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1. INTRODUCTION
Total joint arthroplasty is an effective treatment for advanced 
osteoarthritis and osteonecrosis.1–3 Many dialysis-dependent 
patients develop osteoarthritis and osteonecrosis requiring 
arthroplasty surgeries.4,5 However, surgeons are more cautious 
with renal failure patients owing to the high comorbidity and 
risk of complications.6

Dialysis-dependent patients undergoing primary total knee 
arthroplasty (TKA) and total hip arthroplasty (THA) have been 
associated with higher in-hospital mortality rates and greater 
overall complication rates.7 McCleery et al. showed that renal 
failure and dialysis were independent risk factors for early infec-
tion and revision in primary TKA.8 Case series have reported 

satisfactory functional results after primary total joint arthro-
plasty.5,9,10 However, individual case series had been limited by 
small case numbers (<20 patients) and shorter follow-up time and 
were more focused on short-term complications and survival.5,9,10

We hypothesize that the mid-term outcome of dialysis-
dependent patients who underwent primary TKA or THA will 
show satisfactory functional outcomes, low-implant failure 
rates, considerably higher complication rates, and high mortal-
ity rates.

2. METHODS
This retrospective single-center study used the database of the 
orthopedic department of a single medical center. We included 
patients who underwent primary TKA or THA between 
November 2004 and January 2015 and were on regular hemo-
dialysis for at least 1 year before TKA or THA. Except for 
in-hospital mortality cases and patients who died within 24 
months after surgery, all patients were followed for at least 24 
months. Patients who were not dialysis-dependent for at least 1 
year before the operation and patients who were lost to follow 
up within 24 months were excluded. The study was approved by 
the Institutional Review Board.

For the TKA group, we identified 49 patients who underwent 
a total of 57 primary TKA surgeries. Fifteen patients who were 
lost to follow up within 24 months were excluded from our 
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Abstract
Background: Dialysis-dependent patients undergoing primary total knee and total hip arthroplasty have been associated with 
higher in-hospital mortality and complication rates. We investigated the mid-term implant survival, patient survival, and functional 
outcomes in these patients and reviewed our complications.
Methods: We retrospectively reviewed dialysis-dependent patients undergoing primary total knee or total hip arthroplasty in our 
hospital between November 2004 and January 2015, with a minimum follow-up of 24 months. Thirty-four patients with 39 total 
knee arthroplasties were included (M:F, 33.3%:66.7%, mean age: 68.8 years, mean follow-up: 55.9 ± 28.3 months). Twenty-
seven patients with 31 total hip arthroplasties were included (M:F, 22.6%:77.4%, mean age: 62.3 years, mean follow-up: 55.8 ± 
23.4 months).
Results: In the total knee arthroplasty group, there were two in-hospital mortality cases (3.5%) and two cases of implant failure 
(5.1%). The mean Knee Society Score was 84.0 ± 20.7. In the total hip arthroplasty group, there were three cases of implant 
failure (9.7%). The mean Harris Hip Score was 81.1 ± 23.9. The complications we encountered for both groups were instability 
and infection.
Conclusion: Dialysis-dependent patients who had undergone total joint arthroplasty are associated with high mortality rate. In 
our experience, satisfactory mid-term results can be achieved in these patients with manageable complications and low-implant 
failure rates.
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study. Thus, we included 34 patients with a total of 39 TKA 
surgeries, of whom 13 were men (33.3%) and 26 were women 
(66.7%). The average age at surgery was 68.8 ± 9.0 years old 
(range: 51–90). The average follow-up time was 55.9 ± 28.3 
months (range: 24–128, N = 35). As for the THA group, we 
also identified 30 patients who underwent a total of 34 primary 
THA surgeries. Three patients were lost to follow up within 24 
months and were excluded. Thus, 27 patients with a total of 31 
THA surgeries were included. Of these, seven were men (22.6%) 
and 24 were women (77.4%). The average age at surgery was 
62.3 ± 16.7 years old (range: 28–83). The average follow-up 
time was 55.8 ± 23.4 months (range: 24–98, N = 31).The patient 
demographics are shown in Table 1.

