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INTRODUCTION

Abstract

Aim: The aim of this study was to investigate whether the application of nanofat contain-
ing stem cells improves continence in women who had previously undergone anal sphinc-
teroplasty with unsatisfactory long-term outcomes.

Method: This prospective pilot study included nine women with various degrees of
anal incontinence who had previously undergone anal sphincteroplasty due to obstetric
trauma. In all patients, the Wexner Incontinence Score (WS) and Faecal Incontinence
Quality of Life Score (FIQLS), as well as anal manometry and endoanal ultrasound meas-
urements, were performed before the procedure and during follow-up. In all patients,
liposuction was performed and 50 ml of raw lipoaspirate was obtained and processed
using a NanoFat Kit device. Approximately 20 ml of the mechanically emulsified and fil-
trated fat was obtained and the anal sphincter complex was infiltrated with it. Patient fol-
low-up was conducted in person or via telephone 6 and 12 months after the procedure.
Results: The squeeze pressure was significantly increased 6 months after the proce-
dure (p =0.01). The external anal sphincter measured at the 12 o'clock position was sig-
nificantly thicker (p =0.04). A significant decrease in the WS was observed both 6 and
12 months after the procedure compared with baseline values (p <0.05 for both).
Conclusion: This study is the first to show that the application of nanofat as an inject-
able product improves continence in patients with unsatisfactory results after sphinc-
teroplasty, suggesting it to be a promising and effective therapeutic tool. The procedure

is safe and can be easily performed as an ambulatory procedure.

KEYWORDS
adipose-derived stromal cells, regenerative cell-based medicine, faecal incontinence,
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in bowel motility, stool volume and consistency, rectal sensitivity,

neural pathways and anal sphincter function. The most frequent

Faecal incontinence is the inability to control the passage of gas, lig-
uid or solid stool, causing involuntary bowel discharge [1]. It affects
up to 11% of the general population and has severe psychological
implications and crippling consequences for quality of life [2]. The

aetiology of faecal incontinence is diverse, including alterations

© 2022 Association of Coloproctology of Great Britain and Ireland.

cause is traumatic faecal incontinence due to obstetric or iatrogenic
injury. Surgical treatment of traumatic faecal incontinence includes
sphincteroplasty, different muscle transposition and reconstruction
procedures, sacral nerve stimulation, an artificial bowel sphincter

and injection of biomaterials. Sphincteroplasty is the treatment of
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choice for patients who are incontinent with an external anal sphinc-
ter defect. Shortly after sphincteroplasty, approximately 60%-75%
of patients have a satisfactory outcome and 15%-20% have some
improvement; however, in the remaining 15%-20% unchanged or
worse outcome is reported [3-6]. Long-term outcomes of sphincter-
oplasty are limited since the number of incontinent patients rapidly
increases over time [7-11].

Adipose tissue is known to be a biological agent involved in the
repair and regeneration of different tissues [12,13]. Adipose-derived
stromal cells (ADSC) have already been used in proctology for the
treatments of complex Crohn's perianal fistula [14-16] and anal fis-
sures [17], with satisfactory results.

Adipose tissue is structurally complex, harbouring various cells
within its lobulated fibrous septal network. This network can be dis-
integrated through enzymatic digestion, and the so-called stromal
vascular fraction (SVF) may be isolated. Adipose-derived stem/stro-
mal cells are important SVF residents with mesenchymal multipo-
tency. The importance of these cells and their therapeutic potential
has been documented [18].

Despite the clinical potential of ADSC, there are some clinical
difficulties due to the regulation and costs of cell therapies. That
is why different nonenzymatic procedures for obtaining SVF cells,
such as the nanofat procedure, are gaining in popularity [19].

The SVF obtained after emulsification of the fat with the nanofat
technique, described by Tonnard and Verpaele, contains functional
ADSC [20]. ADSC isolated with this technique fulfil the functional
criteria and have immunosuppressive properties characterized by
the capability to decrease the proliferation of human T cells [21].
Functional ADSC, through secretion of paracrine factors, can modu-
late inflammation and favour angiogenesis, two factors that play an
essential role in tissue regeneration and possibly in muscle regener-
ation [22].

This study aimed to investigate whether the application of me-
chanically disaggregated fat, i.e. nanofat, improves continence in
women who had previously undergone anal sphincteroplasty with
unsatisfactory long-term outcomes.

METHOD
Study design and clinical protocol

This prospective study was conducted at the Clinic for Digestive
Surgery - First Surgical Clinic of the University Clinical Center of
Serbia between December 2019 and July 2021.

