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Abstract

Background: The development of suturing techniques for the abdominal fascia appears to have
concluded with two techniques - interrupted or continuous - as outlined by the European and
American Hernia Society guidelines. The following study describes an additional suturing technique
for closing the abdominal fascia using circular stitches, which seems to represents an improvement
over existing technique.

Materials and Methods: Between 2014 and 2020, we used the "spider suture technique" to repair
umbilical- and epigastric hernias in 74 patients, who did not want a mesh, if it was needed regarding
to the guidelines. In addition to a continuous suture, the spider suture involves multiple individual
circular threads, which are woven through the ventral sheath of the Linea alba and knotted with
themselves to create a new architecture of the Linea alba. This technique prevents the fascia from
tearing due to poor quality of the fascia or increased repetitive pressure on it.

Results: The median follow-up time was 30 months. There were no recurrences recorded. All
patients reported good to very good satisfaction.

Conclusion: In conclusion, the spider suture represents an effective new technique for closing
the abdominal fascia following primary abdominal wall hernias. However, further prospective
randomized clinical trials are required to determine the extent of its improvement over existing
techniques.

Introduction

Every abdominal surgeon who performs suturing of the abdominal wall after an elective
laparotomy or treatment of a primary abdominal wall hernia desires complete healing of the fascia
and aims to avoid any further operations for the patient. To this end, the European and American
Hernia Society has recommended a specific suturing technique in its latest 2022 guidelines, following
a review of the literature. This technique involves avoiding midline incisions, using monophilic
slowly absorbable suture with a Suture Length to Wound Length ratio (SL/WL) of 4:1, utilizing small
bite technique and continuous suturing [1]. The interrupted suturing technique is another known
method, while other innovative suturing techniques [2-4] are not yet considered by the Society. The
evolution of suturing techniques for the abdominal fascia appears to have culminated with these two
suturing techniques, and the next recommended step for reinforcing the fascia is mesh insertion.

In the following work, a new suture technique is described for closure of the abdominal fascia,
which improves upon the previous methods. This provides surgeons with a fresh approach to
consider when suturing vulnerable tissue. Primary umbilical hernias or epigastric hernias of the
abdomen, even if they are small, can lead to a multitude of follow-up procedures ranging from 1-6
revision surgeries in an unusually short time [5]. As is also reported in the Herniamed register, it
can start with a primary suture and can take all forms of the currently available surgical techniques:
Open IPOM, laparoscopic IPOM and end with open mesh insertion with reconstruction of the
abdominal wall with sublay augmentation [5]. We know of similar courses of the disease from our
own observations in a 10-year analysis of patients with incisional hernias who were last treated
with the Erlangen Inlay-Onlay-Mash (EIOM) repair technique [6]. Especially with these patients
we became aware that the suture material used is not the problem, but the fascia. The sutures hold,
but the fascia fails to withstand the repetitive pressure and tears [7]. The thinner and finer the fascia,
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the higher the probability that the suture performed will not lead to
healing but to an incisional hernia of the fascia. There are also other
factors influencing the development of incisional hernias. These are
broken down by Schumpelick et al. as follows:

1) surgical-technical factors, including incision, suture material,
and suture technique; 2) patient-related biological factors, including
wound healing, local wound healing disorders, age, gender,
concomitant diseases, obesity, anemia, malignant underlying disease,
diabetes mellitus, and abdominal aortic aneurysm; 3) exogenous
noxae, including nicotine consumption and medication; and 4)
hereditary collagen diseases, patient dependent [8].

In light of various factors that can influence the development
of incisional hernias, it is important to note that surgeons can
only impact surgical-technical factors in hernia repair to prevent
recurrence. Studies have shown that the incision itself does not play a
significant role in the development of incisional hernias after primary
laparotomy [9,10]. When selecting suture material, meta-analyses
have demonstrated that the lowest incidence of incisional hernias
occurs with monofilament, non-resorbable, or long-term resorbable
suture material [11-13]. However, non-resorbable suture material
may lead to permanent mechanical irritation of tissue and increase
the risk of suture fistulas and postoperative wound pain [8,12].
Jenkins proposed a suture length to wound length ratio of 4:1 in 1976,
which has been confirmed in experimental and clinical studies [14-
16]. Meta-analyses have demonstrated the advantage of continuous
suture [11,12].

