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Abstract

Background: Establishing the diagnosis of peri-prosthetic shoulder infection prior to revision shoulder arthroplasty can
be difficult. The objectives of the present study were (i) to describe the technique of fluoroscopic capsular needle biopsy
for the diagnosis of peri-prosthetic shoulder infection and (ii) to determine the feasibility and preliminary accuracy of the
test in a pilot sample of patients undergoing revision shoulder arthroplasty.

Methods: Eighteen patients, comprising eight females and nine males with a mean age of 61 years (range 37 years to
81 years) underwent capsular needle biopsy during the work-up of suspected chronic arthroplasty-related glenohumeral
infection. Intra-operative tissue samples were taken from a minimum of three regions of the joint capsule during revision
surgery. Standard serum indices were obtained.

Results: Of |17 patients with possible infection, five had confirmed culture positive infections based on intra-operative
biopsies. Of these five patients, four (80%) had positive cultures from fluoroscopic capsular needle biopsy, with matching
cultures. There were no complications. No culture-positive patients had elevated serum indices for infection.
Conclusions: The technique for fluoroscopic capsular needle biopsy appears to be feasible and the preliminary results
for this technique appear to be promising, with a sensitivity of 80% and a specificity of 100%.

Level of evidence: Level Il: diagnostic test
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or chills.®”?!% Although several factors have been
shown to correlate with the presence of positive cultures
in shoulder arthroplasty, including male sex and hum-
eral loosening, a reliable means of pre-operative diag-
nosis of implant-related shoulder infections remains
elusive.’

Serum markers including C-reactive protein (CRP),
erythrocyte sedimention rate (ESR) and white blood
cell count (WBC) may indicate the presence of infec-
tion. However they do not localize the site of infection
and have poor sensitivity and specificity.'"'* Open
tissue culture is the accepted gold standard for the diag-
nosis of prosthetic shoulder infections.

Historically, synovial tissue biopsy has been used in
the knee using blind needle or arthroscopy-guided tech-
niques.”® To our knowledge, shoulder capsular needle
biopsy or fluoroscopy-guided techniques have not been
previously described.

The primary objective of the present study was to
describe the technique of fluoroscopy-guided capsular
needle biopsy for the diagnosis of periprosthetic shoul-
der infection. The secondary objective was to determine
the feasibility and preliminary accuracy of the test in a
pilot sample of patients undergoing revision shoulder
arthroplasty.

Materials and methods

This was a pilot feasibility study. A prospective, con-
secutive series of patients were enrolled in the study and
underwent capsular needle biopsy prior to revision sur-
gery during the workup of a painful shoulder arthro-
plasty from 2013 to 2014. Regional ethics board
approval was obtained prior to the initiation of the
study.

Inclusion criteria included males or females of
greater than 18 years of age who had a painful shoulder
arthroplasty, in whom there was a suspicion of infec-
tion including severe pain, and who required revision
surgery. Patients were excluded if they had less than
6months of follow-up following their revision
procedure.

Key demographic variables included patient age at
time of capsular needle biopsy, time from index sur-
gery, presenting symptoms and symptom duration,
type of index surgery and type of revision surgery,
pre-operative serologic markers, and culture results.

Technique: capsular needle biopsy

One musculoskeletal radiologist performed all capsular
needle biopsies after obtaining informed consent for
the procedure from the patient. No patients were on
antibiotics prior to or at the time of capsular needle
biopsy.

A sterile set-up with chlorhexidine preperation was
used and the shoulder was draped in a sterile fashion.
The radiologist was gowned and sterile gloves were
used. Capsular needle biopsies were performed using
an anterior approach with fluoroscopic guidance fol-
lowing the administration of local anesthesia, 1% lido-
caine  hydrochloride (Xylocaine; Astra USA,
Westborough, MA, USA) alone, without conscious
sedation. The needles used for the definitive procedure
were different from those used for local anesthesia.

An anteroposterior fluoroscopic image was obtained
for localization (Fig. 1). The capsular needle biopsy was
performed using a coaxial needle biopsy technique
using an 18-gauge spinal needle (Braun Medical,
Bethlehem, PA, USA) A needle was placed anteriorly
and was advanced to the inferior recess of the gleno-
humeral joint and into the rotator interval. If fluid was
present, a joint aspirate was obtained. If fluid was not
present, normal saline was injected and then aspirated.

A 22-gauge Chiba needle (Cook Medical,
Bloomington, IN, USA) was then advanced through
the outer co-axial needle and a sample of pericapsular
tissue from the axillary recess and two additional biop-
sies from the rotator interval were obtained.
Precautions were taken to minimize the risk of cross-
contamination including the use of a fresh needles for
each biopsy.

