
Chronic kidney disease (CKD) remains a significant 
global health challenge, affecting an estimated 9% of the 
global population.1) Notably, the incidence of CKD is on 
an upward trajectory in the United States.2) A substantial 
proportion of patients with CKD eventually advance to 
end-stage renal disease (ESRD). The primary management 
strategies for advanced CKD encompass long-term hemo-
dialysis (HD) or renal transplant (RT), the latter being the 
predominant solid organ transplant procedure executed 
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Background: While it is known that patients with end-stage renal disease (ESRD) are at an increased risk of complications fol-
lowing total hip arthroplasty (THA), there is a gap in the literature in comparing patients with ESRD to patients who undergo renal 
transplant (RT) before or after THA. This study is to address this gap by analyzing outcomes of THA in ESRD patients, RT patients, 
and RT candidates.
Methods: Using the PearlDiver Mariner database, ESRD patients, RT patients, and RT candidates undergoing primary THA were 
identified and compared. Multivariable logistic regression analyses were done for medical complications up to 90 days and surgi-
cal complications up to 2 years. Ninety-day emergency department (ED) visits and inpatient readmission were also documented.
Results: A total of 7,868 patients were included: 5,092 had ESRD, 2,520 had RT before THA, and 256 were candidates for RT. Com-
pared to patients with ESRD, RT patients demonstrated lower rates of medical complications such as pneumonia (3.61% vs. 5.99%, 
p = 0.039) and transfusion (4.60% vs. 7.66%, p < 0.001). Additionally, RT patients displayed decreased rates of surgical complica-
tions, including wound complications (2.70% vs. 4.22%, p = 0.001), periprosthetic joint infection (PJI) at 1 year (2.30% vs. 4.81%, 
p < 0.001) and 2 years (2.58% vs. 5.42%, p < 0.001), and aseptic loosening at 2 years (0.79% vs. 1.43%, p = 0.006). Similarly, when 
compared to RT candidates, RT patients demonstrated a lower incidence of postoperative complications, including 1-year PJI (2.30% 
vs. 5.08%, p = 0.013), 2-year PJI (2.58% vs. 5.08%, p = 0.028), 1-year aseptic loosening (0.56% vs. 2.73%, p < 0.001), and 2-year 
aseptic loosening (0.79% vs. 2.73%, p = 0.005). RT patients also had lower rates of ED visits and hospital readmissions.
Conclusions: Compared to ESRD patients and RT candidates, patients with RT have a significantly lower likelihood of medical 
complications, PJI, aseptic hardware loosening, ED visits, and hospital readmission. Patients with ESRD on the RT waiting list 
should delay THA until after RT surgery. For those not eligible for RT, it is vital to take extra precautions to reduce the risk of com-
plications.
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globally.3) Individuals with CKD, particularly those under-
going HD or post-RT, are predisposed to an elevated risk 
for total hip arthroplasty (THA) due to several unique risk 
factors. This susceptibility can be attributed to high rates 
of osteonecrosis, femoral neck fracture, and osteoarthritis 
resulting from renal osteodystrophy, amyloid deposition 
secondary to long-term HD, as well as the use of immu-
nosuppressive medication after RT.4,5) It is noteworthy that 
the incidence of THA is markedly higher in HD-depen-
dent patients and RT recipients compared to the general 
population.6)

THA implants have demonstrated satisfactory sur-
vivorship in both HD and RT patients.7,8) HD has previ-
ously been established as a significant risk factor for poor 
outcomes and perioperative complications following THA 
due to concerns such as increased mortality and surgical 
site infections.7,9) In comparison to the general population, 
RT patients also appear to be at higher risk for sustaining 
postoperative complications.8,10) However, existing com-
parative studies analyzing postoperative clinical outcomes 
following THA between these two cohorts (HD and RT 
patients) are either antiquated, fraught with limitations, or 
yield inconsistent results.11-14) Additionally, patients who 
are candidates for RT are distinct from the broader ESRD 
patient population. According to the guideline on the eval-
uation and management, RT candidates are younger and 
have fewer risk factors and comorbidities,15) but no stud-
ies to date have drawn a comparison of THA outcomes 
between general ESRD patients and transplant candidates. 
If there is a delineation in outcomes between these 2 
populations, this would allow providers to avoid delaying 
pain-relieving arthroplasty procedures. The purpose of 
this research was to examine the outcomes after THA in 
patients with ESRD, those who have received RT, and RT 
candidates.

