
Minimally Invasive Sling 
Operation for Stress Incontinence

INTRODUCTION
Female stress urinary incontinence (SUI) may be broadly 
subcategorized into types I, II, and III as follows:
	■ Type I SUI is defined as urine loss occurring in the 

absence of urethral hypermobility. This is the mildest 
form of SUI

	■ Type II SUI is defined as urine loss occurring due to 
urethral hypermobility. This is also known as genuine 
stress urinary incontinence (GSUI)

	■ Type III SUI is defined as urine leakage occurring from 
an intrinsic sphincter deficiency (ISD). ISD is a more 
complex form of female SUI

The subcategories of female SUI can be ascertained by 
direct physical examination and by measuring an abdominal 
leak point pressure (ALPP). ALPP, also known as the Valsalva 
or stress leak point pressure, is defined as the lowest 
abdominal pressure necessary to cause urine leakage.

An ALPP < 60 cm water is considered diagnostic of  
type III SUI, whereas an ALPP of 90–120 cm water is 
consistent with type II SUI. Values of 60–90 cm water reflect 
the presence of both type II and type III in combination. 
An ALPP > 120 cm water is considered diagnostic of type I 
SUI. Recent experience suggests that leak point pressures 
need not be stratified as they were in the past, as new slings 
manage all types of SUI.

Von Giordano is usually credited with performing the first 
pubovaginal sling operation in 1907, using a gracilis muscle 
graft around the urethra. In 1914, Frangenheim used rectus 
abdominis muscle and fascia for pubovaginal slings. In 1942, 
Aldridge, Millin, and Read corrected urinary incontinence 
using fascial slings. In 1965, Zoedler and Boeminghous first 
introduced synthetic slings.

Several different sling procedures are currently used to 
treat incontinence. Whatever sling surgery is performed, one 
should use the technique that produces the best outcomes in 
the hands of that particular surgeon.

Mesh sling procedures are currently the most common 
types of surgery performed to correct SUI. Based on industry 
estimates, there were approximately 250,000 of these 
procedures performed every year.

TENSION-FREE VAGINAL TAPE
Stress urinary incontinence or genuine stress incontinence 
is a problem of the urinary bladder where the urethral 
sphincter weakens and as a result cannot prevent the flow 
of urine through it when the intra-abdominal pressure rises 
such as in coughing, sneezing, lifting something heavy, or 
even standing or walking.

There are several causes of urethral sphincter weakness, 
most common being:
	■ Unattended pregnancy and childbirth
	■ Frequent heavy lifting
	■ Estrogen deficiency or menopause
	■ Obesity

Urinary incontinence is reported by 14% of women 
and urodynamic stress incontinence, the involuntary 
leakage of urine during increased abdominal pressure 
in the absence of a detrusor contraction, is diagnosed in 
over half of the women out of those presenting to hospital 
with urinary incontinence. Systematic reviews have shown 
that colposuspension has the best surgical results when 
compared with other treatments for urodynamic stress 
incontinence, with cure rates of up to 90% in women who 
have had no previous surgery for incontinence, although 
there are only limited data from randomized trials on 
which to base clinical practice. Although colposuspension 
remains the most popular choice for the treatment of stress 
incontinence, some authors have reported less than half of 
patients remaining dry and free of complications long term. 
Complications include hemorrhage, hematoma, bladder 
injury, and urinary tract infection. Up to 20% of women may 
develop de novo detrusor overactivity; voiding dysfunction 
has been reported in 3–32% of women and surgery for vaginal 
prolapse may be required in 2.5–26.7% after the procedure.

Minimally invasive suburethral sling procedures have 
nowadays become the most popular surgical treatment of 
SUI in women. Transvaginal tape is a minimally invasive 
procedure for women who suffer from SUI. In transvaginal 
tape, the urinary bladder and urethra are repaired, 
strengthened, and returned to its original position in the 
pelvis. Tension-free vaginal tape (also known as TVT) was 
first introduced in Sweden in the mid-1990s by Ulf Ulmsten 
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and Papa Petros. The American Urological Association (AUA) 
had established a task force to determine the most effective 
operations for the treatment of SUI. They concluded with 
the most curative operations as published in the worldwide 
medically indexed literature as these: Burch urethral 
suspension procedure and the suburethral sling operation. 
Cure rates for both procedures were found to fall routinely 
between 80 and 90%. The TVT operation is a “sling” operation 
and its cure rate falls within the international standards of 
cure for other types of sling procedures. The TVT procedure 
is a relatively recent treatment for stress incontinence.

