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Abstract

Background Posterior component separation with transversus abdominis release technique is increasingly being used for ab-
dominal wall reconstruction in complex abdominal wall repair. The main purpose of this study is to present a modification of the
surgical technique originally described that facilitates the surgical procedure and offers additional advantages.

Methods Based on the knowledge of the anatomy of the retromuscular space and the preperitoneal aerolar tissue distribution, we
start the incision on the posterior rectus sheath from the arcuate line in a down to up direction. The posterior rectus sheath is
incised 0,5-1 cm medial to the linea semilunaris and cut longitudinally as far as the fibers of transversus abdominis muscle that
are divided in the superior part of the abdomen. It is also possible to avoid cutting the fibers of this muscle if we incise the
posterior rectus sheath in an oblique direction to the midline from the umbilical area. Since 2012 to 2016, 69 consecutive patients
with down to up TAR have been prospectively followed. Main outcome measures included demographics, perioperative details,
wound complications, and recurrences.

Results Between 2012 and 2016, we have operated 69 patients with down to up TAR technique. Mean operative time
was 251 (range 65-566) minutes. Mean hospital stay was 9,8 (2-98) days. 10 patients presented surgical site events
(14,5%): 6 patients had superficial site infection, 3 deep and 1 organ space. During follow-up, 3 patients (4,3%)
presented incisional hernia recurrence.

Conclusions This novel modification allows a simpler dissection of the preperitoneal retromuscular space and makes the TAR
technique easier to perform. It also enables to incise only the insertion of the transversalis fascia cranially.

Keywords Incisional hernia. Complex incisional hernia. Posterior component separation. Transversus abdominis release.
Abdominal wall reconstruction

Introduction abdominal hernias has evolved. Different techniques have

been described and the use of synthetic non-absorbable

Treatment of complex abdominal wall hernias is a surgical
challenge and multiple techniques have been described so
far. From an historical point of view, treatment of incisional
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meshes has become widespread. Onlay placement of meshes
with anterior component separation technique might be used
in cases of important loss of domain or if the patient has
undergone previous incisional hernia repairs [1, 2].
However, this approach yields two important inconveniences:
a large subcutaneous tissue dissection that may be the cause of
postoperative seromas and cutaneous necrosis, and the ana-
tomical edges of the abdominal wall like the insertion of the
abdominal wall in bone structures, as the iliac crest and the
costal margins, that can difficult the proper extension of the
mesh and may prevent from obtaining enough overlap over
the defect [3, 4]. Recent expert consensus also describes in-
creased wound complications in standard anterior component
separation in comparison with other techniques [5, 6].
Nonetheless a recent review did not show any significant
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differences in surgical site occurrences compared to poste-
rior component separation [2]. Endoscopic and perforator-
sparing anterior components separation have been reported
as a modification to the standard anterior components sep-
aration with little consensus on the reduction of postoper-
ative complications [7].

Complex incisional hernia repair in a retro-rectus and
preperitoneal space as the modified Rives-Stoppa-Wantz pro-
cedure provides several advantages as diminishing subcutane-
ous tissue dissection, avoiding contact of the polypropylene
mesh to the abdominal viscera and lowering the incidence of
hernia recurrence [8—10]. However, this technique does not
allow for dissection beyond the lateral border of the posterior
rectus sheath, making it insufficient to overlap the defect and
to provide tension-free repair of large abdominal wall defects
as in the case of massive loss of domain [11]. Furthermore, it
does not solve the problem of the anatomical limits for lateral
hernias. The first posterior component separation (PCS) was
described by Carbonell [12], creating a space between the
internal oblique muscle and the transversus abdominis muscle
to open the lateral attachments of the abdominal wall and
facilitate the closure of large abdominal hernia defects and
the placement of the mesh. However, no further contributions
with this technique have been published since this initial re-
port. The technique of PCS described by Novitsky in 2012
consists of the release of the transverse abdominis muscle
(TAR) from its medial insertions to the posterior rectus sheath
[13]. After this approach, a large retro-muscular and
preperitoneal dissection can be reached in order to extend
the mesh far enough to prevent hernia recurrence.

