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CASE REPORT

Innovation of CRAM Flap for Reconstruction of
High-Voltage Electrical Burn Injuries — Case Series
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Abstract

Electrical burns cause devastating injury with major soft tissue loss and
pose a major threat to life. The damage caused by electrical injuries can
extend to deeper tissues, causing exposed soft tissues such as tendon
and nerve. The rectus abdominis muscle is a donor of musculocutaneous
flap due to the well-known blood supply and high vascularity. The rectus
abdominis pedicled flap can be either performed transversely or vertically
oriented. The drawback of both of these techniques is the insufficient cov-
erage particularly when used for wide or circular defects. Crescent-shaped
rectus abdominis musculocutaneous (CRAM) flap is an innovation that is
intended to be used for coverage of circumferential defects with extensive
soft tissues exposed as can be seen in the defect caused by electric burn
injury. In this paper, cases of high-voltage electrical injury at different ana-
tomical regions which were successfully reconstructed with CRAM flap are
presented. Overall, CRAM flap was a reliable flap resulting in well-vascular-
ised soft tissue coverage and acceptable functionality.
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Introduction

Electrical burn injuries contribute to 3-4 % of
burn cases admitted to burn unit. Although the
cases are relatively rare, injuries caused by elec-
trical burns are considered devastating injury
as it results in major soft tissue loss and poses
a major threat to life."2 The American Burn As-
sociation estimates approximately 4,400 people
each year have been injured by electrical hazard
in the United States. In Indonesia, there is lack of
national data on this type of burn. According to
data in Dr Soebandi General Hospital, Jember, In-
donesia, from March 2016 up to September 2017,
there is a reported total of 11 cases of electrical
burn injury during that period.>*

Electrical burn injuries can be classified as either
a high voltage injury (> 1,000 V) or a low-voltage

injury (< 1,000 V).° The majority of patients with
electrical burn injuries required surgical inter-
vention to reconstruct the defect in the affected
area. However, complex skin and soft tissue de-
fects caused by electrical burn injuries often be-
come a challenging problem. The rectus abdomi-
nis muscle can be chosen as a musculocutaneous
flap because of the well-known vascular supply
and high vascularity.®

The rectus abdominis pedicled flap can be either
performed transversely as transverse rectus
abdominis myocutaneous (TRAM) flap or verti-
cally as vertical rectus abdominis myocutaneous
(VRAM) flap. However, there is a drawback on
both of these techniques, which is due to the in-
sufficient coverage particularly for circumferen-
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tial defects.”® Therefore, authors innovated a new
flap technique for the management of electrical

case report, cases of defects due to high-voltage
electrical injury which were managed successful-

burn injuries, called a crescent-shaped rectus ab-

dominis musculocutaneous (C-RAM) flap. In this

Case history

An overview of patients who underwent CRAM
flap is shown in Table 1.

ly with the C-RAM flap are presented.

Table 1: Cases of high-voltage electrical injury reconstructed with crescent-shaped rectus abdominis musculocutaneous (CRAM) flap

No Age Defectsites Previous procedures  Recipient vessels Long term outcome Complication
) i i Ulnar artery and vein; ~ Good tissue coverage, scar
1 25 Right wrist-forearm  Fasciotomy basilic vein healed well, forearm function None
restored.
. Donor site:
Debridement and N Good tissue coverage, aloable
Left anterolateral . . Superficial temporal minimal wound dehiscence paip
2 47 neck pedicled /atissimus artery and veins ¢ motion with ’ folded edge
dorsiflap range :)l_m.(t)tlon within of abdominal
normal limits. prolene-mesh
. . Excellent tissue coverage, Donor site: para-
Left forearm-wrist- . Ulnar artery, basilic - -
3 34 . Fasciotomy y . scar healed well, forearm to median umbilical
proximal palmar and cephalic veins . . "
wrist function restored. position
Fasciotomy Excellent tissue coverage,
4 32 Left wrist ) ’ Ulnar artery and veins  scar healed well, wrist func- ~ None
debridement i
tion restored.
Fasciotomy Excellent tissue coverage,
5 24 Left wrist . Ulnar artery and veins  scar healed well, wrist func- ~ None
and skin graft :
tion restored.
Excellent tissue coverage,
i 0,
6 41 Left wrist Fasciotomy Ulnar artery and veins skin graft took .100 , scar None
healed well, wrist function
restored.
Ulnar artery; Excellent tissue coverage,
7 28 Left wrist Fasciotomy T scar healed well, wrist func- None
basilic vein }
tion restored.
. . Excellent tissue coverage
) . Fasciotomy Radial artery, ; ’
Right wrist - None
8 36 g and debridement cephalic vein spar healed well, wrist func
tion restored.
Salvaging on
2nd 24 h post
) op; Total flap
After flap salvaglng wound lost due to
. . Fasciotomy Radial artery, healed well, good tissue spontaneous
Right wrist-forearm ’ .
9 15 9 and debridement cephalic vein coverage, wrist to forearm arterial aneu-
function restored. rysmal rupture
on day-7 post
op; below elbow
amputation
. . . Excellent tissue coverage
. . Fasciotomy, amputation  Radial artery and ’
10 41 Right wrist-hand Y. amp J scar healed well, wrist to None

