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Purpose: Infection following total hip arthroplasty is a chalenging and devastating complication. In two-stage
revision arthroplasty, antibiotic spacers, athough efficacious, can be associated with an unacceptable rate of
mechanical complications (e.g., fracture, didocation). This series describes 15 patients with infected total hip
prostheses trested with hybrid cement-screw fixation constrained liner antibiotic spacers to enhance stability and
minimize mechanical complications.

Materialsand M ethods: All patients with an infected hip prosthesis undergoing two-stage revision arthroplasty
at a single academic medica center were identified and screened for inclusion. Clinical and radiographic data
including patient demographics and outcome measures were collected and retrospectively andyzed.

Results: Two patients died of unrelated causes at an average of 6-week postoperatively. Infections in the remain-
ing thirteen patients (100%) were successtully eradicated; all underwent uncomplicated revision arthroplasty & a
mean duration of 99.5 days after the placement of the antibiotic spacer. No didocations, fractures, or other
mechanical failures of any spacer were observed in this series.

Conclusion: The hybrid cement-screw fixation technique for constrained liner antibiotic spacersisarediable and
effective trestment method for eradicating prosthetic joint infections without mechanica complications.
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INTRODUCTION

Periprosthetic joint infection is a serious and dreaded com-
plication following primary total hip arthroplasty (THA),
occurring in 0.2% to 0.7% of primary THA and 0.95% to
22% of revision THA®®. The current gold standard for
treating chronic periprosthetic infections in North America
is atwo-stage revision arthroplasty, which entails explant
of the infected prosthesis, placement of atemporary antibi-
otic-laden cement spacer along with acourse of intravenous
antibiotics, and, finally, revision arthroplasty. The purpose
of the antibiotic spacer isto provide avehicle for loca antibi-
otic administration that eradicates infection while simul-
taneously alowing for early joint mobilization and preser-
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vation of joint space. Antibiotic spacers, however, are
not without their own drawbacks, and complications can
occur, particularly fracture or didocation. Some studies have
reported dislocation rates as high as 41%°. Those who
require surgical intervention for mechanical complication
of their spacer have lower infection cure rates and aworse
fina clinical hip evaluation compared to patients without
any mechanical complications”. Thus, minimizing mechani-
cal complications while treating infected prostheses is
essential to optimizing patient outcomes.

The purpose of this study was to analyze outcomes of
a series of patients with infected hip prostheses treated
with the fixed constrained liner antibiotic spacer tech-
nique to address acetabular bone loss and increase
mechanical stability®.

MATERIALS AND METHODS

A single-ingtitution total joint registry was screened ret-
rospectively for inclusion. All patients diagnosed with
periprosthetic THA infections treated surgically at a sin-
gle academic medical center were identified. Inclusion cri-
teriawere asfollows: i) patients with active prosthetic joint
infections and ii) explant of infected prosthesis with place-

Articulating hip spacers performed between
2017-2019 identified and screened
n=24

v

ment of an antibiotic hip spacer using the hybrid screw-
cement fixed constrained liner technique. Prosthetic infec-
tions were diagnosed based on the criteria established by
the Musculoskeletd Infection Society workgroup?. Utilization
of the cement-screw constrained liner technique was per-
formed in dl consecutive patients presenting to these senior
authors with infected hip prostheses, and was verified uti-
lizing operative notes and a review of intraoperative and
postoperative radiographs. Patients were excluded if they:
i) received spacers placed using other techniques, ii) had
spacers placed for native hip septic arthritis or osteomydlitis,
iii) had more than one concomitant prosthetic joint infec-
tion, and iv) had spacersimplanted but to date have not yet
reached the second stage of their treatment. No patients
were excluded based on their medical comorbidities. After
application of inclusion and exclusion criteria, 15 patients
were identified for inclusion (Fig. 1). Data were collected
using a predetermined data sheet via retrospective chart
review, direct patient examination, and phone calls to
patients and their families. Patient demographics, comor-
bidities, infectious workup results, operative data, and clin-
ical and radiographic follow-up information were record-
ed. Ingtitutiond review board (IRB) approva was obtained
prior to the start of the study (Jersey City Medica Center;

Cement-screw constrained liner technique
n=19

Other techniques
n=5

i

Performed for prosthetic joint infection
n=17

Performed for native hip infections
n=2

'

Single prosthetic joint infection
n=15

Concomitant multiple prosthetic joint
infections
n=2

v

Included in final analysis
n=15

.

