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Anatomical variations of the innervated radial
artery superficial palmar branch flap: A series of 28
clinical cases
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The innervated radial artery superficial palmar branch (iRASP) flap was de-
signed to provide consistent innervation by the palmar cutaneous branch of the median Hand & Microsurgery, 38 Pycongtack
nerve (PCMN) to a glabrous skin flap. The iRASP flap is used to achieve coverage of diverse 5-r0 20beon-gil, Pyec'mgtaek 17902,
volar defects of digits. However, unexpected anatomical variations can affect flap survival Korea
and outcomes. Tel: +82-31-6628-3119

Cases in which patients received iRASP flaps since April 1, 2014 were retrospec- E:ﬂ;lg J?;él;iié%éﬁgn.com

tively investigated by reviewing the operation notes and intraoperative photographs. The in-
jury type, flap dimensions, arterial and neural anatomy, secondary procedures, and complica-
tions were evaluated.

Twenty-eight cases were reviewed, and no flap failures were observed. The observed
anatomical variations were the absence of a direct skin perforator, large-diameter radial ar-
tery superficial palmar branch (RASP), and the PCMN not being a single branch. Debulking
procedures were performed in 16 cases (57.1%) due to flap bulkiness.

In some cases, an excessively large RASP artery was observed, even when there
was no direct skin perforator from the RASP or variation in the PCMN. These findings should
facilitate application of the iRASP flap, as well as any surgical procedures that involve poten-
tial damage to the PCMN in the inter-thenar crease region. Additional clinical cases will pro-
vide further clarification regarding potential anatomical variations.
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mar branch (RASP). The flap is used to cover volar defects of
the digits [1].

The innervated radial artery superficial palmar branch (iRASP)
flap was introduced in 2010. An iRASP flap provides a large area
of glabrous skin and consistent innervation of the palmar cuta-
neous branch of the median nerve (PCMN), which is supplied
by the direct skin perforators of the radial artery superficial pal-

The iRASP flap was formerly described as the RASP flap. Its
anatomical characteristics, determined by a latex-injection study
involving 30 fresh frozen cadavers, are as follows: the donor ar-
tery of the RASP is of similar size to a typical digital artery, the
RASP has direct skin perforators that supply the PCMN and

Copyright © 2020 The Korean Society of Plastic and Reconstructive Surgeons

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. | WWW.e-aps.org

435


http://crossmark.crossref.org/dialog/?doi=10.5999/aps.2020.00423&domain=pdf&date_stamp=2020-09-15

Yang JW  Anatomical variations in the iRASP flap

skin flap, and the PCMN is a single branch from the median
nerve (Fig. 1A).

Unusual anatomical variations in the RASP and the PCMN
are encountered. We investigated anatomical variations in the
artery and nerve with the aim of enhancing the accuracy and
safety of dissection.

METHODS

The indication for an iRASP flap was a volar defect in a digit of
>1.5 cm in width and 3.5 em in length, with or without a pulp
tissue defect. Patients with longstanding underlying diseases,
such as hypertension, diabetes mellitus, or autoimmune diseas-
es, were excluded.

The scaphoid tubercles were digitally palpated before surgery.
Throbbing of the direct skin perforator was checked. To identify
the origin of the RASP, ultrasonography was performed on the
area between the radial artery and inlet site between the thenar
muscles, even though the fine direct skin perforators were not vi-
sualized.

