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Abstract
Background: Toconstruct amodifiedmodel for reportingandgradingofpostoperativecomplicationsafter themid-urethral sling (MUS)
procedure based on the Clavien-Dindo classification. In addition, complications of three different types of MUS were compared.
Materials and methods: A PubMed search for postoperative complication after MUS was carried out for the period between
January 1990 and July 2018. Reported complications were stratified in a plate form designed in accordance with grades of the
Clavien-Dindo classification. Then, the proposed model was applied on reported complications in 160 females who underwent three
different procedures of MUS (transvaginal tape [TVT], transobturator tape [TOT], and autologous fascial sling) with a minimum follow-
up of 24months.
Results: The mean ± SD age at time of surgery was 46±7years. TVT was carried out in 75 (47%) patients, TOT in 40 (25%), and
fascial sling in 45 (28%). The total number of complications was 62 in 43 (26.8%) patients. The vast majority of complications were
Grade I and Grade II 19 (12%) and 21 (13%) out of 160 patients, respectively. Transient postoperative voiding difficulty (Grade II) and
de novo urgency (Grade II) were the most prevalent complications in the fascial sling method (15.4% for each), whereas transient
thigh pain (Grade II) was the most frequently reported complication after TOT (10%). Life-threatening vascular injury (Grade IV-a) was
a serious complication in TVT cases.
Conclusions: Postoperative complications of the MUS could be graded according to Clavien’s classification. The vast majority of
complications were Graded I or II. TVT can cause serious life-threatening complications.
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1. Introduction

After their efficacy was proven, mid-urethral slings (MUS) are
currently considered to be the procedure of choice in manage-
ment of female stress urinary incontinence (SUI).[1–3] However,
there is a lack of consensus in the urogynecological community
about an ideal postoperative measure that can efficiently evaluate
such procedures.[4] It seems that evaluation of safety is an easy
task by reporting any encountered adverse effect during or after
surgical treatment of SUI. However, conclusive assessments
about safety remain limited by the lack of consensus on how to
define complications and to stratify them by severity. Currently,
there is a growing awareness about sling-related complications,
malpractice litigations, and associated patients’ concerns. This
forced many synthetic sling manufacturers to withdraw their
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products from the market. Simultaneously, many pelvic surgeons
have reduced the utilization of synthetic slings and increased the
utilization of autologous slings.[5] In this context, standardization
of terminology about postoperative complications after native
tissue female pelvic surgery was published.[6] The ultimate goal of
that step was to provide a standardized method of data reporting.
Although complications were coded, the grading of severity was
far from sufficient in that report.
The Clavien-Dindo classification is a validated therapy-based

classification system in which postoperative adverse effects are
ranked by severity.[7] Currently, it is considered as the
standardized method of choice for grading postoperative adverse
effects. It has been adopted by hundreds of publications in
different fields of surgery as a method of reporting and evaluating
postoperative complication. It is considered as a classic model of
reporting safety of complications following procedures dealing
with the treatment of the lower urinary tract.[8] In the
urogynecology field, the Clavien-Dindo’s model was previously
used in reporting sporadic complications following apical
prolapse repair[9] and MUS.[10] Because of the specific nature
of complications following MUS, there is a real need for a
standardized model for grading complications. In this study, we
proposed a model for grading of adverse effect of MUS in line
with the original Clavien-Dindo’s model. In addition, we
evaluated adverse events of 3 different procedures of MUS by
using Clavien-Dindo’s grading system.
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Table 1

Grading of MUS complications.

Grade Event

Grade I Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical, endoscopic, and radiological interventions
• Superficial wound infection
• Nausea, vomiting, low grade fever
• Prolonged catheterization (up to 1 week) either due to intraoperative injury or postoperative urine retention.