In order to make the dissection of TAR easier to perform
and to obtain the correct plane between the peritoneum and the
transversalis fascia we have suggested a modification of the
technique. The aim of this study is to describe this surgical
modification and our initial results.

Patients and methods
How TAR is usually performed

The original description starts the dissection as far cranially as
possible in the upper abdominal wall, by incising the posterior
lamina of the internal oblique aponeurosis [13]. Then, approx-
imately 0,5 cm medial to the linea semilunaris, the transversus
abdominis muscle fibers are cut from their attachments to the
posterior rectus sheath and the linea alba. Cutting the muscle
fibers opens the space between the peritoneum and the trans-
verse abdominis muscle. Two layers may be then exposed to
extend the preperitoneal dissection: the layer between the
transversalis fascia and the muscle and the layer between the
peritoneum and the transversalis fascia. The layer between the
peritoneum and the fascia is especially difficult to obtain
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because there is no preperitoneal fat at this level. At that point,
the dissection continues laterally and downwards. The
preperitoneal and retroperitoneal space are developed as later-
al as possible to extend the mesh [4].

How we perform down-to-up TAR:

We describe a slight modification of TAR technique
starting the dissection from the arcuate line in a down to
up direction. We take the advantage of the preperitoneal
fatty tissue distribution in the abdominal wall to prevent
openings or tears in the peritoneum (Fig. 1). In this area,
the preperitoneal fat can easily be detached from the pos-
terior rectus sheath with blunt dissection, using the index
finger placed under the arcuate line, extending the
preperitoneal space dissection laterally and superiorly from
the space of Bogros (the preperitoneal space lateral to the
internal inguinal ring) (Fig. 2). Consequently, prior starting
the incision on the posterior rectus sheath, medial to the
semicircular line, the space between the preperitoneal fat
and the transversalis fascia has already been made (Fig. 3)
(videos 1-2). The posterior rectus sheath is then incised
starting from the arcuate line 0.5—1 cm medial to the semi-
circular line to prevent injuries to the neuro-vascular
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Fig. 1 Anatomical distribution of preperitoneal fat in the abdomen
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Fig. 2 Blunt dissection from the
Bogros space under the arcuate
line to start TAR. Picture from
cadaver

bundles that come to innervate the rectus abdominis mus-
cle. As soon as the posterior rectus sheath has been cut 4—
5 cm, blunt preperitoneal dissection is continued laterally
and cranially. Therefore, lateral and cranial blunt dissection
is always made before the incision on the posterior rectus
sheath. In this way, the risk of opening the peritoneum is
minimized. The incision on the posterior rectus sheath is
advanced cranially, reaching the area where the posterior
lamina of the internal oblique aponeurosis becomes patent.
At this level, the muscle fibers of the transversus
abdominis muscle run under this lamina to the midline

Fig. 3 Line of incision to start
“down to up” TAR from the
arcuate line

RETZIUS SPACE

and need to be cut. We also maintain the same strategy
from lateral to medial: the dissection is first performed
lateral to cranial and, once completed, we begin the inci-
sion of the muscle fibers. We usually prefer to keep the
dissection in the layer between the transversalis fascia
and the muscle and between the diaphragmatic fascia and
the diaphragm, as there is also a lack of preperitoneal fatty
tissue at this level (area 2 in Fig. 1). Finally, a single plane
behind the muscles will join a wide space over the fatty
triangle, posterior rectus sheaths, the lateral preperitoneal
fatty tissue and the space of Retzius. The extension of the

@ Springer



542

Langenbecks Arch Surg (2018) 403:539-546

blunt dissection may be performed to reach the central
tendon of the diaphragm cranially, to the peripheral mus-
cular part of the diaphragm more laterally, the quadratus
lumborum and psoas muscle in the back and to the Retzius
space caudally.

