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Background: Infection rates in revision total hip arthroplasty are lower when antibiotic loaded cemented
stems are utilized. Inspired by this technique, a point-of-care coating of antibiotic-loaded calcium sulfate
(CaSO4) was applied to cementless revision stems in aseptic revision and 2nd stage reimplantation total
hip arthroplasty.
Methods: One hundred eleven consecutive femoral stems were coated. Just prior to insertion, 10 cc of
CaSO4 was mixed with 1 g vancomycin and 240 mg tobramycin with the paste applied to the stem. The
results were compared to a matched cohort (N ¼ 104) performed across the previous 5 years. The
surgical methods were comparable, but for the stem coating. The study group was followed for a min-
imum of 3 years.
Results: In the study cohort of 111 patients, there were 69 aseptic revisions with one periprosthetic joint
infection (PJI) (1.4%) and 42 second-stage reimplantations with 2 PJIs (4.8%). In the control cohort of 104
patients, there were 74 aseptic revisions with one PJI (1.4%) and 30 second-stage reimplantations with 7
PJIs (23.3%). There was no significant reduction in PJI rate in the aseptic revision subgroup (1.4% study vs
1.4% control group), P ¼ 1.000. Antibiotic stem coating reduced PJI rate in the 2nd stage reimplantation
subgroup (23.3% control vs 4.8% study group), P ¼ .028. In both groups, there were no cases of aseptic
stem loosening.
Conclusions: Point-of-care antibiotic coating of cementless revision femoral stems reduces PJI infection
rate in 2nd stage reimplantations only. We theorize that microbes persist in the endosteal cortices after
resection and may contribute to infection recurrence.
© 2023 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice

nses/by-nc-nd/4.0/).
Introduction

The rise in the number of total hip arthroplasty (THA) proced-
ures performed worldwide suggests a concordant rise in associated
complications requiring revision surgery [1]. One of the most
dreaded complications is periprosthetic joint infection (PJI).
icine at UCLA, Department of
nta Monica, CA 90404, USA.

Inc. on behalf of The American As
y-nc-nd/4.0/).
Unfortunately, the incidence of PJI in THA has remained relatively
steady in the last 2 decades [2]. Treatment of an established chronic
PJI is an aggressive exchange protocol [3]. PJI recurrence after a 2-
stage exchange protocol is considered limb-threatening and even
life-threatening [4e6]. In fact, PJI after an aseptic revision THA
connotes a similar fate. Prevention of PJI in reimplantation/revision
of THA is hence emphasized.

Antibiotic-loaded polymethylmethacrylate has been an impor-
tant method of antibiotic delivery to endosteal bone in revision/
reimplantation THA. In registry studies, the survivorship of aseptic
revision THA and 2nd stage reimplantation THA for PJI is best when
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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intravenous antibiotics and antibiotic-loaded cement are used
concurrently [7]. However, studies have shown that aseptic loos-
ening rates of cemented revision THA are significant in the inter-
mediate term [8e11]. Therefore, in most countries where the
financial environment is suitable, cementless implants, which
allow for biologic integration, are the preferred choice for aseptic
revision and reimplantation THA [12].

The use of cementless femoral stems raises concern for an
increased rate of PJI as antibiotic(s) are not applied around the
stem. To provide endosteal antibiotic delivery, in this study, a point-
of-care antibiotic-loaded coating of pharmaceutical-grade calcium
sulfate (CaSO4) was applied to cementless revision stems in revi-
sion/2nd stage reimplantation THA. Our study attempted to answer
2 key questions: 1) Does the coating of cementless revision stems
with antibiotic-loaded calcium sulfate (AL-CaSO4) reduce the
occurrence of PJI after aseptic revision THA and 2nd stage reim-
plantation THA? 2) Does the coating of cementless revision stems
with calcium sulfate affect stem fixation?