of the thumb

cephalic vein

hand function restored.
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Two cases are presented in Figure 1 and 2.

\. J/

Figure 1: Defect at the wrist region due to high-voltage electrical injury. (A1) A circular defect was seen on the right wrist region; (A2)
Three days after performing fasciotomy on the affected wrist; (B, C) Intraoperative: CRAM flap was elevated and adjusted to close

the defect; (D) Three months postoperative patient had functional grip strength; (E) Six months postoperative; (F) Twelve months
postoperative after flap thinning and liposuction;

Figure 2: Defect at neck region due to high-voltage electrical injury. (A) Debridement was performed at the affected site. Note a wide
circular defect in the neck region; (B) Incisional design for CRAM flap; (C) Flap dissected until perforator is reached to gain increased

mobility of the flap; (D) Inserting of flap to the neck region; (E) Closure of the abdominal donor site; (F) Outcome three months post-
operative;
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Discussion

Case 1 was a circumferential defect of the right
wrist with flexor digitorum tendon and median
nerve exposed due to high-voltage electrical in-
jury. Three days after fasciotomy was performed,
a CRAM flap was harvested. The design of cres-
cent shape was intended to create a longer skin
dimension that can be mobilised and adjusted to
cover the circular shape of defect. The rectus ab-
dominis muscle was identified, freeing it from the
posterior rectus sheath and the thoracoabdomi-
nal nerve and deep inferior epigastric artery and
vein with a handheld doppler were identified.
The tendon was preserved in this patient. CRAM
flap had two dominant vascular pedicles from
the rectus abdominis muscle which provided ro-
bust vascularisation. Patient showed successful
outcome 3 months and 12 months postopera-
tive, with well-vascularised soft tissue coverage
and acceptable functionality as shown in the grip
strength of the hand. One-year postoperative
patient underwent flap thinning and liposuction
while still maintaining excellent functionality of
the hand.

Case 2 was an extensive and circular defect of the
anterior to posterior neck region with vital struc-
tures exposed due to high-voltage electrical inju-
ry. A CRAM flap was harvested for coverage of the
defect. In authors’ institution, reconstruction of
the neck was usually performed with a latissimus
dorsi pedicled flap. However, it was reported with
a higher risk of flap failure due to muscle tension
in the neck region leading to flap necrosis.’ In
this case, the CRAM flap was chosen to resurface
the sternocleidomastoid muscle and soft tissues.
The CRAM flap was carefully dissected until the
perforator was separated for increased mobility
and inserting to the defect site. Patient showed
successful outcome 3 months postoperative, with
good skin coverage, durable flap filling the loss
of muscle bulk and normal range of motion of the
head.

The lower part of the abdomen is ideal for recon-
struction as it has abundant vascular supply. The
rectus abdominis has two dominant vascular ped-
icles; superior epigastric artery and inferior epi-
gastric artery.’® VRAM and TRAM flap have tra-
ditionally been used to reconstruct defects in the
breast, pelvic, perineal, genital and thigh region.
However, the limitation to both of these flaps in-
cluded insufficient coverage for wider and circu-

lar defects. In order to overcome the limitation,
a new technique named the “crescent-shaped
rectus abdominis musculocutaneous flap” was
invented. CRAM is a flap modified from the com-
bination of both transverse and vertical rectus
abdominis musculocutaneous flap. It is made of
two axes, the vertical and horizontal axis, which
enables it to offer increased mobility and versa-
tility to reconstruct circumferential and larger
defects compared to traditional design of flaps.

