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A multi-institutional analysis of sternoclavicular
joint coverage following osteomyelitis

Sammy Othman', Omar Elfanagely', Said C. Azoury', Geoffrey M. Kozak?, Jessica Cunning’,
Arturo J. Rios-Diaz', Prashanth Palvannan?, Patrick Greaney’, Matthew P. Jenkins®, Doraid Jarrar’,

Stephen J. Kovach', John P. Fischer'

'Division of Plastic Surgery, Department of Surgery, University of Pennsylvania, Philadelphia, PA; *Division of Plastic Surgery, Department of
Surgery, Thomas Jefferson University, Philadelphia, PA; *Division of Thoracic Surgery, Department of Surgery, University of Pennsylvania,
Philadelphia, PA, USA

Sternoclavicular joint (SCJ) osteomyelitis is a rare pathology requiring urgent in- Correspondence: Sammy Othman
tervention. Several operative approaches have been described with conflicting reports. Here, we ~ Division of Plastic Surgery, University
s e . . . of Pennsylvania, Perelman Center for
present a multi-institutional study utilizing multiple surgical pathways for SCJ reconstruction. Advanced Medicine, 3400 Civic
A multi-institutional retrospective cohort study was conducted to identify patients Center Blvd, Philadelphia, PA 19104,
who underwent surgical repair for sternoclavicular osteomyelitis between 2008 and 2019. Pa- USA
tients were stratified according to reconstruction approach: single-stage reconstruction with ad- Et_j{j;fgf?fé_sg 112
vancement flap and delayed-reconstruction with flap following initial debridement. Demo- E—m.ail:sothman13@gmail.com
graphics, operative approach, type of reconstruction, and postoperative outcomes were analyzed.
Thirty-two patients were identified. Mean patient age was 56.2+ 13.8 years and
68.8% were male. The average body mass index (BMI) was 30.0+ 8.8 kg/m” The most com-
mon infection etiologies were intravenous drug use and bacteremia (both 25%). Fourteen pa-
tients (43.8%) underwent one-stage reconstruction and 18 (56.2%) underwent delayed two-
staged reconstruction. Both single and delayed-stage groups had comparable rates of reinfec-
tion (7.1% vs. 11.1%, respectively), surgical site complications (21.4% vs. 27.8%), readmissions
(7.1% vs. 16.6%), and reoperations (7.1% vs. 5.6%; all P>0.05). The single-stage reconstruc-
tion group had a significantly lower BMI (26.2+ 5.7 kg/m? vs. 32.9+9.1 kg/m?; P<0.05) and
trended towards shorter hospital length of stay (11.3 days vs. 17.9 days; P=0.01).
Both single and delayed-stage approaches are appropriate methods with com-
parable outcomes for reconstruction for SCJ osteomyelitis. When clinically indicated, a single-
stage reconstruction approach may be preferable in order to avoid a second operation as as-
sociated with the delayed phase, and possibly shortening total hospital length of stay.
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the need for urgent intervention due to a propensity for insidi-
ous manifestation and spread [1]. Symptoms may include fever,
Infection of the sternoclavicular joint (SCJ) can present with marked pain and tenderness, erythema, and decreased mobility,

Copyright © 2020 The Korean Society of Plastic and Reconstructive Surgeons
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but are often unspecific [2-4]. Risk factors include intravenous
drug use (IVDU)), but reports of indwelling catheterization,
traumatic etiology, exposed wound beds, immunosuppression,
diabetes mellitus (DM), chronic hepatic and renal disease, and
autoimmune disease have also been reported [1,5-8]. Severe in-
fection can further spread as osteomyelitis, which requires ur-
gent action due to the SCJ’s anatomical proximity to the great
vessels. Left untreated, patients with infection of the SCJ may
suffer from large surface-area resection, mediastinitis, sepsis, and
possibly death, with a mediastinitis rate of 13% and a mortality
rate of up to 4%, even in cases where patients are treated [1,3,9].