Two milliltres of contrast was then injected through
the outer co-axial spinal needle and an image was taken
to confirm that there was an intra-articular blush
(Fig. 1). A minimum of three capsular needle biopsy
tissue samples were obtained in all cases and one cap-
sular needle aspirate/wash was sent for bacteriologic
analysis. All samples were incubated for a minimum
of 14days. Cultures were considered ‘positive’ if two
or more samples yielded bacterial growth. In addition,
10 consecutive patients in the series had one additional
biopsy specimen for histological analysis.

Technique: surgery

All surgical interventions were performed by a single
surgeon. Cultures were obtained in all cases during
open revision shoulder surgery. Open revision biopsies
were obtained between 14days and 40days following
capsular needle biopsy.

A minimum of three biopsy samples was obtained.
Prophylactic antibiotics were held until after the sam-
ples were obtained and no patients were on antibiotics
prior to surgery. Intra-operative tissue samples were
taken from the inferior capsule and from the rotator
interval consistent with the locations used during cap-
sular needle biopsy and were then sent for tissue cul-
ture. Precautions were taken to minimize the risk of
cross-contamination including the use of new scalpel
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Figure |. (a) Needle is localized in the axillary recess. (b) Needle is placed in the rotator interval. (c) Contrast dye is injected to

confirm the position of the needle.

blades for each biopsy. In addition, the 10 patients who
had additional tissue sent for histological analysis
during capsular needle biopsy also had tissue sent for
histological analysis during open surgery.

All capsular needle and open biopsy specimens were
transported in sterile containers immediately to the
microbiology laboratory for aerobic and anaerobic cul-
ture. Cultures were examined every 24 h and all cultures
were maintained for a minimum of 14days to deter-
mine the presence of P.acnes, in accordance with our
institutional policy for shoulder cultures. The specimen
cultures were performed using standard anaerobic
methods. Specimens were inoculated onto various
bacteriologic media including pre-reduced CDC agar,
phenylethyl alcohol agar, laked kanamycin-vancomy-
cin agar and thioglycollate broth media. All bacterial
isolates were identified using standard microbiological
methods and the API Rapid ID 32 A (bioMBrieux,

Marcy-I’Etoile, France) was used to identify anaerobes
including P.acnes. Routine susceptibility testing of
P. acnes was not performed.

Infection was considered ‘positive’ for both the
capsular needle biopsy and open surgical biopsies in
accordance with the the guidelines established by the
Musculoskeletal Infection Society.'* Amongst other
criteria, this definition requires the presence of two or
more positive cultures.

Analysis

The primary outcome was a comparison of capsular
needle biopsy culture results against open biopsy results
as a gold standard. For the purpose of this pilot study,
the sensitivity and specificity of the diagnostic test (cap-
sular needle biopsy), as well as positive and negative
predictive values, were determined.
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Table |. Patient demographics.

Time from
Age at index surgery
Patient surgery (months)
| Female 8l 7
2 Male 52 12
3 Male 54 9
4 Female 65 15
5 Female 51 29
6 Male 51 12
7 Male 62 204
8 Female 75 42
9 Male 67 38
10 Male 52 204
I Male 60 70
12 Male 62 108
13 Male 6l 7
14 Male 70 36
15 Female 70 24
16 Male 6l 6l
17 Male 51 72

HHR, humeral head replacement; RSA, reverse shoulder arthroplasty; TSA,

Results

Seventeen patients, comprising eight females and nine
males, were included with a mean age of 61 years (range
37 years to 81years) (Table 1). The mean (SD) time
from index surgery to the time to capsular necedle
biopsy was 55 (62)months (range 7months to
204 months). The mean (SD) symptom duration was
10 (12) months (range 0.5months to 36 months). All
patients had prior shoulder arthroplasty, consisting of
humeral head replacement (7= 06), resurfacing (n=2),
total shoulder arthroplasty (n=38) or reverse shoulder
arthroplasty (n=1). The mean (SD) number of surgical
procedures prior to the index arthroplasty was 1.6 (0.9)
(range 1 to 4). One patient had previously undergone
revision arthroplasty prior to inclusion in the study.
The presenting symptoms included severe pain either
at rest or with motion and in three cases, night sweats.

