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Objective: The ideal implant material for the surgical repair of pelvic organ prolapse in women is yet to be
found. This retrospective study aims to evaluate a porcine small intestinal submucosa (SIS) graft
(SurgisisTM).
Study design: We reviewed the medical records of women that were operated upon for pelvic organ pro-
lapse using implantation of SIS graft and we examined the short-term complications and recurrence
rates.
Results: A total of 155 surgical procedures were reviewed. SIS graft was placed in the anterior, posterior
and middle compartments in 93 (60%), 71 (45.8%) and 13 (8.4%) cases, respectively. At three-month
follow-up, 22.6% of anterior graft repairs displayed anatomical recurrence (POP-Q stage � 2), compared
to 4.8% of posterior and none of the middle compartment graft repairs. During the three postoperative
months, 56% of the women were recorded with complications, mostly urinary retention (19%) and pain
(12%). The incidence of grade III complications was 5.3%. Persistent complications at three months were
observed in 28% of all cases. Logistic regression analysis showed that previous prolapse surgery at the
same compartment was a significant predictor for recurrence of prolapse after SIS graft application,
whereas lower age, smoking and longer duration of surgery were significant predictors for the develop-
ment of complications. Younger women had higher risk of developing pain postoperatively.
Conclusion: Pain and urinary tract symptoms hold a central position in the complications profile of SIS
graft-augmented prolapse surgery. The relatively high recurrence rates do not suggest a clear benefit
from SIS graft use.

� 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
Introduction

The use of implants in pelvic organ prolapse (POP) surgery has
long been debated, with little consensus regarding their place in
women’s modern health care. Many devices and materials have
been evaluated [1] with sometimes encouraging preclinical find-
ings but often disappointing clinical results [2]. The efficacy of
non-absorbable meshes has been counteracted by their complica-
tions profile, while the better tolerated biodegradable grafts have
suffered from low long-term performance [3,4].

Xenografts are thought to address existing challenges by strik-
ing the right balance between material integration and endurance
[5]. Decellularized scaffolds from various organs and animals have
shown signs of providing support through remodeling, while min-
imizing the inflammatory host response that leads to complica-
tions [1]. Previous limited clinical studies have not been able to
show consistent advantages of xenograft use [6–8] but there is evi-
dence of significant diversity among the different types of xeno-
grafts, precluding their treatment as a homogenous group [9].

Porcine small intestinal submucosa (SIS) graft stands out in
demonstrating good biocompatibility and mechanical properties
during preclinical trials [1] but the advantages of its use in clinical
praxis have not been substantiated. Paraiso et al. and Sung et al.
found no benefits from the addition of SIS graft to rectocele repair
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[10,11], neither did Robert et al. regarding cystocele repair [12]
and, as a result, the use of SIS graft in POP surgery has essentially
ceased. Moreover, trials focusing on the complications profile of SIS
graft are lacking and complications have not been in focus of a few
case series with small number of patients [13,14].

Our primary objective was therefore to examine the short-term
efficacy and safety of SIS graft use in POP surgery. Our secondary
objective was to identify potential risk factors for the manifesta-
tion of complications and recurrence of prolapse.

Materials and methods

In this retrospective study we reviewed the medical records
from all women operated for POP with the use of SIS graft (Surgi-
sisTM) during a four-year period (November 2011–October 2015) at
the Department of Gynecology and Obstetrics in Odense University
Hospital, Denmark. Participants were identified by the ICD-10 code
corresponding to the procedure and confirmed by their operation
reports. We included all women having SIS graft implanted irre-
spective of the compartment of interest or concomitant surgery.
Data were extracted by VA using a standardized protocol and the
procedure was overseen and evaluated by MR.

SIS graft was used in cases of recurrence after previous POP sur-
gery or when the risk of recurrence following native tissue repair
was considered by the surgeon to be high. Clinical data at admis-
sion, during hospital stay, at discharge and for at least three years
postoperatively were reviewed in all cases. All women were exam-
ined for residual urine at admission and at discharge and volumes
less than 150 cc were considered satisfactory.