Treatment options have ranged from nonoperative manage-
ment to multiple operative strategies, as well as several subsets
of combinations of the two therein. However, the most effective
approaches are not well-described. Medical therapy with antibi-
otics has resulted in undesirable morbidity rates [1]. Surgical
approaches include percutaneous incision and drainage (I&D),
debridement, simple resection with or without negative pres-
sure wound therapy (NPWT) and delayed wound healing, one-
stage resection and reconstruction, and/or a hybrid combina-
tion of techniques [6,10-12]. There has been increased focus on
addressing the dead-space and heightened risk of vessel expo-
sure created by SCJ resection, and this can be addressed given
the adjacent soft-tissue [ 13,14]. Traditionally, the pectoralis ma-
jor muscle has been used for these purposes, though there are
reports of the latissimus dorsi flap advancement as well [ 14].

A challenging aspect of delineating the efficacy of each treat-
ment modality is the relative rarity and low incidence of sterno-
clavicular (SC) osteomyelitis, with scarce data on management
generally limited to small series studies [8,9,11-15]. For these
reasons, the more appropriate management strategies have been
debated over several decades and are consistently evolving par-
ticularly pertaining to technique and timing of reconstruction.
To our knowledge, we present the first multi-center and multi-
institutional review of the multiple surgical approaches to the

management of SCJ infection.

Study population

Following institutional review board approval (IRB No. 834502),
a multi-institutional review was performed to identify patients
who had undergone SCJ reconstruction following sternoclavic-
ular (SC) osteomyelitis from January 2008 to October 2019.
Patients were included if they were > 18 years of age and had
undergone surgical SCJ reconstruction following resection of
the SCJ due to osteomyelitis. All etiologies of osteomyelitis were
considered. Patients with SCJ resection due to noninfectious
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etiology, such as oncological indications, were excluded.

Data source and covariates

Demographic, clinical and operative data were extracted from
the electronic medical record. Demographics data collected in-
cluded age, sex, ethnicity, and body mass index (BMI), comor-
bidities such as hypertension, DM, smoking status, obesity (de-
fined as BMI >30 kg/m?), chronic liver disease, defined as
presence of cirrhosis or chronic hepatitis, chronic kidney dis-
ease, and immunosuppressed status, defined as actively taking
known immunosuppressive medications and/or the presence
of an immunosuppressive condition such as cancer or HIV (hu-
man immunodeficiency virus). Infectious disease details were
also extracted and these included suspected source of infection
and microbiology data from cultures. All patients were diag-
nosed based upon clinical exam, with the aid of computed to-
mography and/or magnetic resonance imaging preoperatively,
and culture/biopsy sample. Patients were stratified according to
operative approach (one-stage vs. delayed reconstruction). One-
stage reconstruction was defined as SC resection followed by
flap coverage during the same operation without prior debride-
ment. Delayed reconstruction was defined as flap coverage in a
subsequent operation after one or multiple operations for SCJ

debridement.

Outcomes

Postoperative data was evaluated, which included surgical site
complications, reoperations, readmissions hospital length of
stay (LOS), and date of last follow-up. The primary outcome
was infection resolution following the index reconstructive pro-
cedure, defined as a lack of significant findings on clinical exam
and objective laboratory and imaging measures to the date of
last follow-up. Secondary outcomes included surgical site com-

plications, need for reoperation, readmission, and hospital LOS.

