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Background and purpose: Salvage hip arthroplasty (SHA) in patients presenting with
failed internal fixation after intertrochanteric fracture (FIF-ITFx) is a difficult procedure, and
the incidence of perioperative mortality and complications following SHA are high. To our
knowledge, no information related to the correlation between perioperative surgical factors
and post-SHA perioperative complications in these patients has been demonstrated. This study
aimed to identify the predictive factors for post-SHA perioperative complications in patients
with FIF-ITFx.

Materials and methods: A total of 32 patients with FIF-ITFx who underwent SHA between
2010 and 2017 were retrospectively reviewed. All patients had been followed for 1 year post-
operatively. Perioperative data and complication details related to fracture and treatment were
collected. Predictive factors for post-SHA perioperative complications were analyzed via logistic
regression analysis.

Results: Two (6%) patients died after SHA during the admission period. Perioperative com-
plications were found in 16 (50%) patients, including surgical (n=3, 9%) and medical (n=15,
47%) complications, respectively. By univariate analysis, age (P=0.043), American Society
of Anesthesiologist (ASA) grade 4 (P=0.016), Charlson Comorbidity Index (CCI; P=0.014),
lymphocyte cell count (P=0.064), and serum albumin level (P=0.146) were correlated with the
perioperative complications. However, multivariate regression analysis showed that CCI was
the only significant independent predictor for post-SHA perioperative complications in these
patients (OR=1.87; 95% CI, 1.14-2.07, P=0.014).

Conclusion: Our study showed that post-SHA perioperative complications in patients with
FIF-ITFx are very common and predictable with a simple preoperative factor CCIL. Therefore,
special perioperative attention must be paid to patients with FIF-ITFx undergoing SHA and
having multiple severe comorbid diseases or high CCI.

Keywords: salvage hip arthroplasty, failed internal fixation, intertrochanteric fracture, osteo-
porosis, perioperative complication, Charlson Comorbidity Index

Introduction

Failed internal fixation after intertrochanteric fracture (FIF-ITFx) is a serious compli-
cation following hip fracture surgery and remains a challenging problem for fragility
fracture treatment. The incidence of FIF-ITFx varies from 3% to 23%' and is mainly
caused by nonunion, cutout of the implant, and avascular necrosis (AVN) of the femoral
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head.' Therefore, surgical intervention, such as salvage hip
arthroplasty (SHA), is usually required for patients with
FIF-ITFx to achieve pain-free hip motion and improve the
functional outcome.** However, in general, SHA in FIF-ITFx
is technically demanding and more complicated than primary
hip replacement’¢ due to distorted bone anatomy, poor bone
quality from osteoporosis, and concomitant medical prob-
lems. Consequently, compared to primary hip replacement,
SHA in FIF-ITFx requires longer operative time and has a
greater amount of blood loss, which results in a postoperative
mortality rate of 3.5%—17%"® and a high rate of periopera-
tive complications (up to 42%),>*° comprising both surgical
and medical complications, such as intraoperative fracture,
cardiopulmonary complication, and postoperative infec-
tion. Nonetheless, to our knowledge, no previous study has
investigated the correlation between perioperative surgical
factors (PSFs) and post-SHA complications in patients.
Therefore, the purpose of the present study was to identify
the predictive factors for the post-SHA perioperative com-
plications in patients with FIF-ITFx by comparing those with
and without perioperative complications after receiving this
salvage surgery.

Materials and methods

This was a single-center retrospective study in a medical
university hospital, and prior approval was obtained from
ethical clearance committee of Human Rights Related
to Research Involving Human Subjects of the Faculty of
Medicine Ramathibodi Hospital, Mahidol University (pro-
tocol ID: 04-59-53), based on the Declaration of Helsinki.
Owing to the ethical approval in the retrospective study
and all data gathered from medical records, the require-
ment of consent was waived. The patients with FIF-ITFx
who underwent SHA from 2010 to 2017 were identified
from the hospital electronic database and then recruited
into this study. The inclusion criteria were patients who
1) were aged >50 years and had an initial diagnosis as
intertrochanteric fracture from low-energy trauma; 2)
were diagnosed with FIF-ITFx and treated with SHA at
our institution; 3) had follow-up data and a complete set of
radiographs available for analysis (initial injury, after first
operation, at time of FIF-ITFx diagnosis, and post SHA);
and 4) had at least 12-month follow-up period post SHA.
The exclusion criteria were patients who 1) were diagnosed
with infection after fracture fixation; 2) were treated with
methods other than SHA, such as conservative methods or
revision surgery with fixation; and 3) had a pathological
fracture from a cause other than osteoporosis, such as a
metastatic fracture.

