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The primary aim of this work was to report our experi-
ence of using TFS for POP over 4 years and 278 patients. A
secondary aim was to track the fate of pelvic symptoms, ur-
gency, frequency, nocturia, chronic pelvic pain and fecal in-
continence.

MATERIALS AND METHODS

This was a prospective observational study. We used val-
idated questionnaires8 and ICIQ SF to assess symptoms,
vaginal examination to directly identify the sites of liga-
ment repair, according to specific anatomical criteria set
down for clinical diagnosis of damaged ligaments.9

The TFS (TFS Surgical, Adelaide South Australia) con-
sists of an applicator, a non-stretch tape attached to two soft
tissue anchors with an adjustable mechanism at the base,
fig1. A non-stretch lightweight non-stretch type 1 macrop-
ore monofilament polypropylene mesh tape was used. The
TFS sling operations were variously applied at up to 5 main
sites, figures 2-4. We calculate that the total length of im-
plant was 5-8cm for each tape.

Anterior wall support for cystocele repair, fig. 2 The U-
Sling supports the distal vaginal wall; it repairs the lateral
defect by re-attaching the prolapsed vaginal wall to the
ATFP near its origin behind the pubic bone immediately
above the pubourethral ligament and there is growing evi-
dence that it may restore dislocated pubovisceral muscles
also (9a). The cardinal ligament repairs the high or trans-
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such hopes can be justified.
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INTRODUCTION

The Japanese female population is ageing rapidly. In
September 2013, there were 17.59 million women aged 65
and older, an increase of 7.6% in 4 years.1 Consequently,
more Japanese women are developing pelvic organ prolapse
(POP) and troubling symptoms such as urgency, nocturia,
chronic pelvic pain, bladder emptying problems, causing
major problems for patient QOL, the health system the
community and government cost. Collateral health prob-
lems create a concomitant demand for minimally invasive
operations to safely correct the prolapses. The TFS (Tissue
Fixation System),2-4 fig. 1, is a less invasive evolution of the
TVT operation;5 like the TVT, a short narrow strip of tape
provokes the host tissues to create an artificial collagenous
neoligament,6 to reinforce the 5 supporting structures of the
pelvic organs, pubourethral, arcus tendineus fascia pelvis
(ATFP), cardinal (CL), uterosacral ligaments (USL) and
perineal body (PB).

The TFS was introduced to Japan in 2006 at the 13th
Annual Meeting of the Neurogenic Bladder Society of
Japan and the first live surgery of TFS in Japan was per-
formed in September 2006 under the aegis of the Japanese
Society for Pelvic Floor Medicine.

In a previous work,7 we described our preliminary assess-
ment of this method, including initial POP and symptom
cure, analysis of the learning curve (short) and surgical
complications (few).
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verse defect. It re-attaches the prolapsed pubocervical fas-
cia to the cervical ring, shortens the cardinal ligament and
re-attaches the displaced ATFP onto the side wall.

Apical support for uterine/apical prolapse, fig. 2. The
cardinal TFS sling re-attaches the uterus or apex laterally to
the fascia of the side wall skeleton. The uterosacral TFS at-
taches it posteriorly to the pre-sacral fascia at S3 level.

Posterior vaginal and anterior rectal wall support, fig-

ures 2&3

The uterosacral TFS attaches the posterior cervical ring
posteriorly to the pre-sacral fascia at S3 level. Because it
passes by the lateral wall of the rectum, it, too, is re-at-
tached, constituting a transvaginal rectopexy. At the level of
the introitus, the reconstituted perineal body supports 50%
of the posterior vaginal wall10 and the anus.11,12

Urinary stress incontinence�It is the policy of our depart-
ment not to perform USI surgery concomitantly with POP
surgery. There were 6 exceptions made in this study.

TFS SURGICAL TECHNIQUE

The surgical technique uses the same technique for all the
TFS operations. The vagina is incised. Bladder, enterocele
or rectum are dissected as required. The ligament is identi-
fied. A tunnel is made with Metzenbaum scissors. The ap-
plicator is inserted into the tunnel. The anchor is released.
The application is repeated on the contralateral side and the
tape is adjusted until a resistance is felt. This indicates re-
turn of muscle tone in the muscles which act on that liga-
ment. The tape is cut and the vagina is closed.

