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INTRODUCTION Hip fractures in patients with end-stage renal disease (ESRD) are associated with frequent
complications and poorer outcomes. Patients on chronic dialysis are at additional risk of dialysis-related complications
such as myocardial infarction and early osteolysis. We analysed the complications and implant survivorship of
hemiarthroplasty in patients with femoral neck fractures with late-stage chronic kidney disease with and without preexisting dialysis.
METHODS We conducted a retrospective case-control study of 28 patients with ESRD and 31 patients with chronic kidney
disease (CKD) Stages 3–5, who had a total of 62 fractures treated with hemiarthroplasty between 2005 and 2015. The
mean age of the patients was 68.33 (50.21–86.45) years. The mean follow-up time of the group was 39 months. Patient
demographics, complications, outcomes and follow-up radiographs were analysed for differences.
RESULTS Patient in both groups had statistically similar demographics and comorbidity scores except for a higher
incidence of hyperparathyroidism in ESRD patients on chronic dialysis (nine patients vs. zero patients; p = 0.001). These
patients were more likely to develop cardiopulmonary complications in the perioperative period (odds ratio [OR] 5.04;
p = 0.04) and implant loosening on radiographic analysis (OR 8.75; p = 0.02). The incidence of loosening was higher in
patients with hyperparathyroidism (OR 9.80; p = 0.002). Cemented techniques, however, did not appear to be significantly
associated with intraoperative fractures or loosening.
CONCLUSION Patients with ESRD on chronic dialysis were more likely to develop cardiopulmonary complications and
implant loosening after hemiarthroplasty for femoral neck fractures. Hyperparathyroidism should be optimised, as it may
prevent loosening. Our study did not show any difference in complications or outcomes for cemented fixation.
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INTRODUCTION
Chronic kidney disease (CKD), including end-stage renal disease
(ESRD), affects about 5% of the population and is increasing
in incidence.(1) Compared to the general population, subjects
with ESRD often develop bone mineral disorders and have a
higher risk of hip fractures.(2) Mortality rates after hip fractures
for patients on haemodialysis have been reported to be as high
as 30% and 64%,(3-5) and are often associated with perioperative
complications.
Arthroplasty has been recommended by several authors
as the surgical treatment of choice for femoral neck fractures
given the high risk of failure of internal fixation.(6,7) The current
literature regarding outcomes of hemiarthroplasty or total
hip arthroplasty in patients with chronic renal failure shows
contrasting results, with most of the studies involving a small
number of subjects.(6,8,9) Prior studies have also reported an
increase in medical complications after fixation of hip fractures
in ESRD patients, including pneumonia, acute renal failure,
stroke and cardiopulmonary complications.(10) The number of
surgical complications, such as deep vein thrombosis, deep
wound infections, mortality, loosening and dislocations are
also increased in patients with CKD(11,12) and patients with ESRD
undergoing dialysis.(13,14)

Trauma, anaesthetic drugs and dialysis may produce
significant strain for patients who present with hip fracture.
Long-term dialysis may also result in β2-microglobulin amyloid
deposition in and around joints, predisposing patients to potential
early osteolysis.(15,16) The purpose of this study was to analyse
the effects of dialysis, cementing and hyperparathyroidism
on postoperative complications in patients undergoing hip
hemiarthroplasties for femoral neck fractures.