METHODS
Ethical Statements
This retrospective research study utilized the PearlDiver 
Patient Records Database, a national private payer insur-
ance database that contains indexed and de-identified 
data. The database consists of procedural volumes and pa-
tient demographics for patients with International Classi-
fication of Diseases, 9th Revision diagnoses (ICD-9), 10th 
Revision diagnoses (ICD-10), and procedures or Current 
Procedural Terminology (CPT) codes. The Institutional 
Review Board deemed this study exempt from ethical ap-
proval and the need for participants’ consent to participate 
in the study and publish the results.

Data Source
This research utilized the PearlDiver database (www.
pearldiverinc.com), a national patient record database 
that operates on a fee-based model. The database inte-
grates patient demographics and medical records, includ-
ing diagnoses under the International Classification of 
Diseases, 9th Revision (ICD-9-CM) and 10th Revision 
(ICD-10-CM), as well as procedures identified by Cur-
rent Procedural Terminology (CPT) codes. These records 
are derived from a variety of insurance sources, such as 
commercial insurance, Medicare, Medicaid, and self-pay. 
The Mariner161 dataset, which contains approximately 
161 million individual patient records from 2010 to 2022, 
was the specific dataset extracted for analysis. Access to 
the PearlDiver database was granted by PearlDiver Tech-
nologies for research purposes. All patient data were de-
identified, leading to an exemption from the Institutional 
Review Board for this study. 

Study Population
Adult patients who underwent primary THA from Janu-
ary 1, 2010, to April 30, 2020, with the aim of a minimum 
2-year follow-up or reaching the endpoint of mortality 
within 2 years postoperatively were identified using CPT 
and ICD-9 and 10 codes. Three groups were created sub-
sequently. Group A consisted of patients with ESRD (ICD-
9 585.6 and ICD-10 N18.6) prior to THA and without a 
history of RT history. Group B included patients with an 
RT prior to THA who were identified using CPT and ICD-
9 and 10 codes (CPT-50360, CPT-50365, ICD-9-D-V42.0, 
and ICD-10-D-Z94.0). Group C included RT candidates 
who were identified through RT records within 1 year af-
ter THA.

Patients in each group were queried for basic de-
mographic information, including sex, age, and tobacco 
abuse. Comorbidities for each patient were assessed us-
ing ICD-9 and ICD-10 codes, including obesity, morbid 
obesity, chronic obstructive pulmonary disease, diabetes 
mellitus, coronary artery disease, congestive heart failure, 
hyperlipidemia, peripheral vascular disease, hypertension, 
and depression. A total of 5,092 ESRD patients, 2,520 RT 
patients prior to THA, and 256 RT candidates within 1 
year after THA were included in the study. Additionally, 
indications for THA, including hip osteoarthritis, osteone-
crosis of the femoral head, and femoral neck fracture, were 
queried (Table 1).

Outcomes of Interest
Rates of medical complications within 90 days postop-
eratively were collected. These included pneumonia, pul-
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monary embolism, cerebrovascular accident, deep vein 
thrombosis, transfusion, urinary tract infection (UTI), 
sepsis, acute heart failure, and myocardial infarction. Sur-
gical complications included 90-day wound complications, 
periprosthetic joint infection (PJI), dislocation, aseptic 
loosening, periprosthetic fracture, and all-cause revision 
within 1 and 2 years. Ninety-day emergency department 
(ED)-visit and inpatient readmission were also queried.