Data collection and outcome

measurement

The collected demographic data included the following: age,
gender, body mass index (BMI), comorbid diseases, Ameri-
can Society of Anesthesiologist (ASA) physical status, side
of injury, preinjury ambulation status, fracture classification
according to Association for the Study of Internal Fixation/
orthopedic trauma association classification,'® the initial
fixation implant, the time to fixation failure, indication for
SHA, and the union status of greater trochanter (GT). Age
and comorbid diseases were further used for calculating the
Charlson Comorbidity Index (CCI).! The implants were then
classified into either intramedullary (IM) or extramedullary
(EM) devices. The time to fixation failure was defined as
the time between the first fracture fixation operation and the
time that FIF-ITFx was first diagnosed. The indications of
SHA — such as nonunion, femoral head cutout, AVN, and
posttraumatic osteoarthritis (OA) — were recorded.

The following perioperative information was recorded:
preoperative laboratory values (hemoglobin [Hb], platelet
count, lymphocyte count, glomerular filtration rate [GFR],
albumin), the type of SHA operation (total hip replacement
[THR] or bipolar hip replacement [BHRY]), the type of femoral
stem (cementless or cemented), operative time, intraoperative
blood loss, perioperative complications, postoperative trans-
fusion, length of hospital stay, and the 1-year postoperative
mortality. Data about perioperative complications related
to SHA were also collected; these included death, surgical
complications (intraoperative fracture, vascular injury, and
wound complication), and medical complications (delirium,
infection, cardiac complication, pulmonary complication,
venous thromboembolic events [VTEs], gastrointestinal com-
plication, urinary tract complication, and pressure ulcers).!>!3

Surgical procedure and postoperative

protocol

All SHA procedures were performed by experienced arthro-
plasty surgeons within 2 weeks after FIF-ITFx diagnosis and
using the same anterolateral hip approach with anterior hemi-
myotomy.'* The selection of surgical option (THR or BHR)
and prosthesis depended on patient’s age, degree of acetabular
cartilage injury, and bone quality with intraoperative evalu-
ation of the bone stock after implant removal. THR, in all
cases, was performed using cementless fixation of acetabular
components. In cases with a significant acetabular bone
defect from implant cutout, the acetabular reconstruction
was then performed with autologous femoral head structural
graft. The decisions on the type and the length of femoral
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stem were based on the bone quality, deformity, location of
the most distal screw hole from previous fixation implant,
and the intraoperative stability during the trial reduction. If
the associated GT nonunion or intraoperative fractures were
present, the fixation was performed with either locking plate
or cerclage wiring, depending on the surgeon’s preference.
Postoperative care and rehabilitation were accomplished by
the same postoperative protocol. All patients were encour-
aged to engage in postoperative exercise as soon as possible.
The patients were allowed to perform weight-bearing exercise
with a walker as tolerated. Radiographic and clinical follow-
ups were scheduled at 6 weeks, 3 months, 6 months, and 1
year postoperatively.

Statistical analyses

MedCalc statistical software version 15.8 (MedCalc Software
bvba, Ostend, Belgium) was used to analyze data. Continuous
data were presented as mean and SD and compared with a
Student’s 7-test. Categorical data were presented as a ratio
or number of cases with a percentage and compared with
Fisher’s exact test or chi-squared test as appropriate. Risk
factors for post-SHA perioperative complications were com-
pared between the patients with and without complications.
Univariate logistic regression analysis was used to evaluate
the association between risk factors and complications, and
the predictive factors with values of P <0.15 were calculated
using multivariate logistic regression analysis with a stepwise
approach. Significance was defined as values of P <0.05.