Operative strategy

All patients underwent initial debridement, and/or SJC resec-
tion during the index procedure. The feasibility of one-stage flap
closure was largely dictated by the extent of infection, purulence,
and effectiveness of primary resection and/or debridement of
the SC]J, clavicle, plus or minus the first rib, down to healthy bone,
dependent upon intraoperative findings. Cultures were then ob-
tained from bone and soft-tissue. If the infection was believed to
be largely cleared, a pectoralis major advancement flap was uti-
lized for joint reconstruction. When further resection and/or
debridement was mandated, reconstruction with an advance-
ment flap was delayed to a later date following satisfactory clear-

ance of frank infection (Fig. 1). In the intermediate period,

461



OthmanSetal. SCJ osteomyelitis reconstruction

A young woman presented with imaging-confirmed osteomyelitis
of the sternoclavicular joint. (A) Intraoperative dead space follow-
ing resection of infected sternoclavicular joint. (B) Infected speci-
men following resection. (C) Inset of the mobilized pectoralis major
flap within the sternoclavicular dead space following medial joint
resection. (D) Immediate postoperative incisional closure.

NPWT was used, given its known advantages in wound granu-

lation and potential for infection clearance.

Statistical analysis

Descriptive statistics were used to categorize incidence of vari-
ables of interest. Categorical variables were analyzed using chi-
square testing and Fisher exact test, where appropriate, while
continuous variables were compared using Mann-Whitney U
testing. Statistical significance was set at P < 0.0S. Statistical cal-
culations and analyses were performed using IBM SPSS version
25 (IBM Corp., Armonk, NY, USA).

A total of 32 patients who underwent SCJ reconstruction follow-
ing SC osteomyelitis were deemed appropriate for inclusion and
analysis. All patients in this study were diagnosed with definitive
or likely osteomyelitis preoperatively, which was later confirmed
during surgical biopsy. Imaging modalities diagnosed 11 (34.4%)
patients with definitive osteomyelitis and 14 (43.8%) with possi-
ble osteomyelitis, while the remaining seven (21.9%) were non-

diagnostic/inconclusive. Patients were aged 56.2 £13.8 years-
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All patients One-stage Delayed

Characteristic (n=32) (n=14) (n=18) P-value
Age (yr) 56.2+138 56.1+£14.9 56.2+134 0954
Male sex 22 (68.8) 9 (64.3) 13 (72.2) 0.631
Ethnicity 0.424

Caucasian 21 (65.6) 8 (57.1) 13 (72.2)

African American 10(31.3) 5(35.7) 5(27.8)

Hispanic 1(3.1) 1(7.1) 0
BMI (kg/m?) 30.0+88 26.2+57 3291091 0.009*
Obesity 14 (43.8) 4(28.6) 10 (71.4) 0.165
HTN 20 (62.5) 9 (64.3) 11 (61.1) 0.854
DM 14 (43.8) 7 (50) 7(38.9) 0.530
Smoking status 0.310

Never 14 (43.8) 4 (28.6) 10 (71.4)

Former 7(21.9 4(28.6) 3(16.7)

Current 11 (34.4) 6 (42.9) 5(27.8)
Immunocompromised 6(18.8) 2 (14.3) 4(22.2) 0.672
Chronic kidney disease 9(28.1) 4 (28.6) 5 (27.8) 1.000
Chronic liver disease 4(12.5) 1(7.1) 3(16.7) 0.613

Values are presented as mean = SD or number (%).
BMI, body mass index; HTN, hypertension; DM, diabetes mellitus.
“Statistically significant, P < 0.05.

old at the time of surgery, 68.8% were male, 43.8% were obese,
62.5% hypertensive, 43.8% diabetic, 18.8% were immunosup-
pressed, 28.1% had chronic kidney disease, and 12.5% had
chronic liver disease. Patients of 21.9% were former smokers.,
while 34.4% identified as current smokers at the time of the pro-
cedure. BMI was significantly higher in delayed group (32.9+
9.1kg/ m?), compared to the one-stage group (262+5.7 kg/ m?)
(P=0.009). No other characteristics differed significantly be-
tween groups (Table 1).