Statistical Analysis
Statistical analyses were performed using the R statistical 
software (version 4.1.0; R Project for Statistical Comput-
ing) integrated within the PearlDiver software with an α 
level set to 0.05, with results reported as adjusted odds 
ratios (ORs) with 95% confidence intervals (CIs). The 

average age of the patient cohorts was assessed by t-test. 
The chi-square test was used to assess the statistical sig-
nificance of differences among the groups in sex, comor-
bidities, tobacco abuse, and indications for primary THA. 
Rates of postoperative complications were compared us-
ing multivariate logistic regression, adjusting for age, sex, 
tobacco abuse, diabetes mellitus, chronic obstructive pul-
monary disease, and coronary artery disease, which are all 
factors that would likely not be directly affected by RT. 

RESULTS
Patient Characteristics
The analysis demonstrated that ESRD patients (group A) 
were significantly older with a mean age of 66.34 ± 11.35 

Table 1. Patient Demographics

 Variable A (ESRD;  
n = 5,092)

B (Renal transplant;  
n = 2,520)

C (Candidates;  
n =2 56)

p-value  
(A vs. B)

p-value  
(A vs. C)

p-value 
(B vs. C)

Age (yr) 66.34 ± 11.35 59.65 ± 12.42 59.68 ± 12.52 < 0.001* < 0.001* 0.969

Sex (female) 2,393 (47.00) 1,015 (40.28) 115 (44.92) < 0.001*  0.516 0.149

Comorbidity

   Obesity (BMI 30–39.9 kg/m2)  763 (14.98)  314 (12.46)  26 (10.16)  0.002*  0.033* 0.283

   Morbid obesity (BMI ≥ 40 kg/m2)  466 (9.15) 112 (4.44) 14 (5.47) < 0.001*  0.044* 0.453

   Chronic obstructive pulmonary disease 2,252 (44.23)  670 (26.59)  64 (25.00) < 0.001* < 0.001* 0.583

   Diabetes mellitus 2,601 (51.08) 1006 (39.92)  73 (28.52) < 0.001* < 0.001* < 0.001*

   Coronary artery disease 2,614 (51.34)  867 (34.40)  79 (30.86) < 0.001* < 0.001* 0.254

   Congestive heart failure 1,875 (36.82)  607 (24.09)  52 (20.31) < 0.001* < 0.001* 0.176

   Hyperlipidemia 3,764 (73.92) 1,812 (71.90) 128 (50.00)  0.123 < 0.001* < 0.001*

   Peripheral vascular disease 1,542 (30.28)  415 (16.47)  33 (12.89) < 0.001* < 0.001*  0.138

   Hypertension 4,564 (89.63) 2,210 (87.70) 181 (70.70) 0.012* < 0.001* < 0.001*

   Depression 1,554 (30.52)  560 (22.22)  57 (22.27) < 0.001*  0.004*  0.987

Substance abuse

   Tobacco 1,558 (30.60) 525 (20.83)  54 (21.09) < 0.001* 0.001* 0.922

Indications for total hip arthroplasty

   Hip osteoarthritis 2,644 (51.92) 1,126 (44.68) 123 (48.05) < 0.001* 0.225 0.302

   Osteonecrosis of femoral head  928 (18.22)  913 (36.23)  67 (26.17) < 0.001*  0.001*  0.001*

   Femoral neck fracture  956 (18.77) 225 (8.93)  34 (13.28) < 0.001*  0.027*  0.022*

   Unknown  564 (11.08)  256 (10.16)  32 (12.50) - - -

Values are presented as mean ± standard deviation or number (%).
ESRD: end-stage renal disease, BMI: body mass index.
*Statistical significance with p < 0.05.
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years, compared to RT patients and RT candidates (groups 
B and C) with mean ages of 59.65 ± 12.42 years and 59.68 
± 12.52 years, respectively. Group A exhibited a higher 
proportion of female patients (47.00%) compared to group 
B (40.28%) and group C (44.92%). Moreover, ESRD pa-
tients in group A were found to have higher incidences of 
medical comorbidities such as obesity (14.98% vs. 12.46% 
and 10.16%), morbid obesity (9.15% vs. 4.44% and 5.47%), 
chronic obstructive pulmonary disease (44.23% vs. 26.59% 
and 25.00%), diabetes mellitus (51.08% vs. 39.92% and 
28.52%), coronary artery disease (51.34% vs. 34.40% and 
30.86%), congestive heart failure (36.82% vs. 24.09% and 
20.31%), peripheral vascular disease (30.28% vs. 16.47% 
and 12.89%), depression (30.52% vs. 22.22% and 22.27%), 
and tobacco abuse (30.60% vs. 20.83% and 21.09%). 
Osteoarthritis emerged as the primary diagnosis across 
all groups, although it was markedly higher in group A 
(51.92%) compared to group B (44.68%) and group C 
(48.05%). Femoral neck fracture was the second most 
common indication in group A (18.77%), contrasting with 
groups B and C, where osteonecrosis of the femoral head 
was the second most common indication (36.23% and 
26.17%, respectively) (Table 1).