Duration of

symptoms

(months) Presenting symptoms Index surgery
1.5 Pain RSA

0.5 Pain/night sweats TSA

2 Pain/night sweats HHR

2 Pain HHR

12 Pain TSA

4 Pain/stiffness HHR

6 Pain/night sweats HHR

3 Pain TSA

36 Pain Resurfacing
6 Pain TSA

36 Pain HHR

36 Pain TSA

0.5 Pain/stiffness HHR

6 Pain TSA

2 Pain TSA

12 Pain TSA

12 Pain Resurfacing

total shoulder.

The mean (SD) WBC was 7.7 (2.2)cellspL x 10°
(range 7cells/uL x 10¥to 12.5cells/uL x 10°; normal
3.5cells/uL x 10° to 10.5cells/uL x 10°). The mean
ESR was 14.5 (22.8) mm/h (range 0 mm/h to 90 mm/h;
normal O mg/L to 6 mg/L). The mean (SD) CRP was
59 (8.1)mg/L (range 0.5mg/L to 25mg/L; nor-
mal < 10mg/L). None of the patients demonstrating
positive cultures had elevation of WBC, ESR or CRP
values prior to the procedure.

Fluoroscopically-guided synovial fluid aspiration
was performed prior to capsular needle biopsy in 13
of 17 patients. There was a single positive culture
from capsular needle fluid aspiration of the 13 patients
who underwent aspiration (7%). Capsular needle
biopsy tissue cultures were positive in four of 17 cases
(24%) (Table 2). All patients underwent open revision
surgery. The open cultures yielded positive cultures in
eight cases, although three cases were considered
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Table 2. Laboratory/culture results.

Index Capsular needle

Patient surgery WBC ESR CRP Aspirate biopsy Open culture (positive/total)

| RSA 12.5 6 | Neg Neg CNS in 1/4 (contaminant)

2 TSA 54 | 1.5 Neg Propionibacterium Propionibacterium acnes 4/4
acnes

3 HHR 5.7 0 0.5 Neg Neg Propionibacterium acnes in 2/4

4 HHR 9.2 40 19.8 Neg Neg Neg

5 TSA 5 2 | Neg Neg Neg

6 HHR 1.7 16 22 Neg Neg Propionibacterium acnes in |/5

(contaminant)

7 HHR 9.8 4 43 Neg Neg Neg

8 TSA 6.1 8 23 Neg Propionibacterium Propionibacterium acnes in 4/4
acnes

9 Resurf 9.4 10 7 Neg Neg Neg

10 TSA 8 2 3.7 NA Neg Neg (CNS in 1/4, (contaminant)

I HHR 6.3 9 5.7 CNS CNS CNS in 2/4

12 TSA 7 90 224 Neg Neg Neg

13 HHR 7 35 25 NA Neg Neg

14 TSA 7.5 2 0.6 NA Neg CNS in /5 (contaminant)

15 TSA 6 5 0.5 Neg Neg Neg

16 TSA 6 2 2 Neg Neg Neg

17 Resurf 7 I | Neg Propionibacterium Propionibacterium acnes (4/6)
acnes

CNS, coagulase negative staphylococcus; HHR, humeral head replacement; NA, not available; Neg, negative culture; Resurf, resurfacing arthroplasty;

RSA, reverse shoulder arthroplasty; TSA, total shoulder arthroplasty.

contaminants as a result of the presence of only a single
positive culture. Thus, five patients (29%) had positive
cultures obtained by open biopsy. Of the four positive
results by capsular needle biopsy, the bacteria matched
the bacteria obtained by open technique. There were
three cases of P. acnes, and one case of
Staphylococcus aureus.

Fluoroscopically-assisted synovial fluid aspiration
did not identify four of the five patients with positive
open cultures, resulting in a sensitivity of 20%, a spe-
cificity of 100%, a positive predictive value of 100%
and a negative predictive value of 69%.

Capsular needle biopsy correctly identified four
patients of five with positive open cultures, resulting
in a sensitivity for capsular needle biopsy of 80%,

a specificity of 100%, a positive predictive value of
100% and a negative predictive value of 92% in this
series. No complications occurred as a result of capsu-
lar needle biopsy.

Histological analysis of both capsular needle tissue
biopsy and open tissue biopsy specimens revealed simi-
lar tissue composition: fibrous, fibroadipose and fibro-
vascular tissue was identified, frequently with reactive
inflammatory changes. Some specimens demonstrated
mixed inflammatory cells including neutrophils with
few lymphocytes. Occasional synovial lining cells were
observed in both capsular needle biopsy and open
biopsy specimens.