The stage of prolapse was assessed according to the Pelvic
Organ Prolapse Qualification system (POP-Q) and prolapse
stage � 2 was defined as significant. Recurrence rates were studied
only for compartments where SIS graft was applied. Surgical com-
plications were graded according to the Clavien-Dindo classifica-
tion system and complications of grade � III were defined as
major. Complications were registered when recorded by health-
care professionals as an unfavorable evolution of the surgery or
stated as a problem (persistent or resolved) by the patients at a
follow-up visit. A distorted vaginal shape at examination due to
shrinkage, with or without pain, producing a stricture was
recorded as vaginal deformation. Stress or urge urinary inconti-
nence/urgency were recorded when either de novo or exacerbated
symptoms were described. Persistent complications were consid-
ered those present at three-month follow-up.

The surgical procedures were performed by four gynecologists
trained in urogynecology with experience in the use of mesh in
POP surgery. When applied in the anterior vaginal wall, the SIS
graft was sutured bilaterally to the arcus tendineus after anterior
colporrhaphy without any other modification to the technique
compared to native tissue repair. When applied in the posterior
wall, the SIS graft was sutured to the rectovaginal fascia, either fol-
lowing midline plication or in the context of site-specific repair.
When applied for the support of the apical compartment, the SIS
graft was sutured to the uterosacral ligaments. Absorbable sutures
were used in all cases, either polyglactin or polydioxanone sutures,
and all patients were administered antibiotic prophylaxis periop-
eratively (Cefotaxime 1 g and Metronidazole 1 g intravenously).

All women were invited to a three month follow-up visit for the
assessment of possible complications and recurrence of prolapse.
The evaluation was done by either the operating surgeon or
another gynecologist of the department and possible complica-
tions were reported spontaneously without the use of any stan-
dardized protocol. Those who did not attend were contacted by
telephone and were included in the analysis of the postoperative
complications without being included in the analysis of the recur-
rence of prolapse.
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Descriptive and analytical statistics were derived from the col-
lected data. Mean, standard deviation and range were used for con-
tinuous data, whereas median, interquartile range and frequencies
were used for ordinal and nominal data. Logistic regression analysis
was employed to identify independent risk factors for the manifes-
tation of complications as well as the recurrence of prolapse after
SIS graft-augmented repair. Age, Body Mass Index (BMI), menopau-
sal status, number of childbirths, smoking, estrogen use, diabetes,
chronic obstructive pulmonary disease (COPD), previous hysterec-
tomy, previous POP surgery, previous POP surgery at the same com-
partment as the SIS graft application, compartment operated with
SIS graft, concomitant hysterectomy and duration of surgery were
tested as potential predictors for the manifestation of complica-
tions. The above mentioned variables along with duration of hospi-
tal stay andmanifestation of complications were tested as potential
predictors for recurrence of prolapse after SIS graft-augmented
repair. Complications and recurrence of prolapse were analyzed
as binary variables (yes/no). Univariate analysis was performed
and the potential predictors that achieved statistical
significance < 0.1 were used in a backward stepwise logistic regres-
sion analysis with likelihood ratio testing, where statistical
significance < 0.05 was required for a predictor to be included in
the final model. Goodness-of-fit of the model was assessed using
the Hosmer-Lemeshow test (p > 0.05) and predictive power was
assessed using the Nagelkerke’s R2 measure. Results on adjusted
odds ratio (OR) and 95% confidence interval (CI) are presented.
Analyseswere performed using IBM SPSS Statistics 26 forWindows.