Postoperative Outcomes
The multivariate regression analysis unveiled that rela-
tive to group A, RT patients in group B had lower rates of 
pneumonia (3.61% vs. 5.99%; adjusted OR, 0.76; 95% CI, 
0.59–0.98; p = 0.039) and transfusion (4.60% vs. 7.66%; ad-
justed OR, 0.61; 95% CI, 0.49–0.77; p < 0.001), but a high-
er rate of UTIs (7.90% vs. 7.70%; adjusted OR, 1.36; 95% 
CI, 1.12–1.65; p = 0.001) within 90 days postoperatively. 
A significantly higher rate of UTIs was also observed in 
RT candidates in group C compared to group A (9.77% vs. 
7.70%; adjusted OR, 1.68; 95% CI, 1.06–2.55; p = 0.019). 
No other significant differences in medical complications 
were found among the 3 groups (Table 2).

Regarding surgical complications, RT patients in 
Group B exhibited superior outcomes relative to ESRD 
patients in group A. This included lower incidences of 
wound complications (2.7% vs. 4.22%; adjusted OR, 0.61; 
95% CI, 0.45–0.81; p = 0.001), 1-year PJI (2.30% vs. 4.81%; 
adjusted OR, 0.45; 95% CI, 0.33–0.61; p < 0.001), 2-year 
PJI (2.58% vs. 5.42%; adjusted OR, 0.43; 95% CI, 0.32–0.57; 
p < 0.001), 2-year aseptic loosening (0.79% vs. 1.43%; ad-
justed OR, 0.48; 95% CI, 0.28–0.79; p = 0.006), and 2-year 
revision (2.74% vs. 3.61%; adjusted OR, 0.67; 95% CI, 
0.49–0.90; p = 0.009). Similarly, when compared to group 
C, group B demonstrated a lower incidence of postopera-
tive complications, including 1-year PJI (2.30% vs. 5.08%; 

adjusted OR, 0.45; 95% CI, 0.24–0.84; p = 0.013), 2-year 
PJI (2.58% vs. 5.08%; adjusted OR, 0.45; 95% CI, 0.28–0.81; 
p = 0.028), 1-year aseptic loosening (0.56% vs. 2.73%; ad-
justed OR, 0.19; 95% CI, 0.08–0.53; p < 0.001), and 2-year 
aseptic loosening (0.79% vs. 2.73%; adjusted OR, 0.28; 
95% CI, 0.12–0.74; p = 0.005). No significant differences 
were observed in surgical complications between groups 
C and A, except for 1-year aseptic loosening (2.73% vs. 
0.84%; adjusted OR, 2.97; 95% CI, 1.18–6.47; p = 0.010) 
(Table 2).

Furthermore, RT patients in Group B exhibited 
significantly lower rates of 90-day ED visits (15.71% vs. 
22.58% and 22.66%) and hospital readmissions (15.20% 
vs. 20.35% and 18.75%) when compared to groups A and 
C (Table 2).

DISCUSSION
With the increasing prevalence of ESRD, RT has become 
the most commonly performed solid-organ transplants 
worldwide.3) THA is often required in this patient popula-
tion, and both ESRD and RT are recognized as risk factors 
for postoperative outcomes when compared to the general 
population undergoing THA.6-8) The present retrospective 
study illustrated that RT patients have lower rates of post-
operative complications when compared to both ESRD 
patients and RT candidates. To our knowledge, the present 
study is the only large cohort analysis probing the impact 
of RT on postoperative outcomes following THA by com-
paring patients with a history of RT prior to THA to both 
ESRD patients and RT candidates. 