When the dissection comes superiorly from down to up,
above the umbilicus, and reaches the posterior lamina of
the internal oblique muscle, we can continue the incision
obliquely, from lateral to medial, to get to the medial bor-
der of the posterior rectus sheath that has previously been
released during the Rives procedure (Fig. 4) (video 3). As
we do not keep parallel to the semicircular line, we change
the direction of the incision of the posterior rectus sheath to
avoid cutting muscular fibers of the transversus abdominis
(line D, Fig. 3) (Fig. 5); only the insertion of the
transversalis fascia on the posterior rectus sheath is incised.
We have called this modification posterior rectus sheath
(PRS) release. Therefore, we obtain the same retro-
muscular preperitoneal dissection of TAR without cutting
the muscle. Furthermore, once the posterior layer has been
closed and the mesh extended in this wide preperitoneal
plane, the border of the transversalis fascia and the

. N
m————

. A A ~~“~l

Retzius
space

Fig. 4 Comparison between the line of incision of conventional TAR
(line C) and TAR without cutting the fibers of the transverse muscle
(line D). Line A: medial incision on the posterior rectus sheath
according to Rives. Line B: semicircular line
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transversus abdominis muscle can be easily sutured medi-
ally to the mesh obtaining a complete reconstruction of the
abdominal wall (Fig. 6).

The next steps of the operation follow a conventional TAR
technique. Briefly, once the retromuscular preperitoneal
plane has been completed, the posterior rectus sheath is
closed with running long-term absorbable sutures. If the
restoration of the posterior layers is not possible, portions
of the hernia sac or an absorbable mesh (BioA®, Gore,
Arizona, USA) are used to protect the viscera from the
synthetic mesh. Then, a large pore 50 x 50 cm polypro-
pylene mesh (Bulevb®, Dipro Medical Devices SRL,
Torinesse, Italy) is placed over the peritoneum and the
posterior rectus sheaths fixed to both Cooper ligaments
caudally, and to the upper insertion of the posterior rectus
sheaths cranially. The anterior layer is then closed with
interrupted or running long-term absorbable sutures.
Low-suction drains are set between the mesh and the mus-
cle layer. The excessive skin and redundant subcutaneous
tissue are removed to complete the operation.

Patient selection

From a prospectively maintained database we have identified
all patients who underwent TAR with down to up modifica-
tion at our institution between 2012 and 2016. All patients
presented complex incisional hernia according to Slater’s
criteria [14].

Registered preoperative clinical data included age,
sex, body mass index (BMI), American Society of
Anesthesiologists grade, comorbidities (hypertension, di-
abetes, chronic obstructive pulmonary disease and cardi-
opathy), previous history of cancer and smoking. Hernia
characteristics included location, EHS classification [15],
Ventral Hernia Working group [16] classification, length
in width of defect, Slater’s classification, and operation
time. Postoperative variables comprised surgical site oc-
currences, overall systemic complications and length of
hospitalization. Hernia recurrence, chronic pain and bulg-
ing were registered as the main outcomes during long-
term follow-up.

The description of variables and the statistical analysis
were performed using the Statistical Package for the Social
Sciences (SPSS) program (version 19.0 for Windows).
Quantitative variables were expressed as mean and standard
deviation or median and range, and categorical variables as
absolute numbers and percentages.

Results

We have operated 69 patients with down to up modifica-
tion of TAR technique. 8 out of 69 underwent a PRS
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Fig. 5 Change of direction of the
incision on the posterior rectus
sheath above the umbilical area to
avoid cutting the transverse
muscle

release. All patients were preoperatively studied with ab-
dominal computed tomography, underwent preoperative
antibiotic prophylaxis and were admitted on the ICU dur-
ing the first 24 h postoperatively. In Table 1 we present a
summary of perioperative data.