Results

General characteristic data of study
population

From among 35 patients with FIF-ITFx who underwent
revision surgery between January 2010 and June 2017, three
patients were excluded due to infection (n=1) and revision
with re-fixation (n=2). Therefore, a total of 32 patients with
FIF-ITFx who had undergone SHA between January 2010
and December 2016 were recruited into this study. The patient
demographic data are shown in Table 1. The average patient
age was 73%11 years (range 53—88 years), and 28 of them
(88%) were female. ASA grades 2, 3, and 4 were classified
in nine (28%), 10 (31%), and 13 (41%) cases, respectively.
Nineteen patients walked independently, while 13 of them
walked with gait aid before having the fracture. The average
CCI was 4.312.0 (range 1-10), and the median time to fixa-
tion failure was 8.0 months (range 0.5—60.0 months). Seven-
teen (53%) patients were treated with IM nails (15 proximal
femoral nail antirotation and two Gamma nails), whereas 15

Table | General characteristic data of the study population
(n=25)

Value

Age, year* 73%11
Male:female® 4:28
BMI, kg/m%* 23.4+27
ASA grade 2:3:47 9:10:13
CCI* 4.31£2.0
Diabetes* 13 (41%)
AO classification Al:A2:A35 10:18:4
Fracture on right side* 13 (41%)
Preinjury ambulation status, walk 19:13
independently:walk with gait aid™
Associated GT nonunion* 11 (34%)
Previous implant, IM nail:EM implant™ 17:15
Time to failure, month® 8.0 (0.5-60.0)
Preoperative laboratory value*

Hb, g/dL 11.8+1.9

Platelet count, X103 /mm? 263£109

Lymphocyte count, cells/mm? 2,1904851

GFR, mL/minute/1.73 m? 72,6189

Albumin, g/dL 33.545.0
Salvage procedure, THR:BHR™ 21:11
Femoral stem, cemented:cementless™ 11:21
Operative time, minute* 166152
Intraoperative blood loss, mL* 981+594
PRC transfusion, unit* 2.6+1.8
Length of hospital stay, days* 818

Notes: *Value presented as mean+SD. Value presented as a ratio of case having
that condition. *Value presented as number of cases (percentage). *Value presented
as median (range).

Abbreviations: AO, Association for the Study of Internal Fixation; ASA, American
Society of Anesthesiologist; BHR, bipolar hip replacement; BMI, body mass index;
CClI, Charlson Comorbidity Index; EM, extramedullary; GFR, glomerular infiltration
rate; GT, greater trochanter; Hb, hemoglobin; IM, intramedullary; PRC, packed red
cell; THR, total hip replacement.

(47%) patients were treated with EM implants (10 dynamic
hip screws, three angle blade plates, and two dynamic con-
dylar screws). The indications for SHA were nonunion (n=4),
femoral head cutout (n=19), AVN (n=6), and posttraumatic
OA (n=3). Twenty-one (66%) cases underwent THR, while
11 (34%) cases underwent BHR. All cases with superolat-
eral acetabular defect (n=3) were treated with femoral head
autograft and fixed with cancellous screws. The associated
GT fracture nonunion was found in 11 (23%) cases, who had
been treated with either cerclage wiring (n=8, 73%) or lock-
ing plate fixation (n=3, 27%). The cemented femoral stem
was used in 11 (34%) cases, and cementless femoral stem
was used in 21 (66%) cases. The mean operative time and
the mean estimated blood loss were 166152 minutes (range
80-300 minutes) and 981+594 mL (range 150-2,500 mL),
respectively. The average blood transfusion and the average
length of stay were 2.6%1.8 units (range 0.0-8.0 units) and
818 days (range 3—40 days), respectively.
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Postoperative mortality and perioperative

complication

Table 2 demonstrates the postoperative mortality and the
post-SHA perioperative complications. Postoperatively, two
(6%) patients died within the admission period due to fatal
PE (n=1) and sepsis from pneumonia (n=1). After discharge,
another (3%) patient died at 6 weeks postoperatively due to
pneumonia. Therefore, the 1-year postoperative mortality in
this study was 9% (n=3). Sixteen (50%) patients experienced
at least one perioperative complication. The most common
perioperative complication was infection (n=8, 25%; sepsis
with pneumonia [1], pneumonia [1], and urinary tract infec-
tion [5]), followed by acute deep vein thrombosis (DVT;
n=4, 13%). Intraoperative complication was documented in
three (9%) cases using cementless femoral stem (two femoral
shaft fracture at the distal tip of the femoral component and
one medial calcar fracture). Intraoperative fractures were all
treated by fixation, either with locking plate or cerclage wir-
ing. Implant loosening, hip dislocation, or reoperation was
not found during the 1-year follow-up period in this study.