Fig. 1. Inclusion and exclusion criteria for patient identification and selection.
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IRB No. 20171537). Statisticd andysis was performed using
Microsoft Excel (Microsoft Inc, Redmond, WA, USA).
The hip spacer technique employed was the hybrid screw-
cement fixed constrained liner technique described by Petel
et a.? through a posterior approach. For this technique, a
congtrained liner is cemented into the acetabulum and fixed
with acountersunk screw through the liner and into theilium
after explant of the infected prosthesis. A true femoral head
component is mounted onto a custom-molded antibiotic spac-
er stem to form the femoral component (Fig. 2). The antibi-
otic cement utilized included 3 g powdered vancomycin and
3.6 g powdered tobramycin per bag of cement. Numerous
cultures and frozen sections were obtained during each pro-
cedure. All spacers were implanted by one of two primary
surgeons at a single academic medical center. Treatment
courses for all patients followed the algorithm shown in

Fig. 3. After explant of infected prosthesis and insertion of
antibiotic cement spacer, all patients received aminimum
of 6 weeks of intravenous antibictics followed by a 2- to
4-week antibiotic holiday, after which new infectious labs
consisting of white blood cell count, erythrocyte sedimen-
tation rate, C-reactive protein were drawn before proceed-
ing with the second stage definitive revision arthroplasty or
inserting a second antibiotic spacer. Decisions on when to
proceed with the second-stage procedure were based on like-
lihood of infection eradication as determined by an infec-
tious disease specidist asinformed by inflammatory mark-
ers and compliance with follow-up. Frozen sections were
obtained and analyzed for number of polymorphonuclear
cdls (PMNs) per high-power-fiddd (HPF) at al second-stage
procedures. Patients were considered to be eradicated of infec-
tion if they exhibited normal or significantly down-trend-

Fig. 2. Anteroposterior (A) and lateral (B) radiographs of the hybrid cement-screw fixed constrained liner antibiotic spacer con-
struct. Anteroposterior (C) and lateral (D) radiographs of the same patient status post revision arthroplasty.

<5 PMNs
per HPF Revision
Normalized arthroplasty
ESR/ICRP .| Second stage
" g procedure
Explant infected >5 PIIEIJFI’\lFS _
prosthesis, per p  Persistent
antibiotic spacer | lmiecﬂ o
' o Persistent ‘
Persistently infection
elevated
ESR/CRP

Fig. 3. Treatment algorithm for infected hip prostheses utilized in this series.
ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, PMN: polymorphonuclear cell, HPF: high-power-field.
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ing inflammatory markers at 8-week after spacer implanta-
tion and demonstrated <5 PMNSs per HPF on intraoperative
frozen section at time of second-stage procedure. These
patients underwent revision arthroplasty either with revi-
sion components or proximal femur replacement, depend-
ing on intrapperative assessment of the remaining bone stock.
Failures of eradication were defined as persistently elevat-
ed or up-trending inflammatory markers after twelve weeks
of spacer implantation, or patients with >5 PMNs per HPF
intraoperatively during the second stage procedure. These
patients underwent placement of a second antibiotic spac-
er (Fig. 3).

RESULTS
A total of 15 spacers were implanted in 15 patients (11

males and 4 females), with mean age of 64.5+13.7 years
at time of spacer implantation (Table 1). Five patients had

Table 1. Demographic and Clinical Outcomes

Variable Value
Mean age (yr) 64.5+£13.7
Sex
Male 11(73.3)
Female 4(26.7)
Comorbidities
Tobacco use 5(33.3)
HIV 2(13.3)
Hepatitis C 2(13.3)
ESRD on hemodialysis 1(6.7)
Sickle cell anemia 11(6.7)
Culture results
Staphylococcal spp. 7 (46.7)
Streptococcus spp. 1(6.7)
Gram negative 31(20.0)
Polymicrobial 2(13.3)
No organism isolated 2(13.3)
Mean spacer duration (day) 99.5+31.9
Definitive procedure
Revision THA 11 (84.6)
Proximal femur replacement 2(15.4)
Complications
Reinfection 11(7.7)
Wound complication 1(7.7)
Reoperations
Irrigation and debridement, 11(7.7)

polyethylene exchange

Values are presented as mean=tstandard deviation or num-
ber (%).