A polypropylene tape is inserted suburethrally under 
local anesthesia with sedation. The procedure is thought to 
work by providing a pubourethral “neoligament”. Increased 
intra abdominal pressure results in a kink at the point of 
fixation, which prevents urine flow (Fig. 1).

Surgical Technique
The patient should be placed in the lithotomy position 
taking care to avoid hip flexion >60°. The procedure can be 
carried out even under local anesthesia, but it may also be 
performed using regional or general anesthesia. The extent 
of dissection is minimal, i.e., a vaginal midline entry with a 
small paraurethral dissection to initially position the needle 
and two suprapubic skin incisions.

Using forceps, grasp the vaginal wall at each side of the 
urethra. Using a small scalpel, make a sagittal incision about 
1.5 cm long starting approximately 1.0 cm from the outer 
urethral meatus. This incision will cover the midurethral 
zone and will allow for subsequent passage of the sling 
(tape).

With a small pair of blunt scissors, two small paraurethral 
dissections (approximately 0.5 cm) are made so that the tip 

of the needle can then be introduced into or passed through 
the paraurethral dissection (Fig. 2).

Then, two abdominal skin incisions of 0.5–1 cm are made 
one on each side of the midline just above the symphysis 
not >4–5 cm apart. Incision placement and needle passage 
near the midline and close to the back of the pubic bone are 
important to avoid anatomic structures in the inguinal area 
and lateral pelvic sidewall.

The TVT rigid catheter guide is inserted into the channel 
of the Foley catheter (18 French). The handle of the guide 
is fixed around the catheter, proximal to its widening. The 
purpose of the guide is to move the bladder neck and urethra 
away from where the tip of the needle will pass into the 
retropubic space (Figs. 3A and B).

Via use of the Foley catheter and the rigid catheter 
guide, the urethra and bladder are moved contralaterally 
to the side of the needle passage. During this maneuver, 
the bladder should be empty. Using the introducer, the 
needle is passed paraurethrally penetrating the urogenital 
diaphragm. Insertion and passage are controlled by using 
the long or index finger in the vagina under the vaginal wall 
on the ipsilateral side and fingertip control on the pelvic rim. 
The curved part of the needle should rest in the palm of the 
“vaginal” hand.

If you are right handed, this means that the left hand 
generally is the one to be used for needle guidance  
(Figs. 4A to C). With the other hand, grip the handle of 
the introducer gently. Now introduce the needle tip into  
the retropubic space. Once again, observe that this should 
be done by the palm of the vaginal hand and with the needle 
tip horizontally, i.e., in the frontal plane. After passage of 
the urogenital diaphragm, you will feel that the resistance is 
significantly reduced. Immediately aim the tip of the needle 

Fig. 1: Tension-free vaginal tape. Fig. 2: Abdominal and vaginal incision for tension-free  
vaginal type (TVT).
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Figs. 3A and B: Passage of needle through retropubic space.

Figs. 4A to C: Safe entry of needle with use of urethral catheter guide.

toward the abdominal midline and lower the handle of the 
introducer thereby, pressing the tip of the needle against the 
back of the pubic bone. Now, move the needle tip upward to 
the abdominal skin incision, keeping in close contact with 
the pubic bone all the way. When the needle tip has reached 
the abdominal incision, cystoscopy is performed to confirm 
bladder integrity. The bladder must be emptied after the 
first cystoscopy. Disarticulate the reusable introducer and 

pull the remaining portion of the TVT needle through the 
abdominal incision. The procedure is then repeated on the 
other side.

The needles are then pulled upward to bring the tape 
(sling) loosely, i.e., without tension under the midurethra. 
Cut the tape close to the needles. Now, adjust the tape so that 
leakage is reduced allowing a few drops of urinary leakage 
to occur under stress. For this, use patient feedback, i.e., 
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Figs. 5A and B: Completed application of tape with laparoscopic view.

Figs. 6A to C: Removal of plastic tape with cutting the excessive mesh.

Fig. 7: Scissors or forceps should be placed between the  
urethra and the tape.

coughing with a full bladder (approximately 300 mL) and 
keep the vaginal incision temporarily closed by a gentle grip 
with small forceps (Figs. 5A and B).

The plastic sheaths that surround the tape are then 
removed (Figs. 6A to C). To avoid putting tension on the 
tape, a blunt instrument (scissors or forceps) should be 
placed between the urethra and the tape during removal of 
the plastic sheaths (Fig. 7).