A more recent meta-analysis by Patel et al. in 2017 evaluated 55
randomized controlled trials with a total of 19,174 participants and
examined the following primary endpoints [17]:

» Seam absorption: Absorbable versus non-absorbable materials;
slow versus fast absorbable sutures.

« Closure technique: Continuous versus interrupted closure;
o Closure method: Mass versus layered closure;
» Monofilament versus multifilament sutures.

The study found no evidence that suture absorption, closure
method, or closure technique affected the risk of incisional hernia
development. However, it did suggest that monofilament sutures
reduced the risk of incisional hernia compared to multifilament
sutures.

In 2020, the European Hernia Society and American Hernia
Society formulated guidelines for the treatment of umbilical and
epigastric hernias based on previous knowledge from the literature
[18]. The guideline group classified umbilical and epigastric
hernias based on defect diameter as small (0 cm to 1 cm), medium
(greater than 1 cm to 4 cm), and large (>4 cm). Given the reported
recurrence rate of 1% to 57% when using the suture technique and
the significantly reduced recurrence rates with mesh insertion, the
guideline group recommended mesh insertion for primary umbilical
and epigastric hernias larger than 1 cm. A cohort study cited by the
guideline group concluded that mesh treatment for small hernias <2
cm would reduce the recurrence rate from 21% to 10% [19].

It is important to note that most studies in the literature
comparing hernia suture technique or mesh insertion to closure
of the fascia used either a classic continuous or interrupted suture
technique. Therefore, the European and American Hernia Society

recommends the above-mentioned fascial closure in hernias.

In this work, we introduce a new approach to suturing technique
called the "Spider Suture" [20], which aims to decrease pressure on
the fascia. Regardless of the suture material or whether the single or
continuous suture technique is used, the fascia will tear if the suture's
tensile strength exceeds the fascia's breaking strength. To reduce
tension on the fascia and design the suture independently of the
fascia quality, circular seams are made like a spider's web. The knotted
circular seams maintain tension, reducing pressure on the running
suture in the midline. Experimental investigations using simple
methods have confirmed that a circular stitch technique can increase
the tear strength of paper by up to 287% when compared to a classic
continuous suture technique [20]. Since 2014, we have implemented
the "Spider Suture" technique for abdominal closure in patients with
umbilical and epigastric hernias, who didn’t want a mesh if it was
needed regarding the Hernia Society guidelines. In this retrospective
study, we aimed to evaluate the outcomes of this technique from its
implementation in 2014 until November 2020. The results of this
study are presented in the following sections.

Materials and Methods

Operation method

Basic Spider-Suture-Technique (BSS): Figure 1 describes the
classic running suture technique. Figure 2 describes the basic spider
suture technique. After exposure of the hernial sac and repositioning
of the contents into the abdominal cavity, the edges of the fascia were
accurately exposed. The Spider Suture was started with a circular
suture along the edges of the fascia (ventral sheath of the Linea
alba) at a distance of 1 cm (Figure 2.1). Depending on the quality of
the fascia and the BMI of the patient, monophilic, non-absorbable
threads with a strength of 2/0, 0 or 1 were used. In the second step,
the classic continuous suture was performed with a monophilic, non-
absorbable thread (Figure 2.2).

Advanced Spider-Suture-Technique (ASS): Figure 3 describes
the Advanced Spider-Suture Technique. After completing the Basic
Spider Suture, the Advanced Spider Suture was applied depending on
the patient's size, fascial quality and BMI. The surgeon himself made
the final decision on this subjectively by including the parameters
mentioned above. The Basic Spider Suture (BSS) was followed by
another circular suture with a monophilic, non-absorbable thread
along the edges of the fascia (ventral sheath of the Linea alba) at a
distance of 1.5 cm (Figure 3.1). The ASS was completed with further
circular rows of sutures (Figure 3.2) with small diameters.

Patients

Before the surgery, informed consent was obtained from each
patient after explaining the details of the procedure, including the
type, scope, implementation, expected consequences and risks of the
operation, as well as its necessity, urgency, suitability and chances of
success with regard to the diagnosis or therapy as well as treatment
alternatives. If several methods that were medically indicated, which
can lead to different stresses, risks or chances of recovery, were
explained in detail.

