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Purpose: Surgeons can treat debilitating conditions of uncontrollable complex anorectal fistulas with sepsis, even after repeated fistula
surgeries, for curative intention. Adipose-derived stem cells have shown good outcomes for refractory Crohn fistula. Unfortunately,
cell therapy has some limitations, including high costs. We have therefore attempted immediate cell-assisted lipotransfer (CAL) in
treating refractory complex anal fistulas and observed its outcomes.

Methods: In a retrospective study, CAL, using a mixture of freshly extracted autologous stromal vascular fraction and fat tissues, was
used to treat 22 patients of refractory complex anal fistula from March 2018 to May 2021. Preoperative and postoperative assessments
were performed with direct visual inspection, digital palpation, and endoanal ultrasonography. A fistula was considered completely
healed if (1) the patient had no symptoms of discharge or inflammation; (2) there were no visible secondary openings of fistula tract
inside and outside of the anorectal unit and even in the perineum; and (3) there was no primary opening in the anus. The endpoint of
complete remission was wound healing without signs of inflammation 3 months after CAL treatment.

Results: In a total of 22 patients who received CAL treatment, 19 patients showed complete remission, 1 patient showed partial im-
provement, and 2 patients showed no improvement. One of the 2 patients without improvement at primary endpoint showed com-
plete remission 9 months after CAL. There were no significant adverse effects of the procedure.

Conclusion: We found that the immediately-collected CAL procedure for refractory complex anal fistula showed good outcomes
without adverse side effects. It can be strongly recommended as an alternative surgical option for the treatment of complex anal fistula
that is uncontrollable even after repeated surgical procedures. However, considering the unpredictable characteristics of stromal vas-
cular fraction, long-term follow-up is necessary.
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INTRODUCTION clude resolving the acute and chronic inflammatory process,

maintaining continence, and preventing future recurrence [1].
Surgical treatment of complex anal fistula remains challenging, =~ Through long-term efforts in care and research, surgeons have
with a high risk of complications such as infection, delayed wound =~ developed familiarity with the anatomy of the anorectal unit and
healing, recurrence, fecal incontinence (FI), and even uncontrol-  with the pathophysiology of anal fistula. Due to the development

lable inflammation. The goals of the treatment of anal fistula in- ~ and improvement of sophisticated operative technologies, as well
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as creative, advanced surgical techniques, we have achieved sub-
stantial results in the treatment of anal fistula. Although we ac-
tively pursue our work based on sound surgical principles, we col-
orectal surgeons must still deal with relapses and complex anal
fistula cases that do not heal. These cases can be categorized as re-
fractory complex anal fistula.

Treatment of perianal fistulas with cultured mesenchymal stem
cells derived from adipose tissue or bone marrow has shown
promising results in both patients with [2, 3] and without Crohn
disease [4]. Furthermore, the efficacy and safety of adipose-de-
rived stem cell (ADSC) treatment in refractory complex anal fis-
tulas of cryptoglandular origin are well known [2, 3, 5, 6]. There
are also other studies of refractory anal fistula treatments that use
autologous fat tissues [7] or microfragmented fats [6, 8]. However,
there remain obstacles in terms of cost and time in ADSC treat-
ment, and hospitals face challenges in providing proper facilities
and equipment, as well as in securing the proper expertise and
technical know-how.

Stromal vascular fraction (SVF) can be obtained through enzy-
matic and nonenzymatic isolation techniques. We isolated SVF
through an enzymatic isolation process that mixed lipoaspirates
with collagenase type I, and we used a closed isolation kit system.
Through these kits, we were able to secure sufficient SVF for
well-established on-site surgical procedures, with minimal equip-
ment needed for centrifugation and washing, and without the
need for major equipment and facilities or specialist researchers.
We were able to use this SVF effectively by mixing it with new-
ly-harvested fat tissues from the operating room. This is the treat-
ment that we refer to here as cell-assisted lipotransfer (CAL).

The aim of this review is to investigate the efficacy of CAL in
treating refractory complex anal fistula with inflammation that is
unresponsive to any other known surgical procedures. We catego-
rized as complex anal fistula those fistulas that could not be easily

treated, as described in the discussion below.

METHODS

Ethics statement

This study was approved by the Public Institutional Review Board
designated by the Korea National Institute for Bioethics Policy,
with a waiver for informed consent (No. P01-202202-01-002).

