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Abstract

Introduction and hypothesis As the long-term complications of synthetic mesh become increasingly apparent, re-evaluation of
alternative graft options for pelvic organ prolapse (POP) repairs is critical. We sought to compare the long-term reoperation rates
of biologic and synthetic grafts in POP repair.

Methods Using the California Office of Statewide Health Planning and Development database, we identified all women who
underwent index inpatient POP repair with either a synthetic or biologic graft between 2005 and 2011 in the state of California.
ICD-9 and CPT codes were used to identify subsequent surgeries in these patients for either recurrent POP or a graft
complication.

Results A total of 14,192 women underwent POP repair with a biologic (14%) or synthetic graft (86%) during the study period.
Women with biologic grafts had increased rates of surgery for recurrent pelvic organ prolapse (3.6% vs 2.5%, p = 0.01), whereas
women with synthetic grafts had higher rates of repeat surgery for a graft complication (3.0 vs 2.0%, p = 0.02). There were no
significant differences between the overall risk of repeat surgery between the groups (5.7% vs 5.6%, p=0.79). These effects
persisted in multivariate modeling.

Conclusions We demonstrate in a large population-based cohort that biologic grafts are associated with an increased rate of repeat
surgery for POP recurrence whereas synthetic mesh is associated with an increased rate of repeat surgery for a graft complication.
These competing risks result in an equivalent overall any-cause repeat surgery rate between the groups. These data suggest that
neither type of graft should be excluded from use and encourage a personalized risk assessment.
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Abbreviations Introduction

AS Ambulatory surgery

CPT Current procedure terminology Pelvic organ prolapse (POP) is a health issue estimated to affect

FDA Food and Drug Administration more than 25% of older women in their lifetime [1], with the

ICD-9 International Classification of Diseases, ninth  lifetime risk of undergoing an operation for POP estimated at
edition 12% [2, 3]. The incorporation of permanent synthetic grafts,

OSHPD Office of Statewide Health Planning and  commonly called mesh, into POP repairs is thought to improve
Development durability compared with native tissue repairs alone [4-8].

PD Patient discharge Although the rates of prolapse recurrence at short-term follow-

POP Pelvic organ prolapse up are significantly reduced in repairs with synthetic mesh, lon-

ger term follow-up has demonstrated unique complications, in-
cluding higher rates of de novo dyspareunia, pelvic pain, and
mesh exposure [9, 10].

The use of synthetic grafts increased substantially from 2000
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culminating in the ban of synthetic grafts in POP repairs by the
FDA in April 2019 [16]. Given this recent FDA ban of synthetic
mesh in POP repairs, there is a pressing need for alternative POP
repair augmentation materials that maintain a durable repair with
a decreased complication profile. One such alternative is the
biologic graft, which may be used in POP repairs of all compart-
ments, providing the theoretical advantage of improved tissue
remodeling and prevention of graft exposure [17].

Interestingly, the use of biologic grafts has not seen an in-
crease since the FDA updates [18], likely in part because of the
limitations in surgical outcomes data. In fact, a recent systematic
review was unable to draw definitive conclusions owing to study
heterogeneity and poor-quality evidence [19]. To date, there have
been few studies directly comparing the outcomes of synthetic
and biologic mesh for POP and none report outcomes later than
2 years after repair. We sought to directly compare the long-term
reoperation rates of POP repairs using synthetic mesh with re-
pairs using biologic grafts in a large population-based cohort. We
hypothesize that synthetic grafts might be associated with more
graft complications and less POP recurrence than biologics, sim-
ilar to what has been suggested by shorter-term outcomes.