METHODS
Appropriate ethical approval was obtained from our
institution’s review board before the study was conducted.
We searched our institution’s computerised database for all
arthroplasties performed for hip fracture patients between 2005
and 2015. The inclusion criteria were estimated glomerular
filtration rate (eGFR) < 60 mL/min/1.73 m² for patients with
late-stage CKD (Stage 3–5); and eGFR < 15 mL/min/1.73 m² or
initiated renal replacement therapy for patients with ESRD. All
patients were managed preoperatively and postoperatively by
a nephrology team to optimise their medical condition before
and after surgery.
A total of 2,796 hip arthroplasties for femoral neck fractures
were performed during this period; among these, 35 patients
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were haemodialysis dependent. After excluding seven patients
with revision surgeries, we identified 28 patients with 31 hip
hemiarthroplasties for the ESRD dialysis group. 31 patients with
CKD Stages 3–5 who were not on dialysis, matched by gender,
ethnicity and mean age, made up the control group.
Clinical records and serial radiographs of all included patients
were evaluated for loosening(17,18) by the two senior authors.
Anteroposterior radiographs of both hips were taken routinely on
an annual basis or when clinically symptomatic, as indicated. For
patients who had died, the last available radiograph was used in
the analysis. The position of the femoral component was assessed
by utilising reference points on the tip of the greater trochanter
and the prosthesis. Subsidence was present when the femoral
component was adjudged to have migrated more than 3 mm
or when more than 5° of varus/valgus displacement was noted.
Radiographic endpoints included cemented implants with definite
signs of cement loosening, uncemented stems that were classified
as having unstable fibrous ingrowth, and displaced implants
requiring revision surgery for any reason other than infection.
Statistical analysis was performed using IBM SPSS Statistics
version 20.0 (IBM Corp, Armonk, NY, USA). Univariate analysis
of proportions between two categorical variables was performed
with chi-square test. Data from two independent samples was
compared using t-test. The generalised linear mixed model
(GLMM) procedure was used to fit statistical models for dependent
samples. We used odds ratio (OR) measures obtained from
the GLMM and assumption of normality about error. The Cox
proportional-hazards model and Kaplan-Meier models were used
to analyse survival data. Cumulative survival rates for the two
groups were compared using the log-rank test. A p-value < 0.05
was considered significant.

RESULTS
The demographic profiles, renal function and dialysis profile of
both groups of patients are shown in Table I. The mean age of
the patients was 68.33 (50.21–86.45) years. All patients were
ambulant prior to surgery. The CKD/ESRD patients on dialysis
were of a similar age as the control group (67.68 years vs.
67.97 years; p = 0.913). The average body mass index of the
CKD/ESRD patients on dialysis was 25.3 ± 4.2 kg/m2 compared
to 22.6 ± 4.9 kg/m2 in the control group. The mean follow-up
time of the cohort was 39 months.
The difference in the incidence of diabetes mellitus,
hypertension, hyperlipidaemia, ischaemic heart disease,
previous cerebrovascular accidents, autoimmune pathologies
and corticosteroid usage between both groups was not
statistically significant. Patient demographics, site of surgery,
Charlson Comorbidity Index and Charlson Age Comorbidity
Index were also not significantly different between the two
groups. However, dialysis patients with CKD/ESRD had a
higher incidence of hyperparathyroidism (nine patients vs. zero
patients; p = 0.001).
Patients in the control group had a higher mean creatinine
clearance (21.2 ± 11.1 mL/min vs. 7.6 ± 2.1 mL/min; p < 0.001)
and a lower mean stage of CKD (4.0 ± 0.6 vs. 5.0 ± 0.0; p < 0.001)
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Table I. Patient demographics and comorbidities.
Variable

No./mean ± SD
Control
group

Dialysis
group

No. of patients

31

28

No. of hips

31

31

Gender

p‑value

–

Male

13

13

Female

18

18

Ethnicity

–

Chinese

25

25

Malay

2

2

Indian

4

4

Age at index
operation (yr)

67.97 ± 9.93

67.68 ± 10.99 0.913

BMI (kg/m2)

22.6 ± 4.9

25.3 ± 4.2

Site of surgery

0.104
0.445

Right

18

15

Left

13

16

Diabetes mellitus

22

23

0.776

Hypertension

29

31

0.151

Hyperlipidaemia

27

30

0.162

Ischaemic heart disease

26

28

0.449

Cerebrovascular
accident

8

11

0.409

Hyperparathyroidism

0

9

0.001*

Autoimmune
pathologies

1

5

0.086

Corticosteroid use

0

1

0.313

Charlson Comorbidity
Index

5.1

5.6

0.157

Charlson Age
Comorbidity Index

7.9

7.9

0.944

Creatinine
clearance (mL/min)

