4th most com-
mon and 4th most expensive medical cause for 90-day
readmission following TJA [5].

The incidence of AKI after TJA has been reported to
range from 0.3 to 16.2% [6—11]. While a number of risk
factors for AKI following TJA have been identified, our
current state of knowledge is limited by studies largely
based on single institutions, small patient samples, and
inconsistent diagnosis criteria [6, 8]. It is also unclear
to what extent the adoption of modern-day periopera-
tive practices, such as spinal anesthesia and multimodal
analgesia, have had an impact on the incidence of AKI
[12]. Multimodal analgesia based non-steroidal anti-
inflammatory drugs (NSAIDs) has emerged as an impor-
tant tool for perioperative pain management strategies to
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reduce opioid reliance [13]. The concerns of AKI in the
setting of known renal toxicity from NSAIDs combined
with spinal anesthesia-induced hypotension beg the need
for more contemporary studies on AKI after TJA [14, 15].

The objectives of this study were (1) to examine the
annual incidence of AKI over the past decade, (2) identify
the risk factors for development of AKI, and (3) to better
characterize the effects of AKI on bundled payment mod-
els in terms of associated cost drivers. This knowledge is
critical to help orthopedic surgeons devise strategies to
guide preoperative risk stratification and optimization,
in order to mitigate AKIs and navigate bundled payment
programs.

Methods

This study was exempt from institutional review board
(IRB) approval. A retrospective review of the American
College of Surgeons National Surgical Quality Improve-
ment Program (ACS-NSQIP) database was performed
from 2011 to 2018. The ACS-NSQIP database is a large
validated national database including over 700 hospitals
frequently used in quality-related joint arthroplasty stud-
ies [16—18]. Patients undergoing elective primary total
knee and hip arthroplasty (TKA, THA) were identified
based on current procedural terminology (CPT) codes
27,447 and 27,130 respectively. Emergent, non-elective,
tumor-related, and revision procedures were excluded.
Acute kidney injury (AKI) was an independent param-
eter collected by the ACS-NSQIP database among other
postoperative quality metrics.

Demographic information was collected on patients,
including age at time of surgery, sex, body mass index
(BMI), and race/ethnicity (White, non-Hispanic White,
non-Hispanic Black, Hispanic, or Asian). Comorbidi-
ties included tobacco use within 1year prior to surgery,
chronic steroid use, diabetes mellitus (DM), hypertension
(HTN), chronic obstructive pulmonary disease (COPD),
congestive heart failure, bleeding disorders, history of
metastatic cancer, anemia, dyspnea, and chronic kidney
disease (CKD). Anemia was defined as hematocrit of
<42% and <37% for males and females respectively; and
CKD was defined as preoperative creatinine >1.5mg/
dL [19, 20]. Perioperative and laboratory data were also
collected. Perioperative data included the indication for
surgery (primary vs. secondary osteoarthritis), laterality
(unilateral or bilateral), American Society of Anesthe-
siologists’ (ASA) physical classification, and operative
time. Laboratory data included sodium, blood urea nitro-
gen (BUN), creatinine, albumin, bilirubin, aspartate ami-
notransferase (AST), alkaline phosphatase (ALP), white
blood cell count (WBC), hematocrit, platelets, partial
thromboplastin time (PTT), international normalized
ratio (INR), and prothrombin time (PT) levels.
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The primary aims were to (1) calculate the annual
incidence of AKI from 2011 to 2018, (2) to identify risk
factors for AKI development, and (3) to record adverse
outcomes associated with AKI. Metrics of adverse out-
comes included length of stay (LOS), discharge des-
tination, 30-day readmission, and 30-day mortality.
Univariate mixed effect logistic regression was used to
analyze significant differences in AKI annual incidence
from year to year. Two patient groups were compared in
a 1 to 2 ratio based on propensity matching: those expe-
riencing 30-day AKI and those without AKI (control).
The criteria for matching were age, sex, ASA score clas-
sification, operation year, preoperative creatinine levels,
and CPT code. Matching by ASA score controlled for
baseline medical status. The operation year controlled
for potential variations in perioperative care pathways.
Matching by preoperative creatinine levels minimized
the confounding effects of baseline kidney function.
Finally, matching by CPT code allowed for direct com-
parison of TKAs to TKAs and THAs to THAs, thus
avoiding the confounding effects attributed to the differ-
ent procedures. Multivariate analysis was used to identify
the concomitant adverse outcomes associated with devel-
opment of AKL