Materials and methods

With approval from the California Protection of Human Subjects
committee (Institutional Review Board exempt), we accessed
non-public data from the California Office of Statewide Health
Planning and Development (OSHPD) from 2005 to 2011. The
Office of Statewide Health Planning and Development collects
and publishes healthcare data to maintain quality standards, and
these data are used for peer-reviewed research [20-22]. All li-
censed California hospitals are required to submit reports to the
OSHPD, where data are then screened for quality. Any record
found to have an invalid entry or to contain incomplete or illog-
ical data is deemed erroneous and a hospital’s data must have an
error rate under 2.0% to be accepted. In the OSHPD datasets,
each patient has a unique identifier, which allows longitudinal
follow-up between encounters. The Patient Discharge (PD) and
Ambulatory Surgery (AS) datasets code for unique inpatient and
ambulatory surgery visits respectively. When combined, they
cover every single non-federal surgical encounter within the state
of California. Each encounter includes up to 20 surgical proce-
dure codes (the AS dataset utilizes Current Procedure
Terminology [CPT], whereas the PD dataset utilizes
International Classification of Diseases, ninth edition [ICD-9]
procedure codes) and up to 25 associated diagnosis codes
(ICD-9). Additional information available in the PD and AD
datasets include demographics, past medical history, current di-
agnoses, and procedures/surgeries performed.

All women who underwent POP repair with a synthetic or
biologic graft during the study period were identified in the PD
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dataset, which uniquely differentiates between synthetic and bi-
ologic grafts when used for POP repair (ICD-9 procedure codes
70.95 and 70.94 respectively; Appendix Table 5). Biologic graft
codes include both autologous grafts and xenografts. In addition
to demographic information, such as age, race/ethnicity, payer
type, and common comorbidities, we also identified operative
characteristics, such as repair compartment, concurrent hysterec-
tomy, and concurrent incontinence procedure. We included strat-
ification by whether an incontinence procedure was performed or
not, as we hypothesized that this might have an impact on com-
plication rates. Following an initial inpatient POP repair, patients
were assessed for future inpatient or outpatient surgery.

Our primary outcome was all-cause repeat surgery after index
POP repair. All-cause repeat surgery was defined as a repeat
surgery either for a complication related to a graft or for recurrent
POP (defined as a repeat surgery in any compartment, regardless
of the compartment of index repair). We longitudinally identified
any patient who underwent a subsequent surgery for either POP
repair (Appendix Table 5) or a graft complication during the
study period. Graft complications were defined as any repeat
surgery with both a diagnosis and procedure likely related to
the previous graft implantation (Appendix Tables 6 and 7). As
there are numerous potential diagnosis and procedure code com-
binations that could represent a repeat surgery for these compli-
cations, all combinations were individually reviewed for appro-
priateness. We performed univariate analysis of the demographic
and surgical characteristics of women who received synthetic
compared with biologic grafts. The Student’s ¢ test was used to
compare continuous variables, whereas the Chi-squared test was
used for categorical variables. Separate univariate analyses
assessed the risk of subsequent surgery for a graft complication
or recurrent POP.

We constructed Kaplan—Meier plots to explore the
impact of graft type on time to repeat surgery (all-cause,
recurrent POP, and graft complication). Multivariate
analysis was performed using mixed effects logistic re-
gression models with all-cause repeat surgery as the
outcome and patient demographics and baseline surgical
characteristics serving as the fixed effects. Specifically,
the outcome measure was the first occurrence of a re-
operation following the first prolapse surgery. The ran-
dom effect was the index facility of repair, included to
account for any baseline variation at a facility level not
accounted for by our fixed effects. Separate models
were created for all three major outcomes: all-cause re-
peat surgery, repeat surgery for recurrent prolapse, and
repeat surgery for a graft complication. All statistical
analysis was performed using R 3.5.0 software (R
Core Team [2018]. R: A language and environment
for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https:// www.R-
project.org). A two-sided p value of <0.05 was taken
to indicate statistical significance.
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Results

During the study period, 14,192 women underwent POP repair
with either a synthetic or a biologic graft. Of this cohort, 12,183
received a synthetic graft (85.8%) and 2,009 received a biologic
graft (14.2%; Table 1). The median follow-up time through the
2011 study period was 745 days (interquartile range 385—
1,131 days).

The demographic breakdown of women who received a syn-
thetic graft was similar to that in those who received a biologic
graft. The patients were mostly white (69.6%), with private payer
insurance (53.1%) or Medicare (40.8%). All compartments of
repair were well represented. Synthetic graft procedures more
commonly involved an apical repair compared with biologic
graft procedures (88.4% vs 61.2%, p <0.01). A concomitant
incontinence procedure was slightly more common in the bio-
logic group (62.6% vs 57.9%, p < 0.01). In both groups, approx-
imately 35% of patients underwent a concurrent hysterectomy
(Table 1).