21.2 ± 11.1

7.6 ± 2.1

< 0.001*

CKD stage

4.0 ± 0.6

5.0 ± 0.0

< 0.001*

20.1 ± 26.3

49.3 ± 44.4

0.005*

Cemented

13

10

Uncemented

18

21

Comorbidity

Comorbidity score

Renal function

Duration of dialysis
before/after index
operation (mth)
Index operation

0.430

*p < 0.05 is considered statistically significant. BMI: body mass index; CKD: chronic
kidney disease; ESRD: end‑stage renal disease; SD: standard deviation

compared to CKD/ESRD patients on dialysis. The mean duration
of dialysis prior to surgery for CKD/ESRD dialysis patients was 49.3
± 44.4 months. The majority of the patients in the control group
eventually required dialysis at an average of 20.1 ± 26.3 months
postoperatively.
The majority of patients developed CKD/ESRD as a result of
diabetes mellitus (n = 41) or hypertension (n = 15). A small number
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of patients (n = 6) developed ESRD requiring dialysis due to other
causes: three from immunoglobulin A nephropathy, one from
chronic glomerulonephritis, one from Alport syndrome and one from
gout (not shown). 13 patients in the control group and ten patients
in the CKD/ESRD dialysis group had cemented hemiarthroplasties,
while 18 patients in the control group and 21 patients in the
CKD/ESRD dialysis group had uncemented hemiarthroplasties. The
difference between cemented and uncemented techniques was not
statistically significant (p = 0.430; Table I).
Perioperative complications in both groups are detailed in
Table II. Differences in the incidence of intraoperative fractures,
superficial and deep prosthetic joint infections, dislocations,
and nerve injuries between the groups were not statistically
significant. The dialysis group had a lower incidence of renalrelated complications such as fluid overload and electrolyte
abnormalities (OR 0.52 [0.37–0.73]; p < 0.001). However, it had a
significantly higher incidence of cardiopulmonary complications

(OR 5.04 [0.98–26.10]; p = 0.04). The control group had one
patient with DVT and 11 patients who developed pneumonia,
urinary tract infections or sepsis. The difference between both
groups for DVT and infections from other sources was not
statistically significant (p = 0.31 and 0.79, respectively). The
dialysis group had a higher incidence of radiographic evidence
of loosening (OR 8.75 [1.01–76.10]; p = 0.02), but only one of
the patients underwent revision surgery for loosening associated
with periprosthetic infection. Three of the patients in the control
group underwent revision surgery for prosthetic infection and
periprosthetic fracture. There were 11 deaths in the control group
and seven in the dialysis group within 12 months postoperatively.
The average length of hospital stay was 25.7 ± 27.6 days in the
control group, as compared to 28.1 ± 21.1 days in CKD/ESRD
dialysis patients (p = 0.71).
Cemented and cementless techniques were not associated
with intraoperative fractures or loosening (Table III). Two out of

Table II. Relationship between dialysis and perioperative complications.
Parameter

No./mean ± SD

OR (95% CI)

p‑value

4

2.15 (0.36–12.70)

0.39

2

0.47 (0.08–2.75)

0.39

2

2

1.00 (0.13–7.59)

1.00

1

1

1.00 (0.06–16.70)

1.00

0

1

1.03 (0.97–1.10)

0.31

Deep vein thrombosis

1

0

0.97 (0.91–1.03)

0.31

Pneumonia/UTI/sepsis

11

10

0.87 (0.30–2.48)

0.79

Cardiopulmonary complication

2

8

5.04 (0.98–26.10)

0.04*

Renal‑related complication

15

0

0.52 (0.37–0.73)

< 0.001*

Radiographic loosening

1

7

8.75 (1.01–76.10)

0.02*

Reoperation/revision

3

1

0.31 (0.03–3.17)

0.30

SICU stay/intubation

2

3

1.55 (0.24–10.00)

0.64

12‑mth mortality

11

7

0.53 (0.17–1.62)

0.26

Length of hospital stay (day)