The majority of patients presented with right-sided osteomy-
elitis of the SCJ (65.6%). The most common pre-disposing eti-
ologies for infection were IVDU (25%) and distant bacteremia
(25%). The least common etiology was a central venous cathe-
ter (3.1%). Other etiologies included local abscess spread, trau-
ma, and cardiac based infection (all 9.4%, respectively). Chronic
immunosuppressed state was believed to serve as the etiology
for 6.3% of patients, who were both taking immunosuppressive
medications. Source of infection was unknown in 12.5% of pa-
tients. Etiologies were similar across approaches (Table 2).
Fourteen patients (43.8%) underwent one-staged resection and
flap-reconstruction. The remaining 18 (56.2%) underwent a
delayed approach with primary attempt at infection control fol-
lowed by eventual definitive flap reconstruction. The median
number of operative procedures for this group prior to defini-
tive flap closure was 1.5. With regards to the delayed group, pri-
or to final flap reconstruction, 38.9% (7/18) underwent SCJ re-
section, 33% (6/18) underwent both I&D and resection, and
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All patients One-stage Delayed p

All patients One-stage Delayed

Characteristic (n=32) (n=14) (n=18) -value Characteristic (n=32) (n=14) (n=18) P-value

Laterality 0.061 Wound complications (any) 8 (25.0) 3(21.4) 5(27.8) 1.00
Right SCJ 21(65.6) 12(857)  9(50) Seroma 3(9.9) 1(7.9) 2(11.1)

Etiology 0.881 Hematoma 2(6.3) 1(7.1) 1(5.6)
VDU 8 (25.0) 3(21.4) 5 (27.8) Reinfection 3(9.4) 1(7.1) 2(11.1) 1.00
Catheter-related 1(3.1) 0 1(5.6) Readmissions 4 (12.5) 1(7.7) 3(16.6) 0.61
Local spread 3(9.4) 2 (14.3) 1(5.6) Reoperations 2(6.3) 1(7.) 1(5.6) 1.00
Bacteremia 8 (25.0) 4 (28.6) 4(22.2) Length of stay (day) 15.0+134 11.3+£103 17.9+154 0.098
Tcrirljjrlr?: eiel g gii ; E 14 )3) 12 2;16)1 ) Values are presented as number (%) or mean £ SD.
Immunosuppression 2 (6.3) 1(7.) 1(5.6)
Unknown 4(12.5) 1(7.1) 3(16.7)

Microbiology 0.926 and unfortunately passed away.
Staphylococcus aureus 17 (53.1) 7(50.00 10(55.6) 3 .
Staphylococcus epidermidis 2 (6.3) 1(7.9) 1(5.6) In total, four patients were readmitted (12.5%) and two un-
Streptococeus species 2(6.3) 1(7.1) 1(5.6) derwent reoperation (6.3%). The four readmissions involved
Gram-negative 3(9.4) 2(143) 166 the three infective recurrences and one hematoma, which was
Anaerobe 4(12.5) 2(14.3) 2(11.1) initially admitted d f infecti 0
Unknown 4(12.5) 107.1) 3(16.7) initially admitted due to concern for reinfection. One reopera-

Values are presented as number (%).
SCJ, sternoclavicular joint; IVDU, intravenous drug use.

27.7% (5/18) underwent I&D/debridement with no subse-
quent resection prior to ﬂap—reconstruction. Wound vacuum as-
sisted closure was applied to all delayed-closure patient wounds
until the time of the definitive reconstructive procedure.

Staphylococcus aureus was the most common organism identi-
fied on microbiological culture (53% of all cases), while Staphy-
lococcus epidermidis and Streptococcus species were the least com-
mon (6.3% each, respectively). Anaerobic bacteria (12.5%) and
Gram-negative bacteria (9.4%) composed the other known
pathogens of infection, which were all similar across both
groups (Table 2).