Continuous variables were reported as mean and
standard deviation, and compared using standard stu-
dent’s t-test. Categorical variables were expressed as
absolute frequencies and percentages and compared
using Pearson’s Chi-squared test. Two-sided analyses
were done for P values, and statistical significance was
assumed at P< 0.05. Demographic, comorbidity, labo-
ratory, and perioperative variables that were significant
were included in the multivariate logistic regression
analyses. Results for such analysis were presented in odds
ratios (OR) and 95% confidence intervals (CI). Data were
analyzed using a standard statistical software package,
Stata® 16.1 (Stata Corp, 204 College Station, TX).

Results

A total of 535,291 TJA procedures were analyzed. Over-
all, the incidence of postoperative AKI was 0.051%. The
annual incidence of AKI within the first 30 postoperative
days from 2011 to 2018 is shown in Table 1. The annual
incidence ranged from 0.04 to 0.10%, with no statistically
significant changes over time (P=0.121).

The 274 patients with AKI were matched to 546 TJA
patients without AKI. The comparison of patient char-
acteristics of the two groups is shown in Table 2. Those
with AKI were more likely to be non-Hispanic Blacks
(14.2% vs. 6.41%, P< 0.001). In terms of comorbidi-
ties, those with AKI were more likely to have diabetes
(40.2% vs. 20.7%, P< 0.001), hypertension (88% vs. 76.6%,
P< 0.001), COPD (10.6% vs. 5.1%, P=0.004), anemia
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Table 1 Annual incidence of acute kidney injury (AKI) within 30days postoperatively between 2011 and 2018

2011 2012 2013 2014 2015 2016 2017 2018 PValue

0.08% 0.05% 0.05% 0.04% 0.04% 0.07% 0.04% 0.05% 0.121

Table 2 Patient characteristics comparing those with and without acute kidney injury

No Acute Kidney Injury Acute Kidney Injury PValue
Demographic Characteristics
Age (years) 7254100 7114102 0.070
Sex (male:female) 317 (58.19%): 229 (41.9%) 146 (53.3%): 128 (46.7%) 0.193
Body Mass Index 31.8+6.7 344+74 < 0.001
Race/Ethnicity
Non-Hispanic White 412 (75.5%) 171 (62.4%) < 0.001
Non-Hispanic Black 35 (6.41%) 39 (14.2%) < 0.001
Hispanic 16 (2.9%) 8 (2.9%) 0.993
Asian 8 (1.5%) 3(1.1%) 0.664
Comorbidities
Tobacco smoking within 1year 46 (8.4%) 30 (11.0%) 0.240
Chronic steroid use 22 (4.0%) 10 (3.7%) 0.791
Diabetes 113 (20.7%) 110 (40.2%) < 0.001
Hypertension 418 (76.6%) 241 (88.0%) < 0.001
COPD 28 (5.1%) 29 (10.6%) 0.004
Congestive heart failure 6 (1.1%) 8 (2.9%) 0.058
Bleeding disorders 27 (5.0%) 20 (7.3%) 0171
History of metastatic cancer 2 (0.4%) 1 (0.4%) 0.998
Anemia 208 (38.1%) 145 (52.9%) < 0.001
Dyspnea 56 (10.3%) 47 (17.2%) 0.005
Chronic kidney disease 76 (13.9%) 84 (30.7%) < 0.001
Perioperative characteristics
Primary osteoarthritis 524 (96.0%) 252 (92.0%) 0.017
Total Hip Arthroplasty 198 (36.3%) 95 (34.7%) 0.654
Total Knee Arthroplasty 348 (63.7%) 179 (65.3%) 0.654
Bilateral procedure 5(0.92%) 9 (3.28%) 0014
ASA Physical Classification 29405 30406 0.701
Operative time (minutes) 91.3+£348 100.8+42.2 0.001
Sodium (mEg/L) 139.7+£29 1394431 0.114
BUN (mg/dL) 2144103 2724150 < 0.001
Creatinine (mg/dL) 13415 15£1.0 0.132
Albumin (g/dL) 40+04 394+04 0.005
Bilirubin (mg/dL) 06+05 08+£12 0.205
AST (units/L) 236+1.08 2324122 0.741
ALP (units/L) 8424334 91.2438.1 0.058
WBC (x 10° cells/L) 75+62 78+33 0.377
Hematocrit (%) 40.7 4.7 385+50 < 0.001
Platelets (x 10° /L) 2276+60.3 23244722 0314
PTT (sec) 29.8+52 299+£55 0913
INR 1.1+02 1.1+03 0.538
PT (sec) 125+33 132449 0.568