We performed the spider suture technique on 74 patients from
2014 to 2020 for primary hernias of the abdominal wall (umbilical
and, epigastric hernias). Depending on the quality of the fascia and
the prevailing fascia tension, i.e., the BMI of the patient and the size
of the hernia, the hernia was repaired using either the Basic Spider
Suture technique (Figure 2.1, 2.2) or the Advanced Spider Suture

Remedy Publications LLC., | http://clinicsinsurgery.com/

2023 | Volume 8 | Article 3654



Demirci-Aydin N, et al., Clinics in Surgery - General Surgery

Continuous suture
of the fascia

skin

anterior rectus sheat

%— posterior rectus sheat
peritoneum

Figure 1: Classic, well-known closure technique of the abdominal wall fascia: continuous suture (blue lines).
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Figure 2.1: Basic Spider-Suture: First Step is to set the first circular suture in 1cm to distance to the edge of the fascia and fixing the end of Suture with a clamp:
(red dashed line). With this procedure the red area of the fascia receives a pressure relief.

- posterior rectus sheat
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Figure 2.2: Basic Spider-Suture: First Step is to set the circular suture parallel to the fascia: (red dashed line). Then the classic continuous suture (blue) is executed
and knotted. The circular suture is then knotted in such a way that the fascia is not contracted but is under tension. In this way, the pressure on the red area is
relieved. This knot has to be very tight because all the force is exerted on this knot when the fascia is under tension. This is where the basic spider suture ends.

——— skin
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Depending on the quality of the fascia and the size of the hernia, the basic spider suture was used.

(Figure 3.1, 3.2) as described by Demir R. in his 2018 publication [20].

The sutures used in this study were monophilic, non-absorbable
threads with a strength of 1, 0, or 2/0 (Prolene” Ethicon Germany,
Johnson & Johnson Medical GmbH, Norderstedt, Mopylen’,
Resolon’, RESORBA Medical GmbH, Am Flachmoor 16, 90475
Nuremberg, Seralene” SERAG-WIESSNER GmbH & Co. KG, Zum
Kugelfang 8-12, 95119 Naila, Germany). The thickness of the sutures
was selected according to the quality of the fascia, the size of the
hernia, and the BMI of the patient.

For follow-up data out of medical data at 6, 12, and 24 months
and then every 2 years after the operation were collected. This data
included a questionnaire regarding the course and the subjective
state of health was filled out, and examination clinically and
sonographically.

Subsequently, the data were incorporated into the IBM SPSS
statistics program version 19. The level of significance was determined
by the chi-square test and set at p<0.05. The primary outcome was to
evaluate the recurrence rate of this technique, while the secondary
outcomes were subjective complaints, patient satisfaction, infection,
seroma, and hematoma.

Results and Discussion

Seventy-four patients were followed up. Table 1 summarizes their
baseline characteristics. Significantly more men (n=51) than women
(n=23) underwent surgery. The median age was 52 years (range 21-
84), and the mean follow-up was 30 months (range 12-82 months).
The mean hernia size was 2.7 cm? (range 1-63 cm?), and most patients
(n=63, 85%) had a primary umbilical hernia. Eleven patients had an
epigastric hernia. No recurrences were found during the observation
period in patients (Table 3).
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Figure 3.1: Advanced Spider-Suture: It continues with an outer second circular suture (green dashed line), which is placed parallel to the fascia. This leads to a
pressure relief of the green area of the Fascia, which includes the inner circular and the continues suture.

Continuous suture
of the fascia

First circular inner suture
parallel to the fascia

parallel to the fascia Further circular suture of the

‘ Second outer circular suture
fascia to form a Spider-Mesh

Ry i skin

- i 1 § o
7 v
Hsem* Y2emY T

anterior rectus sheat
———4— posterior rectus sheat
peritoneum

Figure 3.2: Advanced Spider-Suture ends by laying further circular suture (circular line, dashed, black), which hook into each other like a spider's web. Thus, an

advanced spider suture consists of the following steps:

1. Inner circular suture parallel to the edge of the fascia (red)

2. Continuous suture (blue)

3. Outer circular suture parallel to the edge of the fascia (green)
4. Circular suture that tie all threads together to form a net (black)

By overlapping the colored surfaces, the pressure relief on the fascia is increased. The pressure relief is the higher, the more surfaces overlap.

