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Myelomeningocele defect reconstruction with
keystone flaps: vascular rationale for the design and
operative technique
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Background Myelomeningocele is a frequently seen condition at tertiary care hospitals. Its
treatment involves a variety of plastic reconstructive techniques. Herein, we present a series
of myelomeningocele patients treated using keystone flaps.

Methods We gathered information regarding soft tissue reconstruction and the use of bilat-
eral keystone flaps to treat myelomeningocele patients. We obtained data from clinical re-
cords and recorded the demographic characteristics of mothers and children with the condi-
tion. The size, level of defect, and complications detected during the follow-up were analyzed.
Results A series of seven patients who underwent bilateral keystone flaps for myelomenin-
gocele closure was analyzed. There were no cases of midline or major dehiscence, flap loss,
necrosis, surgical site infections, or cerebrospinal fluid leakage. No revision procedures were
performed. Minor complications included one case with minimal seroma and three cases with
areas of peripheral dehiscence that healed easily using conventional measures.

Conclusions The use of keystone flaps is an adequate option for closure of dorsal midline
soft tissue defects related to myelomeningocele. This technique offers predictable results with
an acceptable spectrum of complications. Robust blood flow can be predicted based upon
anatomical knowledge.
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INTRODUCTION

The spina bifida spectrum encompasses defects (dysraphias) in
the posterior midline that can affect the skin as well as the spinal
column and its contents. Myelomeningocele is a specific type of
spina bifida in which nerve roots, the meninges, and the medul-
la protrude [1].

The incidence of this congenital defect varies among coun-

tries. It has been estimated that there are 0.5-0.8 cases per 1,000
births in the United States and most of Europe, while in some
parts of Asia the incidence is 20 times greater [2].

Low or delayed folic acid intake is a recognized risk factor for
spina bifida [3]. Other maternal and environmental factors re-
lated to neural tube defects range from alcohol or substance
abuse to extreme body temperature variations [2].

Early treatment has been advocated as the best course of ac-
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tion to achieve positive results and to reduce the disability rate
[4], with prenatal treatment of this condition showing even bet-
ter results [S].

When repairing spina bifida, skin approximation must be
achieved in addition to neural tube and meningeal closure. Di-
verse techniques have been attempted to achieve this, from skin
grafts to flaps of varied designs [6]. Ideally, the skin closure must
be tension-free, enduring, sensate, and have adequate blood
flow. The specific location of the defect and its size inform the
decision regarding the treatment method [7], since smaller de-
fects can be treated with simpler techniques.

The anatomy of the region has been studied in the context of
bilateral bipedicled paramedian fasciocutaneous flaps. These
flaps depend on three main vascular territories: the parascapular
and scapular branches of the circumflex scapular artery superior-
ly, muscular perforators, and cutaneous branches of the intercos-
tal arteries in the middle third and extensions of the superficial
circumflex iliac arcade in the lower part of the flap [8]. In para-
median flaps, the vascular pattern described is obvious consider-
ing that the skin and fascia are completely separated from the
donor bed, with the blood supply entering inferiorly and superi-
orly as in any bipedicled flap. This is not the case for the keystone
flap, in which perforators are centrally preserved via blunt under-
mining while the cutaneous branches of the aforementioned
systems are cut during flap design. Concerning the blood flow of
a keystone flap in the back, a study on the vascular anatomy of
the lumbar soft tissues has shown that perforators arise from all
eight lumbar arteries [9]. Proximal to the defect, the presence of
constant perforators from the dorsal intercostal arteries in the
middle third of the dorsum has been demonstrated [ 10].

Therefore, the keystone flap can be undertaken as a multi-per-
forator advancement flap in accordance with the perforasome
theory, according to which the ability of a single perforator to
sustain a large volume of soft tissue can be further expanded to
enhance the flow and reliability of multiple perforators harvest-
ed at once [11]. Based on this concept, the amount of the flap
that remains centrally attached to its bed before mobilization
can be reduced to 10% without affecting perfusion (Fig. 1) [12].

A further anatomical consideration concerning design and flap
mobilization is the superficial fascia of the trunk, which is con-
sidered to be a continuation of the ventral abdominal wall fascia.
This tissue moves along with the skin when moving the flaps to
the midline [8].