HIV: human immunodeficiency virus, ESRD: end stage renal
disease, THA: total hip arthroplasty.
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at least one attempted revision arthroplasty prior to pre-
senting to one of the senior authors. Mean follow-up from
time of spacer implantation was 56.0-28.7 weeks. Five of
the 15 patients (33.3%) were smokers. Three of the includ-
ed patients were immunocompromised (human immun-
odeficiency virus [HIV] [n=1]; hepatitis C [n=1]; HIV,
hepatitis C, and end-stage renal disease on hemodiaysis
[n=1]). Two of the 15 patients died with antibiotic spacers
in place at an average of 6-week postoperatively. One
patient died of pulmonary complications secondary to a
sickle cell crisis at an outside hospital. The final patient
suffered a cardiac arrest while at dialysis; medical history
for this patient was significant for HIV, chronic kidney
disease and liver cirrhosis, and with a poor prognosis of
neurologic recovery, the family decided to discontinue care.
Of the remaining patients, all 13 (100%) had successful
eradication of their periprosthetic infection and underwent
successful second-stage revision arthroplasty. Eleven of
these patients were revised to modular diaphyseal-fitting
revision components with constrained liners, augmented
by trochanteric fixation when necessary, and two under-
went proximal femur replacement. Average duration of
spacer implantation was 99.5+31.9 days. While spacers
were in place, 6 patients were made non-weight bearing,
5 toe-touch weight bearing, 2 partial weight bearing, and 2
weight bearing astolerated. Culture results at time of explan-
tation yielded methicillin-resistant Saphylococcus aureus
in 4 patients (26.7%), methicillin-sensitive Saphylococcus
aureusin 3 patients (20.0%), and gram-negative organisms
in 3 patients (20.0%). Two patients exhibited polymicrobia
culture growth; no specific bacteria were isolated from 2
patients. There were no hip didocations, fractures about spac-
ers, or other mechanica complication to any spacer observed
in this series.

There was one case of reinfection, which required an addi-
tiona procedure. Importantly, this patient had along history
of multiply infected arthroplasty and undergone a number
of surgeries prior to presenting to the senior author. After
an uneventful spacer course, he was deemed clear of infec-
tion and underwent revision arthroplasty. Postoperatively,
he was noncompliant with his posterior hip precautions
and toe-touch weightbearing restrictions; furthermore, he
sustained a prosthetic hip didocation that was successfully
corrected via closed reduction. Additionally, this patient
never followed-up with an infectious disease specialist as
requested and was ultimately lost to follow-up for atime,
until he presented 6-month later complaining of adraining
wound over hissurgicd incison. Ultimately, it was suggest-
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ed that thisindividua undergo a repeat two-stage revision
arthroplasty procedure with antibiotic cement spacer, how-
ever herefused and ultimately only agreed to undergo asin-
gle-stage irrigation and debridement with polyethylene
exchange. He was doing well at fina clinical follow-up
with no further evidence of infection.

All remaining patients had uncomplicated postoperative
courses, with no clinical, radiographic, or laboratory find-
ings of reinfection of their revision prosthesis, and no dis-
locations or mechanical complications.

DISCUSSION

Two-stage revison arthroplagty utilizing an antibiotic spac-
er is the current gold standard for the treatment of pros-
thetic joint infections in North America. Though effica-
cious, hip antibiotic spacers have historically been asso-
ciated with high rates of mechanical complications, namely
spacer didocation and fracture, and many spacer techniques
have been described to minimize these risks. This study
describes a series of patients trested with a hybrid cement-
screw constrained liner spacer technique with an overall
infection eradication rate of 93% and zero mechanical fail-
ures.

Prosthetic joint infection is a serious and potentialy dev-
astating complication of arthroplasty procedures. Though
relatively infrequent —occurring in 0.2% to 0.7% of pri-
mary THA and 0.95% to 22% of revison THA®®, —theinci-
dence of prosthetic joint infection is increasing at a signifi-
cant rate®®. Current treatment strategies with antibiotic
spacers confer substantial psychologica and physical bur-
den on patients, entailing at least two additional major oper-
ations with corresponding physical limitations and the long-
term use of potentialy noxious antibiotics. Despitethisaggres-
sive approach, up to 35% of patients are unable to clear their
infections and may require amultitude of salvage procedures
(e.g., fusion, resection arthroplasty, amputation)™*4. While
the effects of these grave salvage procedures on the indi-
vidual are presumably morbid, the burden to society isaso
great. In the United States, recent data estimates that the
cost of treating prosthetic joint will reach $1.62 billion by
2020". Parisi and colleagues® estimated that the lifetime
cost of treating an infected THA in a65-year-old is $390,806.
In their analysis, indirect costs such as lost wages made up
alarge portion of the costs. Due to the gravity of both the
economic and persona burden on patients, and aso in light
of the increasing incidence of prosthetic joint infection as
more arthroplasty procedures are performed in North America,