A total of 788 women underwent repeat surgery for any cause
(5.6%), with no statistically significant difference between wom-
en who received a synthetic versus a biologic graft (5.6% vs
5.7%, p =0.79). Notably, women who received a biologic im-
plant had a significantly increased rate of surgery for recurrent
pelvic organ prolapse compared with those with synthetic mesh
repairs (3.6% vs 2.5%, p =0.01). Conversely, women with syn-
thetic mesh repairs had an increased rate of repeat surgery for a
graft complication (3.0 vs 2.0%, p=0.02). These trends were
similar when patients who underwent concomitant incontinence
procedures were excluded (Tables 2, 3) and when stratified by
the compartment of index repair (Appendix Table 8).

These trends were maintained over time, as demonstrated in
Kaplan—Meier plots. Specifically, there were equivalent overall
repeat surgery rates between the two graft types with the synthet-
ic group having higher long-term rates of a subsequent surgery
for a graft complication and the biologic group had higher a long-
term rate of recurrent POP repair (Fig. 1). When stratified by
concomitant incontinence surgery, women with both synthetic
graft and concurrent incontinence surgery had the highest risk
of requiring a repeat surgery for a graft complication (Fig. 2).

Our findings persisted in multivariate modeling. Specifically,
synthetic grafts were associated with a lower rate of repeat sur-
gery for recurrent POP (OR 0.70, 95% CI 0.52-0.95) and a
higher rate of additional surgery due to a graft complication
(OR 1.51, 95% CI 1.05-2.17), resulting in no significant differ-
ence in the overall risk of all-cause surgery. There were no nota-
ble associations between payer type and reoperation rates in the
multivariate model. Compared with white women, women of
Hispanic, Asian or other ethnicities had lower odds of reopera-
tion for any indication. Younger age was associated with higher
odds of repeat surgery for a graft complication in addition to an
increased rate of all-cause reoperation. Hypertension was a risk
factor for all-cause repeat surgery, graft complication, and POP

recurrence surgery. Obesity was associated with increased odds
of repeat surgery for a graft complication (Table 4).

Discussion

The overall all-cause long-term risk of reoperation following
POP repair is equivalent in women who receive biologic versus
synthetic grafts in a large population-based cohort. This is bal-
anced by biologic grafts being associated with higher rates of
reoperation for recurrent POP and synthetic grafts being associ-
ated with higher rates of reoperation for graft complications.

Our finding of these differing risks in synthetic and biologic
grafts is consistent with existing literature. To date, there are three
small randomized controlled trials directly comparing synthetic
mesh with biologic graft for anterior POP repair, two of which
demonstrate competing risk profiles similar to our study findings
[23, 24]. In the third small RCT (comparing polypropylene mesh
with porcine dermis), women receiving biologic grafts had a
higher short-term failure rate and a higher graft extrusion rate
[25]. There are fewer studies comparing synthetic and biologic
grafts for posterior and apical compartment repairs. One random-
ized controlled trial comparing synthetic and biologic grafts with
native tissue repairs for anterior or posterior POP repair demon-
strated no difference in prolapse recurrence at 2 years. Notably,
however, 7% of women in the synthetic graft arm had mesh
complications compared with <1% in the biologic group [26].
Regarding apical compartment repair, two studies demonstrated
no differences in objective or subjective outcomes or operative
complications between the two groups up to 1 year postopera-
tively [27, 28].

We further identify concurrent incontinence procedures as an
additional risk factor for a mesh complication. When stratified by
concurrent incontinence surgery, the Kaplan—Meier analysis
demonstrates that patients who undergo both a synthetic graft
augmented POP repair and a concurrent incontinence procedure
have the highest graft complication rate. This is consistent with
previous data suggesting that synthetic mesh complications
might be directly related to the volume of implanted mesh [29,
30], supporting the concept of a dose-dependent relationship.