Material and methods

From December 2010 to December 2015, all cementless femoral
stems were coated with pharmaceutical-grade, antibiotic-loaded
CaSO4 (AL-CaSO4) in patients undergoing a complete (cup and
stem) aseptic revision/2nd stage reimplantation of THA. Preoper-
atively, all patients were graded for PJI risk with host and limb
scores [13,14]. A minimum 3-year follow-up was required for in-
clusion in the study. For comparison, a retrospective cohort from
the previous 5 years was established matching the study group in
diagnosis, demographics, and PJI host grade. Therewere no patients
excluded from the comparison group. This study received institu-
tional review board approval.

Preoperatively, all patients required a serum erythrocyte sedi-
mentation rate (ESR) and quantitative C-reactive protein (CRP). All
hips were preoperatively aspirated by the operating surgeon. All
cultures were grown for 14 days on multiple culture mediums
[15,16]. To be categorized into the aseptic revision THA subgroup,
patients required a normal preoperative ESR and quantitative CRP
and negative culture growth on all media. In the patient subgroup
treated for PJI, chronic PJI was defined based on the guidelines set
by the International Consensus Group on Periprosthetic Joint
Infection [17]. In this study, all chronic PJI cases were treated with a
2-stage exchange protocol. The hip was stabilized with a cemented
ProstALAC (Prothesis Antibiotic Loaded Acrylic Cement) spacer.
Patients were treated with IV antibiotics for 42 days. Serum blood
tests and reaspirationwere performed 2 weeks after cessation of IV
antibiotics. Reimplantation surgery was typically performed at 3
Figure 1. (a, b) Photographs demonstrating point-of-care application of antibiotic-loaded
immediately prior to insertion. The CaSO4 is spread by finger approximately 3 minutes post-m
onto a fully porous-coated modular femoral stem. Note this stem has holes for distal stem in
tapered modular femoral stem. Once applied, a finger was used to spread the CaSO4 paste
months, when aspiration studies were negative and serum CRP and
ESR normalized. For all resection and 2nd stage reimplantation
procedures, 6 intraoperative cultures were obtained, which
included specimens from mid- and distal diaphysis.

A standard perioperative prophylactic antibiotic regimen was
used in all cases for 3 days. This consisted of intravenous vanco-
mycin and cefazolin. In 2-stage reimplantation procedures, intra-
venous antibiotics were continued until cultures were reviewed at
5 days. In the case of a reimplantation procedure with a previous
gram-negative infection, vancomycin was exchanged with the
antibiotic selected to treat the infecting organism(s) in the first
stage of the procedure.

All surgeries in this study were performed with an extended
posterolateral approach by the senior surgeon [18]. For aseptic re-
visions, perioperative intravenous antibiotics were started 30 mi-
nutes prior to incision and continued for 24 hours. For 2nd stage
reimplantation procedures, parenteral antibiotics were continued
for 5 days. The revision implant system(s) remained consistent
throughout the study. On the acetabular side, pelvic/acetabular
deficiencies, when large, were reconstructed with a cementless
custom multi-flange porous pelvic implant (Zimmer-Biomet, War-
saw) or an off-the-shelf triflange cage (MaxTi, Zimmer-Biomet,
Warsaw). The remaining acetabular implants utilized were metal-
backed hemisphere cups with porous plasma spray (RB and
Dpþ5, Zimmer-Biomet, Warsaw). All femoral stems utilized were
from the Zimmer-Biomet revision family (Mallory Head Modular
Revision or Arcos Modular Revision Stem). Modularity was used to
provide maximum implant-bone contact, both proximally and
distally. Femoral stems were either fully porous-coated or spline-
tapered grit-blasted diaphyseal stems.