According to Slater’s classification, none of our pa-
tients were class 1, 27 patients were class 2 and 42 were
class 3. Other classifications used are shown in Table 2.
EHS classification was: M1-M3 midline, 4 patients; M1-
M35 midline, 36; M3-M5 midline, 3; L1 lateral subcostal,
15; L3 lateral iliac, 7; and L4 lateral lumbar, 4. Ventral
Hernia Working group classification was: 15 patients,
stage I; 38, stage II; 13, stage III; and 3, stage IV.
Table 3 presents postoperative data and long-term out-
comes. Median follow-up was 19,7 (8—60) months.

Fig. 6 Reinsertion of the
transversus abdominis to the
mesh placed in the retromuscular
preperitoneal position after TAR
procedure
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Discussion

Different approaches have been used for abdominal
incisional hernias. Anterior components separation pro-
vides a tension-free advancement of the lateral borders of
the hernia defect and mobilizes the entire abdominal wall
as a block [13]. In an attempt to solve the disadvantages
associated to the technique, endoscopic or robotic compo-
nent separation with laparoscopic fascial release have been
described [17-19]. The Rives-Stoppa procedure is thought
to be the gold-standard treatment for midline incisional
hernias, however this technique is limited by the lateral
borders of the posterior rectus sheath and may be inade-
quate for huge midline hernias and lateral hernias. The
TAR technique, as an extension of the Rives-Stoppa
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Table 1 Patient demographics and operative data Table 3 Postoperative data
Age 60,1 (= 1,18) Surgical site events
Sex 48 (69,5%) male; 21 (30,5%) female Surgical site infection:
BMI 30,9 (£0,6) Superficial 6 (8,7%)
ASA 1 8 (11,6%) Deep 3 (4,3%)
1I 40 (58%) Organ-space 1(1,4%)
1 19 (27,5%) Seroma 19 (27, 5%)
v 2 (2,9%) Hematoma 7 (10,1%)
Diabetes 19 (27,5%) Skin necrosis 7 (10,1%)
AH 32 (46,4%) Postoperative ileus 6 (8,7%)
COPD 13 (18,8%) Intra-abdominal hypertension 1 (1,4%)
Inmunosuppression 5(7,2%) Pulmonary embolism 2(2,9%)
Previous history of cancer 34 (49,3%) Pneumonia 2 (2,9%)
Previous history of smoking 28 (40,6%) Urinary tract infection 3 (4,3%)

] - . ] ] Cardiac complications 2 (2,9%)
Q()S:S:y:;rennelncan Society of Anesthesiologists physical status classifica- Median length of hospitalization (days) 9.8 (2-98)
BMI: Body mass index; AH: arterial hypertension; COPD: Chronic Recurrence 3 (4,3%)
Obstructive Pulmonary Disease Buldging 3(4.3%)

Chronic pain 1 (1,4%)

procedure may be considered the necessary step to treat
complex abdominal incisional hernias. This new tool offers
the surgeon better possibilities to perform tension-free ab-
dominal wall reconstruction for complex abdominal herni-
as [4, 11, 20-22]. Different reasons may be suggested as
advantages over other hernioplasties in complex abdomi-
nal hernias and the most important would be minimizing

Table 2 Hemia characteristics

Hernia location

Medial 33 (47,8%)
Lateral 22 (31,9%)
Medial + Lateral 14 (20.3%)
EHS Classification
M1-M3,W3 4 (5,8%)
MI1-M5, W3 36 (52,2%)
M3-MS5, W3 3 (43%)
L1 Subcostal 15 (21,7%)
L3 Iliac 7 (10,1%)
L4 Lumbar 4 (5,8%)
VHWG grading system
Grade I: Low risk 15 (21,7%)
Grade II: Comorbidities 38 (55,1%)
Grade I1I: Potencially contaminated 13 (18,8%)
Grade IV: Infected 3 (4,3%)
Mean hernia defect 13,6 cm (£ 0,7)
Mean operative time 275 (£7.8)

EHS: European Hernia Society classification
Ventral Hernia Working Group grading system
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wound complications, the access to the retroperitoneal
space to overlap the defect as much as possible and the
location of the mesh in a retromuscular preperitoneal posi-
tion [4]. We have summarized the different posterior com-
ponent separation techniques in Table 4.