Recruitment of patients was conducted by telephone using the da-
tabase on anal sphincter repair procedures and a questionnaire based
on the Wexner Incontinence Score (WS) (Table S1). Inclusion criteria
were women over 18years of age with anal incontinence who had pre-
viously undergone anal sphincteroplasty due to obstetric trauma. In
all included cases, continence function deteriorated over time with no
visible defect in the anal sphincter on baseline ultrasound, meaning
that repaired sphincter ends were not disrupted. The exclusion criteria

What does this paper add to the literature?

Maintaining continence after sphincteroplasty performed
due to anal sphincter injury remains a significant chal-
lenge. This pilot study is the first to show that autologous
nanofat transplantation into the anal sphincter improves
continence in patients with unsatisfactory long-term re-
sults after sphincteroplasty, suggesting it to be a promising

therapeutic tool.

were severe comorbidity (American Society of Anesthesiologists score
>3), malignant tumour, autoimmune disease, inflammatory bowel dis-
ease, subjectively satisfactory continence and incontinent patients
with disrupted sphincter ends after sphincteroplasty (visible defect
on endoanal ultrasound). Pudendal nerve terminal motor latencies
(PNTMLs) were not measured for technical reasons.

Ethical approval for the study was obtained from the Ethics
Committee of the University Clinical Center of Serbia (approval
number 788/7). All patients gave informed consent before the
procedure.

After hospital admission, a detailed medical history was obtained
and a physical examination was performed, including a digital rec-
tal examination. The primary endpoint is subjective improvement in
continence measured with the WS and Faecal Incontinence Quality
of Life Score (FIQLS), as previously described [23-25]. The second-
ary endpoint is an objective estimation of anal sphincter function
measured as basal pressure (BP) and squeeze pressure (SP), as well
as internal anal sphincter (IAS) and external anal sphincter (EAS)
thickness values. The WS, FIQLS and anal manometry and endoanal
ultrasound measurements were all registered before the procedure.
IAS and EAS thicknesses were measured at the 12 and 9 o'clock po-
sitions using endoanal ultrasound (BK Medical Pro Focus ultrasound
system, type 2202). BP and SP were measured by anal manome-
try, using a nonperfusion water sphincterometer (MSM ProMedico
GmbH, STM-0234-SM). Endoanal ultrasound and anal manometry
were always performed by the same investigator, while WS and
FIQLS were obtained by others.

The surgery was done under general anaesthesia. All patients
received one prophylactic intravenous dose of ceftriaxone 2 g.
After preparation of the operative field, liposuction was per-
formed in the same manner in all subjects. The subcutaneous
layer of the abdominal area was infiltrated with a fluid containing
100 ml of normal saline and 0.1 ml of epinephrine (1:1,000,000).
Following that, a 3mm blunt harvesting cannula (Tulip® Medical
Products, San Diego, USA) was introduced through a 4mm stab
incision on the right lateral side of the abdomen into the fat tissue
and 50ml of raw lipoaspirate was obtained into 50cm?® syringes
with a Johnnie Lock (Tulip Medical) installed to hold suction. The
lipoaspirate was then processed using the NanoFat Kit device
(Tulip® Medical Products, San Diego, USA) according to the man-
ufacturer's protocol. In short, the fat was transferred into 20cm?®
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Luer Lock syringes and was sequentially passed 30 times first
through a 2.4 mm Luer-to-Luer transfer followed by 1.2 mm trans-
fer. The obtained product was connected to a sterile NanoTransfer
device (Tulip Medical) and transferred by a single pass through a
0.6-0.4mm mesh screen into a 20cm® syringe. We obtained ap-
proximately 20 ml of mechanically emulsified and filtrated fat (so-
called nanofat) for transplant.

After liposuction, the wound was sutured, the incision was
dressed and the patient was set in the lithotomy position. Then, the
anal sphincter complex was infiltrated with the nanofat transplant in
a volume of 3 ml at both the 3 and 9 o'clock positions (at the edges
of overlapped anal sphincter muscles) and with 9 ml at a position
between 10 and 2 o'clock into the new anal sphincter complex (over-
lapped EAS and IAS). Since the injection was not performed under
endoanal ultrasound guidance, nanofat was applied in both the EAS
and IAS at the predefined areas. Patients were discharged the next
day with no therapy prescribed and follow-up was conducted in per-
son or via telephone. Endoanal ultrasound and anal sphincter BP and
SP were remeasured 6 months postsurgery by the same investigator
who was blinded regarding the outcome, while WS and FQLS were
determined 6 and 12 months after the procedure (the 12 month time

point evaluation was conducted via telephone).