The calcium sulfate medium used to coat the femoral stem was
Stimulan (Biocomposites, Keele, UK). The antibiotics added were a
preset protocol of 1 gram of vancomycin powder and 240 mg of
liquid tobramycin (6 cc) mixed into 10 cc of CaSO4 powder. The
antibiotic doses were not altered in patients with chronic kidney
disease. The AL-CaSO4 was mixed, and once it was in an early
doughy state (approximately 3 minutes), the stem was coated via
finger application to cover the entire stem (Fig. 1a and b). The
amount of AL-CaSO4 required to coat each femoral stem was
approximately 5-8 cc, depending on the stem length. Once coated,
the stem was immediately inserted before the CaSO4 set. The top
surgical gloves were changed just before coating and insertion of
the femoral implant. A multilayered closure was performed using
all absorbable sutures. Clinical follow-up of all patients was con-
ducted at 6 weeks, 12 weeks, 6 months, and yearly thereafter.

Statistical analyses were performed using SPSS for Windows
(Version 21.0, SPSS Inc., Chicago). Proportions of patients with
CaSO4 (ALCS) onto revision femoral stems. The ALCS is applied to the revision stem
ix to cover the entire modular femoral stem. (a) Application of antibiotic-loaded CaSO4

terlocking screws. (b) Application of antibiotic-loaded CaSO4 onto a grit-blasted spline-
over the entire stem surface.



Table 1
Reasons for aseptic revision THA.

Etiology Study
group

Control
group

Implant loosening / mechanical breakage osteolysis 29 36
Malpositioning / prosthetic femoral-acetabular

impingement (PFAI)
14 10

Hip instability 5 7
Periprosthetic fracture 9 14
Complex primary (due to fracture or bony

deformity)
5 2

Pseudotumor formation / particle wear debris
with well-fixed implants

3 0

Protrusio pelvic deformity with or without
pelvic discontinuity

4 5
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recurrent infection in the study and control groups were compared
using Pearson’s chi-square test and Fisher’s exact test when a group
number was less than 5. A P-value of less than .05 was considered
statistically significant.

Results

The study group of 111 patients consisted of 53 males and 58
females. The mean age was 66.1 years (32-100 years). The mean
follow-up was 56.6 months (36-108 months). There were 46 A-
hosts, 56 B-hosts, and 9 C-hosts. Sixty-nine patients underwent
aseptic revisions. The primary reasons for aseptic revision are listed
in Table 1. Forty-two patients underwent a 2nd stage reimplanta-
tion procedure for PJI. Ninety-three percent of stems were of spline
design, and 7% were porous. There were no aseptically loose
femoral stems. We did not experience any cases of acute kidney
injury attributable to the use of the AL-CaSO4 coating.

The overall occurrence of PJI in the study group was 2.7% (3 of
111). In the aseptic revision subgroup, there was 1 infection out of
69 patients (1.4%) that occurred in a C-host. The patient was treated
with a resection arthroplasty but suffered a recurrent infection and
eventually had a hip disarticulation. In the 2nd stage reimplanta-
tion subgroup, there were 2 infections out of 42 patients (4.8%).
Both were treated with a repeat 2-stage exchange protocol. The PJIs
occurred in 1 A-host and 1 B-host. The organisms grown in the
infection failures are listed in Table 2.

The control group of 104 patients consisted of 49 males and 55
females. The mean age was 65.5 years (37-87 years). The mean
follow-up was 117.5 months (96-156 months). According to host
staging, there were 45 A-hosts, 52 B-hosts, and 7 C-hosts. Seventy-
four patients underwent aseptic revisions. Thirty patients
Table 2
Identified organisms in cases that developed infection.

Study group Con

Case Organism(s) Host grade Cas

Case #1 (Aseptic) Staphylococcus epidermidis,
Enterococcus faecium

C Cas

Case #2 (2nd Stage) Staphylococcus epidermidis A Cas
Case #3 (2nd Stage) Staphylococcus hominis,

Vancomycin Resistant
Enterococcus species

B Cas

Cas

Cas

Cas
Cas

Cas
underwent a 2nd stage reimplantation procedure for PJI. Ninety-
one percent of stems were of spline design, and 9% were porous.
There were no aseptically loose femoral stems.