METHODS

We analyzed seven cases of soft tissue closure in neonatal pa-
tients with myelomeningocele. Coverage was done using fascio-
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Fig. 1. Multi-perforator advancement flap. The keystone flap design
safely includes thoracic and lumbar perforators along a longitudinal
axis. Potential involvement of perforators depending on the level of
the defect. Color code: purple, parascapular and scapular branches of
the circumflex scapular artery superiorly, and dorsal intercostal arter-
ies medially and inferiorly; yellow, intercostal arteries; blue, intercos-
tal arteries, extensions of the superficial circumflex iliac artery later-
ally, and lumbar arteries inferiorly and medially; green, lumbar
arteries.

cutaneous pedicled perforator flaps with a bilateral keystone de-
sign (keystone flaps). Medical records were analyzed retrospec-
tively.

Sample

The sample consisted of neonatal patients, male or female, with
myelomeningocele on whom a bilateral keystone flap was per-
formed for skin closure between January 2018 and December
2020.

Surgical technique

Standard neural tube and meningeal closure was undertaken by
the pediatric neurosurgery team. Proper debridement of dam-
aged surrounding skin (usually thin and macerated) and hemo-
stasis were performed, after which the actual size of the defect
was established. The surgical lesion had an elliptical conforma-
tion with its long axis parallel to the line of the predominant
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Fig. 2. Conventional double opposing keystone flap. (A) Patient with a skin defect after neural tube and meningeal closure (81 cm?). The sur-
rounding skin was thin, macerated, and friable. For the keystone flap design, the defect diameter was marked in a 1:1 proportion bilaterally.
Lines extended at right angles from the corners of the ellipse. When joining the opposite end, the flap was shaped on each side according to
the width of the defect. (B) Blunt dissection enabled the preservation of perforators beneath the flap surface. A midline closure was done, at
first covering the defect. Secondary defects at the edges were closed in a V-Y fashion, which relaxed the horizontal tension. Drains were placed
and bolsters can be used to prevent the sutures from cutting through the skin. (D, E) Follow-up at postoperative days 7 and 21, respectively: no
necrosis or wound dehiscence was noted. (C, F) Diagrams of the design and result of bilateral keystone flaps (modified from Gaskill. Neurosurg

Focus 2004;16:E3 [25]).

perforators [ 13,14]. The surface area of the flap was determined
according to the size of the defect, and its diameter was marked
in a 1:1 proportion bilaterally. A right angle was created at the
vertex of the excision. From this angle, a line measuring the
width of the defect was drawn and, with a curved line, was
joined to the opposite line and angle to create the keystone de-
sign [14]. The dissection of the perforator vessels was per-
formed using blunt-tip scissors in the subcutaneous fat plane.
Progressive detachment of tissues and advancement to the mid-
line were assessed continuously until tension-free closure was
achieved in the midline. The outer tips of the flaps acted as V-Y
advancement flaps that, when closed, created a relative redun-
dancy in the central portion of the flap and relaxed the horizon-
tal tension.

A minimum of two Penrose drains were placed subcutaneous-
ly in every patient. Simple inverted stitches made from absorb-
able monofilament were used for fat approximation. The skin
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was closed with simple stitches in the periphery made from
nonabsorbable monofilament. Simple horizontal mattress su-

tures as well as bolsters were used intermittently in the midline

(Fig.2).

Assessments

We gathered data from each patient’s clinical record and noted
identifiable risk factors, gestational age, birth weight, the size
and level of the defect, and complications detected during the
follow-up.

Ethical considerations
The study was approved by the appropriate ethics review board
and performed in accordance with the principles of the Declara-
tion of Helsinki. All study participants (patients’ parents or
guardians) provided informed consent. Anonymity and confi-
dentiality were preserved.
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Fig. 3. Double keystone flap with an omega design. (A) Patient with a thoracolumbar myelomeningocele defect (79 cm?). (B) Immediate post-
operative result shows a fish-mouth modification of the left keystone flap. Moderate bulging after inset may be present. (D) On postoperative
day 5, a congestive color change was observed that resolved within a few days without any additional measures. Notice flattening of the fish-
mouth configuration and proper wound healing. (E) Follow-up at 10 months of age. (C, F) Diagrams for the design and result of bilateral key-
stone flaps with an omega (Q) or fish-mouth modification (modified from Gaskill. Neurosurg Focus 2004;16:E3 [25]).