ALP Alkaline phosphatase, ASA American Society of Anesthesiologists, BUN Blood urea nitrogen, CHF Congestive heart failure, CKD Chronic kidney disease, COPD
Chronic obstructive pulmonary disease, INR International normalized ratio, PTT Partial thromboplastin time, PT Prothrombin time, WBC White blood count
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(52.9% vs. 38.1%, P< 0.001), dyspnea (17.2% vs. 10.3%,
P=0.005), and chronic kidney disease (30.7% vs. 13.9%,
P< 0.001). Those with AKI were more likely to have
undergone TJA due to underlying diagnosis other than
primary osteoarthritis (92% vs. 96%, P=0.017), more
likely to have had bilateral procedure (3.28% vs. 0.92%,
P=0.014), or have longer operative time (100.8 min vs.
91.3min, P=0.001). In terms of preoperative labs, those
with AKI had higher BUN (27.2 vs. 21.4, P< 0.001), lower
albumin (3.9 vs. 4.0, P=0.005), and lower hematocrit
(38.5% vs. 40.7%, P< 0.001) levels.

Multivariate logistic regression results are shown in
Table 3. After adjusting for baseline factors, the sig-
nificant risk factors for AKI were BMI (OR 1.04, 95%
CI 1.00-1.07, P=0.025), diabetes (OR 1.96, 95% CI
1.19-3.23, P=0.009), bilateral procedure (OR 6.93, 95%
CI 1.23-39.12, P=0.030), higher preoperative BUN (OR
1.03, 95% CI 1.00-1.05, P=0.043), and lower preopera-
tive hematocrit (OR 0.92, 95% CI 0.86—0.98, P=0.015).

As seen in Table 4, the development of AKI was asso-
ciated with LOS>2days (OR 4.73, 95% CI 3.54-6.34,
P< 0.001), non-home discharge (OR 0.25, 95% CI 0.19-
0.34, P< 0.001), readmission within 30days (OR 12.29,

Table 3 Risk Factors for Acute Kidney Injury

Variables Odds Ratio PValue
(95% Confidence Interval)
Demographics
Body Mass Index 1.04 (1.00 - 1.07) 0.025
Non-Hispanic White 0.69 (0.37 - 1.30) 0.257
Non-Hispanic Black 146 (0.61 - 3.50) 0397
Comorbidities
Diabetes 196 (1.19-3.23) 0.009
Hypertension 1.09 (0.61 - 1.95) 0.762
COPD 1.39 (061 -3.19) 0437
Anemia 0.76 (040 - 1.42) 0382
Dyspnea 1.00 (0.52 - 1.90) 0.991
Chronic kidney disease 1.20 (0.61 — 2.34) 0.597
Perioperative characteristics
Bilateral procedure 6.93(1.23 -39.12) 0.030
Primary osteoarthritis 0.78 (0.30 - 2.05) 0.619
Preoperative BUN 1.03 (1.00 - 1.05) 0.043
Preoperative albumin 0.99 (0.56 - 1.72) 0.961
Preoperative hematocrit 0.92 (0.86 — 0.98) 0.015
Dependent functional status ~ 2.73 (0.84 — 8.90) 0.096
Operative time 1.00 (1.00 - 1.01) 0.363

AKI Acute kidney injury, BMI Body Mass Index, BUN Blood urea Nitrogen,

COPD Chronic obstructive pulmonary disease, THA Total Hip Arthroplasty, TKA
Total Knee Arthroplasty. P-values were determined using multivariate logistic
regression of acute renal failure within 30 days postoperatively controlling for
risk factors which were significant in univariate analyses. Total hip and knee
arthroplasty patients without acute kidney injury within 30-days postoperatively
were used as controls
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Table 4 Additional 30-day adverse events associated with
postoperative acute kidney injury

Outcome 0Odds Ratio (95% PValue
Confidence Interval)

Length of Stay >2days 4.73 (3.54-6.34) <0.001

Discharge to Home 0.25(0.19-0.34) <0.001

Readmission within 30days 12.29 (7.81 - 19.35) < 0.001

Mortality within 30days 130.70 (17.96 - 950.94) <0.001

95% CI 7.81-19.35, P< 0.001), and mortality within
30days (OR 130.7, 95% CI 17.96-950.94, P< 0.001).