The overall occurrence of PJI in the control group was 7.7% (8 of
104). In the aseptic revision subgroup, there was 1 infection out of
74 patients (1.4%), which occurred in an A-host. The PJI was treated
with a repeat 2-stage exchange protocol. In the 2nd stage reim-
plantation subgroup, there were 7 infections out of 30 patients
(23.3%). All 7 were treated with a repeat 2-stage exchange protocol.
The PJIs occurred in 2 A-hosts, 3 B-hosts, and 2 C-hosts. The or-
ganisms grown in the infection failures are listed in Table 2.

There was no statistically significant difference in PJI occurrence
in the aseptic revision subgroup (1.4% study vs 1.4% control) (P ¼
1.000). In the 2nd stage reimplantation subgroup, there was a
significant reduction of PJI occurrence in the study group (4.8%
study vs 23.3% control) (P ¼ .028).

The mean time for PJI occurrence postprocedure in the study
group was 14.7 months (8 to 23). The mean time for PJI occurrence
postprocedure in the control group was 9.4 months (3 to 17
months). In the study group, there were 3 reoperations that were
not infection-related, while there were 5 reoperations in the con-
trol group that were not infection-related. The reasons for reoper-
ation are listed in Table 3.

Finally, the relation of PJI host grade and PJI occurrence was
analyzed using a 3-way contingency table. When combining con-
trol and study groups together, a worse host grade was significantly
associated with PJI occurrence (P ¼ .036).
Discussion

This study is the first of its kind to utilize a point-of-care coating
of antibiotics on cementless revision femoral stem implants. This
method is our strategy of applying an antibiotic coating in the
similar “antibiotic delivery zone” as would be seen in an antibiotic-
loaded, cemented revision femoral stem. The point-of-care appli-
cation using AL-CaSO4 was chosen for several reasons. First,
medical-grade CaSO4 is at present the only US-FDA (United States
Food & Drug Administration)-approved product for use in the
presence of a bone infection [19]. Secondly, antibiotic loaded CaSO4
in the form of antibiotic-loaded beads has been utilized for over
2 decades, mainly in PJI treatment, which provides a basis of
experience [20]. There are now multiple published antibiotic for-
mulas/combinations [19]. Thirdly, in laboratory studies, AL-CaSO4
beads do produce significant local antibiotic gradients that extend
beyond 10 days [21e26]. Hence, with the application of AL-CaSO4 to
a femoral cementless stem, antibiotic gradients may be adequate to
trol group

e Organism(s) Host grade

e #4 (Aseptic) Methicillin-resistant Staphylococcus
aureus (MRSA)

A

e #5 (2nd Stage) MRSA A
e #6 (2nd Stage) MRSA, Enterococcus faecalis,

Ochrobactrum anthropic
A

e #7 (2nd Stage) Staphylococcus aureus, Enterococcus
faecalis

B

e #8 (2nd Stage) MRSA, Streptococcus agalactiae,
Enterococcus faecium

B

e #9 (2nd Stage) No bacteria identified B
e #10 (2nd Stage) Staphylococcus epidermidis, Klebsiella

pneuomoniae
C

e #11 (2nd Stage) MRSA C



Table 3
Primary reasons for aseptic reoperations.

Failure type Study group Control group

Painful hardware (Troch Claw) 1 2
Recurrent dislocation 1 1
Aseptic cup loosening 1 0
Periprosthetic fracture 0 2
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affect microbial reserves within bone, if present. Finally, we
emphasize the use of a synthetic, pharmaceutical-grade calcium
sulfate. Some calcium sulfate products are mined and then refined.
Impurities within the mined and refined products are fraught with
inconsistencies in setting and local antibiotic delivery [25]. We
believe that synthetic products allow for consistent mixing and
timing for application to a cementless stem.

