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ABSTRACT

Objectives:

To assess the histologic findings in the pubic bone resected during extirpative surgery for
urinary pubic symphysis fistula (UPF). The concurrent presence of osteomyelitis and the
need for bone resection at time of extirpative surgery for UPF has been debated. We
hypothesized that UPF results in histopathologically confirmed osteomyelitis, underscoring
the importance of bone resection at the time of surgery.

Methods:

An IRB approved retrospective review of all patients undergoing surgery for UPF from 2012
to 2019 was performed. Demographic data were recorded. A single pathologist performed
histopathologic examination of bone tissue in each case. Logistic regression and Fisher
exact test were used to assess association of osteomyelitis with clinical factors.

Results:
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We identified 36 patients who underwent major extirpative surgery for UPF with bone
pathology available for review. Bone histopathology findings confirmed presence of
osteomyelitis in the majority (n=32, 88.9%). This was characterized as chronic
osteomyelitis in 15 (41.7%), acute osteomyelitis only in 1 (2.8%) and combined chronic and
acute osteomyelitis in 16 (44.4%). Osteonecrosis was seen in 11 cases (33.6%). There was
no correlation between presence of osteomyelitis and age, timing from radiotherapy to
diagnosis of UPF, type of radiotherapy, or history of endoscopic bladder outlet procedures.
Conclusions:

Osteomyelitis is present on histology of the pubic bone resected during surgery for UPF in
the majority of cases (88.9%). Osteonecrosis is also common. These findings underscore

the critical importance of pubic bone resection at time of UPF surgery to adequately treat
the diseased bone.

Introduction
Urinary pubic symphysis fistula (UPF) is a rare and devastating disease process among
pelvic cancer survivors'2 and occurs almost exclusively in the setting of prior pelvic

radiotherapy for soft tissue malignancy, most commonly prostate cancer.

The setting in which UPF develops is different from the previously described and often
historic issues with the pubic bone following urological surgery and radiation such as
osteitis pubis and osteonecrosis3-5. There is a paucity of literature about UPF and little is
known about the underlying precise pathophysiology that leads to the formation of a fistula
between the urinary tract and the bony pelvis. One proposed mechanism of development of
UPF is that instrumentation to treat bladder neck/outlet stenosis in patients with prior
radiation may develop this fistula because of the previous scar tissue formation, urinary
extravasation, and decreased healing ability in the areaé. One clinical theory is that after
development of UPF, the neighboring bone to the pubic symphysis is chronically bathed in

potentially contaminated urine leading to infection and pubic bone osteomyelitis.
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Personal communication and discussion between experts at international meetings have
revealed that the presence of codified infectious osteomyelitis in the bone adjacent to the
pubic symphysis in cases of fistula is unknown. Many bone abnormalities such as osteitis
pubis, radiation changes, or irritation from urinary extravasation may look very similar to
infectious osteomyelitis radiographically and histologically. Herein we present definitive
pathologic findings consistent with acute, infectious osteomyelitis. In combination with
bone cultures results reported elsewhere?, these findings establish the true etiology of this

clinical syndrome.

The aim of this paper is to summarize the contemporary histopathology of the bone tissue
resected during definitive surgery for UPF. We hypothesized that the histology would
confirm the presence of osteomyelitis in patients with UPF, underscoring the importance of

bone resection at the time of surgery.

Materials and methods

Study Population, Study Design, and Workup

An institutional review board-approved review of prostate cancer survivors diagnosed with
UPF from 2010 to 2019 was carried out. Those with a clinical history and examination
findings suspicious of UPF were referred to the reconstructive urology service. All patients
underwent magnetic resonance imaging (MRI) of the pelvis as the definitive imaging

modality to establish an initial clinical diagnosiss.