All 17 patients underwent revision surgery. Four of
the infections were identified pre-operatively with
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capsular needle biopsy and were treated with two-stage
revision arthroplasty. In the fifth case, the patient
underwent revision to a total shoulder arthroplasty
and the open biopsy cultures identified the presence
of infection postoperatively. In this case, a second revi-
sion was immediately carried out with the insertion of a
spacer. Following the insertion of the spacer, patients
with confirmed infection received 6 weeks of intraven-
ous antibiotics followed by 6 weeks of oral antibiotics,
with an infectious diseases specialist monitoring all
patients. Following an antibiotic holiday of 6 weeks to
8 weeks, patients underwent repeat synovial biopsy or
arthroscopic biopsy or both and all cultures were nega-
tive prior to embarking on the second-stage revision.
Two patients underwent revision to humeral head
replacement, one to a total shoulder replacement, one
maintained the spacer in situ and has declined any fur-
ther surgery, and the last was revised to a reverse shoul-
der arthroplasty. The mean (SD) time to follow-up
following initial capsular biopsy to latest evaluation
was 31.6 (16) months (range 12 months to 48 months).
Two patients developed recurrence of infection and
ultimately underwent resection arthroplasty.

Twelve patients were culture negative. One patient
underwent insertion of an antibiotic spacer as a result
of uncertainty regarding the presence of infection at
the time of revision. This patient has not sought add-
itional surgery because of health concerns unrelated to
the shoulder. Two patients underwent revision to total
shoulder arthroplasty as a result of pain from glenoid
erosion, six underwent revision to reverse shoulder
arthroplasty as a result of loosening of the glenoid,
one underwent bone grafting to the glenoid (with revi-
sion of the humeral head only), one was revised to
humeral head replacement and one underwent a sub-
scapularis repair with no revision of the prosthesis.

The mean (SD) time to follow-up following capsular
biopsy to the latest evaluation was 27 (9) months (range
8 months to 36 months). All patients who underwent a
single-stage revision with a negative capsular biopsy
had pain-free shoulders with no evidence of infection
at the latest clinical follow-up.

Discussion

The results of the present feasibility study demonstrate
that fluoroscopically-assisted capsular needle tissue
biopsy has the potential to identify the presence of infec-
tion pre-operatively, with a sensitivity of 80%, a specifi-
city of 100%, a positive predictive value of 100% and
negative predictive value of 92%. This is in contrast to
synovial fluid aspirate, which only correctly identified
one of five patients with peri-prosthetic infection.
Although no complications were observed related to
the procedure in the present study, the technique is

associated with some degree of short-term pain.
Although the pain was in keeping with that normally
experienced with synovial fluid aspiration, synovial
tissue biopsy requires multiple passes through capsule
to obtain multiple separate biopsies.

The needle biopsies in the present study were per-
formed under fluoroscopic guidance. This modality was
chosen to obtain confirmation about the position of the
intra-articular needle using contrast dye after punctur-
ing the capsule. However, the biopsies could also rea-
sonably be performed under ultrasound guidance if this
modality is more readily available with the added bene-
fit of avoiding additional radiation.

Proprionibacterium acnes is a Gram-positive, non-
spore-forming anaerobic bacillus found in the cutane-
ous, upper respiratory and digestive mucosae.'> It
preferentially colonizes areas rich in sebaceous glands,
such as the axilla, scalp and face, in close proximity to
shoulder surgical sites compared to the hip and knee.'®
The diagnosis of post-surgical and implant-related
shoulder infection is notoriously difficult in large part
because P. acnes is often implicated. Given that no reli-
able diagnostic test currently exists for the diagnosis of
P. acnes-related infection other than arthroscopic'’ or
open biopsy, the management of patients with shoulder
implants and pain can be very difficult. Patients may be
subjected to further surgery'’ or revision before a firm
diagnosis of infection can be established. We hypothe-
sized that capsular needle biopsy, a minimally invasive
means of obtaining tissue samples for the purpose of
establishing a diagnosis of infection, has possible utility
as a diagnostic test. Our goal was to compare the cul-
ture results obtained in a small series of patients with
possible infection who have undergone capsular needle
biopsy against the culture results of arthroscopic or
open biopsy in a pilot feasibility study. Our preliminary
results indicate that the results of the capsular needle
biopsy have a high concordance with the results of open
biopsy. Dilisio et al.'” reported on 19 patients who under-
went arthroscopic biopsies prior to revision surgery with
100% sensitivity, specificity, positive predictive value and
negative predictive values compared to open biopsy cul-
tures. There are two main advantages of fluroscopically-
guided synovial biopsy over arthroscopic biopsy: the first
is that patients are not subjected to an additional surgical
procedure and the second is the potential benefit of a
percutaneous needle biopsy compared to the cost asso-
ciated with operating room utilization.