The difference in cohort size between biologic and synthetic
graft patients clearly demonstrates higher rates of synthetic graft
use compared with biologic grafts during the study period. Aside
from cohort size, the group demographics are similar and their
racial distribution is consistent with the California population.
Although differences in race, payer type, and comorbidity varia-
tion between the groups are statistically significant, there are
likely no clinically relevant demographic differences. Similarly,
when analyzing the influence of demographic factors on reoper-
ation rates through multivariate analysis, there are no clear trends.
Lower overall reoperation rates in Hispanic and Asian patients
could suggest racial disparities in healthcare access; however, the
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Table 1 Demographics and

surgical characteristics of the Characteristics Total (n=14,192)  Biologic (n=2,009)  Synthetic (n=12,183)  p value
cohort
Mean age (years) 61.5 60.6 61.6 <0.01
Race
White 9,867 (69.6%) 1,418 (70.6%) 8,449 (69.4%) <0.01
Black 318 (2.2%) 32 (1.6%) 286 (2.3%)
Hispanic 1,733 (12.2%) 328 (16.3%) 1,405 (11.5%)
Asian 482 (3.4%) 52 (2.6%) 430 (3.5%)
Other 1,792 (12.6%) 179 (8.9%) 1,613 (13.2%)
Payer
Private 7,541 (53.1%) 1,111 (55.3%) 6,430 (52.8%) 0.02
Medicare 5,788 (40.8%) 763 (38.0%) 5,025 (41.2%)
Medicaid 575 (4.1%) 96 (4.8%) 479 (3.9%)
Other 288 (20.0%) 39 (1.9%) 249 (2.0%)
Comorbidity
Coronary artery Disease 864 (6.1%) 95 (4.7%) 769 (6.3%) <0.01
Hypertension 5,394 (38.0%) 739 (36.8%) 4,655 (38.2%) 0.22
Diabetes mellitus 1,471 (10.4%) 221 (11.0%) 1,250 (10.3%) 0.31
Obesity 314 (2.2%) 25 (1.2%) 289 (2.4%) <0.01
Surgical characteristics
Incontinence procedure 8,316 (58.6%) 1,257 (62.6%) 7,059 (57.9%) <0.01
Hysterectomy 5,094 (35.9%) 681 (33.9%) 4,413 (36.2%) 0.04
Anterior compartment 9,270 (65.3%) 1,285 (64.0%) 7,985 (65.5%) 0.17
Apical compartment 12,000 (84.6%) 1,229 (61.2%) 10,771 (88.4%) <0.01
Posterior compartment 8,922 (62.9%) 1,723 (85.8%) 7,199 (59.1%) <0.01

absence of strong demographic trends reflects that the decision to
undergo repeat surgery is multifactorial.

Our study has limitations common to all studies utilizing large
administrative datasets. Specifically, our study can only provide a
macroscopic comparison of synthetic and biologic grafts rather
than a granular comparison of competing graft types. For exam-
ple, we do not have information related to the brand of synthetic
mesh or the type of biologic graft (autologous versus xenograft,
type of autologous/xenograft, etc.). Similarly, we do not have
access to quality of life outcomes, death data or patient location;
therefore, we analytically assume that patients have not died or
moved out of the state. Another important point is that we are
only able to capture outcomes of repeat surgery; thus, women
who suffered a prolapse recurrence or a mesh complication that
was managed non-operatively are not accounted for.
Additionally, we do not stratify by compartment of reoperation.
This provides less granularity regarding POP recurrence, but is a
less critical marker from the patient perspective.

Despite these limitations, our study has notable strengths. It is
apopulation-based study with a large cohort (n = 14,192), several
times larger than all other studies (7 = 1,348 at most), and has a
follow-up of up to 4 years. In addition, our dataset captures all
non-federal surgeries in California, allowing us to accurately
identify all repeat surgeries, even if a patient changed facilities
for a subsequent operation (as long as the patient remained in the
state). Further, all payer types and facilities are represented in our
cohort, which represents an important improvement in general-
izability over existing institutional studies. In addition, our cohort
captures a population before to the 2011 FDA warning, thereby
avoiding provider and patient biases that may have arisen fol-
lowing this warning. Finally, we rigorously defined graft com-
plication outcomes, individually sorting through combinations of
diagnosis and procedure codes that likely indicate a repeat sur-
gery due to a graft complication (such as procedure “Other op-
erations on urinary system” ICD-9 59.99 and diagnosis
“Reaction due to implant or graft” ICD-9 99.660). Other studies

Table 2 Repeat surgery after
prolapse repair with concurrent
incontinence repairs based on

graft type (biologic versus
synthetic)