Subjects
We report treatment results obtained from the use of CAL from a

freshly collected mixture of isolated SVF and autologous fat tis-
sues, which were locally injected in 22 patients with otherwise un-

treatable refractory complex anal fistula from March 2018 to May
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2021. Our primary endpoint was complete healing of anal fistula
and surrounding inflammation 3 months after the CAL proce-
dure. Inclusion criteria consisted of complex anal fistulas refracto-
ry to surgical procedures, including repeated recurrence even af-
ter radical excision of the anal fistula tract and closure for at least
6 months. We collected data retrospectively through medical re-
cord reviews. When the patients visited our hospital for the first
time, perianal fistulas were classified using Parks classification [9].
All patients included in our study had undergone at least 1 or more
operation of anal fistula in our hospital before CAL.

The primary endpoint was complete fistula healing, as observed
in clinical examinations 3 months after CAL injection. Visual in-
spection, digital examination, anorectal manometry, and endo-
anal ultrasonography were undertaken to determine outcomes.
Anorectal manometry and endoanal ultrasonography were per-
formed in some but not all patients. For some patients, we did
magnetic resonance imaging to identify possible inflammation
hidden from the inspection and sonographic process.

A fistula was considered completely healed if (1) the patient
had no symptoms of discharge or inflammation; (2) there was no
visible secondary opening of fistula tract inside and outside of the
anorectal unit and even in the perineum; and (3) there was no
primary opening in the anus. The secondary endpoint is 24
months after CAL treatment. The authors will follow up and re-
port later.

Procedure
Autologous fat tissues were harvested from a patient’s abdomen,
flank, buttock, and inner or outer thighs, depending on the condi-
tion of the patient. In a patient with abundant fat tissues, fat har-
vesting was carried out from the abdomen. However, in thinner
patients from whom it was difficult to harvest enough fats to pro-
ceed, fat tissues were taken from other parts of the body.
Extraction of SVF was undertaken using a closed system kit
with an enzymatic isolation process. Usually, 50 mL of fats mixed
with oil, tumescent, and plasma fluid were mixed with type I colla-
genase at a ratio of 1:1. The syringes containing the enzyme and fat
tissues were warmed and shaken to react for 30 minutes in a 37 °C
incubator. The syringes were connected to the distribution tube of
the component isolator (Smart X Kit, DongKoo Bio& Pharma).
After inserting the fat tissue into the component isolator, centrifu-
gation was performed at 1,500 x g for 3 minutes. The aim of this
procedure was to remove most of the fat layer and supernatant by
moving the plunger to the upper levels, and to gain only a part of
the bottom layer, which contained SVE After undertaking this
washing process 3 times, the SVF remaining at the bottom layer

was collected (Fig. 1A). Using a filter, only pure SVF was collected
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into the syringe. Additional fat to be used as scaffold was harvested
from both thighs. After centrifugation (1,240 x g, 3 minutes), for-
eign substances were removed and only pure adipose tissue was
left. This was mixed with the previously made SVF with scaffold in
a ratio of 1:10 (SVF:scaffold) using transfer. The syringe was then
shaken slowly and gently. After sufficient mixing, a cannula (1.5
gauge) was connected to the syringe, and finally, the mix was in-
jected into the lesion (Fig. 1B). When we checked internal opening
of fistula, we closed it with a 3-0 Vicryl (Ethicon) suture. But we
could not find internal openings in many cases because CAL pa-
tients had already undergone several fistula surgeries.

Analysis was done using IBM SPSS Statistics ver. 19.0 (IBM
Corp). Characteristics of complete remission, partial improve-
ment, and no improvement were assessed using Spearman rank
correlation coefficient. Comparisons were performed at a signifi-

cance level of 0.05.

RESULTS

A total of 22 patients with refractory complex anal fistula were
treated with CAL. The age distribution was from 28 to 71 years,
and the median age was 47.5 years old. Twenty patients (90.9%)
were male and 2 (9.1%) were female. There were 5 patients wtih
underlying diabetes mellitus and ulcerative colitis. All patients
had undergone many surgeries before the CAL procedure, with
the median number of surgical procedures at 4. The median peri-
od of prevalence was 13 months (6 to over 360 months). We used
Parks classification [9] for anal fistula: 2 cases of type II (9.1%), 8
cases of type I1I (36.4%), and 12 cases of type IV (54.5%). In order

Fig. 1. (A) Stromal vascular fraction was collected at the bottom (red
part). (B) The autologous fat and stromal vascular fraction were injected
into the lesion.
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to enhance our understanding of the characteristics of inflamma-
tion, we classified them as sinus (S), diffuse infiltrative (DI), and
mixed (S + DI). There were 5 of S type (22.7%), 10 of DI type
(45.5%), and 7 of mixed type (31.8%). The median amount of iso-
lated SVF was 6 mL (range, 2-7 mL), and the median amount of
scaffold was 23.5 mL (range, 10-32 mL). These general character-
istics are listed in Table 1.