Discussion

In this study, 0.051% of patients developed AKI follow-
ing TJA, and the rate remained unchanged from 2011 to
2018. Diabetes, bilateral procedure, BMI, higher preop-
erative BUN levels, and lower preoperative hematocrit
were significant risk factors. AKI was associated with
prolonged hospitalization, non-home discharge, readmis-
sion, and higher mortality.

The overall incidence of AKI in this study was much
lower (0.051%) than reported in previous studies (0.3
-16.2%) [7, 10, 12, 21, 22]. In a retrospective review of
8,127,282 TKA patients using Nationwide Inpatient Sam-
ple, Singh et al. [11] found the incidence of AKI was 1.3%.
However, that study was based on a more dated sample
(1998-2014) and relied on ICD-9 codes for diagnoses
without clearly distinguishing if AKI was present at the
time of surgery. In contrast, the key advantage of the
ACS-NSQIP database is that it is based on manual chart
abstraction, which is less prone to errors due to billing
codes. Another possible explanation for the discrepancy
in the rates of AKIs is that different measures were used,
such as risk, injury, failure, loss of kidney function, and
end-stage kidney disease (RIFLE) and acute kidney injury
network (AKIN) classifications [6].

The risk factors for AKI based on the multivariate
analyses were higher BMI, diabetes, bilateral procedure,
higher preoperative BUN and lower preoperative hema-
tocrit. Multiple studies have shown that increased BMI
was an independent risk factor for AKI as well as other
complications [23, 24]. In an analysis of 22,808 patients
from the Veteran Affairs Surgical Quality Improvement
Program database, Ward et al. [25] showed, via multi-
variable regression, that BMI>40 was an independent
risk factor for AKI following THA, with OR=1.79. Simi-
larly, other studies have shown that diabetes and elevated
creatinine were also risk factors for the development of
AKI [23, 26]. Creatinine level is often used as screen-
ing marker for glomerular filtration rate and, therefore,
kidney function. In this study, we found that in addition
to creatinine, AKI was correlated with higher BUN and
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lower hematocrit respectively. Lower preoperative hema-
tocrit has been shown to be a risk factor for the postop-
erative development of AKI in the revision arthroplasty
setting [27]. Simultaneous TKA has also been shown pre-
viously to pose higher risk for the development of AKI. In
a single center retrospective review, Koh et al. compared
the risk of AKI for those undergoing staggered (< 7 days
between procedures), staged (8days-lyear between
procedures), and simultaneous TKA [28]. The simulta-
neous TKA group had the highest risk of AKI (OR 7.7,
P< 0.001).

Few studies have examined the change in the incidence
of AKI following TJA. One of the cornerstones of mul-
timodal analgesia is the use of NSAIDs [13]. The main
drawback of NSAIDs is their potential adverse event
profile on the cardiovascular, gastrointestinal, and renal
systems [14]. The renal toxicity of NSAIDs is attrib-
uted to the inhibition of cyclooxygenase (COX) 1 and 2,
which are responsible for the production of prostaglan-
dins that mediate the vasodilation of the renal tubules
[15]. NSAIDs have been found to be associated with AKI
[15]. However, few studies examined the association of
perioperative use of NSAIDs with AKI following TJA.
Gharaibeh et al. [21] failed to find an association between
perioperative NSAIDs use and postoperative AKI, but
they noted that this failure might be attributed to con-
founders, as those with significant comorbidities, such as
CKD and heart failure, had significantly less exposure to
NSAIDs.

To our knowledge, only two studies examined the
change in AKI rates over time following TJA. In a meta-
analysis of THA studies reporting incidence of periop-
erative AKI, Thongprayoon et al. [6] found that between
2012 and 2018, there was a trend of decreasing AKI inci-
dence after THA. In a single institution review, Yayac
et al. showed fairly constant rates of AKI between 2005
and 2017, ranging from 2.1-5.5 %[12] although no sta-
tistical analysis was performed. The current study found
that AKI rates varied between 0.04% and 0.1% from 2011
to 2018, but there were no statistically significant differ-
ences overall. This suggests that AKI incidence has been
fairly stable even with the increasing use of recent perio-
perative advancements such as hypotensive anesthesia
and multimodal analgesia.