2.1. Surgery and postoperative follow-up
All surgeries were elective. Careful history-taking was per-
formed at the clinic. Individual examinations and consultations 
with specialists were arranged for patients with additional car-
diovascular risks or underlying diseases of other organ systems. 
Consultation with nephrologists was arranged for every patient 
on admission to arrange dialysis plans during hospitalization. 
Patients with active infection or unstable hemodynamic condi-
tions were precluded from surgery.

All patients underwent minimally invasive mid-vastus 
approach for cemented TKA procedures. Prior literature has 
reported conflicting results for the use of antibiotic-loaded 
cement in primary total joint arthroplasty, with some demon-
strating decreased deep infection rates11 and some showing no 
significant difference compared with controls.12 In our series, 
we routinely used vancomycin-loaded cement for TKA owing to 
the high infection rate. The regimen is 1 g of Vancomycin in 40 g 
of bone cement. Modified Hardinge approach or posterolateral 
approach was performed for all cementless THA procedures. 
All patients who had undergone TKA were allowed immediate 

full weight-bearing without restrictions, with walking aids if 
necessary. Weight-bearing protocols following THA depended 
on bone quality and quality of the press-fit mechanism. The 
blood transfusion strategy was different for each operating sur-
geon. As a general principle, when the preoperative hemoglobin 
is <8 mg/dl or when substantial blood loss occurs during the 
operation, blood transfusion with packed red blood cells is per-
formed during the operation. Hemoglobin is routinely checked 
on the first postoperative day. If the hemoglobin is <8 mg/dl or 
there is a substantial drop associated with anemic symptoms, 
blood transfusion is performed. In our series, the transfusion 
rate in the THA group was 66.7%, and 78.6% in the TKA 
group.

After discharge from the hospital, patients were regularly 
followed at our outpatient clinic at postoperative 2 weeks, 2 
months, 12 months, and then annually, for wound assessment, 
radiographic evaluation, and functional evaluation. Additional 
visits for various reasons were also recorded.

2.2. Radiographic evaluation
Plain films were retrospectively reviewed by an attending doctor 
who had not participated in any of the surgery, and was blinded 
to the clinical results of the patients. All plain films were reviewed 
for episodes of dislocation, implant alignment, evidence of loos-
ening, subsidence, implant wear, and periprosthetic fracture.

2.3. Implant failure
Implant failure was defined as persistent or recurrent instability 
with more than two episodes of recorded dislocation, implant 
loosening or wear requiring revision arthroplasty, or infection 
resulting in two-stage exchange arthroplasty. Other complica-
tions were also recorded.

2.4. Functional evaluation
The data for the functional evaluation were obtained at the last 
visit. We used Knee Society Score (KSS),13,14 Knee Society Score-
Function (KSS-F),13,14 and the Western Ontario and McMaster 
Universities Arthritis Index (WOMAC)15 to evaluate knee func-
tion in the TKA group. We used Harris Hip Score (HHS) to eval-
uate hip function in the THA group.

2.5. Data analysis
Kaplan-Meier survival analysis was used to determine implant 
and patient survival. Our primary endpoint was implant fail-
ure because of aseptic loosening, infection, or instability that 
required additional surgery. The endpoint for patient survival 
was any-cause mortality following total joint arthroplasty. SPSS 
20.0 (SPSS Inc., Chicago, IL, USA) was used for all analyses.

3. RESULTS

3.1. Total knee arthroplasty
The 49 preexclusion patients (57 TKA surgeries) included two 
in-hospital mortality cases and two patients died within 24 
months after surgery. The calculated overall in-hospital mor-
tality rate was 3.5% (2/57). Causes of the two in-hospital mor-
tality cases were pneumonia and subdural effusion after a fall 
during hospitalization. The other deaths included a patient with 