In rheumatology, synovial biopsy has been used in
the setting of suspected lower extremity infection when
synovial fluid cannot be aspirated and/or antibiotic
treatment has already been initiated, or for bacteria
that are difficult to culture or grow slowly.®!3

Proprionibacterium acnes infection has proven diffi-
cult to diagnose with aspiration with a reported 10% to
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50% detection rate.”®* Often, there is a paucity of syn-
ovial fluid to aspirate or none at all. This is in contrast
to hip and knee prosthetic joint infection where joint
aspiration has been shown to be very helpful in diag-
nosis, allowing accurate pre-operative planning.'® In
the present study, only one patient who was culture-
positive by open biopsy had a positive culture by syn-
ovial fluid aspirate.

Tissue culture is the accepted gold standard for the
diagnosis of prosthetic shoulder joint infections.
Current recommendations for improvements in culture
diagnosis of periprosthetic joint infections include col-
lection of multiple samples (five or six) from the site of
infection and prolongation of incubation of cultures for
up to l4days.”!® The average time for growth of
P.acnes in culture is 3.5days to 9 days, although there
are reports of positive cultures up to 4 weeks.' 2023
Unfortunately, even tissue culture is less successful in
the diagnosis of prosthetic shoulder infection than it is
for other joints with a reported sensitivity as low as
54.5% and a specificity of 95.1%.%* Tissue culture by
any means as a diagnostic tool has certain limitations,
including sampling errors, inadequate quantities of
vital bacteria, and inappropriate transport and fastidi-
ous organisms. Despite open tissue culture being the
gold standard, as many as 20% of prosthetic joint
infections are culture negative. In the present study,
the decision to proceed with two-stage revision in
four cases was based on the pre-operative synovial
biopsy results. The 80% concordance rate with open
cultures appears to indicate that the synovial biopsy
results were reliable and that our surgical decision
making was justified. However, the treatment of
patients demonstrating positive pre-operative synovial
biopsy cultures with a single-stage revision and
extended antiobiotic coverage until open biopsy culture
results are available remains as a viable option.

Given the relatively high preponderance for low-
grade infection in the setting of painful shoulder arthro-
plasty, our current practice is to perform an infection
work-up prior to revision surgery in all cases. Although
there is a risk of introducing infection into the joint
with synovial biopy, this risk also exists with needle
aspiration alone and the higher test accuracy with syn-
ovial biopsy appears promising.

The need to treat patients with one positive culture
with no other clinical signs of infection with prolonged
antibiotic therapy remains controversial.>> Isolation of
a single low-virulence pathogen such as coagulase-
negative Staphylococcus, P acnes or Corynebacteria in
the absence of other criteria is not cosnidered to repre-
sent a definite infection.'* In the present study, three
patients had a positive result in a single culture, and
each of these results was treated as a contaminant; none
were actively treated for infection and none

subsequently developed clinical evidence of infection.
The absence of elevated serum indices in the present
study is in accordance with previous reports.®’

The primary limitation of the present study is its
small sample size. Our goal was to determine the feasi-
bility of this diagnostic technique in a small sample of
patients and determine whether the technique had the
potential to establish a diagnosis of infection. The
results of the present study appear to demonstrate
that the technique indeed has the potential to provide
capsular tissue and, in addition, the preliminary results
obtained using this technique are both sensitive and
specific. The tissue was analyzed histologically to con-
firm that capsular/pericapsular tissue was obtained.
Capsular tissue following shoulder arthroplasty con-
sists mainly of fibrous tissue: the histology demon-
strated mainly the presence of fibrous tissue and
synovial lining cells were only occasionally seen in
both capsular needle biopsy and open biopsy speci-
mens. The interpretation of positive cultures in revision
shoulder arthroplasty is controversial. Recent reports
have indicated that up to one-third of patients undergo-
ing first-time shoulder surgery have had positive cul-
tures.”>?® Therefore any positive biopsy results must
be interpreted carefully and considered in the context
of the overall clinical picture given that there remains a
possibility of false positive results.

Finally, only three synovial and open biopsies were
obtained in each patient. It is possible that the accuracy
could increase if more specimens were obtained.

In conclusion, capsular needle biopsy has demon-
strated feasibility and potential utility as a test in the diag-
nosis of peri-prosthetic shoulder infection. Further studies
are required to fully clarify the validity of this technique.
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