According to Danish legislation, observational non-
interventional studies do not require approval from the national
ethics committee. The study was approved by the board of Odense
University Hospital, ref. no. 18/19689.
Results

In total, 155 women undergoing POP surgery with SIS graft
were identified. Six women (3.9%) had previous implantation of
SIS graft but not at the same compartment as the one operated
with SIS graft during the present study. No patients had been oper-
ated with any other type of mesh or graft and no concurrent incon-
tinence surgery was performed in any case. The preoperative
evaluation of prolapse stage in the different compartments along
with the rest of the women’s baseline characteristics are presented
in Table 1.

In 134 cases (86.5%) SIS graft was applied in one compartment,
in 20 cases (12.9%) in two compartments and in one case (0.6%) SIS
graft was applied in all three compartments. The perioperative
data in relation to SIS graft placement along with the proportion
of each compartment previously operated for POP are presented
in Table 2.

Of the 155 women included in our study, 138 (89.0%) attended
the three-month follow-up physical examination. Twelve of the 17
women that did not attend were contacted by telephone and were
included in the analysis of complications. At three-month follow-
up, 22 women (15.9%) demonstrated POPQ stage � 2 in a compart-
ment operated with SIS graft. The anatomical recurrence rates for
each compartment supported with SIS graft are shown in Table 3.
Assessment of the hospital records during the following three years
revealed that only 13 out of 155 women (8.4%) underwent reopera-
tion because of prolapse and additionally seven women expressed
prolapse-related symptoms postoperatively with no records of
reoperation, adding up to a subjective failure rate of 12.9% (20/155).

Complications registered perioperatively and under a three-
month period postoperatively disclosed 84/150 women (56%)
experiencing at least one complication. The most common compli-
cations were urinary retention in 28 cases (18.7%) and pain in 18



Table 1
Baseline characteristics.

n = 155

Age (years), mean ± SD (range) 64.1 ± 10.4 (35–84)
BMI, mean ± SD (range) 26.4 ± 4.4 (18.3–41.4)
Parity, median (IQR) 2 (1)
Postmenopausal, n (%) 116 (74.8)
Estrogen use, n (%) 83 (53.5)
- Vaginal 71 (45.8)
- Systemic 9 (5.8)
- Both 3 (1.9)
- Not known 20 (12.9)
Smoking status, n (%)
- Smoking 14 (9.0)
- Non smoking 72 (46.5)
- Not known 69 (44.5)
Diabetes, n (%) 16 (10.3)
Chronic obstructive lung disease, n (%) 1 (0.6)
Medication, n (%)
- Diuretics 48 (31.0)
- Antidepressants 16 (10.3)
- ASA 29 (18.7)
- Warfarin 3 (1.9)
Previous hysterectomy, n (%) 72 (46.5)
Previous prolapse surgery, n (%) 121 (78.1)
- Anterior 108 (69.7)
- Posterior 41 (26.5)
- Apical 43 (27.7)
POP-Q stage � 2, n (%)
- Anterior 114 (73.5)
- Posterior 72 (46.5)
- Apical 36 (23.2)

SD: standard deviation, IQR: interquartile range, BMI: body mass index, ASA:
acetylsalicylic acid, POP-Q: pelvic organ prolapse quantification system.

Table 2
Perioperative data.

n = 155

Duration of surgery (min), mean ± SD (range) 97.9 ± 34.4 (33–
254)

Stay at hospital (hours), n (%)
- 0–8 5 (3.2)
- 9–12 21 (13.5)
- 13–24 49 (31.6)
- 25–48 62 (40.0)
- >48 18 (11.6)
Compartments operated with SIS during an operation, n

(%)
- Anterior 76 (49.0)
- Posterior 51 (32.9)
- Apical 7 (4.5)
- Anterior + posterior 15 (9.7)
- Anterior + apical 1 (0.6)
- Posterior + apical 4 (2.6)
- Anterior + posterior + apical 1 (0.6)
Compartments operated with SIS in total, n (%)
- Anterior 93 (60.0)
- Posterior 71 (45.8)
- Apical 13 (8.4)
Women with previous POP surgery at same
compartment as current SIS application, n (%) 99 (63.9)
SIS-augmented compartments with previous POP

surgery, n (%)
- Anterior 80 (86.0)
- Posterior 19 (26.8)
- Apical 2 (15.4)

SD: standard deviation, SIS: small intestinal submucosa graft, POP: pelvic organ
prolapse.