The prolapse was staged according to the ICS POPQ
classification.13,14

This study was approved by the Ethics Committees of the
Kamakura General Hospital in 2006. Written informed con-

sent was obtained from all patients. The principles of the
Helsinki Declaration (2008) were followed.

RESULTS

Operations using the TFS anchor system were performed
on 278 women, mean age 69.6 years (36-89), between
January 2009 to December 2012 inclusive. Mean parity was
2.2 (range 0-6). Mean body index was 24.2 (range 15.1-
39.8). All patients had stage 3 or 4 pelvic organ prolapse ac-
cording to the Pelvic Organ Prolapse Quantification
(POPQ) standard scoring system. The results are summa-
rized in Tables 1&2.

A total of 989 tapes were used in 278 patients (mean 3.5
tapes per patient).

There were 272 U slings for lateral/central anterior vagi-
nal wall defects, 243 posterior slings (USL-sling) of the
uterosacral ligaments, 264 Cervical slings for cardinal liga-
ment defects, 204 perineal body slings for defect of the per-
ineal body and 6 pubourethral slings for SUI (ISD) were
performed.

Figure 1. – The TFS system for creation of artificial collagenous
neoligaments for POP and USI cure. Applicator (AP) and anchor
(A). T=lightweight macropore monofilament tape. At the base of
‘A’ is a system which allows one-way directional tensioning of the
tape. (Reproduced with the permission of TFS Surgical)

Figure 2. – TFS Surgery for POP The anchor is positioned along
the ligament and tape adjusted to remove looseness. This lifts the
organ back into its non-prolapsed position. The tape reinforces the
ligaments and stretches the anterior and posterior vaginal wall like
ropes stretching a tent. By strengthening the ligaments, the TFS al-
so restores the muscle forces which support, open and close the or-
gans, on the basis that the ligaments are the effective insertion
points of the pelvic muscles. (Reproduced with the permission of
Professor Peter Petros)

Figure 3. – Perineal body (PB) TFS sling
The anchors penetrate the deep transversus perinei which inserts
exactly at the junction of the upper 2/3 and lower 1/3 and the tape
is tightened. In patients with descending perineal syndrome, this
action elevates the prolapsed perineal body from position TP1 to
TP2. (Reproduced with the permission of Professor Peter Petros)
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Mean operation time was 89.4 minutes (range 39-190).
The time for insertion of a TFS sling varied between 15-25
minutes per ligament. Mean estimated total blood loss per
patient was 74ml (range 5-378ml). Mean hospitalization af-
ter operation was 0.7 days (range 4 hours to 3 days), with
42% of patients discharged on the same day. Mean days re-
turn to usual life was 2.2 days (range 1-10 days). Mean no
of tapes per patient 3.5 (range 1-5).

We defined surgical failure as any prolapse  in any com-
partment�of the patient at or beyond stage 2 according to the
ICS POPQ classification, even, if in patients undergoing
multiple TFS surgeries, other compartments remained in-
tact. On this basis, surgical cure rate for POP was 91.2% at
12 months. The 12 month cure rate for the original cohort
was largely maintained, with only a 10% fall at 48 months,
from 91.2% (n = 68) to 84% (n = 50).

There were no intraoperative complications and no blad-
der or bowel perforations. However, there were two longer
term post-operative complication, ileus due to tape in ab-
dominal cavity and adhesion of the mesentery and USL
mesh tape, 3 and 15 months after operation and treated op-
eratively by laparotomy and adhesiolysis. In case 1, omen-
tum was dissected from the tape. In case 2, between small

bowel and tape. Both patients recovered well without pro-
lapse recurrence. This complication occurred in the 1st co-
hort of patients. It was attributed to faulty surgical tech-
nique and resulted in change in technique, ensuring the tape
was extraperitoneal at all times. There have been no further
episodes of this complication in the subsequent 209 pa-
tients.