One subcutaneous infection was observed during the follow-
up period. One patient developed a postoperative hematoma. Both
were treated conservatively. Postoperative seroma development was
observed in two patients, and the seroma was healed by puncture two
or three times (Table 1). Table 2 lists the suture material used for the
spider suture.

Subjectively, all patients were well to very well satisfied with the
result, and the recommendation rate for other people to undergo the
same operation was 100% (Table 4). About a third of the patients still
had slight pain after 6 months (n=20, Table 5). After 2 years, except
for two patients, no longer reported any complaints. Stool behavior
was the same before and after the operation (Table 6). More BSS were
applied than ASS (45 vs. 29, Table 2).

Primary abdominal wall hernias closed after laparotomy with a
classical suture technique remain a persistent problem. The insertion
of a mesh leads to a significant reduction in the incidence rate of
incisional hernias. Bhangu et al. presented a systematic review and
meta-analysis of mesh placement as prophylaxis to prevent incisional
hernia after midline laparotomy in 2013 [21]. They concluded that
mesh reinforcement after laparotomy in high-risk patients reduced
the rate of incisional hernias. This idea also finds its way into the
guidelines of the European and American Hernia Society [1]. In its
2022 statement, the guideline group recommends the prophylactic
suturing of mesh after elective midline laparotomy in high-risk

patients to avoid incisional hernia. Routine mesh placement should
still be evaluated in terms of cost and quality of life. Studies with
innovative suturing techniques are not considered in guidelines
by the European and American Hernia Society. Recently, an open
randomized clinical trial reported the results at 3 years of follow-up
of the use of the Reinforced Tension Line (RTL) technique compared
with Primary Suture Only (PSO) closure in the prevention of IH
in high-risk patients undergoing laparotomy [22]. With the RTL
technique, the incisional hernia was significantly decreased to 9.8%
(RTL group) vs. 28.3% (PSO group).

The RTL technique developed by Hollinsky et al. [3,4] is an
excellent alternative to mesh repair. It is worth considering in the
next guidelines. The suturing technique and the surgical approach
presented in this work show a new idea and awareness of the surgical
abdominal wall closure or building of pressure relief areas with
circular threads.

Without detailed explanation, the Spider-Suture and RTL
technique seem equal, but it is not. The idea of both techniques is
developed independently. The idea of reinforced tension line is a
line of thread sutured at a distance of 1.5 cm from the fascial margin
between the anterior and posterior rectus sheath, as shown in Figure
1 in Hollinsky et al. 2008 [3]. Quote [3]: "The new technique is based
on the load-resistant architecture of the Linea alba as described by
Axer et al. [23]. In this study, Axer et al. also found fibers arranged
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Table 1: Baseline characteristics of the patients with prim. abdominal hernia.

Variable N =74 N=74
Gender, men/women 60/37
Age in years Abdominal Hernia
Primary Umbilical (%) 63 (85)
Median 52
Primary Epigastric Hernia (%) 11 (15)
Range 21-84
Body mass index Postoperative Complications
Median 28 Infection (%) 1(1)
Hematoma (%) 1(1)
Range 17-47
Seroma (%) 2(1)
Follow-up in months
Median 31 Diabetes (%) 79
Range 12-82 Steroid treatment (%) 6 (8)
Intraoperative size of hernia in cm? Hard-Work
Median 6.4 No (%) 25 (26)
Range 01-63 5-10 kg (%) 35 (36)
Intraoperative diameter of hernia in cm 01-63 10-30 kg (%) 27 (28)
<1cm (%) 1) >30 kg (%) 10 (10)
<1 cm—4cm (%) 62 (83)
>4 cm (%) 10 (14)
Operation time in minutes
Median 32
Range 20-63

Table 2: Characteristics of spider suture repair of abdominal hernia.