Once a diagnosis was established, a multidisciplinary algorithmic approach to the
management of UPF was implemented as we have previously described!. Intravenous

antibiotics were administered for 6 weeks based on urinary culture results and/or bone
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biopsy. Hyperbaric oxygen therapy (HBOT) was provided to patients who had not
undergone prior treatment. This was initially included in our management algorithm with
curative intent as HBOT can improve antibiotic penetration into bone?, but we found that
antibiotics and HBOT were not effective at curing osteomyelitis from UPF. HBOT remains in
our algorithm, however, due to the potential positive impact on postoperative wound

healing10.

After stabilization of symptoms, the majority of patients then underwent definitive surgery
with cystectomy, pubic bone resection and urinary diversion. Chronic suppressive
antibiotics were held for 2 weeks preoperatively when clinically feasible, to allow accurate

analysis of the bone specimen.

Specimen collection

During laparotomy for cystectomy, the surgical incision was extended to expose the pubic
symphysis. The extent of bone resection was determined in conjunction with an orthopedic
surgeon, based on the preoperative MRI findings and the appearance of the bone
intraoperatively. An osteotome and mallet were used for resection of the pubic symphysis.
Bone resection was continued laterally along the superior and inferior pubic rami until all
visibly infected and necrotic bone was removed and bleeding edges were noted, using the
Total Performance System (TPS) handheld drill with a sagittal saw hand piece (Stryker,
Bloomfield, CT USA). This works as a shaver and grinding device in order to remove
remaining bone after the majority of the infected bone is removed with a mallet and

osteotome and sent for pathologic evaluation.

Histology processing and interpretation
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The specimen was sent to the laboratory for histopathological assessment in formalin. In
the surgical pathology laboratory, gross examination was performed, and areas of concern
were decalcified and submitted for histopathology. The slides were stained with
hematoxylin and eosin (H&E) and a single board certified pathologist rendered the final

diagnosis.

Statistical analysis

We conducted descriptive statistics for the patient demographic data and histopathologic
findings.. Fisher exact test was used to compare categorical variables with the presence of
osteomyelitis. Logistic regression was used to compare continuous variables to the
presence of osteomyelitis. An alpha of 0.05 and 95% confidence intervals were used as
criteria for statistical significance. All analyses were performed using Stata, version 13.1

(StataCorp, College Station, TX).

Results

Patient Population

We identified 44 patients with a history of prostate cancer who were diagnosed with UPF
between 2012 and 2019 at our single institution. Eight patients were excluded because of
the absence of pathology specimen available for review, yielding 36 patients in the study
cohort. All patients underwent debridement of the pubic bone at time of surgery.
Concurrent cystectomy with urinary diversion was performed in 33 patients (91.7%), while
2 (5.6%) had already undergone cystectomy prior to diagnosis of UPF and underwent pubic

debridement alone. The bladder was preserved in 1 patient (2.8%), who did not have a
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history of radiation and underwent pubic bone debridement with fistula repair and omental

interposition.

The median age was 70.5 years (IQR 66.8-76.0). Three patients (8.3%) did not have a
history of radiation therapy and developed UPF after prostatectomy alone. The majority
(91.7%) had a history of radiotherapy: 21 (58.3%) patients had a history of EBRT only, 10
patients (27.8%) had a history of EBRT and brachytherapy, and 2 patients (5.5) had a
history of brachytherapy only. Prior prostatectomy had been performed in 21 patients
(58.3%). One patient had a history of salvage cryotherapy and one had undergone high-
intensity focused ultrasound (HIFU) as primary treatment. The small number of cases
unfortunately prevents us from analyzing the impact on pathologic outcomes but in these
two cases there were no significant differences in pathologic evaluation. None of the
patients were on androgen deprivation therapy (ADT) at the time of UPF diagnosis, but
three had been treated with short term ADT during their prior radiotherapy. The median
duration from initial radiation treatment to diagnosis of UPF was 10 years (Range 2.3-27.0
years; Interquartile range [[QR] 4-13 years). The majority of patients (80.6%) had
undergone an endoscopic bladder neck procedure prior to diagnosis of UPF. The median
follow up was 10.4 months (Range 1-68 months; IQR 3.1-35.1 months). Demographic

information is summarized in Table 1.