Statistical analysis

Statistical analyses were performed using IBM SPSS version 18.0
(IBM Corp., Armonk, NY, USA). Due to the small sample size, the
Shapiro-Wilk test was performed for the assessment of data dis-
tribution. The Mann-Whitney U-test was performed for unrelated
group comparison and Friedman's nonparametric repeated meas-
ures analysis of variance with Wilcoxon's paired post hoc test for
related group comparison. For correlation assessment, Spearman's
nonparametric correlation test was employed and p-values less than
0.05 were considered statistically significant.

RESULTS

Demography and clinical characteristics of the nine patients in-
cluded in this study are presented in Table 1. After nanofat injection,
patients reported minimal local discomfort in the anal region which
resolved after 48 h and localized bruising in the liposuction area that
lasted for 2weeks, on average. Other procedure-related or other
types of complications were not observed in any of the participants.

The values of BP, SP and IAS and EAS thickness before and
6 months after the procedure are presented in Table 1. The SP was
significantly increased émonths after the procedure (p = 0.01)
(Figure 1A), while the increment in BP had marginal significance
(p = 0.09). The EAS measured at the 12 o'clock position was sig-
nificantly thicker (p = 0.04) (Figure 1B), while its thickness at the
9 o'clock position did not change significantly. IAS thickness mea-
sured at the 12 o'clock position was increased but not statistically
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significantly (p = 0.08); the same measurement at the 9 o'clock posi-
tion also did not change significantly.

WS and FIQLS were measured in three time points, before and 6
and 12months after the procedure (Table 1). A significant decrease
of WS was observed at both 6 and 12 months after the procedure
compared with baseline values (p<0.05 for both) (Figure 1C). All
FIQLS scales remained unchanged 6 months after the procedure
compared with the baseline values. FIQL summary score (FIQLSS)
increased after 6 months with borderline significance (p = 0.05).
Twelve months after the procedure, FIQL 1, FIQL 3 and FIQLSS in-
creased significantly (p <0.05 for all parameters) compared with the
baseline value (Figure 1D-F). There was no significant difference in
any of the scores 6 and 12 months after the procedure. Also, there
was no significant correlation of time elapsed between sphinc-
teroplasty and inclusion into the study with WS and FQLS 6 and
12 months after the procedure.

To estimate the overall improvement of continence 12 months
after the procedure, we calculated the change of WS and FIQLSS
between baseline and 12 months (AWS and AFIQLSS, respec-
tively). The decrease in WS ranged from O to 10 points, with a
median value of 5. The observed WS decrease was <5 points in
five patients and >5 points in four patients. The change of FIQLSS
ranged from -2.03 to +5.26 points, with a median value of 0.89.
The same five patients with a WS decrease of <5 points had a
FIQLSS difference of <1 point, and the four patients with a WS de-
crease >5 points had a FIQLSS difference 21 point. Based on these
cut-off values, we divided patients into two groups: those who
benefited more (AWS>5 and AFIQLSS21) and less (AWS<5 and
AFIQLSS< 1) from treatment. All measured variables were com-
pared between these two groups, and four parameters were found
to differ significantly. SP values, both baseline and 6 months after
the procedure, were significantly higher in the group of patients
who benefited more from the treatment. On the other hand, values
for FIQLS scales 1 (baseline) and 4 (6 months after the procedure)
were significantly lower in the group of patients who benefited
more from treatment (Figure 2).

A significant positive correlation was revealed between WS
values at baseline and 6 months after the procedure (p = 0.747,
p<0.05), as well as between FIQLSS values at the same time points
(p = 0.783, p<0.05). A significant negative correlation was de-
tected between WS values at baseline and FIQLSS values at base-
line, 6 and 12 months after the procedure (p = -0.869, p = -0.895
and p = -0.682, respectively; p<0.05), as well as between WS and
FQLSS values 6 months after the procedure (p = -0.831, p<0.05).
There was no significant correlation between WS values 12 months

after the procedure and any other score values.