The most important surface landmarks when designing the
iRASP flap are the scaphoid tubercle, radial side of the ring fin-
ger, contours of the flexor carpi radialis and palmaris longus ten-
dons, and the radial styloid process. An elliptical flap is easily
placed along a longitudinal axis from the radial side of the ring
finger to the scaphoid tubercle. The radial side of the scaphoid
tubercle, and 0.5 cm of its ulnar side from the interthenar crease,
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must be included in the width of the flap to ensure that no injury
is sustained by the direct skin perforators over the scaphoid tu-
bercle or by the PCMN along the interthenar crease. The length
of the flap was adjusted to match that of the defect (Fig. 1B). The
flap was dissected, starting from its radial side, to identify the
RASP. Any subcutaneous veins encountered should be pre-
served in cases of weak concomitant veins. The PCMN was iso-
lated between the flexor carpi radialis and palmaris longus ten-
dons. After preparing the donor artery, nerves, and subcutane-
ous veins, the skin flap was elevated from the distal part above
the palmar aponeurosis. The region of the scaphoid tubercle
should be focused on because the direct skin perforators are
densely attached to the fascia of the thenar muscle and roof of
the flexor carpi radialis tendon. Further dissection of the arterial
pedicle was carried out to the origin of the RASP. The flap was
detached after ligating the arteries and concomitant veins (Sup-
plemental Video 1).

Clinical cases after April 1, 2014 were reviewed by evaluating
the operation notes and intraoperative photographs. Written in-
formed consent was obtained from all patients. The mechanism
of trauma, flap dimensions, and patterns of the RASP and
PCMN were assessed, as were postoperative complications and

secondary operations.

RESULTS

In total, 28 cases were included (22 male and 6 female patients),

Fig. 1. PCMN type | and flap design

the defect.
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(A) Type | variation in the palmar cutaneous branch of the median nerve (PCMN). Type | has a single branch of the PCMN between the flexor carpi
radialis (FCR) and palmaris longus (PL) tendons, beneath the antebrachial fascia. A single branch is shown longitudinally attached to the under-
surface of the elevated flap. (B) Design of the innervated radial artery superficial palmar branch (iRASP) flap. The most important surface land-
marks are the scaphoid tubercle, radial side of the ring finger, contours of the FCR and PL tendons, and radial styloid process. An elliptical flap is
easily placed along a longitudinal axis from the radial side of the ring finger to the scaphoid tubercle. The radial side of the scaphoid tubercle, and
0.5 cm of its ulnar side from the interthenar crease, must be included in the width of the flap to ensure that no injury is sustained by the direct
skin perforators over the scaphoid tubercle or by the PCMN along the interthenar crease. The length of the flap can be adjusted to the length of
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with a mean age of 46.6 years. The left hand was involved in 13
cases and the right hand was involved in 15 cases; the total num-
ber of injured digits was 28. The most commonly injured digit
was the index finger (12 cases, 42.8% ), followed by the long fin-
ger (seven cases, 25%), thumb (five cases, 17.8%), and small
finger (three cases, 10.7%). Only one case (3.5%) involved a
palm defect (Table 1). The mechanisms of injury were crushing
(10 cases, 35.7%), rotating blade (nine cases, 32.1%), avulsion
(seven cases, 25%), friction (one case, 3.5%), and burn (one
case, 3.5%) (Table 2). The mean width and length of the flaps
were 2.09 £0.19 cm and 6.55 + 1.48 cm, respectively. The great-
est width was 2.5 cm and the greatest length was 11 cm. Among

Variable No. of cases (%)
Thumb 5(17.8)

Index 12 (42.8)

Long 7(25.0)

Ring 0

Small 3(10.7)

Palm 1(3.5)
Variable No. of cases (%)
Crushing 10 (35.7)
Rotating blade 9(32.1)
Avulsion 7 (25.0)
Friction 1(3.5)

Burn 1(3.5)
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the volar finger defects, pulp lesions were covered in 17 cases
(60.7%). A flow-through anastomosis was performed in two
cases. In one case, an interpolation flap was used without micro-
anastomosis. In 15 cases (53.6%), coverage was achieved by an
emergency flap, which was defined as an operation performed
within 48 hours after trauma.