Bone histopathological findings

Osteomyelitis was seen in 32 (88.9%) of the cases. This consisted of chronic osteomyelitis
in 15 cases (41.7%), defined as marrow space fibrosis, edema, and a lymphoplasmacytic
cellular infiltrate (Figure 1A & 1B). Acute osteomyelitis alone was seen in 1 case (2.8%),

defined by the presence of a neutrophilic infiltrate, necrosis, fibro-purulent exudate, and
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edema within the marrow space (Figure 2). A combination of acute and chronic
osteomyelitis was seen in the remaining 16 cases (44.4%), shown in Figure 1C. Histologic

findings are summarized in Table 2.

There were 4 cases (11.1%) without osteomyelitis present. The specimen from two of these
cases showed bone and marrow space with no significant pathologic alterations.
Osteonecrosis was present in one of these cases. The remaining case demonstrated necrotic
fibrous periosteal tissue with bacterial organisms consistent with cocci, but without an

inflammatory infiltrate.

There were 11 cases (33.6%) with osteonecrosis demonstrated, defined as areas of
trabecular bone with a lack of osteocytes within the lacunae (Figure 2C). There were no

cases of recurrent prostate cancer.

Sub group analysis of the 33 patients with history of radiotherapy was performed. Using
regression analysis, there was no association between presence of osteomyelitis and age (R?
=0.0003, p=0.93) or time from radiotherapy to diagnosis of UPF (R2=0.02, p=0.44). Using
the Fisher-exact test; there was no association between presence of osteomyelitis and
history of EBRT (p=0.77), history of brachytherapy (p=0.54), or history of endoscopic

procedure (p=0.57).

Discussion
This is the first large series to describe the histopathological findings of this patient
population in detail following extirpative surgery for UPF. We found that histologic

osteomyelitis was present in the vast majority of patients with UPF. Interestingly there was



Journal Pre-proof

no correlation between presence of osteomyelitis and age, timing from radiotherapy to

diagnosis of UPF, type of prior radiation, or history of endoscopic procedure.

Prior published findings on histology in patients undergoing surgery for UPF are limited. In
one study, four cases were examined and histology showed “active infection” in 2 cases,
chronic inflammation in one and an inflammatory mass in one!l. In another report based on
one patient, areas of chronic osteomyelitis and osteonecrosis were seen similar to the
findings in the current study2. In another study, chronic inflammation in both the
symphysis and the adjacent bone was seen frequently. There were external beam
radiotherapy-related changes seen and no evidence of osteomyelitis, although no further

description was provided13.

In the current study, histopathology revealed acute, chronic, or acute and chronic
osteomyelitis in 32 cases (88.9%). These findings may be related to cancer treatment (i.e.
radiotherapy induced bone injury), infection, or due to both factors. Given the high
prevalence of osteomyelitis in this patient population, it is unsurprising that extirpative

surgery and bone resection results in marked improvement in symptoms and pain14.

Bone histopathology and tissue culture is the gold standard for the diagnosis of infectious
osteomyelitis!5. Without these studies, a definitive diagnosis cannot be rendered. We
previously reported the microbiology results of bone culture taken at time of extirpative
surgery in patients with UPF7. Bone culture is positive in 91.7% of cases, with the most
common organisms being Candida, Enterococcus, and Pseudomonas. These findings,
together with the histopathologic evidence of osteomyelitis, argue strongly in favor of an

infectious etiology for the patients’ osteomyelitis, rather than inflammation caused by the
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chronic radiation changes or acute effects of urinary extravasation. As has been shown in
other types of osteomyelitis, complete debridement is a critical component of the
management of this infectious UPF associated pubic bone osteomyelitisi6. This finding is
underscored by the two patients in our cohort who had undergone prior cystectomy with
urinary diversion at other institutions before referral because of ongoing debilitation.
Despite removal of the fistula and diversion of urine away from the bone, these patients had
persistent pain and infectious complications that ultimately required debridement of the

pubic symphysis to achieve a cure.