In the 22 patients who received CAL treatment, after 3 months
19 patients showed complete remission, 1 patient showed partial
improvement, and 2 patients showed no improvement. In 19 pa-
tients, there were no visual inflammation signs, and the endoanal
ultrasound showed no signs of acute or chronic inflammation
(Fig. 2). In the 19 patients with complete remission, 2 patients had
immediate aggravation of inflammation after CAL and showed
increased discharge within a week. However, this inflammation
soon showed improvement after conservative treatment. One pa-
tient with partial improvement and persistent scanty discharge,
furthermore, became well and resumed normal activity without
severe disability in his daily life. Demographic characteristics and
outcomes are listed in Table 2.

The median follow-up time was 15.5 months (range, 3-36

Table 1. Characteristics of patients with fistula receiving cell-assisted
lipotransfer (n=22)

Characteristic Value
Age (yr) 47.5(28-71)
Sex

Female 2(9.1)

Male 20 (90.9)
Underlying disease

Diabetes mellitus 4(18.2)

Ulcerative colitis 1(4.5)
Previous operation 4(1-10)
Duration of fistula (mo) 13 (6-360)
Parks classification [9] at the first visit to our hospital

Type 1 0(0)

Type 2 2(9.1)

Type 3 8(36.4)

Type 4 12 (54.5)
Inflammation

Sinus 5(22.7)

Diffuse infiltrative 10 (45.5)

Mixed 7 (31.8)
Amount of stromal vascular fraction (mL) 6(2-7)
Amount of scaffold (mL) 23.5(10-32)
Improvement extent at 3 mo after surgery

Complete remission 19 (86.4)

Partial remission 1(4.5)

No improvement 2(9.1)
Follow-up (mo) 15.5 (3-36)
Values are presented as median (range) or number (%).
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months). Patient 13, who did not show improvement at the end-
point, showed complete remission 9 months after CAL. Of those
who initially showed complete remission, patient 17 showed signs
of inflammation, which had to be relieved, approximately 18
months following CAL treatment, but did not develop a meaning-
ful abscess. That patient continues to be monitored.

Patient 21 showed partial improvement after 3 months. After 6

Fig. 2. Diftuse infiltrative type with sinus in patient 20. Clincial images
(A) before and (B) after cell-assisted lipotransfer.

Table 2. Clinical characteristics and outcome of individual patients

Jeong IS, et al.

months that patient was confirmed to have gained complete re-
mission. There were no other significant adverse effects to the
procedure.

These 22 patients did not show significant statistical differences
according to age, sex, underlying disease, Parks classification, in-
flammation type, SVF amounts at the time of the CAL treatment,
and amounts of scaffold, but they did show significant differences
in the number of previous surgeries (P=0.031) and the duration
of fistula illness (P =0.047). There were not enough cases to apply
a Rostick statistical analysis of the differences between patients
with good outcomes and those without. In a Spearman relational
analysis, meaningful differences in the number of previous sur-

geries and the duration of fistula illness were detected.

DISCUSSION

Treatment of complex anal fistula is very challenging, and there is
no gold standard surgical procedure. According to Corman [10],
complex fistulas are those other than intersphincteric and low
transsphincteric fistulas. The implication is, obviously, that they
are more difficult to treat than conventional fistulas and, in addi-
tion, are associated with an increased risk of recurrence as well as