Risk factors for perioperative
complication

Table 3 gives the relationship between each risk factor and
post-SHA perioperative complications. A simple comparison
revealed that the patients with perioperative complications,
compared to those without perioperative complications, had

Table 2 In-hospital and |-year postoperative mortality and
perioperative complications after SHA

n (%)
Mortality*
In-hospital 2 (6)
| year I (3)
Total 309
Perioperative complications®
Overall complications 16 (50)
Surgical complications
Intraoperative fracture 39
Medical complications
Fatal PE I (3)
Acute DVT 4(13)
Congestive heart failure 2 (6)
Atrial fibrillation with shock I (3)
Infection 8 (25)
Delirium 2 (6%)
|-year postoperative ambulation status
Walk independently:walk with gait aid:wheel chair® 8:19:2
Return to preinjury ambulation status® 19 (65)

Notes: *Value presented as number of cases (percentage). *Value presented as a
ratio of case having that condition.

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism; SHA,
salvage hip arthroplasty.

an older age (7719 years vs 69%11 years, P=0.034), greater
number of patients with ASA grade 4 (10 cases vs 3 cases,
P=0.029), higher CCI (5.3£2.0 vs 3.4%1.6, P=0.005), and
lower lymphocyte count (1,898+744 cells/mm? vs 2,4831872
cells/mm?, P=0.050).

Table 4 demonstrates the univariate and multivariate
logistic regression analyses of the risk factors for the periop-
erative complications. Via univariate analysis, the predictive
factors that were significantly associated with perioperative
complications with P<(.15 were age (P=0.043), ASA grade 4
(P=0.016), CCI (P=0.014), lymphocyte cell count (P=0.064),
and serum albumin level (P=0.146). However, multivariate
logistic regression analysis demonstrated that CCI was the only
significant independent predictor for post-SHA perioperative
complications in patients with FIF-ITFx (OR=1.87; 95% CI,
1.14-3.07, P=0.014; Table 4). The area under the curve (AUC)
of this prediction model was 0.777 (95% CI, 0.596-0.905).

Discussion

Perioperative complications are very common after SHA in
patients with FIF-ITFx.!>!7 Nevertheless, the data related
to the relationship between the PSFs and the perioperative
complications are still unavailable. This study only aimed
to find the predictive factors for post-SHA perioperative
complications in patients with FIF-ITFx.

The results of this study demonstrated that the post-
SHA perioperative mortality and morbidity in patients with
FIF-ITFx were common, accounting for 8% (n=2) and 56%
(n=14), respectively. The incidences of surgical and medical
complications were 12% (n=3) and 48% (n=12), respectively
(Table 2). These findings are comparable with those of
previous investigations.>*31822 Our results also showed that
post-SHA perioperative morbidity is predictable given the
patients’ PSFs as age (P=0.05), ASA grade 4 (P=0.03), and
CCI (P=0.02). However, CCI was the only significant inde-
pendent predictor for post-SHA perioperative complication
(OR 2.23,95% CI, 1.16-4.26, P=0.02; Table 4). This finding
supports that CCI could be useful as a predictive factor for
surgical outcomes after SHA in patients with FIF-ITFx, just
like after hip fracture surgery.>*

Limitations

Our study also had some limitations. First, our study popula-
tion was relatively small due to the uncommon incidence of
FIF-ITFx in only one medical university hospital. Therefore,
other possible significant predictive risk factors, such as male
gender, diabetes, obesity, type of previous implant, type
of revision surgery, and blood loss, might have remained
undiscovered. Second, regarding the retrospective nature of
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Table 3 Comparison of each risk factor in the patients with and without perioperative complications after SHA

Perioperative complications P-value
Yes (n=14) No (n=11)