Premature removal of the sheath may make subsequent 
adjustments difficult. After proper adjustment of the tape, 
close the vaginal incision. The abdominal ends of the tape are 
then cut and left in subcutis. Do not suture them. Suture the 
skin incisions. Empty the bladder. Following this procedure, 
postoperative catheterization is not typically required.  
The patient should be encouraged to try to empty the bladder 
2–3 hours after the operation.

TRANSOBTURATOR TAPE
When TVT was first introduced into clinical practice in the 
mid- to late 1990s, the gold standard surgical procedure in 
the treatment of SUI was the Burch colposuspension. Several 
randomized controlled trials have compared the efficacy 

and safety of these two procedures and shown that TVT 
has a lower morbidity rate and equal or superior efficacy 
at mid-term follow-up. TVT has gradually replaced the 
colposuspension as the first choice of procedure, especially 
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now that the long-term results (5–7 years outcome) are 
known (81.3% and 82% cure rate).

There are, however, concerns over the safety of TVT. A 
Finnish series of 1,455 women treated for SUI demonstrated 
several vascular injuries (venous lacerations were the most 
frequent injury reported), while Zilbert et al. reported a case 
of right external iliac artery injury. In addition, two deaths 
due to serious vascular injuries have been reported to the 
manufacturers as have bowel perforations. Most of these 
complications are related to the penetration of the retropubic 
space. In order to avoid these complications, but keep the 
principle of a minimally invasive procedure to reinforce  
the structures supporting the urethra, Delorme described 
the transobturator tape (TOT). In this technique a 2-cm 
incision is made through the vagina over the urethra and 
a tunnel created out to the obturator foramen on either 
side. A trocar is then passed from the thigh fold through 
the obturator foramen from the outside to the inside and 
brought round through the vaginal incision. A multifilament 
microporous tape is then fed through the trocar and  
brought through the obturator foramen. The procedure is 
repeated on both sides and the tape is left under no tension 
under the midurethra. De Leval et al. described a further 
modification to this surgical technique, which allows 
the passage of a trocar and tape through the obturator 
foramen from inside to out. The authors felt that this further  
reduced any risk of damage to the urethra and bladder; 
however, the long-term safety of this type of procedure is not 
known.

The TVT has revolutionized the surgical treatment 
of SUI, but remains an abdominal procedure with all of 
the potential complications therein. The TOT procedure 
described here produces the same end result, i.e., a tension-
free tape left under the midurethra, but without the risks of a 
blind abdominal procedure.

Bladder perforation is the most common complication 
occurring during the TVT procedure with the incidence 
reported as between 0.8 and 21%. However, with the TOT 
procedure, the risk of bladder perforation is significantly 
reduced (Fig. 8).

Functional Theories and Comparison with 
Tension-free Vaginal Tape
DeLancey’s theories on pelvic support for the bladder and 
urethra help to explain the mechanism of action of the TOT in 
the treatment of SUI in that the position of the tape is similar 
to that of the natural hammock supporting the urethra. The 
TOT procedure using polypropylene tape satisfies most of 
the requirements for effective surgery.

In the medium term, the results are satisfactory and, 
unlike the retropubic tape (TVT), the purely perineal location 
of the TOT minimizes the risk of trauma to the bladder, 
intestine, major vessels, and nerves (Figs. 9A and B).

Figs. 9A and B: Pelvic anatomy demonstrating obturator foramen.

Fig. 8: Injuries in tension-free vaginal tape (TVT) procedure.
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Figs. 12A and B: Insert winged guide and helical passer and then remove winged guide.

Figs. 13A and B: Rotate helical passer while moving the handle into midline.

Figs. 14A and B: Facilitate passage of transobturator tape (TOT) through skin incision.
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Figs. 15A and B: Grasp tip of plastic tube and then retract helical passer by reverse rotation.

Figs. 16A and B: Pull plastic tube and tape completely through the skin.

Figs. 17A and B: Steps of introduction of mesh should be repeated on patient’s other side.

When the tape is in position, the plastic sheath that 
covers the tape should be removed (Figs. 18A and B).  
One blunt instrument (e.g., scissors or forceps) should 
be placed between the urethra and the tape during  
removal of a plastic sheath, or use other suitable means 
during sheath removal, to avoid positioning the tape with 

tension. Following tape adjustment, close the vaginal 
incisions. Cut the tape ends at the exit points just below  
the skin on the inner thigh. Close the skin incisions 
with suture or surgical skin adhesive (Figs. 18A and B).  
Surgeon should remember that “looser is better than  
tighter”.
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Figs. 18A and B: Adjust the tape, remove plastic sheath, and close vaginal incision.