Table 1

Patient demographics

 TKA THA

Patient number/surgery 34/39 27/31
Gender  
  Male 13 (33.3%) 7 (22.6%)
  Female 26 (66.7%) 24 (77.4%)
Mean age at operation (range) 68.8 ± 9.0 (51–90) 62.3 ± 16.7 (28–83)
Comorbidity  
  HTN 51.3% 29%
  DM 30.8% 12.9%
  CAD 10.3% 19.4%
  Cancer 15.4% 6.5%
  Stroke 10.3% 0%
  SLE 0% 19.4%
  HBV, HCV 5.1% 9.7%
  Other heart diseasea 5.1% 19.4%
  Thyroid disease 7.7% 0%
Mean f/u time (range) 55.9 ± 28.3 months (24–128) 55.8 ± 23.4 (24–98)

aOther heart disease includes atrial fibrillation, heart failure, and valvular heart disease. 
CAD = coronary artery disease; DM = diabetes mellitus; HBV = hepatitis B; HCV = hepatitis C; 
HTN = hypertension; SLE = systemic lupus erythematosus.

Table 2

Complications for total knee arthroplasty

Patient no. Age Gender Comorbidity Complication Time to complication (months) Implant failure Management

4 51 F Type I DM Persistent dislocation 2 Yes Close reduction twice, unsuccessful
8 74 F CAD, stroke Instability 1 Yes Casting
25 74 M Prostate CA, gout Infection 20 No Open arthrotomy and oral antibiotics for 8 weeks

CAD = coronary artery disease; DM = diabetes mellitus; Prostate CA = prostate cancer.
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an arterio-venous fistula infection 4 months after surgery and 
a patient who developed pneumonia 20 months after surgery.

There were three cases of surgical complications (overall com-
plication rate: 7.7%), which include a patient with persistent 
dislocation who remained wheelchair-bound, a patient with 
instability requiring casting, and a patient with periprosthetic 
joint infection requiring open arthrotomy at postoperative 20 
months. The summary is shown in Table 2. The first two cases 
were regarded as implant failures (overall implant failure rate: 
5.1%). The third patient received 8 more weeks of oral antibiot-
ics and no further surgery was needed. He was followed for a 
total of 74 months with a final KSS of 95. The implant survival 
mean was 120.8 ± 5.0 months, while the implant survival rates 
for the first and fifth years were 94.3% and 94.3%, respectively. 
The mean patient survival time was 91.3 ± 9.1 months. The 
patient survival rates in the first, second, and fifth years were 
90.3%, 87.5%, and 69.7%, respectively. The survival curve is 
shown in Figure 1.

The mean KSS score was 84.0 ± 20.7 (range: 0–95), the mean 
KSS-F was 56.3 ± 35.1 (range: 0–90), and the mean WOMAC 
score was 78.4 ± 20.7 (range: 15.9–96).

3.2. Total hip arthroplasty
The overall in-hospital mortality rate was 0%. There were four 
cases of complications (overall complication rate: 12.9%). One 
patient developed periprosthetic joint infection and underwent 
debridement surgery followed by implant resection at 24 months 
and revision arthroplasty at 28 months after the initial opera-
tion. The patient was followed for a total of 94 months, and had 
a good HHS score on the final visit. Two patients had recurrent 
dislocations, with the first episode occurring at postoperative 1 
and 37 months, respectively. The other patient whose intraop-
erative wound culture yielded positive bacterial growth under-
went oral antibiotic treatment for 6 months, and no further 

debridement surgery or revision arthroplasty was needed. She 
was followed up for 35 months with an excellent HHS score on 
the final visit. The summary is shown in Table 3. The first three 
cases were regarded as implant failures (overall implant failure 
rate: 9.7%). The implant survival mean was 89.9 ± 4.5 months, 
while the implant survival rates in the first, second, and fifth 
years were 96.8%, 93.5%, and 89.3%, respectively. The mean 
patient survival time was 79.8 ± 5.5 months and the median 
patient survival was 94.0 ± 7.8 months. The patient survival 
rates in the first, second, and fifth years were 100%, 96.8%, 
and 67%, respectively. The survival curve is shown in Figure 2.

The mean HHS score was 81.1 ± 23.9 (range: 22.5–98), with 
70.6% of the patients having a good to excellent result.