Prolapse repair with concurrent incontinence Total Biologic Synthetic

repairs included (n=14,192) (n=2,009) (n=12,183) value
Overall repeat surgery 788 (5.6%) 114 (5.7%) 674 (5.5%) 0.79
Prolapse recurrence 382 (2.7%) 73 (3.6%) 309 (2.5%) 0.01
Graft complication 406 (2.9%) 41 (2.0%) 365 (3.0%) 0.02
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Table 3 Repeat surgery after

prolapse repair alone based on Prolapse repair alone Total (n=5,876) Biologic (n=752) Synthetic (n =5,124) p value

graft type (biologic versus

synthetic) Overall repeat surgery 300 (5.1%) 40 (5.3%) 260 (5.1%) 0.76
Prolapse recurrence 160 (2.7%) 27 (3.6%) 133 (2.6%) 0.12
Graft complication 140 (2.4%) 13 (1.7%) 127 2.5%) 0.21

utilizing administrative datasets often define a repeat surgery
(due to a mesh complication) as only mesh exposure, which
likely underestimates the repeat surgery risk related to a graft
complication.

Conclusion

Our study expands the existing literature as a large population-
based study exploring the reoperation rates of biologic and syn-
thetic mesh augmentation in POP repair. We demonstrate that
biologic grafts are associated with an increased risk of repeat
surgery for POP recurrence, whereas synthetic mesh is associated
with an increased risk of repeat surgery for a graft complication,
ultimately resulting in equivalent overall repeat surgery rates in

the two groups. These data suggest that neither type of graft
should necessarily be excluded from use based on overall repeat
surgery rates. However, the fact that biologic grafts provide a
reduced profile of complications classically associated with syn-
thetic mesh (i.e., exposure) makes their use appealing. We sug-
gest that our results be used to counsel patients when discussing
the long-term risks of reoperation for recurrent prolapse with
biologic grafts against the risk of graft-specific complications
associated with a synthetic graft. This information can further
be used to design the next generation of grafts, using the individ-
ual strengths of each product.

Compliance with ethical standards
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Appendix

Table 4 Multivariate analysis

1000

1500

Characteristics Outcome
All cause surgery POP recurrence Mesh complication
Synthetic mesh® 1.02 (0.81-1.29) 0.70 (0.52-0.95)* 1.51 (1.05-2.17)*

Index surgery®
Hysterectomy
Incontinence procedure
Anterior compartment
Apical compartment

Posterior compartment

0.76 (0.64-0.89)*
1.11 (0.95-1.30)
1.25 (1.06-1.49)*
0.85 (0.69-1.04)
0.96 (0.81-1.13)

0.80 (0.63-1.00)
0.96 (0.77-1.19)
1.10 (0.87-1.40)
0.99 (0.74-1.33)
0.83 (0.67-1.05)

0.73 (0.59-0.91)*
1.29 (1.04-1.61)*
1.39 (1.09-1.79)*
0.75 (0.57-0.98)*
1.11 (0.88-1.39)

Age (years) 0.98 (0.98-0.99)* 1.00 (0.99-1.01) 0.97 (0.96-0.98)*
Race
White Reference Reference Reference
Black 1.02 (0.65-1.58) 0.78 (0.38-1.59) 1.20 (0.69-2.08)
Hispanic 0.55 (0.42-0.72)* 0.54 (0.37-0.80)* 0.58 (0.41-0.83)*
Asian 0.59 (0.36-0.97)* 0.49 (0.23-1.05) 0.72 (0.38-1.37)
Other 0.61(0.47-0.79)* 0.69 (0.49-1.00)* 0.56 (0.39-0.81)*
Payer
Private Reference Reference Reference
Medicare 0.91 (0.74-1.13) 1.05 (0.79-1.41) 0.75 (0.56-1.01)
Medicaid 1.32 (0.93-1.87) 1.24 (0.72-2.15) 1.27 (0.82-1.98)
Other 0.44 (0.22-0.91)* 0.41 (0.13-1.31)* 0.47 (0.19-1.18)
Comorbidity

Coronary artery disease

1.17 (0.87-1.57)

0.94 (0.62-1.42)

1.46 (0.97-2.18)