DISCUSSION

Although not a life-threatening condition, faecal incontinence has
significant social and psychological implications and severely affects
quality of life.
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TABLE 1

Patient number

12

WS

12 month values

3.80
2.00
2.57
2.33

3.90
3.33
4.00
4.00

3.40
2.78
3.71
3.67

4.00
4.00
3.86
4.00

4.00

3.10
2.56
3.86
4.00

2.70
211
2.86
3.00

2.70
1.44
2.86
2.00
9.00

3.80
3.89
3.86
4.00

FIQL Scale 1

3.22
3.43
4.00

FIQL Scale 2

FIQL Scale 3

FIQL Scale 4

FIQLSS

10.70

15.23

13.56

15.86

14.65

13.51

10.67

15.55

Abbreviations: AOS, anterior overlapping sphincteroplasty; BMI, body mass index; BP, basal pressure; EAS, external anal sphincter; FIQL, Faecal Incontinence Quality of Life; FIQLSS, Faecal Incontinence

Quality of Life Summary Score; IAS, internal anal sphincter; Ol, obstetric injury; RV, rectovaginal; SP, squeeze pressure; WS, Wexner Score.

Described by Lockhart-Mummary in 1923, sphincteroplasty was
the first surgery performed to remedy this condition [26]. Parks
further popularized it, introducing the overlapping technique to
clinical practice [27]. Since then, this procedure has become the
cornerstone in the treatment of anal incontinence caused by me-
chanical injuries. While the short-term results after sphincteroplasty
are promising, maintaining continence over time remains a signifi-
cant challenge [28]. Worsening of continence over time could be the
consequence of disruption of repaired muscle ends, progression of
pudendal neuropathy or both. Disrupted muscle ends can be iden-
tified by endoanal ultrasonography, while pudendal neuropathy can
be detected by PNTMLs measurement. Unfortunately, we were
not able to measure PNTMLs and determine if incontinence was a
result of pudendal nerve injury during vaginal delivery. In patients
with unsatisfactory postoperative results, biofeedback can improve
continence [4,29] but the long-term benefits remain unclear. Sacral
nerve stimulation may be a promising option for patients with unsat-
isfactory results after sphincter repair [30]. However, this procedure
is not available in all countries.

Adipose tissue has been recognized as an easily accessible and
rich source of adipose-derived stem and other regenerative cells
[31,32]. ADSC serve as paracrine mediators by delivering trophic fac-
tors and enzymes, especially in hypoxic conditions [33]. Additionally,
these cells modulate immune reactions [34] and have the potential
to differentiate into mature adipocytes, endothelial cells or other
cells [35].

There are two common methods to process lipoaspirates to ob-
tain a product with regenerative potential: (a) enzymatic digestion
(the product is a stromal vascular fraction pellet) and (b) mechani-
cal disaggregation (the products are cell aggregates, nanofat) [36].
Therefore, nanofat can be defined as an injectable product com-
posed of cell aggregates that is obtained from fat by the process of
emulsification and filtration.

In their recently published paper Sese et al. [37] analysed the
cell inoculum obtained by the same protocol and device (NanoFat
Kit by Tulip Medical) that we used in our study. They found that
the aforementioned method of nanofat preparation resulted in
an average of 125 million cells from 20cm?® of raw lipoaspirate,
a cell yield which is 10 times higher than one obtained by enzy-
matic dissociation from the same amount of fat tissue. The cell
content analysis showed no statistical difference between nanofat
and lipoaspirate cell burden, suggesting that nanofat comprises a
stromal cell population equivalent to the aspirated adipose tissue.
Furthermore, this mechanical processing method is easy to per-
form and does not require enzymes, the manipulation is minimal,
it is cost-effective and does not bear the regulatory hurdles of en-
zymatic digestion [19]. Consequently, it is becoming increasingly
popular for use in different surgical treatments and clinical appli-
cations [38].

The application of enzymatically isolated ADSC has shown
promising results in the treatment of proctological diseases such
as perianal fistula [15,16,39] and chronic anal fissure refractory to
medication [17].
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Wexner Incontinence Score

Previous studies in the murine model of anal sphincter injury
showed improved anal manometry results following treatment with
enzymatically isolated ADSC [40,41]. Inoue et al. histologically de-
tected reproduction of smooth muscle in rats injected with allo-
geneic rat ADSC sheets after sphincterotomy, while in the control
group only collagen fibres were observed at the sphincterotomy
site [41]. Conversely, Kuismanen et al. did not find a histological dif-
ference between rats injected with human ADSC in repaired anal
sphincter after injury and rats injected with saline or bulking agent
without cells [40]. However, significant improvement of BP and SP
was observed in ADSC-treated rats in combination with both bulking
agent and saline compared with bulking agent and saline alone [40].
This indicates that the mechanism of detected functional restoration
cannot be attributed to a bulking effect [40].