Table 1. Myelomeningocele patients treated with a bilateral keystone flap

Patient  Sex Risk factors Gestation (wk) Age at surgery (day)  Birth weight (g) ~ Defect size (cm?  Defect level Complications

1 M Folic acid delayed 38 1 2,800 56 L1-L4 Minimal seroma

2 M Folic acid delayed 40 2 3,466 81 T5-T10 Peripheral dehiscence

3 F No folic acid 39 1 2,340 64 T10-L2 None

4 F No folic acid 36 2 1,950 49 T4-T8 None

5 F No folic acid 39 1 2,600 100 T3-T9 None

6 M Folic acid delayed 41.3 5] 3,800 72 T10-L3 Peripheral dehiscence

7 M None 41.6 8 3,270 79 T10-L4 Peripheral dehiscence
M, male, F, female.

RESULTS double opposing keystone flap (Behan type III) and two pa-

Our study analyzed data from seven patients with myelomenin-
gocele in whom a bilateral keystone flap was performed for skin
closure between January 2018 and December 2020, following
neural tube and meningeal closure. Of the seven patients, three
were female and four were male. The mean hospital stay was not
prolonged by the surgical procedure. Patients were discharged
after they had begun breastfeeding and all suture material had
been removed. Five patients were treated using the conventional

tients were treated via an omega-shaped modification (Fig. 3).
The mean operative time was 61 minutes.

All patients were delivered via cesarean section. The average
birth weight was 2,889 g (standard deviation, 656 g). Surgery
was performed before 48 hours of age in the majority of cases;
however, surgery was delayed in some cases due to a late refer-
ral. The most commonly identified risk factor in our sample was
null or delayed folic acid ingestion (Table 1).

The defects ranged in size from 49 to 100 cm* (mean, 71.5
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cm?). The largest defect in our study also had the highest lesion
level (at T3). Hydrocephalus was present in five out of seven pa-
tients. Surgical complications encountered during early follow-
up were minimal. One patient had a minimal seroma treated
with drainage and compression, and three patients suffered
from areas of peripheral dehiscence that healed with conven-
tional wound care procedures. There were no cases of midline
or major dehiscence, flap loss, necrosis, surgical site infection, or
cerebrospinal fluid leakage from the wounds, and no revision
procedures were necessary.

All the flaps showed color changes in the early postoperative
period and developed congestion and noticeable increases in
flap volume around the second postoperative day. Loose pad-
ded bandages were applied along with local wound measures
such as antibiotic ointment. If skin tension was present, some

sutures were released.

DISCUSSION

Our aim was to study the role of keystone flaps for soft tissue
closure in myelomeningocele patients and provide a rationale
for its vascular supply. The optimal time for closure of open spi-
na bifida and reconstruction of the adjacent soft tissues is imme-
diately after birth. In our study, late referral from primary and
secondary care hospitals was the main cause preventing timely
surgery for soft tissue repair in some cases.

In our experience, most myelomeningoceles can be treated
with direct closure by a neurosurgery team. In most other cases,
closure is performed using a local transposition flap. It is only in
very large defects that bilateral keystone flaps are used.

The rationale for this choice is the reliability of a flap with a
clear anatomical foundation. The implicit preservation of perfo-
rators in the center of the flap design allows for a safer procedure
when compared to random flaps that can undergo dehiscence
or partial necrosis, transposition flaps that are usually limited to
small defects [15], or flaps that, when large, require skin grafting
for the donor site [8]. Although some authors have considered
the keystone flap a salvage procedure following a failed primary
closure, we use bilateral keystone flaps despite the size of the de-
fect for the reconstruction of large defects in our practice [16].
The surface area of defects in our patients was greater than in
most studies. In the study by Ozcelik et al. [6], the dimensions
of the skin defects ranged from 24 to 48 cm?, whereas the largest
defect in our study measured 100 cm’.

The keystone flap is designed as an advancement flap with a
VY configuration at each end. It is oriented parallel to the longi-
tudinal axis of the defect and results in an elliptical shape. Its
particular value lies in its nourishment by multiple perforators
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preserved by a careful dissection technique. Since its original
description in 2003 by Behan, it has become popular for the
treatment of multiple kinds of soft tissue defects, traumatic or
oncologic in nature, as well as for congenital defects such as my-
elomeningocele [13]. Typically, the dimensions of the flap
should be 1:1 in proportion to the defect. Some additional es-
sential considerations are the preservation of the perforators,
circumferential incision of the deep fascia, and liberal under-
mining of the surrounding tissues to foster laxity and flexibility
[17].