Of 989 tapes inserted over a 12-48 month period (2009-
2012) , 30 tapes of 29 patients were rejected or eroded and
partial excision of meshes was performed in all patients as
an outpatient procedure. However, this figure included a
disproportionate number of perineal body slings. Including
the 1st cohort, the rate of tape rejection or erosions was
0.4% in the ATFP U-slings (1/272), 1.5% in
Cardinal/Cervical ring slings (4/264), 1.6% in posterior
slings (USL-sling) (4/243), and 10.3% in perineal body
(PB) slings (21/204), respectively. Rejection rates for PB
slings were 21.6% in 2009, 4.3% in 2010-11 and 2.6 % in
2012. There was no rejection of midurethral slings (n = 6)
and all 6 patients were cured. The total rate of rejection or
erosions in 989 tapes including the perineal body tapes was
30/989 (3.0%). Excluding the perineal body tapes, the ero-
sion rate for the other tapes was 9/785 = 1.1%.
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TABLE 1. – Lower and upper 95 % confidence intervals for the observed relative frequencies of Prolapse, Urgency, Nocturia, Day time fre-
quency, Dragging pain and Fecal incontinence. Parallelly the results of testing the hypothesis Ho: P ≤ p0 vs H1: p > p0 have entered.

'*', '#' and '/' means significant p-values when p0 is setting equal to 0.80, 0.75 and 0.60, respectively.
With other words these symbols depict that the observed cure rates are significantly higher than 0.80, 0.75 and 0.60 respectively (p < 0.05; Binomial Tests)

TABLE 2. – Lower and upper 95% confidence intervals for the observed relative frequencies of Prolapse, Urgency, Nocturia, Day time frequency,
Dragging pain and Fecal incontinence after certain time intervals with the test results by testing Ho: Ps p0 vs H2: p > p0.

'*', '#' and '/' means significant p-values when p0 is setting equal to 0.80, 0.75 and 0.60, respectively.
With other words these symbols depict that the observed cure rates are significantly higher than 0.80, 0.75 and 0.60 respectively (p < 0.05; Binomial Tests)
Note: Yellow marked field in table 2 means that we have to pay attention in the interpretation of significances, because for these fields the corresponding sam-
ple sizes are too small.
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DISCUSSION

This is the first longer term study of a minisling system
applied to POP. Our opinion, based on 12 and 48 month da-
ta, mean age of the patients (69.6 years), is that the TFS is
a safe and effective method for POP reconstruction espe-
cially applicable to the old and frail because of its minimal
invasiveness. It is known that urinary and fecal inconti-
nence are responsible for more than 50% of female admis-
sions to Nursing Homes. The continued effectiveness of the
TFS as regards POP, bladder and bowel symptom cure at 4
years encourages us to predict that this method may well be
the key to solving the looming societal, health and econom-
ic problems associated with caring for older populations.

The TFS is a very different technique to the large POP
mesh kits inserted behind the vagina in DeLancey level 2.
Large mesh sheets inserted at level 2 glue the organs to the
vagina, inhibiting independent organ movement, thus facil-
itating erosion, dyspareunia and perhaps organ dysfunction.
The TFS is a direct evolution of the TVT, works much like
the TVT and has similar erosion rates. It is applied directly
onto damaged ligaments which lie outside the vaginal wall
at DeLancey levels 1&3. The one-way sling tightens lax
ligaments and fascia. Our experience is that if the anchors
are correctly positioned, this method has a low incidence of
erosion and causes minimal organ adherence. The antero-
posterior elasticity required for normal organ function and
symptom cure at Level 2 is largely maintained.

The TFS method allows ‘real-time’ visualization as the
restitution of the pelvic floor anatomy proceeds. For exam-
ple, there is a sudden deepening of the sulcus after the TFS
cardinal tape is tightened, rapid elevation of a prolapsed
uterus with the USL sling, elevation of distal vagina on tight-
ening the ATFP U-Sling, disappearance of low rectocele and
perineocele on tightening the perineal body sling, with con-
comitant correction of the “descending perineal syndrome”.

Based on operating time and blood loss, we estimated the
learning curve in a previous publication7 to be 5 cases. The
4 year data which was inclusive of learning curve, appears
to substantiate this view. However, there are important sub-
tleties in the technique which may lead to problems, for ex-
ample, two cases of ileus and high initial erosion rates with
the perineal body TFS.