This study is the first to assess the histopathology of the pubic bone in patients with UPF in
detail, but there are limitations that must be considered. While currently the largest case
series, the overall sample size is still small. Our understanding of this disease process is in
relative infancy, given the recent modern description of this disease in 201217. It is possible
that greater variation in pathologic findings may be observed as we continue to identify
men with this condition and treat the disease process. There is likely an effect of referral
bias, as our cohort only includes those patients sent to our quaternary institution for
management. There may be a subset of patients in the wider community who are doing
well on suppressive antibiotics and are never referred for definitive surgical management
after possibly responding to antibiotic therapy or other treatments. The true denominator
of men with this condition is unknown, which limits our ability to generalize our experience
to all men with UPF. However, we have found that conservative management is almost
never effective. We have a small cohort of men that have refused surgery, who continue to
require chronic antibiotics and suffer from intermittent flares of pain and infection that
require admission. For those who are amenable to surgery, bone debridement offers

excellent long term outcomes!4.
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The retrospective nature of the study is also a limitation, although the independent review
of all slides by a single pathologist mitigates some of these concerns. The histopathologic
findings in radiotherapy induced bone injury overlap significantly with those of
osteomyelitis due to infection and cannot be reliably differentiated on histopathology alone.
Acute and chronic inflammation, fibrosis, and osteonecrosis can be seen in both settings!8.
However, the microbiology data that we have reported, together with the pathology
findings, strongly supports an infectious etiology for the osteomyelitis?. Two cases (5.5%)
showed normal marrow space and boney trabeculae without significant pathologic
alteration. Possibilities for these findings include that the specimen was under-sampled at
the time of gross examination, the patient did not truly have osteomyelitis, or that the
therapy prior to resection was successful in eradicating the disease as reimaging with MRI
isn’t performed prior to extirpative surgery at our institution. It is also conceivable that the
patients’ clinical presentation and radiologic findings were strongly suggestive of

osteomyelitis, but in fact were caused by another etiology.

Based on the current information reported in this study, UPF presents a spectrum of
histological abrniormalities in keeping with the heterogeneous nature and severity of the
disease. Acute and chronic inflammatory changes are a result of multiple hits, accumulated
from radiation injury all the way to urine extravasation, fistula formation and overlying
microbial infection. The destructive nature of the process leads to necrosis seen frequently
in these specimens. The findings reported herein strongly support the concept that UPF
eventually results in infectious osteomyelitis of the pubic bone, requiring bone removal for

definitive treatment.
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Conclusion
Bone histological finding in UPF cases demonstrate osteomyelitis in the majority of patients
undergoing bone resection. These findings underscore the importance of pubic bone

resection at the time of definitive surgery for UPF.
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Figure 1. A. Chronic osteomyelitis. The marrow space shows fibrosis, edema, and a
lymphoplasmacytic inflammatory infiltrate (H&E, 4x). B. Higher-power view of chronic
osteomyelitis (H&E, 20x). C. Chronic and acute osteomyelitis. A neutrophilic and
lymphoplasmacytic inflammatory infiltrate and fill the fibrotic marrow space. The lacunae
are empty, representing osteonecrosis. (H&E, 20x).

Figure 2. Acute inflammation. A& B. A neutrophilic infiltrate and fibropurulent debris fill the
marrow space. The trabeculae show osteonecrosis (H&E, 4x & 40x). C. Neutrophilic
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infiltrate, necrotic debris, and bacterial forms (cocci) fill the marrow space. The trabeculae
show osteonecrosis (H&E, 20x). D.Sequestrum. Necrotic bone surrounded by a neutrophilic
infiltrate. (H&E, 40x).

Characteristic Median [IQR]
Time from radiation to UPF diagnosis, [4-13]
years

—

Total cohort

Brachytherapy

Prior Prostatectomy

Table 1. Demographic information

Histopathology finding n (%)
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Chronic osteomyelitis 15 41.7)
Chronic and acute osteomyelitis 16 (44.4)
Malignancy 0 (0.0)

Table 2. Summary of histopathology findings