Hypertension 1.51 (1.29-1.78)% 1.52 (1.21-1.90)* 1.47 (1.17-1.85)*
Diabetes mellitus 1.07 (0.85-1.36) 1.02 (0.73-1.43) 1.13 (0.82-1.57)
Obesity 1.22 (0.80-1.88) 0.56 (0.23-1.37) 1.77 (1.09-2.88)*

Data presented as OR (95% CI) unless otherwise specified
POP pelvic organ prolapse

*p < 0.05 indicates statistical significance

?Reference is biological mesh

® Reference is absence of procedure
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Table 5 Procedure codes used to define the cohort
Outpatient CPT* Inpatient ICD-9
Prolapse 57120 Colpocleisis” 69.21 Uterine suspension
procedure 57740 Repair of cystocele 69.22 Other uterine suspension
57250 Repair of rectocele 69.23 Vaginal repair of the chronic inversion of the uterus
57260 Repair of cystocele and rectocele 69.29 Other repair of the uterus and supporting structures
57265 Repair of cystocele, rectocele, and enterocele 69.98 Other operation on the supporting structure of the
uterus
57268 Repair of enterocele via vaginal approach 70.50 Repair of cystocele and rectocele
57282 Colpopexy via extraperitoneal vaginal approach 70.51 Repair of cystocele
57283 Colpopexy via intraperitoneal vaginal approach 70.52 Repair of rectocele
57284 Paravaginal defect repair 70.53 Repair of cystocele and rectocele with graft®
58152 Hysterectomy and cystocele 70.54 Repair of cystocele with graft®
58267 Hysterectomy and cystocele 70.55 Repair of rectocele with graft®
58270 Hysterectomy with repair of enterocele 70.62 Vaginal reconstruction
58280 Hysterectomy vaginal and partial vaginectomy 70.64 Vaginal reconstruction with mesh®
with repair of enterocele
58292 Hysterectomy vaginal (>250 g) with removal 70.77 Vaginal suspension
tube = ovary and repair of enterocele
58293 Hysterectomy vaginal (>250 g) with 70.78 Vaginal suspension with graft®
colpo-urethrocystopexy
58294 Hysterectomy with repair of enterocele 70.80 Colpocleisis®
58400 Uterine suspension 70.92 Other operation of the cul-de-sac (includes
obliteration of cul-de-sac and enterocele repair)
58410 Uterine suspension with presacral 70.93 Other operation of the cul-de-sac with graft®
sympathectomy
70.94 Other operation of the cul-de-sac with biologic graft
70.95 Other operation of the cul-de-sac with synthetic
mesh®
Incontinence 51715 Cystoscopic injection of urethral bulking agent 57.85 Cystourethroplasty
procedure 5184 Retropubic urethral suspension 57.89 Bladder suspension not otherwise specified
51845 Needle suspension 59.30 Plication of the urethrovesical junction
57288 Mid-urethral sling 59.40 Suprapubic sling operation
57289 Pereyra procedure 59.50 Retropubic urethral suspension
59.60 Paraurethral suspension
59.70 Other repair for stress urinary incontinence
Hysterectomy 58150-58180 Hysterectomy 68.3-68.59  Hysterectomy
procedure 58560 58280 Hysterectomy 68.9 Hysterectomy

Peri-operative complication

99.00-99.04  Blood transfusion
998.11-998.13  Perioperative hemorrhage

# Classified as mesh use if modifier was present (57267: insertion of mesh or other prosthesis for repair of pelvic floor defect)