Major complication rates for myelomeningocele closure, re-
gardless of the method, are between 8% and 20%. Major com-
plications include dehiscence in the midline with neural tissue
exposure or an infection causing meningitis or ventriculitis. Mi-
nor complications (seroma or peripheral and partial dehis-
cence) occur in around 20% of cases [ 18]. Primary closure and
transposition flaps are the procedures with the highest compli-
cation rates. Some cases of wound necrosis and midline dehis-
cence even require secondary procedures such as rotation flaps
or skin grafts [15]. There were no major complications in any
patients in our study. Cases of minor dehiscence were treated
with conservative measures.

With respect to surgical planning, the tissue used for recon-
struction must be located close to the defect. Although vascular
microsurgical procedures have been described anecdotally in
neonates, these have mainly been revascularizations [19]. In the
exceptional case of a free flap, postoperative care is difficult. For
example, heparinization is precluded due to the risk of an unrec-
ognized intracranial bleed in neonates. Furthermore, the skills
of the microsurgical team must be extraordinary for success
[20].

The tissues adjacent to the defect are vascularized by the same
arterial and venous systems regardless of the reconstructive
method chosen. Thus, the difference between a transposition
flap and a keystone flap, as both are based on thoracic or lumbar
perforators, is the grade of complexity and the advantage of
avoiding random blood flow in the latter.

The identification of perforator vessels in neonates is very dif-
ficult, although possible, with the use of Doppler ultrasonogra-
phy [21]. Our results show that anatomically based preoperative
planning yields reproducible results in most cases without the
need for extra procedures. Additionally, it should be pointed out
that vascular adaptation occurs in the first postoperative days
with marked congestion in the flap that subsides after 72 hours.
Minimal and easy-to-heal peripheral dehiscence can also be ex-
pected. These results should not alarm a surgeon. We believe
that these considerations regarding the blood supply of the flap
from an anatomical standpoint and the clinical manifestations
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of vascular changes are an original perspective that has not been
discussed extensively in other reports.

A similar study to ours was published by Formentin et al. [22].
In their report, some patients underwent intrauterine repair
with insufficient closure of the soft-tissue defect, thus requiring
a keystone flap as a secondary procedure after birth. All defects
were closed using conventional bilateral keystone flaps. The au-
thors’ discussion of the use of random perforators for harvesting
the flap is a particularly notable issue. As we mentioned previ-
ously, other studies have demonstrated the vascular supply is
provided by perforators of the dorsal intercostal and lumbar sys-
tems [8-10]. However, these papers did not report identifiable
risk factors for myelomeningocele. In contrast, our study identi-
fied that almost the whole sample had null or delayed ingestion
of folic acid, starting at the mid-second trimester of pregnancy.
While folic acid consumption does not modify biochemical and
hematological parameters such as hemoglobin levels and the
rate of anemia, it is routinely advised from the first trimester of
pregnancy, or even 1 month before, to prevent neural tube de-
fects [3].

‘We must emphasize that, in our opinion, keystone flaps are a
very useful option for defect closure in myelomeningocele, es-
pecially if the surgeon has previously used this kind of flap for
other, perhaps less critical, body regions. The advantages of this
flap are a relatively short operative time compared to free flaps
and its suitability for patients who cannot undergo prolonged
complex reconstructive procedures since the perforators do not
need to be surgically identified [11]. Furthermore, there are
many available modifications. One such modification is the
omega-type keystone flap, also known as a fish-mouth variant,
where the central portion advances toward the defect due to ro-
tation and advancement of the lateral segments of the flap [12].

A further advantage is the possibility of sensation, since it has
been reported that some keynote flaps have resulted in postop-
erative sensitivity despite transection of the superficial cutane-
ous nerves [12].

Some limitations of our study are its retrospective and obser-
vational design, as well as the small sample size and lack of a
control group. Nevertheless, we acknowledge that in the realm
of reconstructive plastic surgery, the treatment of complex de-
fects in prospective, controlled, and randomized trials are diffi-
cult to achieve.

Taking into account the variety of reconstructive procedures
for the treatment of defects such as those described in this pa-
per, we believe that the keystone flap enriches the armamentari-
um of reconstructive plastic surgeons with the clear advantage
of having a logical and uncomplicated design in the already chal-
lenging scenario of myelomeningocele defects [23]. We empha-
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size the importance of follow-up to establish the advantages of
one technique above others in the long term. For example, at
the moment, no surgical procedure has been shown to decrease
the rate of spinal cord tethering (15%-20%). This is a very rele-
vant issue that should be clarified in the future and may require
prospective studies [24,25].
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