“Bundle-busters” are drawing scrutiny as the medi-
cal system shift towards value-based care since they can
make a TJA episode of care financially non-viable. This
study showed that the development of AKI within 30 pre-
operative days is significantly associated with increased
LOS, non-home discharge, readmission, and mortality,
which all have serious health as well as financial impli-
cations. In a single center retrospective case-controlled
review of 1719 primary TJA, Abar et al. [21] found that
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AKI was associated with increased LOS and a mean cost
differential of $81,781 in total hospital charges. Similarly,
in an analysis of the NIS database of patients undergo-
ing TKA, Singh and Cleveland [11] demonstrated that
increased risk of complications was associated with AKI,
including implant infection, transfusion, revision surgery,
death, and longer LOS which translated to higher mean
hospital charges, $71,385 vs. US$42,067. Risk-adjustment
of bundles have previously been advocated for non-
modifiable factors such as those undergoing TJA due to
oncologic reasons or conversions as well as other socio-
economic factors [29-31]. Therefore, risk adjustment for
factors leading to AKI should be given serious considera-
tion in future bundle payment models.

This study is significant because it lends further cre-
dence to the notion that AKI is a potential bundle buster
complication. TJA, by virtue of being elective procedures,
allows orthopedic surgeons to optimize the medical sta-
tus of patients preoperatively. Surgeons should be aware
of the modifiable risk factors that can help avoid post-
operative AKI. In a prospective study, Lands et al. [32]
achieved a significant reduction in AKI rates, after the
implementation of a targeted protocol, from 6.3 to 1.2%.
Some of the risk factors found in the current study to be
associated with the development of AKI can be carefully
optimized prior to surgery, namely, avoidance of bilateral
procedures and optimization of hematocrit levels espe-
cially in patients with diabetes, obesity or lower kidney
function. Furthermore, given that diabetes and CKD are
non-modifiable risk factors, this highlights the need for
risk-adjusted bundle payment programs.

Despite the strengths of this study, including the use of
a large validated national sample of patients undergoing
TJA, there were several limitations. AKI was identified
based on chart review at each individual site. However,
there are many different criteria for defining AKI, so
using a single one may underestimate its incidence, and
the NSQIP database does not provide a clear definition
of AKI [6]. Second, although CKD was determined based
on preoperative creatinine data, additional qualifiers on
severity of CKD was not assessed since the GFR was not
available. Furthermore, the adverse events were only col-
lected for up to 30days postoperatively, so this might
underestimate the true rates as well as additional adverse
outcomes associated with AKL

Conclusions

The annual incidence of AKI after TJA has been stable over
the last decade. It is critical to optimize BMI, preoperative
hematocrit, and BUN prior to TJA. Arthroplasty surgeons
should avoid bilateral procedures and attempt to correct or
optimize low hematocrit levels in those with known risk
factors for developing AKI, such as diabetes, lower kidney



Hung et al. Arthroplasty (2022) 4:18

function, and obesity. Furthermore, given that diabetes
and CKD are non-modifiable risk factors, this highlights
the need for risk-adjusted bundle payment programs. It is
important to recognize the financial risks of AKI as a bun-
dle buster, and its health costs in terms of increased hospi-
talization time, requirements for discharge to higher care
facility, readmission, and even mortality.

Abbreviations

AKI: Acute kidney injury; TJA: Total joints arthroplasty; AE: Adverse events; LOS:
Length of stay; NSAIDs: Non-steroidal anti-inflammatory drugs; CKD: Chronic
kidney disease; COPD: Chronic obstructive pulmonary disease; BMI: Body mass
index; BUN: Blood urea nitrogen; GFR: Glomerular filtration rate; DM: Diabetes
mellitus; HTN: Hypertension.

Acknowledgements
Not applicable.

Authors’ contributions

All authors have contributed to the conception and design of the study,
acquisition of data, analysis and interpretation of the data, drafting of the
manuscript, and critical revision. All authors had full access to the data,
contributed to the study, approved the final version for publication, and take
responsibility for its content.