4. DISCUSSION
Our study focused on mid-term implant survival, patient sur-
vival, and functional outcome. Our mean follow-up time 
exceeded 4 years for both groups. The mean age at TKA and 
THA was 68.8 and 62.3 years, respectively, which is compara-
ble to that in prior literature.7 Kaplan-Meier survival analysis 
showed a high implant survival rate, while the mortality rate 
was high. The general functional results were satisfactory, 
despite some complications.

Ponnusamy et al. found a higher in-hospital mortality rate in 
dialysis-dependent patients undergoing primary TKA and THA, 
with rates of 0.92% and 1.88%, respectively. The overall com-
plication rates were also higher, with 12.48% and 9.98% for 
TKA and THA, respectively.7 The registry study conducted by 
Miric et al. concluded that patients with chronic renal disease 
undergoing primary TKA and THA surgeries had significantly 
higher incidence of deep and superficial surgical site infec-
tion, higher rate of 90-day and any-time mortality, and 90-day 
readmission rate, compared with non-chronic renal disease 
patients.6 In our study, there were two in-hospital mortality 
cases in the TKA group (3.5%) and none in the THA group. 
The rate is high but could be biased by our relatively small 
sample size. Our TKA group included three complications. One 
patient developed dislocation at postoperative two months and 
remained dislocated after two episodes of close reduction, being 
wheelchair bound since. The patient was a case of old septic 
arthritis with substantial bone loss over the lateral posterior 
femoral condyle. No evidence of active infection was noted 
during the operation; however, the bone loss may have misled 
the surgeon in determining femur rotation, resulting in a large 
mid-flexion gap. This complication could be mostly attributed 
to poor surgical technique. The preoperative and postoperative 
plain film of this patient is shown in Figure 3. The other patient 
developed instability at 1 month after the operation requiring 
casting with poor final functional outcome. Instability is not a 
commonly discussed complication after TKA in the comparison 
of dialysis and nondialysis patients. We suspect this could be 
due to generalized muscle atrophy, functional decline, and poor 
surgical technique. These two complications were categorized 
as implant failure owing to a lack of function and persistent 
pain. McCleery et al.8 stated that renal failure is an independ-
ent risk factor for early infection and that renal dialysis is an 

Table 3

Complications for total hip arthroplasty

Patient no. Age Gender Comorbidity Complication Time to complication (month) Implant failure Management

7 28 M HTN, MPGN Infection 24 Yes Total joint resection at 24 months, 
revision at 28 months

12 78 M HTN, CAD Recurrent dislocation 1 (first episode) Yes Close reduction
17 65 F HTN Recurrent dislocation 37 (first episode) Yes Close reduction
26 56 F SLE, HCV, Af Infection 1 No Oral antibiotics for 6 months

Af = atrial fibrillation; HCV = hepatitis C; HTN = hypertension; MPGN = membranoproliferative glomerulonephritis; SLE = systemic lupus erythematosus.

Fig. 1  Patient survival and implant survival in total knee arthroplasty.
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independent risk factor for early revision. In our study, there 
was one case of late infection and no cases that required revi-
sion surgery.

Our THA group included four complications, including two 
cases of infection, one resulting in joint resection and revision 
arthroplasty (overall infection rate: 6.5%, revision rate: 3.3%), 
two cases of recurrent dislocation (overall dislocation rate: 
6.5%), and no case of aseptic loosening. In our study group, 
cementless THA was routinely used. Traditionally, cemented 
THA is more advocated in dialysis-dependent patients owing 
to considerations for the poor bone quality. However, past lit-
erature has shown conflicting results, with high loosening rates 
for cemented implants.16–18 In contrast, more recent series with 
relatively shorter follow-up time have reported good outcomes 
with cementless THA.19,20 At present, it may not be possible to 
draw a conclusion as to which fixation method is more suit-
able for this patient group. Nevertheless, no implant loosen-
ing was observed in our retrospective series. Lieu et al.10 found 
a revision rate of 2.6% at 12 months and 16.3% over the 
study period, and a dislocation rate of 6.5% for hemodialy-
sis patients after THA. Our dislocation rate was comparable, 
while our revision rate was lower. According to past literature, 
TKA and THA are associated with an increased risk of deep 
infection, early revision, and mortality. In our experience, the 
cases of deep infection have been successfully managed with 
antibiotics and surgery.