CRAM flap offers added advantages when com-
pared to traditional flaps such as radial forearm
flap (RFF) or superficial circumflex iliac artery
(SCIP) flap. RFF has more limited muscle compo-
nent that can be harvested compared to the bulk
of muscle derived from the rectus abdominis as
seen in CRAM flap. In cases of high-voltage elec-
trical injury, the upper extremity is also almost
always involved as it is typically the contact point
to the voltage source, therefore making the do-
nor for RFF unavailable. Similarly, SCIP flap has
fewer muscle bulk, with shorter pedicle and small
vessel diameter compared to CRAM flap. CRAM
flap is made of a myocutaneous component with
sufficient muscle bulk and high vascular supply,
making it an excellent option to close defects with
exposed soft tissues including tendon and nerve,
as is usually seen in defects due to high-voltage
electrical burn injury. Thus, CRAM flap provides
added muscle volume and superior coverage of
defect.

Based on our experience, we have performed 10
cases of CRAM flap on male patients with thin ab-
dominal wall and long-term follow-up show that
all cases give satisfactory outcomes with mini-
mal morbidity and no major complication during
postoperative period (Table 1). There were two
cases where follow-up procedures were done,
one which involved emergency salvaging pro-
cedure on second day postoperative and anoth-
er was flap thinning and liposuction one year
postoperative to reduce the bulkiness. Similar to
other musculocutaneous flaps of the abdomen,
several drawbacks of CRAM flaps worth noting
include risk of donor site morbidity with possible
decreased abdominal strength, abdominal wall
bulging and hernia, due to the abdominal mus-
cles being harvested. Careful technique of dissec-
tion at the posterior sheath during flap harvest
must be done particularly surrounding the trans-
verse and inner oblique muscles, as well as use of
non-absorbable mesh to avoid risk of hernia.’® Ad-
ditionally, the postoperative scar resulting from
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the CRAM flap design may be difficult to conceal,
thus special attention must be given towards pa-
tients’ counselling preoperatively, as well as edu-
cating patients to maintain a long-term follow up.

Overall, the use of CRAM flap shows reliable re-
sults and good functionality in the reconstruc-
tion of defects caused by electrical burn injuries.
CRAM also has high versatility as it has also been
used with the muscle sparring technique for a
range of cases such as traumatic defects of ex-
tremity as well as head and neck tumours, which
are not included in this paper. Due to the novelty
of this technique and its use is currently limited
in male patients with relatively thin abdominal
wall, therefore, a larger number of patient pop-
ulation is needed in order to further explore the
effectiveness of CRAM flap in reconstruction of
defects.

In the future, CRAM flap could also be utilised
as a modality to reconstruct other areas, such
gynaecology or perineal reconstruction. This is
due to its ability to resurface three-dimensional
defects as well as suitably closing defects with
pelvic exenteration, owing to its bulky tissue
quality. The CRAM flap presents a compelling al-
ternative for perineal reconstruction, especially
when compared to techniques such as the antero-
lateral thigh (ALT) flap. One primary reason is
that the ALT flap is generally not favoured as a
first-line approach by most gynaecologic recon-
structive surgeons. This preference is largely due
to anatomical and functional constraints that
render other flaps more appropriate for certain
types of defects. Additionally, when dealing with
defects in the groin or mons pubis that are as-
sociated with vulvoperineal defects, abdominal
flaps like CRAM flap are often preferred.!’ This
flap provides sample tissue and robust vascular-
isation, essential for addressing extensive and
complex defects in these regions. Thus, CRAM
flap has high adaptability and consistent healing
outcomes that are valuable in reconstructive sur-
gery involving significant tissue loss.

Conclusion

The invention of CRAM flap showed excellent
results for reconstruction of full-thickness
defects due to high-voltage electrical injury
where vital tissues such as muscle, tendons,
nerves or blood vessels are exposed. Defects

resulting from high-voltage electrical inju-
ry are particularly challenging and require
immediate intervention to preserve not only
appearance but most importantly restore
function. CRAM flap is a highly vascularised
flap and consists of two axis which offers in-
creased mobility for coverage of wide-dimen-
sions and circumferential defects such as due
to high-voltage electrical injury, when com-
pared to traditional flaps such as TRAM and
VRAM flap. According to authors’ experience,
this technique is very reliable due to the ex-
tendibility of the flap. When used as muscle
replacement or a defect closure, this technique
shows a promising results. Despite showing a
bulky appearance, however overall the CRAM
flap can be considered a superior alternative
of flap for defect closure in reconstruction of
high-voltage electrical injury.

The CRAM flap emerges as a significant ad-
vancement in modality for defects due to elec-
trical burn injuries. Its robust vascular supply
and substantial tissue availability, address the
critical needs of complex and extensive burn
wounds. This flap's ability to provide reliable
coverage and facilitate optimal healing sig-
nificantly enhances outcomes, making it an in-
valuable tool in the reconstruction of electrical
burn injuries.
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