Funding
No funding was received for this study.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

Chun Wai Hung and Theodore Zhang have no competing interests to disclose.
Melvyn Harrington receives consulting fees from Zimmer, Inc. and is a board
member of the J Robert Gladden Orthopaedic Society and the Arthritis Foun-
dation Houston Community Leadership Board, but none of these have a direct
competing interest with the current study. Mohammad Halawi has received
grants from the J Robert Gladden Orthopaedic Society and the Connecticut
Convergence Institute for Translation in Regenerative Engineering, as well as
serving leadership positions with the American Orthopaedic Association, the
American Association of Hip and Knee Surgeons, and the Journal of Bone and
Joint Surgery; none of these serve as a direct competing interest with the
current studly.

Author details
1Department of Orthopedic Surgery, Baylor College of Medicine, Houston, TX,
USA. ?Baylor College of Medicine, Houston, TX, USA.

Received: 15 February 2022 Accepted: 13 March 2022
Published online: 03 May 2022

References
1. Luzzi AJ, Fleischman AN, Matthews CN, Crizer MP, Wilsman J, Parvizi J.
The “Bundle Busters”: incidence and Costs of postacute complications

20.

Page 6 of 7

following total joint arthroplasty. J Arthroplast. 2018;33:2734-9. https://
doi.org/10.1016/j.arth.2018.05.015.

Phillips JLH, Rondon AJ, Vannello C, Fillingham YA, Austin MS, Courtney
PM, et al. How much does a readmission cost the bundle following
primary hip and knee Arthroplasty? 2019. https://doi.org/10.1016/j.
arth.2019.01.029.

Bohm ER, Dunbar MJ, Frood JJ, Johnson TM, Morris KA. Rehospitaliza-
tions, early revisions, infections, and hospital resource use in the first
year after hip and knee arthroplasties. J Arthroplast. 2012;27. https://
doi.org/10.1016/j.arth.2011.05.004.

AvramV, Petruccelli D, Winemaker M, de Beer J. Total joint arthroplasty
readmission rates and reasons for 30-day hospital readmission. J
Arthroplast. 2014;29:465-8. https://doi.org/10.1016/j.arth.2013.07.039.
Kurtz SM, Lau EC, Ong KL, Adler EM, Kolisek FR, Manley MT. Which
clinical and patient factors influence the national economic burden of
hospital readmissions after total joint arthroplasty? Clin Orthop Relat
Res. 2017;475:2926-37. https://doi.org/10.1007/511999-017-5244-6
Springer New York LLC.

Thongprayoon C, Kaewput W, Thamcharoen N, Bathini T, Watthanasun-
torn K, Salim SA, et al. Acute kidney injury in patients undergoing Total
hip Arthroplasty: a systematic review and Meta-analysis. J Clin Med.
2019;8:66. https://doi.org/10.3390/jcm8010066.

Soliman KM, Campbell RC, Fulop T, Goddard T, Pisoni R. Acute kidney
injury in subjects with chronic kidney disease undergoing total joint
arthroplasty. Am J Med Sci. 2019;358(1):45-50.

Rao PB, Singh N, Tripathy SK. Risk Factors for the Development of Post-
operative Acute Kidney Injury in Patients Undergoing Joint Replace-
ment Surgery: A Meta-Analysis. vol. 31; 2020.

Ferguson K, Winter A, Russo L, Khan A, Hair M, MacGregor M, et al.
Acute kidney injury following primary hip and knee arthroplasty sur-
gery orthopaedic surgery; 2017. https://doi.org/10.1308/rcsann.2016.
0324.

Ahmad |, Vial A, Babar T, Boutros |. Incidence and risk factors of acute
kidney injury after total joint arthroplasty; a retrospective cohort study;
2019. https://doi.org/10.1016/j.jcot.2019.10.012.

. Singh JA, Cleveland JD. Acute kidney injury after primary total hip

arthroplasty: a risk multiplier for complication, mortality, and health-
care utilization; n.d. https://doi.org/10.1186/513075-020-2116-3.

Yayac M, Aman ZS, Rondon AJ, Tan TL, Courtney PM, Purtill JJ.
Complications-Other Risk Factors and Effect of Acute Kidney Injury on
Outcomes Following Total Hip and Knee Arthroplasty; 2020. https://
doi.org/10.1016/j.arth.2020.07.072.