We examined the patient survival curve and implant sur-
vival curve. In the TKA group, 28.2% patients expired dur-
ing the course of follow up. All implant failure cases occurred 
within the first year postoperatively, resulting in a high implant 
survival rate. In the THA group, 32.3% patients expired dur-
ing the course of follow up. The implant survival rates in the 
first, second, and fifth years were 96.8%, 93.5%, and 89.3%, 
respectively, showing a consistent decline, but still remained 
relatively high. Causes of late complications requiring revi-
sion surgery such as implant wear and loosening were not 
observed during follow up. It is arguable that these complica-
tions may take longer to develop. However, the low physical 
demand of dialysis-dependent patients may also contribute to 
the low-implant wear rate. Moreover, poor bone quality asso-
ciated with dialysis-dependent patients did not translate into 
increased implant loosening. Nevertheless, late infections can 
pose a threat to implant survival, and should be managed with 
extra caution.

In a series of 15 TKA surgeries, Lizaur-Utrilla et al. reported 
a KSS score of 87.9, KSS-F of 81.3, and WOMAC of 78.4,5 
while Chen et al. reported a KSS score of 79 and KSS-F of 81 

in a series of 18 TKA surgeries.9 Our KSS and WOMAC results 
were comparable; however, the KSS-F score (mean: 56.3) was 
significantly lower. In a review article, Lieu et al.10 reported 
an HHS of 65.6 after the THA surgery, with 45.9% of the 
patients receiving a good to excellent result. Our average HHS 
score was higher, with a greater percentage of patients receiv-
ing a good or excellent result. The majority of our patients 
do benefit from the operation in terms of functional improve-
ment and pain relief. However, the KSS-F in our TKA patients 

Fig. 3  This is a 51-year-old female patient with history of old septic arthritis 
of the right knee. A, Preoperative AP and lateral plain film shows severe bone 
loss over the lateral condyle; B, Postoperative plain film; C, Postoperative 
3-month plain film shows persistent dislocation of the joint.

Fig. 2  Patient survival and implant survival in total hip arthroplasty.
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was significantly lower than in the aforementioned studies. 
Moreover, three patients in the THA group had a poor HHS 
score.

Upon reviewing the questionnaire, we found nine patients 
who scored 40 or less in the KSS-F section. Six patients had no 
or minimal pain after the operation and could ambulate, but 
were household-bound due to general health conditions, thus 
resulting in a low score. The other three patients had moder-
ate to severe pain and could not ambulate at all. One of these 
was the patient with persistent dislocation who we mentioned 
earlier. The other two patients had a history of coronary artery 
disease and stroke and had poor ambulatory function. As this 
particular group of patients had high comorbidity rates and 
low physical demand, a low KSS-F score may not necessarily 
translate to a low satisfaction rate for surgery or quality of 
life.

The strength of our study lies in the larger case number com-
pared to that in past series and longer mean follow-up times. 
Moreover, we were the first to tentatively provide a survival 
curve for this patient group. However, this was a retrospec-
tive study. Although we included all patients in our hospital 
matching these criteria, those who were lost to follow up 
within 2 years were excluded, which could bias our results. 
In addition, we did not have preoperative functional scores, 
hindering us from providing data on the relative improvement 
after surgery. Fortunately, most of our patient demographics 
and study results were comparable to those of past literature. 
Future studies with larger case numbers and longer follow-up 
times are needed to better understand the long-term functional 
outcomes, quality of life, and complications in this challenging 
patient group.

In conclusion, we present our case series of dialysis-dependent  
patients undergoing primary TKA and THA surgery. The com-
plications encountered in TKA were persistent dislocation, insta-
bility, and infection; those in the THA group included recurrent 
dislocation and infection. The infection cases were successfully 
managed with antibiotics and surgery. There were no cases of 
loosening or severe implant wear. The implant survival rate 
was high in both groups and the functional results were gener-
ally good. Considering the relatively low physical demand and 
high mortality rate, we believe that total joint arthroplasty can 
achieve satisfactory mid-term results with manageable com-
plications and low-implant failure rates in dialysis-dependent 
patients.
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