The results of this study showed that the rates of 
pneumonia and blood transfusion within 90 days postop-
eratively were significantly lower in RT patients undergo-
ing THA compared to ESRD patients (adjusted OR, 0.61 
and 0.23, respectively). These findings are largely in agree-
ment with the prior literature.13) Higher blood transfusion 
rates in ESRD patients can be explained by the fact that 
ESRD is characterized by anemia with decreased red blood 
cell production and frequent coagulopathy,16) both of 
which are factors that can lead to increased intraoperative 
bleeding. Patients with RT should theoretically no longer 
have these hematologic complications once their defective 
kidney is transplanted.

Patients with ESRD on HD are at an elevated risk 
of infection compared to the general population due to 
their frequent healthcare contact while attending dialysis, 
typically 3 times per week, which increases their risk of 
both community-acquired and nosocomial infections.17) 
Previous studies have reported that approximately 20% of 
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all infections in patients with ESRD can be attributed to 
pulmonary causes, including pneumonia.17) Compared to 
patients with RT, patients with ESRD on HD have much 
more frequent healthcare contact and thus higher likeli-
hood of coming into contact with infected respiratory 
secretions. This likely outweighs the elevated risk of pneu-
monia that patients with RT may have as a result of tak-
ing immunosuppressive medications and could partially 
explain the finding of higher rates of pneumonia in ESRD 
patients in this study.18)

The present study also found a higher rate of UTI in 
RT patients (adjusted OR, 1.36), which indicates that RT 
increases the risk of UTI. This finding is consistent with 
the report by Tandogdu et al.,19) which recognized UTI as 
the most common infection in RT patients. This could be 
due to the fact that most RT patients are taking immuno-
suppressive medications to decrease the risk of transplant 
rejection, but these immunosuppressive medications come 
with an increased risk of infection. Due to the limited 
cases of RT candidates, no significant differences in medi-
cal complications were observed between RT patients and 
candidates.

Patients with ESRD are known to be at an increased 
risk for wound complications.20) In a comprehensive study 
conducted by Ponnusamy et al.,21) dialysis patients were 
found to have a higher likelihood of experiencing wound 
hematoma, seroma, and infection. However, in a meta-
analysis by Luo et al.,22) no significant difference in wound 
complications following total joint arthroplasty was ob-
served between ESRD and RT patients. Our study, on 
the other hand, reveals a significant difference, with RT 
patients experiencing significantly fewer wound complica-
tions compared to ESRD patients and RT candidates. This 
improvement may be attributed to recent advancements 
in postoperative management for transplant patients. Ad-
ditionally, patients with ESRD are known to have impaired 
wound healing due to uremic toxins that can affect local 
mechanisms of wound healing.23) These patients also com-
monly have other comorbidities that can affect wound 
healing, such as poorly controlled diabetes and peripheral 
vascular disease, both of which were seen at higher rates in 
patients with ESRD in this study.23)

Notably, our study also demonstrates lower rates of 
PJI at 1-year and 2-year intervals in RT patients compared 
to ESRD patients and RT candidates, with adjusted ORs of 
approximately 0.45. Infection is commonly seen following 
RT, but the highest risk of infection occurs within the first 
year after transplant.24) It is likely that most RT patients 
were not medically cleared for surgery within the first year 
after transplant due to this risk, and their risk of infection 

at the time of surgery was likely much lower, although we 
do not have access to the specific dates that each patient 
had RT and THA and cannot confirm that the majority 
of patients in the RT group were greater than 1-year post-
transplant. The elevated risk of PJI in patients with ESRD 
has already been reported in prior studies and is likely 
related to ESRD patients’ elevated risk of overall infection 
that has been described above.25,26)