25.7 ± 27.6

28.1 ± 21.1

–

0.71

Control group

Dialysis group

Intraoperative fracture

2

Superficial skin infection

4

Prosthetic joint infection
Dislocation
Iatrogenic nerve injury

Surgical

Medical

Long‑term complication

*p < 0.05 is considered statistically significant. CI: confidence interval; CKD: chronic kidney disease; OR: odds ratio; SD: standard deviation; SICU: surgical intensive
care unit; UTI: urinary tract infection

Table III. Relationship between cementing and postoperative complications.
Parameter

No./total

OR (95% CI)

p-value

Cemented

Uncemented

Intraoperative fracture

2/21

4/35

1.20 (0.20–7.12)

0.841

Radiographic loosening

2/21

6/33

1.90 (0.35–10.4)

0.448

Intraoperative fracture

1/12

1/17

0.71 (0.04–12.4)

0.812

Radiographic loosening

0/13

1/17

1.06 (0.95–1.18)

0.391

Intraoperative fracture

1/9

3/18

1.50 (0.14–16.5)

0.739

Radiographic loosening

2/8

5/16

1.25 (0.20–7.92)

0.813

All patients

Control group

Dialysis group

CI: confidence interval; OR: odds ratio
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21 cemented hips and four out of 35 uncemented hips developed
intraoperative fractures (p = 0.841). Two out of 21 cemented hips,
and six out of 33 uncemented hips developed radiographic evidence
of loosening (p = 0.448). In a subgroup analysis, among the control
group, one out of 12 patients with cemented hemiarthroplasty
and one out of 17 patients with uncemented hemiarthroplasty
developed intraoperative fracture (p = 0.812). In the control group,
one out of 17 patients with uncemented hemiarthroplasty and
none of the patients with cemented hemiarthroplasty experienced
loosening (p = 0.391). In the ESRD dialysis group, one out of nine
patients in the cemented group and three out of 18 patients in
the uncemented group had intraoperative fractures (p = 0.739).
Two out of eight patients in the cemented hemiarthroplasty group
developed radiographic loosening, while five out of 16 developed
loosening in the uncemented hemiarthroplasty group (p = 0.813).
All patients with hyperparathyroidism had serum parathyroid
levels > 10 pmol/L and had their calcium and phosphate
levels managed by renal physicians using dialysis, calcium
supplements or lanthanum carbonate. Three patients were
on cinacalcet treatment and none of the patients were on
Table IV. Relationship between hyperparathyroidism (HPT) and
postoperative complications.
Parameter

No./total

OR (95% CI)

p‑value

4/49

3.50 (0.54–22.8)

0.169

4/5

4/49

9.80 (1.86–51.7)

0.002*

Intraoperative
fracture

2/7

3/20

2.86 (0.34–24.3)

0.322

Radiographic
loosening

4/5

3/19

5.07 (0.84–30.4)

0.063

Intraoperative
fracture

1/9

3/18

1.50 (0.14–16.5)

0.739

Radiographic
loosening

2/8

5/16

1.25 (0.20–7.92)

0.813

HPT

No HPT

Intraoperative
fracture

2/7

Radiographic
loosening

All patients

Control group

Dialysis group

*p < 0.05 is considered statistically significant. CI: confidence interval;
ESRD: end‑stage renal disease; OR: odds ratio