The origin of the RASP from the radial artery was, on average,
1.30£0.59 cm proximal from the radial styloid process. The
closest origin was 0.2 cm and the farthest origin was 2.2 cm (Fig.
2). The mean external diameter was 1.02 + 0.35 mm. The small-
est diameter was 0.6 mm and the largest diameter was 2.0 mm
(Figs. 3, 4). Only one case (3.6%) showed no direct skin perfo-
rator from the RASP. Three cases exhibited an excessive diame-
ter (> 1.5 mm; mean 1.8 £ 0.14 mm) (10.7%).

Based on the numbers of PCMN branches and mixed inner-
vation with other nerves, the cases were divided into types I, II,
and III (Table 3). Type I comprised PCMNs with a single
branch and was observed in 17 cases (60.7%) (Fig. 1). The re-
maining 10 cases were type II, in which two distinctive branches
separately coursed along the superficial and deep planes. The
superficial branch was smaller than the deep branch (type Ila)
in five cases. The superficial and deep branches were of similar
size (type IIb) in five cases. Only 1 case (3.6%) was type Il and
exhibited mixed innervation with a PCMN and lateral ante-
brachial cutaneous (LABC) nerve of similar diameter.

All flaps survived. In one case, a hematoma formed below the
flap and in another case, sustained hematoma was observed at
the donor site. Debulking procedures were performed in 16 cas-

es (57.1%). There were no cases with a significant neuroma at

The radial artery superficial palmar branch (RASP) originated from the radial artery at a mean of 1.30 £ 0.59 cm proximal to the radial styloid
process. The closest origin was 0.2 ¢cm and the farthest origin was 2.2 cm. Two common sites are shown at 0.5 and 1.2 cm proximal to the radial

styloid process.
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Fig. 3. External diameter of the RASP

superficial palmar branch.
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Fig. 4. The largest RASP

The largest radial artery superficial palmar branch (RASP) was 2.0
mm in diameter (yellow ribbon) with prominent concomitant veins.
The radial artery and its concomitant veins (white arrow) are shown
behind the RASP.

the cut end of the PCMN. Tightness in the wrist was observed
during the early postoperative period, but subsided spontane-
ously. Other complaints comprised hypertrophic scars at the
donor site. Conservative management with triamcinolone injec-

tion reduced the scarring and discomfort.

Cases involving anatomical variations

Case 1. No direct skin perforator from the RASP

One case had no direct skin perforator from the RASP. Fortu-
nately, the arteries hitch-hiking with the superficial and deep
branches of the PCMN could be anastomosed with the ulnar
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Table 3. Variations of PCMN innervation (n=28)

Type Characteristics of innervation No. (%)
| Single superficial branch of the PCMN 17 (60.7)
Il
lla Thin superficial® and thick deep” branch of the PCMN 5(17.9)
llb  Superficial and deep branches of the PCMN with similar 5(17.9)
thickness
Il Mixed innervation with the LABC 1(3.6)

The cases were divided into types Il according to the number of PCMN branches
and the pattern of mixed innervation with other nerves.

PCMN, palmar cutaneous branch of the median nerve; LABC, lateral antebrachial
cutaneous.

IThe superficial branch of the PCMN penetrated the superficial transverse carpal
ligament just proximally to the wrist crease and coursed into the flap superficially;
“The deep branch of the PCMN coursed beneath the superficial transverse carpal
ligament, crossed the wrist crease, and penetrated the palmar aponeurosis; it
innervated distal skin further from the wrist crease compared to the thin superficial
branch.

proper digital artery. The artery accompanying the deep branch
of the PCMN was estimated to have an external diameter of 0.4
mm (Fig. 5).

Case 2. RASP of excessive diameter

The external diameter was 2.0 mm in this case, which hindered
anastomosis. This limitation was addressed by using a horizon-
tal mattress suture technique with an unequal bite width after an
oblique cut of the smaller recipient artery (Fig. 6, Supplemental
Video 2).