CONTRAINDICATIONS OF TENSION-FREE 
VAGINAL TAPE AND TRANSOBTURATOR 
TAPE

As with any suspension surgery, these sling procedure 
should not be performed in pregnant patients. Additionally, 
because the prolene polypropylene mesh will not stretch 
significantly, it should not be performed in patients with 
future growth potential including women with plans for 
future pregnancy.

WARNINGS AND PRECAUTIONS
	■ Do not use TVT or TOT procedure for patients who are 

on anticoagulation therapy
	■ Do not use TVT or TOT procedure for patients who have 

a urinary tract infection
	■ Users should be familiar with surgical technique for 

bladder neck suspensions and should be adequately 
trained in the TVT or TOT implantation procedure before 
employing these devices. It is important to recognize that 
TVT or TOT is different from a traditional sling procedure 
in that the tape should be located without tension under 
midurethra

	■ Acceptable surgical practice should be followed for the 
TVT or TOT procedure as well as for the management of 
contaminated or infected wounds

	■ The TVT or TOT procedure should be performed with 
care to avoid large vessels, nerves, bladder, and bowel. 
Attention to local anatomy and proper passage of needles 
will minimize risks, especially in TVT

	■ Retropubic bleeding may occur postoperatively. Observe 
for any symptoms or signs before releasing the patient 
from hospital

	■ Cystoscopy should be performed to confirm bladder 
integrity or recognize a bladder perforation

	■ Do not remove the plastic sheath until the tape has been 
properly positioned

	■ Ensure that the tape is placed with minimal tension 
under midurethra

	■ Prolene mesh in contaminated areas should be used 
with the understanding that subsequent infection may 
require removal of the material

	■ The patient should be counseled that future pregnancies 
may negate the effects of the surgical procedure and the 
patient may again become incontinent

	■ Since no clinical experience is available with vaginal 
delivery following the TVT or TOT procedure, in case of 
pregnancy delivery via cesarean section is recommended

	■ Postoperatively, the patient is recommended to refrain 
from heavy lifting and/or exercise (i.e., cycling, jogging) 
for at least 3–4 weeks and intercourse for 1 month. The 
patient can return to other normal activity after 1 or  
2 weeks

	■ Should dysuria, bleeding, or other problems occur, the 
patient is instructed to contact the surgeon immediately

	■ All surgical instruments are subject to wear and damage 
under normal use. Before use, the instrument should be 
visually inspected. Defective instruments or instruments 
that appear to be corroded should not be used and 
should be discarded

	■ As with other incontinence procedures, de novo detrusor 
instability may occur following the TVT procedure. To 
minimize this risk, make sure to place the tape tension-
free in the midurethral position

	■ Punctures or lacerations of vessels, nerves, bladder, or 
bowel may occur during needle passage and may require 
surgical repair

	■ Transitory local irritation at the wound site and a 
transitory foreign body response may occur. This 
response could result in extrusion, erosion, fistula 
formation, and inflammation

	■ As with all foreign bodies, prolene mesh may potentiate 
an existing infection. The plastic sheath initially covering 
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the prolene mesh is designed to minimize the risk of 
contamination

	■ Overcorrection, i.e., too much tension applied to the 
tape, may cause temporary or permanent lower urinary 
tract obstruction

CONCLUSION
Mesh sling surgeries for SUI have been reported to be 
successful in approximately 70–80% of women at 1 year based 
on women’s reports and physical examinations. Similar 
effectiveness outcomes are reported following nonmesh SUI 
surgeries such as Burch colposuspension. The use of mesh 
slings in transvaginal SUI repair introduces a risk that does 
not present in traditional nonmesh surgery for SUI repair, 
which is mesh erosion, also known as extrusion. Erosion 
of mesh slings through the vagina is the most commonly 
reported mesh-specific complication from SUI surgeries 
with mesh. The average reported rate of mesh erosion at  
1 year following SUI surgery with mesh is approximately 
2%. Mesh erosion is sometimes treated successfully with 
vaginal cream or an office procedure where the exposed 
piece of mesh is cut. In some cases of mesh erosion, it may 
be necessary to return to the operating room to remove part 
or all of the mesh.
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