Sah AP, Liang K, Sclafani JA. Optimal multimodal analgesia treatment
recommendations for Total joint Arthroplasty: a critical analysis review.
JBJS Rev. 2018;6:e7. https://doi.org/10.2106/JBJS.RVW.17.00137.
Sriperumbuduri S, Hiremath S. The case for cautious consumption:
NSAIDs in chronic kidney disease. Curr Opin Nephrol Hypertens.
2019;28:163-70. https://doi.org/10.1097/MNH.0000000000000473.
Bindu S, Mazumder S, Bandyopadhyay U. Perspective Non-steroidal
anti-inflammatory drugs (NSAIDs) and organ damage: A current per-
spective; 2020. https://doi.org/10.1016/j.bcp.2020.114147.

Kishawi D, Schwarzman G, Mejia A, Hussain AK, Gonzalez MH. Low
preoperative albumin levels predict adverse outcomes after Total joint
Arthroplasty. J Bone Joint Surg Am. 2020;102:889-95. https://doi.org/
10.2106/JBJS.19.00511.

Patterson JT, Sing D, Hansen EN, Tay B, Zhang AL. The James a.

Rand young Investigator’s award: administrative claims vs surgical
registry: capturing outcomes in Total joint Arthroplasty. J Arthroplast.
2017;32:511-7. https://doi.org/10.1016/j.arth.2016.08.041.

Pugely AJ, Martin CT, Harwood J, Ong KL, Bozic KJ, Callaghan JJ.
Database and registry research in orthopaedic surgery: part 2: clinical
registry data. J Bone Jt Surg - Am. 2014;97:1799-808. https://doi.org/
10.2106/J8J5.0.00134.

Studies on hemoglobin values in Norway. V. Hemoglobin concentra-
tion and hematocrit in men aged 15-21 years - PubMed n.d. https://
pubmed.ncbi.nim.nih.gov/5923383/. (accessed May 10, 2021).

MM O'B, Gonzales R, Shroyer AL, Grunwald GK, Daley J, Henderson WG,
et al. Modest serum creatinine elevation affects adverse outcome after
general surgery. Kidney Int. 2002;62:585-92. https://doi.org/10.1046/j.
1523-1755.2002.00486.x.


https://doi.org/10.1016/j.arth.2018.05.015
https://doi.org/10.1016/j.arth.2018.05.015
https://doi.org/10.1016/j.arth.2019.01.029
https://doi.org/10.1016/j.arth.2019.01.029
https://doi.org/10.1016/j.arth.2011.05.004
https://doi.org/10.1016/j.arth.2011.05.004
https://doi.org/10.1016/j.arth.2013.07.039
https://doi.org/10.1007/s11999-017-5244-6
https://doi.org/10.3390/jcm8010066
https://doi.org/10.1308/rcsann.2016.0324
https://doi.org/10.1308/rcsann.2016.0324
https://doi.org/10.1016/j.jcot.2019.10.012
https://doi.org/10.1186/s13075-020-2116-3
https://doi.org/10.1016/j.arth.2020.07.072
https://doi.org/10.1016/j.arth.2020.07.072
https://doi.org/10.2106/JBJS.RVW.17.00137
https://doi.org/10.1097/MNH.0000000000000473
https://doi.org/10.1016/j.bcp.2020.114147
https://doi.org/10.2106/JBJS.19.00511
https://doi.org/10.2106/JBJS.19.00511
https://doi.org/10.1016/j.arth.2016.08.041
https://doi.org/10.2106/JBJS.O.00134
https://doi.org/10.2106/JBJS.O.00134
https://pubmed.ncbi.nlm.nih.gov/5923383/
https://pubmed.ncbi.nlm.nih.gov/5923383/
https://doi.org/10.1046/j.1523-1755.2002.00486.x
https://doi.org/10.1046/j.1523-1755.2002.00486.x

Hung et al. Arthroplasty

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

(2022) 4:18

Abar O, Toossi N, Johanson N. Cost and determinants of acute kidney
injury after elective primary total joint arthroplasty. Arthroplast Today.
2018;4:335-9. https://doi.org/10.1016/j.artd.2018.05.002.