The two patients who presented with ileus-type symp-
toms post-operatively were from the 1st cohort. We attrib-
uted this to a fault in technique: we did not take sufficient
care to dissect and close the enterocele, or to angle the ap-
plicator from medial to lateral during the tape insertion, so
as to avoid the peritoneal cavity. We have not experienced
any further ileus complications.

The first improvement in erosion rate followed when we
changed the position of the anchors from inside the perineal
body to behind the insertion point of deep transverse perinei
at the junction of the upper 2/3 and lower 1/3 of the de-
scending pubic ramus. The 2nd improvement was changing
from one layer closure to a two layer closure and washing
with sterile normal saline 100ml before closure. Following
this, the rate of tape rejection or erosions in perineal body
slings was improved, from 21.6% in 2009, to 4.3% in 2010
and 2011 to 2.6% in 2012.

We have not experienced any of the problems reported by
Atherton et al.,15 5 case reports out of 1012 inserted tapes.16

The complications were mainly anchor slippage consequent
upon excessive tissue reaction to the multifilament tape in
use at the time.16 No such problems have occurred in 989
implants using the lightweight macropore type 1 tape.

The high improvement rate in symptoms of nocturia, ur-
gency chronic pelvic pain and fecal were consistent with the
predictions of the diagnostic system we used to place the

tapes.9 We consider this to be an important finding, as the es-
timated annual cost of hospitalizations for hip fracture in the
EU-15 countries due to severe nocturia alone is approximate-
ly �1 billion p.a.17 Chronic pelvic pain is another disabling
condition which occurs in up to 20% of women18 and is con-
sidered incurable.19 Furthermore, it is generally acknowl-
edged that >50% of admissions to Nursing Homes is due to
urinary or fecal incontinence. This method offers hope that
some of these admissions may, in the future, be prevented
with major benefits for patient QOL and the public purse.

Cure of non-sphincteric fecal incontinence (FI) was an
affirmation of a previous study by Abendstein et al.,20 who
attributed their FI cure to restoration of competent PUL and
USL ligaments.

The perineal body data supports the study of Wagen -
lehner for cure of patients who require manually assisted
defecation12 for descending perineal syndrome. The lateral-
ly displaced perineal bodies are elevated and positioned
medially, thereby preventing extrusion of the rectocele, fig.
3, and restoring normal defecation.

We are uncertain as to the final mechanisms for restora-
tion of such widely diverse symptoms. According to,9 the
one-way sling tightens lax ligaments and fascia, thereby
restoring the action of muscles which contract against these
structures to open and close the urethra and anorectum and
to support nerve bundles in the uterosacral ligaments in pa-
tients with chronic pain.

CONCLUSIONS

The TFS procedures apply the same neoligament method
as the TVT to repair other ligaments besides the pub-
ourethral. This method appears to deliver good results for
POP and symptoms, with low mesh reactions once the tech-
nique is properly learnt. It has the potential to provide at
least a partial answer to the twin dilemmas confronting POP
repair today, poor results from native tissue repair and prob-
lems using large mesh sheets. The minimal nature and high
cure rate of bladder and bowel symptoms may offer hope
for reduction of admissions to Nursing Homes in the future.
However, large multicenter more robust comparative stud-
ies will be required to more fully assess this method before
such hopes can be justified.
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ERRATA CORRIGE

In the article published by in Pelviperineology 2014; 33: 90-92 (P. Petros. Non-linearity, a dilemma and opportunity
for clinical research in urogynecology) the correct Figure 2 and its legend are as follows:

Figure 2. - The non-linear relationship of urethral resistance to continence and micturition (for non-laminar flow).
Resting closed (middle figure): 160cm H2O is a nominal pressure for leakage at diameter D. For closure (continence) (left figure); if
the forward vector can close the diameter to D/2, resistance to flow increases by the 5th power of the radius. The head of pressure
required for leakage increases almost to 1280 cm H2O. For opening (micturition) (right figure); if the backward vectors can open the
diameter to 2D, resistance to flow decreases by the 5th power of the radius. The head of pressure required for leakage decreases to
almost 20cm H2O.
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sis of anatomical pelvic support was based on DeLancey's
three levels theory and great importance was given to the
role of the first level (apical support) and its continuity to
the second level. Apical suspension can be successfully
achieved through Shull's repair using uterosacral ligaments.
As confirmation, Prof Milani showed the records of his
clinical experience with this technique that reaches optimal
results in terms of anatomical and functional outcomes.
Prof. Dubuisson showed the laparoscopic view of pelvic
support with particular attention to the surgical aspect of
this approach. He made a video demonstration of his pecu-
liar technique of lateral uterine suspension: the body of T-
shaped mesh is fixed on the uterus and the long branches of
the mesh are carried out of the pelvis through bilateral ex-
traperitoneal tunnels made by a grasper. Great interest was
addressed to live surgery sessions in which prof. Milani
performed three different prolapse repairs in three patients
representative of the main clinical scenarios. The first case
was a uterovaginal prolapse corrected through hysterecto-
my followed by fascial repair with uterosacral suspension
and traditional fascial duplication for cystocele repair. The
second one was a conservative management of a uterovagi-
nal prolapse in a young woman through uterosacral hys-
teropexy. This procedure could be an effective alternative
to conservative prosthetic surgery in order to preserve the
uterus and reduce graft related complications at the same
time. The last surgical case was a vault prolapse - a tradi-
tional challenge for the urogynecological surgery - man-
aged by a combination of uterosacral suspension and ilio-
coccygeus fixation. During round table discussion, after
every surgical session, the faculty proposed video of surgi-
cal alternatives to the performed techniques. Discussion fo-
cused on pros and cons to different techniques. Not only
the faculty but every attendant was free to bring his/her
own experience and feelings about surgical situations giv-
ing place to deep and interesting debate. The result was a
healthy discussion leading to a cultural enrichment about
many aspects of pelvic floor surgery. The common feeling
was the need of institutional education and constant inter-
national update about these topics.
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Last 4-5-6 June, the 3rd International Course on Func -
tional Recon struc tive Surgery of Pelvic Floor has taken
place at San Gerardo Hospital in Monza. Several interna-
tional pelvic floor specialists have been hosted by Prof.
Rodolfo Milani (course president) and Dr. Federico
Spelzini (course director). Among the others: prof. J.
DeLancey, prof. B. Shull, prof. P. Dwyer, prof. S.
Athanasiou, prof. L. Cardozo, Dr. D. Robinson, prof J.B.
Dubuisson, Dr. G. Giraudet.

This year the course focused on pelvic organ prolapse.
Prof. Bob Shull had two interesting lectures about risk fac-
tors for prolapse and prolapse recurrence focusing on pre-
vention. He stated that some degree of prolapse is nearly
ubiquitous in older women and  risk factors for prolapse
differ depending on which definition of prolapse is consid-
ered.  He also proposed six reasons for prolapse surgery
failure: wrong diagnosis, poor surgical skills, iatrogenic de-
fects, poor wound healing, insufficient patient compliance,
and genetics. A magistral lecture by Prof. DeLancey fo-
cused on biomechanical aspects of pelvic prolapse patho-
physiology. He showed experiments of his group related to
dynamic characteristics of pelvic supports in patients with
different stages of prolapse and  also proposed an interest-
ing theoretical biomechanical model based on MRI studies.
He concluded that   much still has to be  learned about bio-
mechanics applications to anatomy of pelvic floor defects.
Different procedures have  been discussed in theoretical
view with analysis of the techniques and results. Prof.
Cardozo made and historical review on evolution of surgi-
cal procedures with links to nowadays situation. She con-
cluded that knowledge of the pelvic floor and its supports is
essential to make the correct diagnosis leading to appropri-
ate management. However surgery should only be under-
taken when necessary and in accordance with the patients'
wishes; moreover native tissue repair is preferable to re-
duce complications associated with foreign body materials.
Much time was dedicated to the functional anatomy of
pelvic supporting mechanisms as well as surgical anatomy
both by vaginal and laparoscopic route. Fascial vaginal sur-
gery has been compared to laparoscopic and prosthetic sur-
gery thanks to contributes of eminent surgeons in these
fields. Prof. Milani analyzed theoretical and rational as-
pects of vaginal fascial reconstructive surgery. Accurate  in-
traoperative identification of each defect and tailored spe-
cific repair of each fascial and muscular defect are manda-
tory to achieve a total reconstruction of the pelvic support-
ing mechanisms in every vaginal compartment. The analy-
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