The results of this study showed elevated rates of 
aseptic loosening at 1-year and 2-year intervals in RT can-
didates compared to RT patients. Altered calcium metabo-
lism due to renal dysfunction can lead to increased bone 
resorption and decreased bone formation at the bone-
cement interface, which can contribute to loosening.27) RT 
patients should theoretically have better renal function 
compared to RT candidates and thus should not experi-
ence loosening as a result of this phenomenon, which 
could at least partially explain the difference seen in this 
study. Considering the reduced rates of PJI and aseptic 
loosening, it is not surprising that RT patients exhibited a 
lower revision rate compared to ESRD patients. The prior 
literature with fewer samples or short-term follow-up peri-
ods reported similar results in terms of revision rate.11,12,14) 
Our analysis strengthened this characteristic of RT pa-
tients. RT patients also had lower rates of ED visit and 
hospital readmission within 90 days. Common reasons 
for ED visit and hospital readmission after THA in the 
general population include PJI, wound complications, and 
pulmonary infections, complications that are all seen at 
elevated rates in patients with ESRD in this study.28) Since 
ESRD patients and RT candidates have a higher rate of 
these complications, it follows that they also have a higher 
rate of having to present to the ED or be readmitted to the 
hospital for these issues. 

This study benefits from the inherent advantages 
that come with the use of large national databases, namely 
the ability to examine rare conditions on a large scale. The 
inclusion of 5,092 patients with ESRD, 2,520 RT patients, 
and 256 RT candidates ensured that this study was ad-
equately powered and did not suffer from the limitations 
of a small sample size and regional biases that can arise 
in single-center observational studies that are underpow-
ered. This is particularly notable as it is the first study to 
illustrate the outcomes of RT candidates undergoing THA. 
Furthermore, the PearlDiver database uniquely offers the 
capacity to track patient data longitudinally after opera-
tion. In comparison to other databases, which can only 
track complications that occur in-hospital or within 30 
days after surgery, outcomes can be recorded in the Pearl-
Diver database at any time during enrollment, providing a 
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reliable source of short- and intermediate-term data.29)

The study included patients who underwent THA 
from January 1, 2010, to April 30, 2020, with the intention 
of achieving a regular postoperative follow-up period of 
at least 2 years. To ensure a comprehensive understanding 
of complications, the analysis also included patients who 
passed away within 2 years postoperatively. Nonetheless, 
there are limitations in tracking complications for patients 
with lost records, often due to insurance changes or other 
factors. 

For ESRD patients, given their risk of infection and 
cardiovascular comorbidities, the mortality rate is a vital 
consideration. Higher rates of mortality among the ESRD 
patients have been reported in previous literatures.25,30) 
Regrettably, the current database lacks mortality records, 
making it impossible to compare the actual mortality rates 
between the cohorts. Additionally, the validity of these 
results depends on the accuracy of the coding used within 
the database. Any coding errors during the data collection 
or query can produce research bias. Though a comprehen-
sive multivariate regression analysis corrects any possible 
code-related confounding, it is incapable of controlling 
for variables not in the coding database (such as types and 
frequency of dialysis, operative time, surgical technique, 
and types of prosthesis), which might introduce potential 
biases. Additionally, observing this cohort beyond the 
2-year postoperative mark might reveal more complica-
tions. Furthermore, the proportions of indications varied 
among the cohorts, which may affect outcomes of THA 
and, therefore, bias the impact associated with RT. Despite 
these limitations, this study was novel in its ability to high-

light RT as a potential beneficial factor to improve out-
comes following THA in this complex patient population.

The findings from this study reveal that patients 
who undergo RT before THA face reduced risks of post-
operative complications, encompassing both surgical and 
medical issues. Specifically, compared to ESRD patients 
and RT candidates, patients with RT have a significantly 
lower likelihood of experiencing PJI, requiring ED visit, 
and facing hospital readmission. Our study adds to the 
current literature and suggests that with regard to specific 
indications, ESRD patients on the RT waiting list should 
defer THA until after they have undergone RT surgery. 
For ESRD patients who are not candidates for RT, it is 
crucial to exercise extreme care and implement additional 
strategies to minimize the elevated risk of complications 
that may be encountered. Providers should counsel their 
patients on the significantly elevated risks associated with 
arthroplasty and ESRD.
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