Jamsa P, Jamsen E, Lyytikdinen L-P, Kalliovalkama J, Eskelinen A, Oksala N.
Acta Orthopaedica risk factors associated with acute kidney injury in a
cohort of 20,575 arthroplasty patients risk factors associated with acute
kidney injury in a cohort of 20,575 arthroplasty patients. Acta Orthop.
2017;88:370-6. https://doi.org/10.1080/17453674.2017.1301743.

Jafari SM, Huang R, Joshi A, Parvizi J, Hozack WJ. Renal impairment follow-
ing total joint arthroplasty. Who is at risk? J Arthroplast. 2010;25. https://
doi.org/10.1016/j.arth.2010.04.008.

Weingarten TN, Gurrieri C, Jarett PD, Brown DR, Berntson NJ, Calaro RD,
et al. Acute kidney injury following total joint arthroplasty: retrospec-
tive analysis. Can J Anesth. 2012;59:1111-8. https://doi.org/10.1007/
$12630-012-9797-2.

Ward DT, Metz LN, Horst PK, Kim HT, Kuo AC. Complications of morbid
obesity in Total joint Arthroplasty: risk stratification based on BMI. J
Arthroplast. 2015;30:42-6. https://doi.org/10.1016/j.arth.2015.03.045.
Dubrovskaya Y, Tejada R, Bosco J, Stachel A, Chen D, Feng M, et al.

Single high dose gentamicin for perioperative prophylaxis in ortho-
pedic surgery: evaluation of nephrotoxicity. SAGE Open Med.
2015;3:205031211561280. https://doi.org/10.1177/2050312115612803.
Geller JA, Cunn G, Herschmiller T, Murtaugh T, Chen A. Acute kidney
injury after first-stage joint revision for infection: risk factors and the
impact of antibiotic dosing. J Arthroplast. 2017;32:3120-5. https://doi.
org/10.1016/j.arth.2017.04.054.

WU K, HJ K, HS P, MJ J, YJ R, JG S. Staggered rather than staged or simul-
taneous surgical strategy may reduce the risk of acute kidney injury in
patients undergoing bilateral TKA. J Bone Joint Surg Am. 2018;100:1597—
604. https://doi.org/10.2106/JBJS.18.00032.

Courtney PM, Huddleston JI, lorio R, Markel DC. Socioeconomic risk
adjustment models for reimbursement are necessary in primary Total
joint Arthroplasty. J Arthroplast. 2017;32:1-5. https://doi.org/10.1016/j.
arth.2016.06.050.

TanTL, Courtney PM, Brown SA, Shohat N, Sobol K, Swanson KE, et al. Risk
adjustment is necessary in value-based payment models for Arthroplasty
for oncology patients. J Arthroplast. 2019;34:626-631.e1. https://doi.org/
10.1016/j.arth.2018.12.006.

McLawhorn AS, Schairer WW, Schwarzkopf R, Halsey DA, lorio R, Padgett
DE. Alternative payment models should risk-adjust for conversion Total
hip Arthroplasty: a propensity score-matched study. J Arthroplast.
2018;33:2025-30. https://doi.org/10.1016/j.arth.2017.11.064.

Lands VW, Malige A, Carmona A, Roscher CR, Gayner RS, Rowbotham J,
et al. Reducing hypotension and acute kidney injury in the elective Total

joint Arthroplasty population: a multi-disciplinary approach. J Arthroplast.

2018;33:1686-92. https://doi.org/10.1016/j.arth.2018.01.061.

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

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.artd.2018.05.002
https://doi.org/10.1080/17453674.2017.1301743
https://doi.org/10.1016/j.arth.2010.04.008
https://doi.org/10.1016/j.arth.2010.04.008
https://doi.org/10.1007/s12630-012-9797-2
https://doi.org/10.1007/s12630-012-9797-2
https://doi.org/10.1016/j.arth.2015.03.045
https://doi.org/10.1177/2050312115612803
https://doi.org/10.1016/j.arth.2017.04.054
https://doi.org/10.1016/j.arth.2017.04.054
https://doi.org/10.2106/JBJS.18.00032
https://doi.org/10.1016/j.arth.2016.06.050
https://doi.org/10.1016/j.arth.2016.06.050
https://doi.org/10.1016/j.arth.2018.12.006
https://doi.org/10.1016/j.arth.2018.12.006
https://doi.org/10.1016/j.arth.2017.11.064
https://doi.org/10.1016/j.arth.2018.01.061

	Incidence and risk factors for acute kidney injury after total joint arthroplasty
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