Table 3
Data at 3-month follow-up.

n = 138

Women with recurrence in SIS-augmented compartment at
3 months, n (%)

- No 116 (84.1)
- Yes 16 (11.6)
- One of two 6 (4.3)
SIS-augmented compartments with recurrence at 3 months, n

(%)
- Anterior 19 (22.6)
- Posterior 3 (4.8)
- Apical 0
n = 150
Women with any complication during first 3 months, n (%) 84 (56.0)
According to compartment:
- After anterior SIS application 46 (50.0)
- After posterior SIS application 46 (69.7)
- After apical SIS application 10 (76.9)
Women with major complications during first 3 months, n (%) 8 (5.3)
According to compartment:
- After anterior SIS application 2
- After posterior SIS application 3
- After apical SIS application 1
- After anterior + posterior SIS application 1
- After posterior + apical SIS application 1
Women with persistent complications at 3 months, n (%) 42 (28.0)
According to compartment:
- After anterior SIS application 16 (17.4)
- After posterior SIS application 26 (39.4)
- After apical SIS application 4 (30.8)

SIS: small intestinal submucosa graft.

Table 4
List of complications.

Incidence of complications during first 3 months, n (%)

- Urinary retention 28 (18.7) - Wound infection 8 (5.3)
- Pain 18 (12.0) - Mesh exposure 6 (4.0)
- Urinary tract infection 13 (8.7) - Granulation

tissue/bleedings
5 (3.3)

- Blood loss
perioper. > 200 cc

11 (7.3) - Shortened vagina 4 (2.7)

- Vaginal deformation 10 (6.7) - Needle/part of
needle left at oper.
site

2 (1.3)

- Hematoma 10 (6.7) - Bladder
perforation

1 (0.7)

- Dyspareunia 9 (6.0) - Ureteral
obstruction

1 (0.7)

- Stress urinary
incontinence

9 (6.0) - Pain at urination 1 (0.7)

- Urgency/urge urinary
incontinence

8 (5.3) - Defecation
problems

1 (0.7)

Persistent complications at 3 months, n (%)
- Vaginal deformation 10 (6.7) - Shortened vagina 4 (2.7)
- Dyspareunia 9 (6.0) - Urinary tract

infection
2 (1.3)

- Stress urinary
incontinence

9 (6.0) - Needle/part of
needle left at oper.
site

2 (1.3)

- Urgency/urge urinary
incontinence

8 (5.3) - Urinary retention 1 (0.7)

- Pain 6 (4.0) - Pain at urination 1 (0.7)
- Granulation tissue/

bleedings
5 (3.3) - Defecation

problems
1 (0.7)
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cases (12.0%). Major complications (all third grade) were observed
in eight cases (5.3%). In all cases reoperation was performed within
three months after the index operation; in four cases for the
removal of sutures causing urinary retention, in two cases because
20
of graft exposure, in one case because of painful stricture at the site
of SIS graft application and in one case for the removal of sutures
causing ureteral obstruction. Persistent complications at three
months were reported in 42/150 cases (28%). The most common
complications reported at three months were vaginal deforma-
tions, dyspareunia, SUI, UUI and pain. The distribution of complica-
tions to each compartment is presented in Table 3 and the detailed
list of complications is presented in Table 4. The long-term evalu-
ation of the women’s medical records revealed no additional



Table 5
Logistic regression analysis for significant predictors (final model).