The idea of releasing the transversus abdominis muscle
is to access a wide space that goes from the preperitoneal
fatty tissue in the midline to the psoas muscle and the
retroperitoneal space laterally in order to extend the mesh
as much as possible. The retrosternal space and the
Conze’s fatty triangle area are reached proximally as well
as the Retzius and the Bogros spaces caudally. In the
down to up TAR, we achieve the same retromuscular
preperitoneal space described in the original technique
[4], but the access to the lateral retromuscular space is
performed by dissecting the space between the peritone-
um and posterior rectus sheath below the arcuate line. The
anatomical reason to perform this down to up TAR is the
preperitoneal fatty tissue distribution in the abdomen
(Fig. 1). The distribution of this fatty tissue reminds the
shape of a trident and prevents from openings or tears in
the peritoneum. There is more preperitoneal areolar tissue
just in the midline, under the linea alba, below the arcuate
line and lateral to the semicircular line as far as the
retroperitoneum. In the midline, we have the preperitoneal
fat reinforced, superiorly, by the round ligament, and, in-
feriorly, by the fat that surrounds the urachus, the remain-
ing of the umbilical arteries and the Retzius space.
However, the preperitoneal fat is scarce just behind the
posterior rectus sheaths, where the peritoneum is thin
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Table 4 Surgical techniques for
posterior component separation

POSTERIOR COMPONENT SEPARATION

Between internal oblique and transversus abdominis muscle

A. Carbonell [12]

Transversus abdominis release techniques

TAR
Robotic TAR

Posterior rectus sheath release

Y. Novitsky [13]
A. Carbonell [18, 19]

Present series

and attached to the transversalis fascia and this is why
peritoneotomies can be so frequent (area 1 of Fig. 1). In
cases of hernias in stoma sites or parastomal hernias,
down to up access may also facilitate entering the
preperitoneal space from caudally and then surround the
ostomy cranially as in the classic TAR technique.

In an interesting radiological review in patients after
TAR [23], there was a compensatory hypertrophy of
oblique muscles that may compensate the observed atro-
phy of transversus abdominis muscles. In order to avoid
the atrophy observed in the transversus abdominis after
TAR, we advocate to make the posterior rectus sheath
release. The PRS release modification allows accessing
the retromuscular preperitoneal space without cutting the
muscle fibers of the transversus abdominis muscle. We
believe that this technique preserves the branches from
the intercostal nerves that come to innervate the
transversus abdominis that otherwise are cut during the
conventional TAR (video 1). This way we can also rein-
sert the transversus abdominis to the new posterior rectus
sheath/fascia transversalis made up of the mesh that has
just placed in the retromuscular preperitoneal position
(Fig. 6). Our experience is short to draw any relevant
conclusion, but we believe that the PRS release may be
especially important in young patients, patients with daily
activity or patients who practice sports that may benefit
from preserving the integrity of this muscle.

We have obtained similar results compared to previous
TAR reports [22, 24]. Compared to the largest series pub-
lished, we had more SSI, but in our series we have in-
cluded more cases with grade III and IV VHWG classifi-
cation. However, we think that the proposed approach is
not going to influence postoperative outcomes as it only
aims to facilitate the surgical technique to the surgeon.

Conclusion

Due to the paucity of preperitoneal fatty tissue in the
upper part of the abdominal wall in contrast with the area
below the arcuate line, the modification that we present
may help the surgeon to perform the original TAR tech-
nique. Finally, this technique may also facilitate to per-
form a posterior component separation without cutting the

muscle fibers of the transversus abdominis muscle and
perform a complete reconstruction of the abdominal wall
by reinserting this muscle to the mesh.
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