Age, year* 779 69+11 0.034
Female gender® 14 14 1.000
ASA grade 4° 23.6+2.9 23.2+2.7 0.724
BMI, kg/m?* 10 3 0.029
ccr* 5.3+2.0 3.4+1.6 0.005
Diabetes 6 7 1.000
AO classification Al:A2:A34 5:9:2 5:9:2 1.000
Fracture on right side® 6 7 1.000
Preinjury walk independently 8 11 0.473

Associated GT nonunion® 7 4 0.458
Previous EM implant® 10 7 0.480
Time to failure, months* 7.5 (0.5-60.0) 9.0 (1.0-60.0) 0.940
Hb, g/dL* 11.6£2.0 12.1£1.8 0.456
Platelet count, |0*/mm?3* 259+123 268198 0.820
Lymphocyte count/mm3* 1,898+744 2,4831872 0.050
GFR, mL/min/1.73 m?* 67.9116.3 77.3120.6 0.161

Albumin, g/dL* 32.245.1 34.814.7 0.139
THR procedure® I 10 1.000
Cemented femoral stem® 5 6 1.000
Operative time, minutes™ 167+43 164161 0.894
Intraoperative blood loss, mL* 9781436 984+735 0.977
PRC transfusion, unit* 2.9+1.6 2.3+1.9 0.281

Notes: *Value presented as mean+SD. ®Value presented as number of cases having that condition. “Value presented as a ratio of cases having that condition. P-values <0.05
are highlighted in bold.

Abbreviations: AO, Association for the Study of Internal Fixation; ASA, American Society of Anesthesiologist; BMI, body mass index; CCI, Charlson Comorbidity Index; EM,
extramedullary; GFR, glomerular infiltration rate; GT, greater trochanter; Hb, hemoglobin; PRC, packed red cell; SHA, salvage hip arthroplasty; THR, total hip replacement.

Table 4 Univariate and multivariate logistic regression analyses for risk factors in perioperative complications after SHA

UVA MVA
OR 95% ClI P-value OR 95% ClI P-value

Age 1.08 1.00-1.17 0.043*

Female gender 1.00 0.12-8.13 1.000

BMI 1.05 0.81-1.36 0.713

ASA grade 4 722 1.44-36.23 0.016*

Ccl 1.87 1.14-3.07 0.014%* 1.87 1.14-3.07 0.0 1 4**
Fracture on right side 0.77 0.19-3.17 0.719

Preinjury walk independently 0.45 0.11-1.92 0.284

Associated GT nonunion 2.33 0.52-10.48 0.269

Primary EM implant 0.47 0.11-1.92 0.291

Time to failure 1.00 0.95-1.05 0.891

Hb 0.86 0.59-1.26 0.443

Platelet count 1.00 1.00-1.00 0.813

Lymphocyte count 1.00 1.00-1.00 0.064*

GFR 0.97 0.93-1.01 0.159

Albumin 0.89 0.76—1.04 0.146*

THR procedure 1.32 0.31-5.70 0.710

Cemented femoral stem 0.76 0.18-3.27 0.710

Operative time 1.00 0.99-1.01 0.890

Intraoperative blood loss 1.00 1.00-1.00 0.976

PRC transfusion 1.27 0.83-1.94 0.277

Notes: *Predictive factor in UVA with P<0.15. **Significant factor in MVA with P<0.05.
Abbreviations: ASA, American Society of Anesthesiologist; BMI, body mass index; CCl, Charlson Comorbidity Index; EM, extramedullary; GFR, glomerular infiltration rate;
GT, greater trochanter; Hb, hemoglobin; MVA, multivariate analysis; PRC, packed red cell; SHA, salvage hip arthroplasty; THR, total hip replacement; UVA, univariate analysis.
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the present study, some clinical information possibly related
to the postoperative outcome, such as smoking status and
alcohol intake, was not available in all cases and, therefore,
was absent from our analysis. Because of these limitations,
the general applicability of the results may be inadequate;
therefore, a multicenter prospective study with a larger
sample size should be performed to explore the effect of
other potential risk factors.

Conclusion

Perioperative complications after SHA in patients with failed
internal fixation after intertrochanteric fracture are very com-
mon and should be prevented to achieve the best possible
postoperative outcome. This study showed that CCI was the
only significant independent factor for predicting post-SHA
perioperative complications.
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