www. hipandpelvis.or.kr

it isimportant to optimize treatments to limit morbidity and
mortality™.

Severd different techniques are available for implanta
tion of antibiotic hip spacers. Broadly, spacers may be cat-
egorized as static or mobile. A spacer is considered static
if it does not allow for range of motion exercises or partia
weight bearing. In this scenario, the infections on the acetab-
ular and femora sides are addressed with independent con-
structs that are not intended to articulate in a physiologic
manner, and the hip joint isleft in discontinuity. A mobile,
or articulating, spacer is any construct in which the acetab-
ular and femora components communicate in away that
alowsfor relatively physiologic motion of the hip*. The
advantages of mobile hip spacers include early joint mobi-
lization and the potential for weight bearing through the
construct9. Mobile spacers may be handmade, custom-
molded, prefabricated, or metal-on-polyethylene. Relaively
few studies exist comparing these various techniques, how-
ever, and little consensus exists regarding optimal surgica
technique.

Antibiotic spacers have historically been associated with
unacceptably high rates of mechanical complications. The
most common mechanical complications associated with
antibiotic spacers are fracture and didocation. Reported rates
of spacer dislocation range widely from 0% to 41%0°1"22),
Those who require surgical intervention for mechanical
complication of their spacer have lower infection cure rate
and worse functional outcome scores, therefore, minimiz-
ing mechanical complications while treating infected pros-
theses is essential to optimizing patient outcomes”.

The increased stability and lack of mechanical failure of
the fixed constrained liner construct utilized in this series
islikely multifactorial in nature. Two factors known to con-
tribute to spacer instability are acetabular bone loss and
patient inability to comply with non-weight bearing restric-
tions"®, Acetabular bone lossin the setting of prosthetic
joint infection can occur due to osteoclast-mediated oste-
olysisin response to inflammatory cytokines, or iatrogeni-
caly during difficult acetabular component remova’.
The spacer technique performed in this series heps to address
these bony deficits by utilizing arebar cement-screw mantle
construct to recreate the normal architecture of the acetab-
ulum, which eiminates any potential instability related to
issues of acetabular component fixation or uncoverage.
Additionally, the constrained liner utilized in this series
also confers significant stability to this construct. Use of
congtrained liners has been shown to be highly successful
in preventing prosthetic hip didocation in patients at high
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risk for recurrent instability®. Finally, the true articulating
nature of this antibiotic spacer technique alows the poten-
tial for immediate weight bearing, which obviates the need
for strict adherence to postoperative non-weight bearing
precautions. Similar articulating spacers have been shown
to be associated with better functional hip scores and bet-
ter walking capacity, less blood loss during revision surgery,
and fewer postoperative didocation®. Nine of the 15 patients
(60.0%) were permitted at least partial weight bearing while
their pacers werein place. Thesefactorsdl likely contributed
to the zero mechanical failures observed in this series.

In addition to experiencing no mechanical complications,
the patients in this series had favorable outcomes overall.
All thirteen patients (100%) successfully cleared their infec-
tions, as evidenced by normalized infectious laboratory mark-
ersand intraoperative cultures and frozen sections. Though
there was one case of reinfection that was successfully treet-
ed with an additional procedure, this eradication rete is com-
parable or superior to existing literature (i.e., 65-90%)%,
All patients in this series underwent successful second-
stage revision arthroplasty procedures over the course of
this study and were doing well at final clinic follow-ups.

CONCLUSION

Asthe number of infected THA increases, it isimportant
to develop techniques that can rdliably treat infection while
minimizing morbidity and mortality. The hybrid cement-
screw fixation for constrained liner antibiotic spacersisa
reliable and effective treatment method for eradicating pros-
thetic joint infections without mechanical complications.
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