® Included for recurrent POP only

¢ Classified as mesh use
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Table 6 Graft-related
complication diagnosis codes
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ICD-9 Complication diagnosis
61.90 Urinary—genital tract fistula, female
61.91 Digestive—genital tract fistula, female
61.92 Genital tract-skin fistula, female
61.98 Other specified fistulas involving female genital tract
61.99 Unspecified fistula involving female genital tract
62.32 Stricture of vagina
62.50 Dyspareunia
62.57 Vulvodynia
62.579 Other vulvodynia
62.59 Female genital organ pain
62.931 Erosion of implanted vaginal mesh and other prosthetic materials into pelvic floor muscles
62.932 Exposure of implanted vaginal mesh and other prosthetic materials into the vagina
93.90 Foreign body in bladder and urethra
93.92 Foreign body in vulva and vagina
93.99 Foreign body in unspecified site in genitourinary tract
99.630 Complication of genitourinary device or graft
99.639 Complication of genitourinary device or graft
99.659 Malfunction of graft NOS
99.660 Reaction due to implant or graft
99.665 Infectious or inflammatory reaction to genitourinary implant or graft
99.669 Infection and inflammatory reaction due to other internal prosthetic device, implant, and
graft
99.670 Other complications due to unspecified device, implant, and graft
99.676 Other complications due to genitourinary device, implant, and graft
99.679 Other complications due to other internal prosthetic device, implant, and graft
596.0 Bladder neck obstruction
596.1 Intestinovesical fistula
596.2 Vesical fistula, NOS
596.9 Bladder disorder, NOS
598.1 Traumatic urethral fistula
598.2 Post-operative urethral stricture
598.8 Urethral stricture, NOS
599.1 Urethral fistula
599.4 Urethral false passage
599.6 Urinary obstruction
619.0-619.2, Urinary—genital tract fistula, female
619.8

NOS not otherwise specified
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Table 7  Graft-related complication procedure codes
Outpatient Inpatient
CPT Procedure ICD-9 Outpatient procedure
code code
53040  Drainage peri-urethral abscess 480 Proctotomy
53899  Unlisted procedure urinary system 48.81  Incision of perirectal tissue
57000  Colpotomy with exploration 48.99  Other operations on rectum and perirectal tissue
57106  Partial vaginectomy 54.92  Removal of foreign body from peritoneal cavity
57130  Vaginal excision 57.84  Repair of other fistula of bladder
57135  Vaginal excision 59.99  Other operations on urinary system
57200  Vaginal cuff repair 70.12  Colpotomy
57292 Construction of vagina 70.13  Lysis of intraluminal adhesions of vagina
57295  Revision of graft to repair or remove (vaginal 70.14  Other vaginotomy
approach)
57296  Revision of graft to repair or remove (abdominal 70.33  Excision or destruction of lesion of vagina
approach)
57300  Closure of rectovaginal fistula 70.62  Vaginal reconstruction
57320  Closure of vesicovaginal fistula 70.64  Vaginal reconstruction with graft or prosthesis
57330  Closure of vesicovaginal fistula 70.71  Suture of laceration of vagina
57415  Removal of impacted vaginal foreign body 70.72  Repair of colovaginal fistula
57426  Revision of graft to repair or remove (laparoscopic 70.73  Repair of rectovaginal fistula
approach)
58999  Removal of eroding mesh 70.75  Repair of other fistula of vagina
70.79  Other repair of vagina
7091  Other operations on vagina
70.92  Other operations on cul-de-sac
70.93  Other operations on cul-de-sac with graft or prosthesis
70.94  Insertion of biologic graft
70.95  Insertion of synthetic graft or prosthesis
71.09  Other incision of vulva and perineum
71.71  Suture of laceration of vulva or perineum
71.79  Other repair of vulva and perineum
78.69  Removal of implanted devices from bone, other bones
83.39  Excision of lesion of other soft tissue
86.04  Other incision with drainage of skin and subcutaneous tissue
86.05  Incision with removal of foreign body or device from skin and
subcutaneous tissue
86.22 Excisional debridement of wound, infection, or burn
97.79  Removal of other device from genital tract
98.17  Removal of intraluminal foreign body from vagina without incision
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Table 8 Repeat surgery stratified by prolapse compartment (including
concurrent incontinence repair)

Biologic Synthetic p value

Anterior (n=9,720)

Overall repeat surgery 80 (6.2) 477 (6.0) 0.77

Prolapse recurrence 51 (4.0) 203 (2.5) <0.01

Graft complication 29(2.2) 274 (3.5) 0.03
Apical (n=12,000)

Overall repeat surgery 60 (4.9) 582 (5.4) 0.44

Prolapse recurrence 40 (3.3) 277 (2.6) 0.16

Graft complication 20 (1.6) 305 (2.8) 0.01
Posterior (n = 8,922)

Overall repeat surgery 60 (4.9) 406 (5.6) 0.86

Prolapse recurrence 61 (3.5) 173 2.4) <0.01

Graft complication 20 (1.6) 233 (3.2) 0.03

All data are n (%) unless otherwise specified
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