Grade II Requiring pharmacological treatment with drugs other than such allowed for Grade I complications. Blood transfusions
and total parenteral nutrition are also included

• Hemorrhage requiring blood transfusion
• De novo urgency
• Urinary tract infection
• Erosions/extrusions conservatively treated
• Thigh /groin pain conservatively treated
• Urine retention treated by transient clean intermittent catheterization
• Dyspareunia not affecting sexual activity

Grade III Requiring surgical, endoscopic, or radiological intervention
Grade IIIa Intervention not under general anesthesia

• Erosions/extrusions surgically treated
• Thigh/groin pain treated by tape excision
• Urine retention treated by tape excision

Grade IIIb Intervention under general anesthesia
Grade IV Life-threatening complication (including central nervous system complications) requiring intermediate care/intensive care unit management
Grade IVa Single organ dysfunction

• Dyspareunia affecting sexual activity
• Irreparable bladder injury
• Persistent thigh pain; not resolved after removal of tape

Grade IVb Multiorgan dysfunction
• Hemorrhage causing shock, intensive care unit admission ± exploration
• Bowel perforation

Grade V Death of a patient
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2. Materials and methods

A PubMed search for postoperative surgical complications after
MUS procedures was carried out using key words “MUS,”
“transvaginal tape (TVT),” “transobturator tape (TOT),”
“fascial sling,” “stress urinary incontinence,” and “complica-
tions.” Reported complications in 784 publications were
identified and graded into 5 categories for model construction
in accordance with the Clavien-Dindo classification (Table 1).
The data files of 160 patients who underwent 3 different

techniques (TVT, TOT, and autologous fascial graft) for surgical
treatments of SUI in our institution were retrospectively
reviewed. All patients had completed at least 24months
follow-up. Patients’ demographics, clinical, and preoperative
urodynamic data were compared. Follow-up data were prospec-
tively registered and updated according to prospective proto-
cols.[10,11]

All women were seen during 1week at the outpatient clinic to
check wound status. A vaginal examination, stress test and
urinalysis were regularly done at 3months. At 6months, a
voiding pressure flow test was carried out and the Urinary
Distress Inventory, Short Form (UDI-6), and Incontinence Impact
Questionnaire, Short Form (IIQ-7) were taken. The stress test,
vaginal examination, and pad test were repeated at 12, 18, and
24months. Patients were then checked annually thereafter by
analysis of new lower urinary tract symptoms, urinalysis,
noninvasive flowmetry, and postvoid residual urine (PVR).
The recorded complications up to 2years follow-up were graded
and compared.
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Continuous data were expressed by mean ± SD. One-way
ANOVA, Post-Hoc, and Kruskal–Wallis tests were used to
compare continuous variables according to normality. The Chi-
square testwasutilized to compare categorical variables. Statistical
significance was considered when p<0.05. All statistical analyses
were done by using SPSS[®], version 19 (IBM SPSS).
3. Results

The mean ± SD age at time of surgery was 46±7years. TVT was
carried out in 75 (47%) patients, TOT in 40 (25%), and fascial
sling in 45 (28%) patients. Concomitant prolapse repair with
fascial plication was carried out in 20 (12.5%) patients. No
difference was detected with regard to patients’ demographics,
clinical data, and abdominal leak point pressure among the 3
groups (Table 2).
Recorded complications were from Grade I to Grade IV-b. No

mortality cases (GradeV) were reported. The total number of
complications was 62 in 43 (26.8%) patients. There were 7
patients who hadmore than 1 complication.When complications
were adjusted per each procedure, the highest rate was in the
fascial graft followed by TOT and TVT (46.5%, 22.5%, and
18.6%, respectively, p=0.006). The vast majority of complica-
tions were Grade I and Grade II (19 [12%] and 21 [13%] out of
160 patients, respectively).
De novo urgency (Grade II), the most frequently reported

complication, was detected in 14 patients. Postoperative urine
retention or high PVR>100mL necessitating re-fixation and
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Table 2

Patients’ characteristics and baseline parameters.

TVT n=75 TOT n=40 Fascial sling n=45 p

Age, years 46±7 46±7 45±7 0.9
∗

Gravidity 4.8±2 4.4±2 4.8±3 0.4
∗∗

Parity 4.4±2 4±1.5 4.3±2 0.5
∗∗

Body mass index, kg/m2 34±5 31±6 33±5 0.3
∗

Abdominal leak point pressure, cmH2O 78±24 81±33 81±34 0.8
∗

SUI grade 0.5
∗∗∗

1 19 (25%) 14 (35%) 17 (38%)
2 36 (59%) 18 (45%) 15 (32%)
3 20 (26%) 8 (20%) 13 (30%)

TOT = transobturator tape; TVT = transvaginal tape.
∗
One-way ANOVA test.