Our results showed no difference in PJI occurrence in aseptic
revisions with the application of AL-CaSO4 to a cementless femoral
stem. This is encouraging in that, with extensive femoral canal
exposure and extended surgical times in revision THA, the micro-
bial contamination risk is higher. The occurrence of infection after
an aseptic revision was lowdless than 2% in both groups. We
believe this is due to our meticulous precautions and asepsis pro-
tocols practiced by our center in the operating room. These results
suggest that in the aseptic revision population, an adjuvant anti-
biotic coating of the femoral stem is not necessary. Maintaining
good surgical technique, combined with perioperative parenteral
antibiotics seems to suffice.

The control cohort had a high relative rate of reinfection
compared to the literature (23.3%). Both cohorts had a high pro-
portion of B& C hosts that typically have higher rates of reinfection
and amputation [14,27]. Our philosophy was to provide reimplan-
tation to all patients at least once (including C-hosts). Hence, our
reduction of infection recurrence in the study group is significant.
In fact, the PJI reoccurrence in the 2nd stage reimplantation study
group showed similar efficacy to reported 2nd stage reimplantation
procedures that employ antibiotic-loaded cemented femoral stems
[6,28,29]. We theorize that PJI occurrence was reduced because the
applied antibiotic coating affects microbial reserves within the
femoral endosteal bone network similar to antibiotic-loaded
cement.

It is possible that the application of an antibiotic coating may
just delay the reactivation of microbial dormant colonies within the
endosteal canalicular network [30e33]. This is supported by the
later occurrence of PJI in the study group. However, at our center,
we choose a combined antibiotic regimen of vancomycin and
tobramycin. This combination may effectively improve eradication
of remaining endosteal microbial reserves. This is based on the
synergistic effect of vancomycin when combined with an amino-
glycoside [34,35]. Much more rigorous studies will be required to
validate this contention.

The application of AL-CaSO4 to cementless femoral revision
stems did not adversely affect fixation of these implants. It has been
suggested that an applied coating of CaSO4 may “plug” the porous
and grit surfaces, inhibiting bone integration into the stem [36]. Our
findings refute this idea, as there were no cases of aseptic stem
loosening in our study group. Most cases of subsidence of
cementless femoral stems occur during the first year post-
operatively [37]. In our study group, with a mean follow-up time of
57 months, there were no cases of aseptic stem loosening of the AL-
CaSO4-coated stems. Finally, the use of 5-8 cc of AL-CaSO4 applied
to a femoral stemwas salutary. Kallala et al. demonstrated that this
modest volume is unlikely to incur a systemic side effect(s), such as
hypercalcemia and/or nephrotoxicity [20].
The strengths of this study are several. First, all procedures were
performed by a single surgeonwith a consistent practice of difficult
revision THA procedures and periprosthetic infections. Surgical
bone and soft tissue debridement was consistent and substantial.
There was a relatively good match of PJI host grades between the
groups, and there were an adequate number of reimplantation
cases in each group. There was no change in implant systems, style,
or technique. This allowed for a relatively good comparison be-
tween the 2 groups.

The criticisms of this study are several. With a single-surgeon
study, the number of patients in the study group is small. There is
also an issue of wisdom bias. The study group was compared to a
matched group 5 years prior. As surgical experience improves over
time, it is possible that the surgeon becomes better at debridement
of bone and soft tissue, thus improving the success of the study
group. Finally, this study was neither randomized nor a multicenter
study. A true validation of our study findings would be to apply the
stem coating with multiple surgeons employing disparate surgical
techniques and implant systems at multiple revision centers.

Conclusions

A point-of-care application of antibiotic-loaded pharmaceu-
tical-grade CaSO4 was applied to cementless revision femoral stems
during aseptic revision THA and 2nd stage reimplantation THA. The
AL-CaSO4 coating of revision femoral stems reduced PJI occurrence
in 2nd stage reimplantation procedures only. The calcium sulfate
coating did not adversely affect fixation of cementless revision
femoral stems. This is a small study group identifying an interesting
result that needs to be corroborated with much more rigorous
study. A larger, randomized multicenter study will be required to
elaborate upon our initial findings.
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