Using electromyography (EMG), Sarveazad et al. detected
higher numbers of motor units in a rabbit model with sphincterot-
omy treated with human ADSC alone and in combination with laser
treatment compared with laser-treated and untreated rabbits [42].
Functional improvement was also detected, with a higher BP in rab-
bits with the ADSC and laser treatment combination and significant

improvement in SP in all treated animals compared with the sphinc-
terotomized animals [42].

In humans, application of allogeneic human ADSC during sphinc-
teroplasty showed better endoanal ultrasound parameters and
significantly higher EMG activity compared with sphincteroplasty
without ADSC application [43]. Sarveazad et al. identified by ultra-
sonography an increased ratio of the area occupied by the muscle to
the total area in ADSC-treated patients, indicating replacement of
fibrous tissue and restoration of action potentials [43]. On the other
hand, De la Portilla et al. failed to demonstrate an improvement in
measured clinical, manometric and ultrasonographic parameters in
patients with structural faecal incontinence treated with autologous
expanded mesenchymal stem cells [44]. Although application of
ADSC was investigated in animal models and humans as a treatment
for anal incontinence of various aetiologies, acute or healed injuries
with or without reparation, it has never been investigated in patients
years after surgical reconstruction [45]. To our knowledge, this is
the first study to evaluate the use of mechanically disaggregated
fat, nanofat, in the therapy of faecal incontinence after anal sphinc-
teroplasty in humans.
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Anal continence is predominantly maintained by the anal sphinc-
ter complex formed from the IAS and EAS. The IAS is a major con-
tributor in providing anal continence, responsible for 75% of basal
pressure maintenance [46]. The EAS is a skeletal muscle that allows
voluntary control and is responsible for SP. Six months after the pro-
cedure, the thickness of the EAS increased significantly at the 12
o'clock position, followed by a significant elevation of SP values. IAS
thickness, as well as BP values, increased with marginal significance.
This improvement could indicate a successful regeneration of the
muscle cells in the position where the thickness was most compro-
mised due to the previous injury. Considering that thickening of the
EAS and IAS occurred in conjunction with elevation of SP and BP,
as well as results from the above-mentioned previous studies, we
can assume that the improvement of continence was a consequence
of ADSC differentiation into muscle cells and not just a bulking ef-
fect. Histopathological assessment of the injected zone was not
performed since obtaining a biopsy specimen could compromise the
repaired muscle.

In this study, we decided to employ the WS for estimation of the
severity of faecal incontinence and FIQLS for evaluation of quality
of life since they have been widely used for their good reproduc-
ibility and simplicity [47]. Continence was significantly improved at
6 and 12 months after the procedure according to the WS results.
The quality of life after the procedure also improved significantly, as
demonstrated by the elevation of FIQLSS after 6 and 12 months, and
FIQL 1 and FIQL 3 after 12 months.

After observing improvement in both continence and quality of
life, we estimated a degree of change and divided patients according

AWS > 5 points AWS < 5 points

AWS < 5 points
AFIQLSS > 1point AFIQLSS < 1point

to those who benefited more and less from the treatment. The
patients who benefited more had significantly higher SP values at
baseline, as well as 6 months after the procedure. This indicates that
nanofat application is a more suitable treatment option for patients
with better anal sphincter function at baseline. Conversely, patients
who benefited more from treatment had significantly higher embar-
rassment initially (lower FIQL 4) and impact on lifestyle measured
after 6 months (lower FIQL 1).

A good correlation between WS and FIQL scores has already
been demonstrated, jointly allowing for better patient evaluation
[48]. As we presumed, WS and FIQLSS were significantly negatively
correlated, demonstrating the validity of using the FIQLSS.

The main study limitation is the small number of enrolled par-
ticipants. The limited number of patients with previous anal sphinc-
teroplasty can be justified since this procedure is not frequently
performed. Additionally, restrictive eligibility criteria were employed
to obtain a well-characterized homogeneous patient group. For the
same reason, this study design did not include a no-treatment con-

trol group.

CONCLUSION

The application of nanofat as an injectable product showed an im-
provement in continence in patients with unsatisfactory results
after sphincteroplasty and presents a promising treatment op-
tion and an effective therapeutic tool. The procedure is safe and
can be easily performed as an ambulatory procedure without any
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concerns regarding regulatory or other issues. Further investiga-
tions on a larger cohort are needed for validation of these results
and ultimately the establishment of this procedure in routine clini-

cal practice.
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