Case 3. Type Ila variation in the PCMN
This case was type Ila and involved a thin superficial and a thick
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Fig. 5. No direct skin perforators from the RASP

(A) A 51-year-old man sustained a large volar skin and soft tissue defect on the left index finger by a milling machine. An innervated radial artery
superficial palmar branch (iRASP) flap was designed for emergency coverage of the defect. (B) However, there was no direct skin perforator from
the RASP supplying the elevated flap. Therefore, the elevated flap was separated from the pedicle of the RASP. This case involved a type Ila varia-
tion in the palmar cutaneous branch of the median nerve (PCMN) (a thin superficial and a thick deep branch) on the undersurface of the elevated
flap. After careful dissection of the branches of the PCMN, the accompanying arteries (white arrow) were identified. (C) Anatomical structures. No
connection was observed between the RASP and PCMN (red dotted region). The accompanying artery of the thick deep branch of the PCMN was
anastomosed with the recipient ulnar proper digital artery. (D) The covered donor site at 2 months after surgery. PL, palmaris longus.
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(A) The external diameter of
the radial artery superficial
palmar branch (RASP) was
estimated to be 2.0 mm. (B)
The size discrepancy was re-
solved by using a horizontal
mattress suture after an
oblique cut of the smaller
proper digital artery.
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Fig 7. Type lla variation in the PCMN

(A) This case was type lla: a thin superficial (thin arrow) and thick
deep branch (thick arrows) of the palmar cutaneous branch of the
median nerve (PCMN). (B) Courses of the superficial and deep
branches of the PCMN. The superficial branch of the PCMN pene-
trated the superficial transverse carpal ligament proximal to the
wrist crease and coursed into the flap dimension. The deep branch
of the PCMN coursed beneath the superficial transverse carpal liga-
ment, crossed the wrist crease, and penetrated the palmar aponeu-
rosis; it innervated distal skin further from the wrist crease com-
pared to the thin superficial branch. PL, palmaris longus.
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deep branch of the PCMN. The superficial branch of the PCMN
passed through the superficial transverse carpal ligament imme-
diately proximal to the crease of the wrist and coursed into the
flap superficially. The deep branch of the PCMN coursed be-
neath the superficial transverse carpal ligament, crossed the
crease of the wrist, and penetrated the palmar aponeurosis; it in-

nervated distal skin further from the wrist crease compared to

the thin superficial branch (Fig. 7).
Case 4. Type IIb variation in the PCMN

This case involved two branches of the PCMN of similar size
and was defined as a type IIb variation. The courses of the su-
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Fig. 8. Type llb variation in the PCMN

This case involved two palmar cutaneous branch of the median
nerve (PCMN) branches of a similar size. The superficial branch (thin
arrow) coursed superficially and the deep branch (thick arrow)
coursed deeply, similar to type lla.

Fig. 9. Type lll variation in the PCMN

This case involved a thick prominent branch of the lateral ante-
brachial cutaneous nerve (LABC) (thin arrow) that coursed with the
radial artery in the distal forearm. It was located on the radial side
of the flexor carpi radialis tendon. The LABC coursed to the ulnar
side and innervated the elevated flap dimension. Type Ill variation
was defined as mixed innervation with the palmar cutaneous
branch of the median nerve (PCMN) (thick arrow) and LABC of simi-
lar diameter.

perficial and deep branches were identical to those in type Ila
(Fig. 8).

Case S. Type Il variation in the PCMN

This case involved a prominent branch of the LABC coursing
with the radial artery. Type III was defined as involving mixed in-
nervation witha PCMN and LABC of similar diameter (Fig. 9).
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Historically, the RASP has been used in several flaps as a donor
artery. The free thenar flap was first developed [2], followed by
the innervated radial thenar flap [3] and the superficial palmar
branch of the radial artery (SPBRA) flap [4]. The free thenar
flap uses the LABC nerve for innervation, which is inconsistent
and slender. The innervated radial thenar flap uses more radial
skin to include the superficial sensory nerve of the radial nerve.
The SPBRA flap uses a portion of the PCMN, because the SP-
BRA flap courses transversely along the wrist crease and a non-
glabrous skin flap is used [S].