∗∗
Kruskal–Wallis test.

∗∗∗
Chi-square test.
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prolongation of uretheral catheterization was encountered in 15
patients. In 11 patients a urethral catheter was left for an extra 1
to 2weeks until PVR was <100mL (Grade I). In 4 patients,
urethral dilatation was carried out (Grade II). None needed
removal of the sling.
The highest grade of complication was reported in 1 patient in

the TVT group. The patient presented with a drop in the
hemoglobin level and signs of hemorrhagic shock (Grade IV-b). A
pelvic hematoma was detected by noncontrast spiral CT. The
patient was managed by blood transfusion and hemostatics
(Table 3).
4. Discussion

Recent recommendations in general surgical and urological
communities suggested that standardized registering and record-
ing the severity of complications should become a standard step
in clinical practice and in the surgical literature to adequately
compare the quality of care and the results of clinical trials.[12,13]

In this context, the modified Clavien-Dindo classification for the
severity of surgical complications has many advantages in that it
helps in uniform reporting of negative outcomes, for longitudinal
follow-up of cases, allows easy comparisons and collection of
Table 3

Percentage and grading of reported complications per sling type.

Grade TVT n=7

I
Wound infection, n (%) 0
Prolong catheter for bladder perforation, n (%) 3 (4)
Prolong catheter for retention, n (%) 3 (4)

II
Suprapubic/thigh pain, n (%) 0
De novo urgency, n (%) 6 (8)
Vaginal erosion, n (%) 1 (1.3)
Dyspareuonia, n (%) 0

IIIa
Urine retention needs dilatation, n (%) 0

IVb
Bleeding, n (%) 1 (1.3)
Total, n (%) 14 (18.6)

AFS = autologous fascial sling; TOT = transobturator tape; TVT = transvaginal tape.
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results in multi-center trials, and when adequate meta-analysis is
considered. In a prospective cross-sectional survey, the Clavien-
Dindo classification was found to be true and to similarly reflect
the perception of patients, practicing nurses, and physicians
toward postoperative complications.[14] Therefore, it was
suggested to serve as the basis to assess the outcome in many
surgical procedures.[12]

Consequently, the Clavien-Dindo classification has gained
much popularity in urology practice. The Clavien-Dindo
classification was adopted for reporting of complications
following kidney transplantation,[15] radical cystectomy,[16]

radical prostatectomy,[17] trans-vesical prostatectomy,[18] radical
nephrectomy, open and laproscopic partial nephrectomy,[19]

laparoscopic and open adrenalectomy,[20] ureteroscopy,[21] and
percutanous nephrestomy.[22] However, the classification system
has not yet been used in the urogynecology literature.
Complications after MUS have a unique nature. This may be

the possible cause that hinders using the Clavien-Dindo
classification. In the current study, we proposed a model for
ranking of complications following MUS that was in accordance
with the philosophy of the Clavien-Dindo classification. This
philosophy is based on grading of severity according to the type
of management offered to each complication. In this current plate
5 TOT n=40 AFS n=45

0 1 (2.2)
1 (2.5) 3 (6.6)
1 (2.5) 7 (15.4)

4 (10) 1 (2.2)
1 (2.5) 7 (15.4)
0 0
0 1 (2.2)

2 (5) 1 (2.2)

0 0
9 (22.5) 21 (46.5)
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form, events such as low grade fever, nausea, and vomiting have
been graded as “Grade I.”This matches their universal ranking in
the literature of different surgical fields. Likewise, stage “Grade
V” for mortality. According to the original classification, “Grade
III-b” is defined as when intervention for correction of a
complication is done under general anesthesia. Therefore, we did
not specify complications for “Grade III-b” because any
complication with Grade I or II could be upgraded to III-b on
that basis.
One of the advantages of this model is the flexibility of grading.