bisphosphonate therapy or had undergone parathyroidectomy
at the time of surgery. Hyperparathyroidism was not associated
with intraoperative fractures (p = 0.169), but was associated
with increased rates of radiographic loosening when compared
among all patients (OR 9.80; p = 0.002). Among 31 CKD/ESRD
patients who were not undergoing dialysis, four patients with
hyperparathyroidism and three without hyperparathyroidism
developed loosening. The odds ratio of loosening in control
patients with hyperparathyroidism was 5.07 (p = 0.063; Table IV).
All patients with intraoperative fractures had Dorr Type C
femurs.(19) The details of patients with intraoperative fractures
are shown in Table V. Two fractures occurred at the greater
trochanter and four at the lesser trochanter. Fractures were
fixed using trochanteric plates, long stem implants or cerclage
wiring. Only one intraoperative fracture progressed to prosthetic
loosening at 30 months.
The details of patients with prosthetic loosening are shown
in Table VI. Among the eight patients who had migrated
protheses, the average time to loosening of the hip prosthesis was
31.6 months. Half of the patients had hyperparathyroidism and
three-quarters had uncemented hip bipolar hemiarthroplasties.
Only one patient underwent revision total hip replacement, while
the others were asymptomatic or had significant comorbidities
and were conservatively managed.
Cumulative survival with death as an endpoint at one year was
77.4% (confidence interval [CI] 65%–93%) and 64.5% (CI 64%–
112%) in the preoperatively dialysed patients and control group,
respectively. The relative risk of 12-month mortality in the dialysis
group was 0.55 (CI 0.17–1.77; p = 0.31). Cumulative survival with
death as an endpoint at five years was 42.3% (CI 41%–88%) and
45.2% (CI 38%–68%) in the preoperatively dialysed patients and
the control group patients, respectively (p = 0.24). Cumulative
survival with migration as an endpoint at five years was 62.4%
(CI 14%–141%) and 87.5% (CI 49%–97%) among the surviving
patients who were preoperatively dialysed and those in the control
group, respectively (p = 0.04).

DISCUSSION
Patients with ESRD are a challenging group, as they have
higher postoperative morbidity and mortality after surgery
for hip fractures.(3-5) The increased risk of complications and
mortality may be due to the ESRD, complications of dialysis,

Table V. Details of patients from both groups with intraoperative fractures.
No.

Gender, age at
surgery (yr)

Duration of
dialysis (mth)

Dorr
type

Cementation

HPT Type of fracture

Treatment

Loosening

1

Male, 66

–

C

Cemented

No

Greater trochanter

Trochanteric plate and
cerclage wiring

No

2

Male, 63

–

C

Cemented

No

Lesser trochanter

Cerclage wiring

No

3

Female, 53

60

C

Uncemented

Yes

Lesser trochanter

Cerclage wiring

No

4

Female, 72

76

C

Uncemented

Yes

Greater trochanter

Long stem implant and
cerclage wiring

No

5

Female, 52

82

C

Uncemented

No

Lesser trochanter

Cerclage wiring

No

6

Male, 50

1

C

Uncemented

No

Lesser trochanter

Cerclage wiring

Yes, in 30 mth

HPT: hyperparathyroidism; NA: not applicable
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Table VI. Details of migrated prostheses in patients from both groups.
No.

Gender, age at
surgery (yr)

Duration of
dialysis (mth)

HPT

Cementation

Time to
migration (mth)

Treatment

1

Female, 67

–

No

Uncemented

24

1‑stage revision THR

2

Male, 53

42

No

Cemented

1

Conservatively managed

3

Female, 62

140

Yes (> 220 pmol/L)

Cemented

36

Conservatively managed

4

Female, 62

140

Yes (> 220 pmol/L)

Uncemented

36

Conservatively managed

5

Female, 54

16

No

Uncemented

72

Conservatively managed

6

Male, 50

1

No

Uncemented

30

Bedbound due to other comorbidities

7

Female, 55

77

Yes (> 220 pmol/L)

Uncemented

30

Conservatively managed

8

Male, 53

175

Yes (52.3 pmol/L)