Eight total patients (25%) experienced wound-site complica-
tions (Table 3) over a median follow-up of 4 months (range,
1-21 months). Three patients (9.4%) had seromas postopera-
tively, and two (6.3%) had hematomas. One hematoma re-
quired reoperative evacuation, with the remaining four of these
fluid collections managed nonoperatively. The remaining three
patients (9.4%) with wound-site complications experienced in-
fection recurrence. In all three cases, the SCJ was initially resect-
ed before flap coverage. The first of these patients also had his
first rib resected with the initial SCJ resection, but required fur-
ther debridement and second rib resection following recurrence
in order to achieve resolution. The second patient, who had
both his SCJ and first rib resected initially, necessitated reopera-
tion, but was not performed due to continuous IVDU. The final
patient, who only had his SCJ resected, was found to have si-
multaneous endocarditis and bacteremia as a result of infection,

tion encompassed the aforementioned debridement and resec-
tion procedure. The second reoperation occurred in the imme-
diate postoperative state due to an extensive hematoma. No dif-
ference in complications, readmissions, or reoperation was ob-
served between groups (all P < 0.05) (Table 3).

The mean LOS for all patients was 15.0  13.4 days. Patients
in the delayed-closure group had an average greater LOS of
17.9 +15.4 days, while patients in the one-stage group experi-
enced a stay of 11.3 £ 10.3 days, a difference approaching signifi-
cance (P=0.098) (Table 3).

The rare incidence of SC osteomyelitis presents challenges in
identifying the proper treatment modality. DM, immunosup-
pressed status, catheter use, renal failure, and chronic liver dis-
ease have all been reportedly associated with SCJ infection, and
may increase in incidence [8,14,16-18]; given these associa-
tions, SC osteomyelitis may represent a growing and more fre-
quently encountered pathology that demands prompt diagnosis
and proper management. Despite this, the data presented within
this study indicates that both immediate and delayed construc-
tion are effective management approaches.

Between groups, there were no evident differences in patient
characteristics with the exception of a significantly elevated BMI
in the delayed-reconstruction group. Several studies have sug-
gested that an increase in BMI is likely associated with chronic
inflammation, a compromised immune system, and an in-
creased predisposition to infection and worsened outcomes
[18,19]. In this study, patients with an elevated BMI may have
been found to have worsened infections during operative explo-
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ration, necessitating a deferral to multiple operations in order to
achieve adequate infection clearance and definitive closure. As
mentioned, immunosuppression and chronic disease states are
associated with SCJ infection [8,14]. We hypothesize that an el-
evated BMI may predispose a similar state and influence wors-
ened infection in the context of SC osteomyelitis.

IVDU and bacteremia were found to have the highest inci-
dence of infective etiology. Both can result in spontaneous seed-
ing of the SCJ. IVDU may also cause infection due to direct in-
oculation through injection into or near the internal jugular
veins [1]. From a microbiological perspective, S. aureus was the
most commonly encountered pathogen in this study, with simi-
lar rates to previously reported figures [1,20], perhaps due to its
ubiquity as a skin bacterium [12].

Both treatment approaches offered similar rates of reinfection,
surgical site complications, reoperations, no and readmissions.
LOS was markedly increased in the delayed-stage group, likely
reflective of the need for one or more additional operations.
Cases of reinfection and recurrence are likely due inadequate in-
fection clearance when undergoing surgical debridement, even
when closed with a vascularized flap. We hypothesize that all
cases of recurrence in our study were due to insufficient de-
bridement and resection of residually infected bony structures,
including the surrounding ribs when necessary. This highlights
the need for meticulous debridement in order to mitigate the
risk of recurrence.

Previous authors have presented various treatment strategies.
Kachala et al. [11] and Puri et al. [15] both presented their ex-
periences comparing immediate single-stage flap reconstruction
with a different delayed approach than the one we present; Both
of their groups opted for debridement and open wound care-
with no subsequent flap. Their findings differed, however, in
that Kachala et al. suggested no difference between approaches
while Puri et al. concluded the delayed approach to provide less
complications. Muesse et al. [21] presented an alternative strat-
egy by delaying both resection and coverage following initial de-
bridement, finding that this approach provided the least compli-
cations.