Thus, according to the provided plate form, ranking of one
specific complication could be up-graded according to its
severity. For example, ranking of voiding difficulty starts with
“Grade I” if it is transient and urethral catheter is needed for an
extra few days. If an extra step is required, such as temporary self-
catheterization, the severity is then ranked as “Grade II.” If
surgical intervention is needed to correct such a complication,
grading becomes “Grade III-a or III-b.” Similarly, ranking of
hematoma starts from Grade I if only hemostatics are required. It
rises to Grade II in case of blood transfusion. Likewise, other
complications, for example, vaginal injuries or mesh erosions are
ranked as “Grade II” if local vaginal antiseptics or estrogen
cream solves the problem or ranked as “Grade III” if correction is
done under anesthesia.
For neurological complication, we followed similar ranking

used for grading of orthopedic complications based on the
Clavien-Dindo system.[23] Therefore, groin/thigh pain that is
more common in TOT is ranked Grade II in transient pain that is
resolved by analgesics. If tape removal is judged as the only
solution for pain relief, the grading then is Grade III-a. If pain
persists after tape removal “persistent neoupraxia,” the condition
is Grade “IV-a.” A serious complication such as bowel
perforation is very rare after TVT (<1%), yet, it could result
in mortality.[24] Thus, it is ranked as “Grade IV” if it is properly
managed or “Grade V” if it leads to mortality.
In the current study, we found the highest rate of complications

in the autologous fascial sling group (46.5%) and nearly equal
rates in TOT (22.5%) and TVT (18.6%). This might be
considered higher than reported data in the literature of multi-
center studies.[25,26] A qualitative summation of complications
may be an explanation. Long-term follow-up in the current study
compared with other reports is another explanation. Further-
more, when comparing the complication rates published from
different centers, certain minor complications may or may not be
omitted. Interestingly, a similar observation of reporting higher
rates of complications when the Clavien-Dindo classification was
utilized was highlighted in many reports on other urological
procedures.[15,22] Such bias leads to the problem of under
reporting of complications, which is still a major defect in
scientific publications.
In contrast, when it comes to complication, it is not a matter of

“frequency of complication,” rather it is a matter of “grade.”
Therefore, despite that the highest rate of complications was
found in the fascial sling group, the most serious and highest
grade was found in the TVT group.
In summary, a novel model for reporting of complications after

MUS is proposed. The proposed model was utilized to compare 3
different types of slings; TVT, TOT, and autologous fascial. A
point of strength in the comparative section in our study is a
prospective collection of data. Prospective registration has shown
to bemore superior tomorbidity andmortality rounds. Therefore,
it was suggested as a standard by different authors.[12,13]
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In contrast, the current study had some potential limitations.
The model does not take into account scenarios when more than
1 complication happens in the same patient. In this situation,
either summation of grades or ranking according to highest grade
may be a viable option. A third solution is that each complication
could be counted as a separate case and the number of cases with
more than 1 complication is announced as previously reported in
other surgical scenarios.[15] We think that the third option would
provide more precise reporting. Another limitation is failure of
treatment. However, this event is not considered as a complica-
tion in all relevant literature. Certainly, the current model did not
undergo tests of reliability and validity that should be a point of
investigation following this preliminary report. Therefore, we
applied it to already published data that involved 160
patients.[11,12] We tried to make a correlation between the
current proposed scale and the International Continence Society/
International Urogynecological Association classification for
complications.[6] It is comprised of 3 domains: category, site,
and time classification. Although this way seems to be more
precise, it is more complicated and seems to be difficult for
application. We have already linked it to the terminology section
supplied. However, we failed to find a suitable form for achieving
correlation with category and site classification sections due to
differences in concepts. Finally, one considerable point is to
popularize this grading system. Since, the Clavien-Dindo
classification is not well known to gynecologists involved in
urogynecology, it might need a lot of education in this
environment to implement this scale among urogynecologists.

5. Conclusions

The proposedmodel can provide an easily available tool that may
facilitate standardized reporting and grading of complication of
mid-urethral slings. Although the autologous fascial graft had the
highest incidence of complications, more serious complications
were reported with TVT.
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