Patient o~ Age Unc'lerlying No. of I(?fu 5223: 'Park's Inflammation SVF  Scaffold Outcome at 3 mo after surgery
no. (yr) disease surgery i) classification [9] feature (mL) (mL)
1 Male 64 7 360 Type 4 S+DI 4.0 21.0 No improvement
2 Male 65 Diabetes mellitus 6 9 Type 4 DI 2.0 20.0 Complete remission
3 Female 51 4 14 Type 4 S 6.5 25.0 Complete remission
4 Male 46 4 12 Type 4 DI 5.0 10.0 Complete remission
5 Male 58 3 360 Type 4 DI 7.0 18.0 Complete remission
6 Male 49 Diabetes mellitus 5 8 Type 4 DI 5.0 16.0 Complete remission
7 Male 54 2 6 Type 4 DI 6.0 23.0 Complete remission
8 Male 62 5 15 Type 4 S 6.0 28.0 Complete remission
9 Male 50 2 6 Type 3 S+DI 6.0 15.0 Complete remission
10 Male 49 4 21 Type 3 S 5.8 25.0 Complete remission
11 Male 34 4 7 Type 4 S 5.0 24.0 Complete remission
12 Male 71 Diabetes mellitus 2 6 Type 4 DI 7.0 25.0 Complete remission
13 Female 37 6 18 Type 3 S+DI 7.0 20.0 No improvement
14 Male 42 Ulcerative colitis 3 10 Type 3 DI 6.0 29.0 Complete remission
15 Male 55 10 360 Type 4 S+DI 5.0 26.0 Complete remission
16 Male 40 10 21 Type 3 S+DI 6.1 23.0 Complete remission
17 Male 41 3 7 Type 3 DI 6.2 28.0 Complete remission
18 Male 38 Diabetes mellitus 5 19 Type 4 DI 6.8 25.0 Complete remission
19 Male 44 3 15 Type 3 S+DI 6.9 32.0 Complete remission
20 Male 42 2 8 Type 2 S+DI 7.0 13.0 Complete remission
21 Male 41 8 68 Type 3 S 51 29.0 Partial improvement
22 Male 28 1 6 Type 2 DI 52 20.0 Complete remission

SVF, stromal vascular fraction; S, sinus; DI, diffuse infiltrative.
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a greater likelihood of impairment of control.

Perianal fistula is difficult to treat when the fistula tract crosses
sphincters substantially (involving greater than 30% of the external
sphincter), is anterior in a female, is recurrent, has multiple tracts,
or is associated with preexisting FI, chronic diarrhea, local irradia-
tion, inflammatory bowel disease, or even malignancy [9, 11-13].

The word “problematic” has also been used. Frenkel et al. [14]
proposed a simplified classification based on the level of the fistu-
la: low, mid, and highly complex. He hypothesizes that such a sys-
tem would be more useful for determining the appropriate treat-
ment and for predicting long-term outcomes.

There are several possible procedures in the treatment of com-
plex anal fistula. Surgical options depend on the patient’s condi-
tion and on whether it is simple or complicated. Several factors
such as position, direction, and length of anal fistula tract, com-
bined amounts of abscesses, and the number of openings (internal
or external) are also important factors in determining surgical op-
tions. Also important is the severity of inflammation and depth of
tract, whether or not it involves anorectal sphincter muscles,
which anorectal structures (rectal wall or even pelvic floor mus-
cles) are involved in, and so on. And surgical techniques can be
influenced by the surgeon’s experience, preferences, and course
and background of training, even facilities and equipment avail-
able in the hospital [10, 11].

Risks of anal fistula surgery are infection, recurrence, and bowel
incontinence. Serious infections can occur after fistula surgery and
may need to be treated in the hospital. Even after radical surgery for
curative intention, the fistula can sometimes recur. Bowel inconti-
nence is the biggest potential risk after fistula surgery. If the fistula is
more complicated, the risk for incontinence is higher [1, 15-17].

Known surgical options for anal fistulas are fistulotomy, seton
techniques, fistulectomy and repair (direct closure, advancement
flap procedure, muscle filling technique, etc.), ligation of inter-
sphincteric fistula tract (LIFT) procedure, endoscopic ablation
video-assisted anal fistula treatment (VAAFT), laser surgery, fi-
brin glue, bioprosthetic plug, and others [10, 11, 18-21].

The risk factors for recurrence of an anal fistula can be catego-
rized as follows: first, factors related to the fistula anatomy and
other comorbidities; second, preoperative assessment factors of
lack of identifying internal opening and of anorectal anatomic
structure; third, intraoperative deficiencies such as surgeons fail-
ure in entire excision of sepsis and improper selection of tech-
nique leading to recurrence; and fourth, factors related to postop-
erative care in preventing complications [1, 15-17, 21-24].

With further division of the anal sphincter muscles during the
second surgery, full-blown FI may manifest [17]. This is particu-

larly the case in female and elderly patients, patients with weak
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anal sphincters, and patients with preoperative FI [24]. The age
and sex of the patient did not influence postoperative continence,
nor did the surgeon or surgical technique appear as a risk factor,
although after excluding preoperative incontinence patients, fistu-
lotomy was the technique that showed a higher risk of inconti-
nence [17]. Preoperative incontinence was a risk factor for post-
operative incontinence. Cutting seton may also have resulted in FI
of 5.6% to 25.2% [17, 25].