In this study, a delayed approach was utilized wherever infec-
tion control was not feasible on the index procedure. The specific
strategy used was dependent upon intraoperative findings, which
may have necessitated resection, I&D, and/or debridement,
rather than one specific delayed-closure pathway, in contrast to
the above studies where one delayed pathway was utilized. Once
adequate clearance of infection was achieved, patients under-
went definitive flap closure. The authors provide an algorithmic
approach to help clarify management strategies for SCJ infection.
The authors use preoperative imaging and intraoperative signs of
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SC, sternoclavicular; VAC, vacuum assisted closure.

Suspected SC osteomyelitis

|

Wound exploration with debridement joint resection

|

Clean wound with no frank infection and debridement
down to healthy tissue?

Yes No
Pectoralis advancement flap Apply wound VAC

and closure Return for further exploration

i

Additional debridement and
resection

infection to determine primary versus delayed closure. This ne-
cessitates aggressive and meticulous debridement of soft-tissue
and bony resection of the SCJ and surrounding ribs, if there is
evidence of infective spread to these areas. If this proves inade-
quate on the initial operation, or if there is uncertainty about the
continued presence of infection, the authors advocate for a de-
layed-closure pathway and return to the operating room until evi-
dence of healthy tissue is clearly present (Fig. 2).

Previous research has indicated that unilateral medical man-
agement with intravenous antibiotic therapy is undesirable giv-
en higher reported failure rates [1]. Surgically, I&D with an
open wound managed with NPWT or left to heal by secondary
intention is another reported approach, but is associated with
failure rates as high as 83% and a necessity for prolonged wound
care [14]. For these reasons, we generally prefer aggressive de-
bridement, resection, and flap-based reconstruction.

One advantage of the flap is to allow filling of dead-space, a
critical consideration in reducing dead-space and consequent
nidus for further infection and reoperation [22,23]. A second
purpose for flap advancement is the paramount coverage of crit-
ical vessel exposure [22,23], as brachiocephalic vessels traverse
directly deep to the SCJ. All cases in this study utilized the pec-
toralis major flap. Although there are reports of latissimus dorsi
advancement flap harvest for this purpose, the pectoralis major

flap provides a less technically demanding procedure given its
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effectiveness in superomedial wound-coverage of the anterior
chest [24].

An initial concern in the resection of the SCJ was a consequent
compromised musculoskeletal function. Several studies have
shown that functionality is not significantly inhibited by loss of
joint in the setting of partial hemi-manubrial resection [11,14,
15], contrary to what was intuitively believed at the conception
of this strategy. It is possible, however, that detrimental long-
term effects regarding function exist but are not otherwise evi-
dent in any intermediate time-frame.

The authors are aware of several limitations of the study, in-
cluding those inherent to the retrospective nature. There is po-
tential for selection bias and confounding by indication. Howev-
er, most patients’ characteristics were comparable between both
cohorts and this study elucidates the pathway to reconstruction
and outcomes by reconstruction timing using multi-institutional
data. Additionally, the average follow-up in our cohort was 4
months and therefore long-term outcomes are yet to be de-
scribed. Lastly, given the rare incidence of SC osteomyelitis, the
relative small sample size precludes definitive conclusions.
Nonetheless, we have presented results for a relatively large co-
hort of patients with SCJ infection that underwent reconstruc-
tion. Similarly, specific risk factors could be identified in the fu-
ture with larger studies. Further studies will do well elucidating
risk factors associated with poor outcomes by surgical treatment
approach in a larger population. Regardless, this study shows
that single-stage and delayed-stage reconstruction approaches
following debridement for SC osteomyelitis are comparably ef-
fective dependent upon the proper operative indication.

In conclusion, Both single and delayed-stage approaches are
appropriate methods with comparable outcomes for recon-
struction for SCJ osteomyelitis. When clinically indicated, a sin-
gle-stage reconstruction approach may be preferable in order to
avoid a second operation as associated with the delayed phase,

and possibly shortening total hospital LOS.
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