Recurrence in compartment with SIS application

Coefficient Significance Exponentiated coefficient 95% CI for exp. coefficient

Previous prolapse surgery at the same compartment 1.426 0.028 4.162 1.165–14.868
Constant �2.730 0.000 0.065
Complication during first 3 months

Coefficient Significance Exponentiated coefficient 95% CI for exp. coefficient
Age �0.041 0.034 0.960 0.924–0.997
Smoking status (reference group non smoking) 0.022
- Smoking 1.421 0.058 4.140 0.952–17.996
- Not known 0.952 0.016 2.590 1.194–5.617
Duration of surgery 0.019 0.003 1.019 1.007–1.031
Constant 0.618 0.666 1.855

SIS: small intestinal submucosa graft, CI: confidence interval.
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contacts with the treating hospital for complications other than
those already recorded.

The logistic regression model for recurrence following SIS graft
repair (R2 = 0.075) demonstrated a significant effect only for previ-
ous prolapse surgery at the same compartment as the SIS graft
application (P = 0.028). Significant predictors for the manifestation
of complications (R2 = 0.228) were women’s lower age (P = 0.034),
smoking (P = 0.022) and longer duration of surgery (P = 0.003)
(Table 5). Among the different types of complications, lower age
was associated with pain (P = 0.014) and longer duration of surgery
was associated with vaginal deformations (P = 0.028), blood loss
(P = 0.001) and needle/part of needle left at operation site
(P = 0.014), as demonstrated through univariable logistic regres-
sion analysis. Smoking was not significantly associated with any
particular complication.

Discussion

The efficacy of POP surgery with the use of SIS graft that we
recorded is comparable to the efficacy following native tissue
repairs, although the variation in reported recurrence rates with-
out the use of implants is significant [15]. The same conclusion
can be drawn by comparing the site-specific reoperation rate that
we recorded (8.4%) with that of previous studies following native
tissue repair, which ranges from 3.4% to 9.7% [16]. Additionally,
the subjective failure rate of 12.9% in our study is similar to rates
of 10.6%-15.0% previously recorded following non augmented pro-
lapse surgery [3]. This is in agreement with the findings of random-
ized trials, demonstrating no benefits of SIS graft use in POP
surgery [10–12].

The recurrence rates after SIS graft-augmented prolapse repair
reported by Armitage et al. and Mouritsen et al. are comparable
to ours and, similarly to our findings, Mouritsen et al. identified a
previous operation at the same compartment as the only risk factor
for recurrence of prolapse [13,14]. Sung et al. recorded higher
recurrence rate in the posterior compartment (11.9%) [11], while
Feldner et al. recorded a 13.8% recurrence rate following SIS
graft-augmented repair of the anterior compartment, though with
fewer women having undergone previous POP surgery [17]. The
proportion of women in our study that did not attend the three-
month follow-up (11%) may have affected our results but this is
difficult to evaluate as these women do not present any distinctive
characteristics.

The high incidence of complications compared to most previous
studies [18–21] can partly be attributed to our wide definition of a
complication. However, when using a more comparable outcome,
such as the incidence of complications of grade � III, our finding
of a 5.3% rate is in agreement with previously published incidence
rates [18,20–22]. Most of these studies report rates that are slightly
lower following native tissue repair and a little higher following
21
mesh-augmented repair. Women lost to follow-up (3.2%) may also
contribute to a higher incidence of complications.

Exposure and pain/dyspareunia are the most reported compli-
cations following pelvic reconstructive surgery with the use of
implant, as they are directly associated with the presence of
mesh/graft in the pelvic floor [8]. In our study, exposure was
observed in six cases (4%). Two of the women underwent revision
and, in the remaining four cases, the exposure healed sponta-
neously with no exposure observed at the three-month follow-
up. Meta-analyses reporting on exposure rates of vaginal implants
in POP surgery show rates of 4–11.4% following mesh augmented
repair and 0–10.1% following the use of graft [3,4,15,23,24].