It is essential to localize the internal opening of anal fistula in
the beginning [23]. Representative surgical options to overcome
recurrence are techniques such as fistulotomy and immediate
sphincter repair after fistulectomy. However, these techniques for
recurrent anal complex fistula can bring postoperative FI. There-
fore, interest in sphincter-preserving techniques, such as LIFT,
VAAFT, sealing with fibrin glue, porcine dermal collagen, and bi-
oprosthetic plugs, is on the rise. However, with a few exceptions,
the scientific evidence is low due to the lack of clinical trials and
the large variation in the presentations.

A new method of treating refractory complex perianal fistulas
is to use stem cells, such as direct injection of mesenchymal stem
cells and systemic administration of stem cells combined with lo-
cal injection, using ADSC, SVE CAL, etc. CAL, which injects a
mixture of SVF and purified autologous fat tissue, is such an AD-
SC-enriched lipofilling technique [2-7, 26]. Although the exact
mechanism behind the therapeutic effect of SVF has yet to be
clarified, we can speculate that certain characteristics of SVF may
exert beneficial actions in the treatment of acute and chronic in-
flammation.

We have seen aspirated fat tissues containing high amounts of
growth factors such as basic fibroblast growth factor (bFGF), in-
sulin growth factor (IGF)-1, vascular endothelial growth factor
(VEGF), and platelet-derived growth factor (PDGF)-BB; and we
can also get them from SVF [27, 28]. It is well known that growth
factors and proteases such as matrix metalloproteinase-9 play a
role in angiogenesis, cell survival, cell proliferation, and adipogen-
esis. SVF may play an important role of regulation in angiogenesis,
cell proliferation, differentiation, metabolism, promotion of adi-
pose stem cell migration, fibroblast proliferation, wound healing,
and regeneration. VEGF is the most prominent angiogenic growth
factor that exerts its effects synergistically with bFGF [27, 28].

Autologous fat grafting has been used in diverse clinical fields
for a while. Autologous fat tissues have been shown as an effective
filler in soft tissue augmentation. The main limitation of this pro-
cedure is the unpredictable resorption and volume loss of the fat
graft [29, 30]. In order to compensate for this deficiency, recently
an increasing amount of research has focused on the use of ADSC

to enrich the fat graft. CAL is expected to be effective in treating
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post-fistulectomy tissue defects by using soft tissue space augmen-
tation together with anti-inflammatory treatment, which thereby
enhances wound healing and tissue regeneration [31-33].

In examining the therapeutic efficacy of SVE we expect multi-
potent cellular components to affect tissue regeneration. SVF has
not only the self-renewal potency of ADSC, but high levels of growth
factors such as epidermal growth factor, VEGE bFGE keratinocyte
growth factor, PDGE, hepatocyte growth factor, transforming growth
factor-B, and brain-derived neurotrophic factor.

The reason behind the authors’ high proportion of patients with
complex anal fistula patients is the following: According to our re-
search, patients from not only the city of Busan but also surround-
ing cities come to our hospital based on recommendations, after
having undergone multiple unsuccessful surgical treatments else-
where. They include patients whose perianal sepsis has not been
solved despite undergoing radical procedures, patients who devel-
op sinus problems, or those who develop DI inflammation even
without sinus or fistula tract infections. The present research is an
intention to treat and takes as its study subjects those patients who
have long suffered from inflammatory secretions despite many
surgical procedures.

Out of the 22 patients who received CAL treatment, 19 were
observed to have complete remission, and patient 17 had inflam-
mation detected after 18 months. However, the inflammation was
minor in severity, and while drainage was undertaken, abscesses
did not develop and therefore no further treatment was pursued.
Meanwhile, patient 13, who was originally observed as having not
experienced any improvement, was confirmed as having a com-
plete remission after approximately 1 year. There was no case of
serious complications related to the procedure.

Therefore, there are limitation to demonstrate the effectiveness
of treatment. There were insufficient follow-up periods in our
study. The additional long-term study is indispensable to prove
effect of CAL.

We found that our immediately-collected CAL procedure for
refractory complex anal fistula showed good outcomes without
adverse side effects. This procedure can be strongly recommend-
ed as an alternative surgical option for the treatment of complex
anal fistulas that remain uncontrolled even after repeated other
surgical procedures. CAL has been a safe and relatively easy pro-
cedure to carry out. However, considering the unpredictable char-
acteristics of SVE, long-term follow-up is mandatory.
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