Spider suture (n=74)

Basic (%) 45 (61)

Advanced (%) 29 (39)

Strength of the sewing material

inner circumferential suture (n=74)

2-0 29 (39)
0 37 (50)
1 8(10)
Outer circumferential suture (n=47)

2-0 23 (31)
0 24 (32)

Continued suture (n=74)

20 16 (22)
0 58 (78)

Table 3: Overall rate of recurrence after spider suture repair.

Variable N=74
Recurrence
No (%) 74 (100)
Yes (%) 0(0)

in a crosswise fashion, but no fibers in craniocaudal direction. Thus,
by its very nature, the Linea alba is not suited to stabilize sutures for
fascial closure." They further wrote, Quote [3]: "In order to avoid this

(rupture), we devised a suture technique for reinforcement of the
suture base. A thread is inserted parallel to the fascial margin. The
thread protects the tissue by distributing the tensile load uniformly
into the surrounding tissue, away from the (midline) suture base."

Spider Suturing techniques is based on circular sutures. It is
important to note that the circular Spider Suture is a single thread
knotted to itself. It works like a mesh, which is weaved in the ventral
sheath of Linea alba. As a result, the type of tissue, i.e., how thin and
weak the tissue may be, or the fiber architecture of the Linea alba,
mentioned above does not matter. The circular threads built a new
architecture of the Linea alba. The threads are placed only on the
ventral sheath of Linea alba. In this way in the surrounded area of
Linea alba with circular threads, a relief of tearing pressure arise. As
a result, the pressure in the inner surface of the circles is reduced the
more circular sutures are applied. The circular weaved threads are
communicating with each other like a spider web.

In the 74 patients with primary hernias (umbilical, epigastric) a
very good result (Table 3) was achieved with satisfied patients (Table
4) who did not develop a recurrence in the median observation time
of 30 months.

The results and experiences gained from this study provide
motivation for evaluating this technique and approach on a larger,
multi-center scale.

Aside from reducing hernia recurrence rates, investigating
patients' subjective experiences has become crucial to determining
whether genuine improvement can be achieved [24].

A very recent study addressed the question of whether and
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Table 4: Subjective results after spider suture repair.

Variable
Satisfaction (n=74) n (%)
Very good (%) 64 (86)
Good (%) 10 (14)
Satisfied (%) 0(0)
Rather not satisfied (%) 0(0)
Not satisfied (%) 0(0)
Recommendation of the operation 74 (100)

Table 5: Pain after spider suture repair.

Variable After 6 months | After 1 year After 2 years

Pain (n=74) n=74 n =74 n =62
No (%) 53 (71) 72 (97) 60 (81)
Barely (%) 20 (27) 2(3) 2(3)
From time to time (%) 1(1) 0 0
Often (%) 0(0) 0 0
Always (%) 0(0) 0 0
Movement-Pain n=74 n=74 n=61
No (%) 60 (86) 72 (97) 61 (82)
Yes, with every movement (%) 13 (17) 2(3) 1(1)
Yes, while sitting (%) 1(1) 0 0
Yes, while going (%) 0 0 0
Yes, when binding shoes (%) 0 0 0

Table 6: Constipation (Bowel movement).

Constipation (n=74) Pre OP Post OP
No (%) 60 (86) 82 (85)
Barely (%) 13 (17) 7(7)
From time to time (%) 4 (4) 7(7)
Often (%) 1(1) 1(1)
Always (%) 0(0) 0(0)

which symptoms patients still have after 3 years of incisional hernia
surgery [25]. They contacted 210 patients, a little less than half of
whom had been operated on laparoscopically, the remainder openly
for an incisional hernia, 91.4% of those through the insertion of a
mesh. They found out that 63% of patients reported symptoms 3 years
after incisional hernia surgery, mostly discomfort, pain, and bulging.
Thirty-seven percent of patients experienced a similar or worse
condition of their abdominal wall compared to the preoperative
situation. This study shows that mesh insertion, open or laparoscopic,
reduces recurrence rate but does not result in patient satisfaction.

Conclusion

It is now all the more important to work on the idea of evolving
suturing techniques that reduce abdominal hernias, the recurrence
rate and the increase patient satisfaction.

The results and experiences gained from this study provide
motivation for evaluating this technique and approach on a larger,
multi-center scale.
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