Pain appears to be a central theme for women with mesh-
related complications [25]. Pain is the second most common com-
plication we recorded (12%) and adding cases with dyspareunia
makes it the most common complication women experienced at
the three-month follow-up. The incidence of pain and dyspareunia
varies widely among studies [15,23] as the classification recom-
mended by IUGA/ICS is not yet routinely used and is difficult to
apply to retrospective studies such as ours. The most commonly
reported complication at the three-month follow-up of our study
was vaginal deformation (6.7%), a condition referred to in some
studies as contraction. Shrinkage has been reported after the use
of vaginal meshes and Caquant et al. found an incidence of 11.7%
[26]. However, data on the risk of shrinkage and deformation after
the use of grafts are lacking. Vaginal deformation can also be
regarded as a pain-related condition, as pain/dyspareunia is most
often associated with this complication. In our study there was,
accordingly, a strong link between vaginal deformations and pain
with almost half of the women with pain/dyspareunia at three-
month follow-up, presenting with vaginal deformation (7 out of
15).

Urinary tract-related complications were also extensively rep-
resented in our results. Urinary retention was the complication
with the highest incidence (18.7%). In most cases retention was
resolved spontaneously within a few days after the surgery but
reoperation was needed in four cases and retention persisted after
three months in one case. De novo or exacerbated SUI and UUI
were frequently observed without any decline during the postop-
erative period. This is in agreement with previous observations
but there is great discrepancy regarding the definition of this group
of complications [15]. In our study urinary incontinence was
assessed based on women’s subjective reports at the three-
month follow-up visit.

Several risk factors have previously been associated with
increased morbidity following pelvic reconstructive surgery, such
as higher age [19]. However, the association between age and mesh
related complications is uncertain. Thus, higher incidence of expo-
sure has been associated with both higher [23] and lower age [27].
Furthermore, several studies demonstrate increased pelvic pain in
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younger women after urogynecologic and other surgery [28,29],
similarly to our results. Our study also suggests a higher risk of
complications among smokers, in agreement with similar studies,
specifically linking smoking and mesh erosion [27], with patho-
genetic mechanisms supporting this link [30]. Concomitant hys-
terectomy has been associated with complications and mesh
exposure by several studies [23,27]. This was also the trend in
our material (10 cases with concomitant hysterectomy, all with
apical prolapse stage � 2), but we did not observe any significant
association between hysterectomy and manifestation of complica-
tions (OR = 3.4, 95% CI = 0.7–16.4).

In total, the addition of SIS graft to POP surgery adds to the risk
for complications, obviously the risk for exposure and potentially
other complications, such as pain and deformations. However,
the extent to which the SIS graft alone is related to most complica-
tions is difficult to determine without a randomized study design.
Accordingly, the use of SIS graft might have some positive impact
on the risk for recurrence of prolapse but this effect does not
appear to be considerable.

One major limitation of our study is the retrospective design,
which also accounts for a significant heterogeneity in the study
population considering the types of prolapse observed and the
operations performed. Additionally, many of the participating
women were examined by the operating gynecologist at the
follow-up visit, potentially generating observer bias. The lack of
standardized follow-up for complications and prolapse-related
symptoms limits the evaluation of the complications profile and
the subjective efficacy of SIS graft-augmented repairs. However, a
subjective failure rate was estimated (12.9%) based on women’s
medical records. This percentage can naturally be higher because
of women that did not state their dissatisfaction or did it at some
other institution. The three-month follow-up in our study was also
relatively short but the participating women’s medical records
were reviewed for at least three years after the index operation
without revealing additional complications while providing infor-
mation about the long-term reoperation rate.

Conclusions

Our study demonstrates that pain- and urinary tract-related
complications hold a central position in the range of complications
following SIS graft-augmented POP surgery. Lower age, smoking
and longer duration of surgery are identified as predictors for the
development of complications, with lower age being associated
with pain. The recurrence rates we recorded do not suggest a clear
benefit from the use of SIS graft in prolapse surgery.
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