Uncemented

24

Wheelchair‑bound due to other
comorbidities

HPT: hyperparathyroidism; THR: total hip replacement

fluid and electrolyte imbalances, and pre-existing cardiovascular
occlusions. Despite the high risk of complications, arthroplasty
of femoral neck fractures is recommended in displaced femoral
neck fractures in lieu of the greater complications associated with
conservative management.(20,21)
We aimed to assess the clinical outcomes of surgically
treated hip fractures in patients undergoing chronic dialysis
by comparing them against patients with similar renal and
cardiovascular function who were not undergoing dialysis. Our
study showed that the patients undergoing dialysis had decreased
odds of renal-related complications. This suggests that patients
on chronic dialysis were better able to control their fluid and
electrolyte balances by calibration of dialysis ultrafiltrate prior
to and after their operation. Patients with ESRD who were not on
dialysis were, however, less able to regulate their renal function
perioperatively and should be considered for initiation of early
dialysis to prevent such complications.
The patients undergoing chronic dialysis had increased odds
of cardiopulmonary complications, including acute pulmonary
oedema, myocardial infarctions and malignant arrhythmias. The
results are similar to other studies(22) and may be due to blood
pressure and electrolyte fluctuations during the post-traumatic
phase, the anaesthetic drugs, and the dialysis itself.
The odds of radiographic loosening of the implants was
significantly higher in the dialysis group, with a significantly lower
five-year cumulative prosthesis survival rate among surviving
patients. Our results show better outcomes compared to previous
studies by Blacha et al(23) in which the cumulative survival for
prosthesis migration was 44% (of 26 bipolar hemiarthroplasties)
at five years, and Toomey and Toomey,(24) in which eight out of
15 cemented stems migrated with a mean time-to-failure of eight
years. The increased incidence of β2-microglobulin amyloidosis
in chronic dialysis patients(15,16) has been suggested as one of
the causes of loosening.(25) This, coupled with the increased
incidence of hypotension and hyperparathyroidism, may result
in metabolic bone disorders and decreased mineralisation. In
the present study, four patients underwent parathyroidectomy
and all patients had their calcium and phosphate levels closely
monitored by renal physicians, which may have explained the
slightly better cumulative prosthesis survival rate.

Parathyroid hormone (PTH) consists of a chain of 84 amino
acids and is a major regulator of bone metabolism and calcium
homeostasis, acting on bone, the kidneys and the gastrointestinal
tract via a negative feedback loop.(26,27) It has both catabolic and
anabolic effects on bone, resulting in what is known as the PTH
paradox; continuous infusions of PTH result in bony resorption
and a net catabolic effect, while intermittent exposure can lead
to dramatic increases in bone regeneration and bone volume.(28,29)
Implant osseointegration is a complex process that involves
not just osteogenesis but osteoinduction, osteoconduction and
remodelling of the bone to provide both osseointegration and
mechanical fixation.(26,30-32) Patients with ESRD encounter multiple
barriers to osseointegration, including imbalances in calcium and
phosphate homeostasis, vitamin D deficiencies, malnutrition, and
limitations in mobility, leading to reduced stress loading required
for bone remodelling. While vitamin D has been shown to lower
PTH levels and improve implant fixation in animal models,(33-36)
the direct effect of PTH on osseointegration in CKD/ESRD patients
has not been well evaluated previously and requires further study.
While the incidence of loosening appears to be higher in
patients with CKD/ESRD on dialysis, the usage of cemented
hemiarthroplasties does not appear to reduce the risk of
loosening. This may be likely due to selection bias, as patients
with poorer bone quality and metabolic bone diseases are more
likely to undergo cemented hemiarthroplasty. This may account
for the slightly increased number of intraoperative fractures in
the cemented group. Hyperparathyroidism is associated with
increased odds of developing radiographic loosening. Medical
management of hyperparathyroidism appears inadequate, and
we recommend optimising hyperparathyroidism management
surgically in the same setting if possible to reduce the risk of
loosening.
We acknowledge a few limitations to our study. Its
retrospective nature and small numbers do not permit firm
conclusions, and larger, prospective, long-term studies are
warranted. However the inherently small numbers of this group
of patients with limited life expectancy restrict the conduct of
large-scale, prospective, long-term studies. Furthermore, the
surgeries were performed by multiple surgeons with different
surgical techniques and implants, as well as varying postoperative
407
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rehabilitation protocols. The lack of uniformity may skew results
but allows for generalisation to a heterogeneous population.
In conclusion, ESRD patients on chronic dialysis and CKD/
ESRD patients without dialysis who undergo hemiarthroplasty
for femoral neck fractures are associated with a high risk of
complications and mortality. These patients require closer
monitoring of their cardiopulmonary and renal function,
respectively, as there appears to be a greater incidence of these
complications. Patients on chronic dialysis appear to have an
increased incidence of implant loosening and should receive
extended follow-up for radiological assessment of their implants.
Cemented or uncemented hemiarthroplasties do not appear to
decrease the rates of loosening. We recommend optimising
hyperparathyroidism management surgically to reduce the risk
of loosening.
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