In terms of nomenclature, we recommend using the term
“IRASP flap” to prevent confusion with the SPBRA flap. The
SPBRA flap should be used only when the donor site is non-
glabrous skin of the wrist and courses transversely. The lower-
case “I” in the term “iIRASP flap” is an abbreviation for “inner-
vated,” which implies better sensation with consistent innerva-
tion of the PCMN and its glabrous skin flap. This is why the
“RASP flap” is now termed the “IRASP flap” Because the direct
skin perforators from the RASP artery were identified in a previ-
ous cadaver study, the iRASP flap was defined as a perforator
flap, while previous flaps were defined as fasciocutaneous flaps
[2,3]. Hence, this flap was named “/RASP” based on the source
artery of the SPBRA, in accordance with the Gent consensus
[6]. To aid memory, the acronym “RASP” may remind sur-
geons of tools used to smooth the surface of bone.

The iRASP flap is popular in South Korea [7,8]. In one case
report, the iRASP flap was used in combination with the SP-
BRA flap to cover a totally degloved finger [9]. The unique
characteristics of the iRASP flap (glabrous skin, consistent in-
nervation of the PCMN, and a close anatomical relationship be-
tween direct skin perforators and the PCMN) make it attractive
to hand surgeons.

The iRASP flap is affected by variations in the arterial anatomy
at the higher forearm level and the superficial palmar arch of the
hand. The median artery and superficial palmar arch of the
hand exhibit high frequencies of variation [10,11]. We encoun-
tered a case with no direct skin perforator from the RASP to the
PCMN. There are several types of superficial palmar arches
[12,13]. The median artery can be identified in 23% of cases
[14]. The median artery forms a superficial palmar arch with
the ulnar artery; alternatively, it irrigates the thumb and index
finger separately without forming a superficial palmar arch. In
this situation, the median artery serves a vital function in sup-
plying nutrients to the PCMN. The RASP does not contribute
to the PCMN and therefore cannot hitch-hike with the PCMN.
These findings are important for flap survival; thus, preopera-

Archives of Plastic Surgery

tive ultrasonography or vascular imaging is recommended.

The size of RASP at the origin from the radial artery was
1.02+0.35 mm in the present series, which is smaller than has
been reported previously (1.49+0.46 mm) [1,11]. This differ-
ence may have been due to shrinkage of the artery as a result of
tourniquet use in the present series, or to expansion of the artery
by the forceful injection of latex in the prior anatomical study. In
that study, the hands and forearms of 30 adult fresh frozen ca-
davers were dissected under x 3.5 loupe magnification approxi-
mately 12 hours after injecting a silicone rubber compound
(Microfil MV-130; Flow Tech, Inc., Carver, MA, USA) through
either the brachial artery or radial artery to enhance arterial
anatomy. An excessively large RASP was also encountered in
the present series (mean, 1.8 +0.14 mm), which hindered anas-
tomosis. When the radial artery is the dominant artery that sup-
plies the superficial palmar arch or the thumb and radial side
fingers without the superficial palmar arch, the RASP is presum-
ably larger than commonly observed.

The PCMN is problematic because the inter-thenar region is a
common incision site and injury of the PCMN can result in
considerable discomfort [15]. The PCMN has been described
as a single branch originating from the radial side of the median
nerve under the antebrachial fascia at the level of the distal fore-
arm [16-20]. It courses superficially through the superficial
transverse carpal ligament and innervates the palmar skin longi-
tudinally along the inter-thenar crease. However, the PCMN
was not a single branch in 35.7% of the cases in the present se-
ries. In addition, the inter-thenar region of the iRASP flap exhib-
ited mixed innervation with the PCMN and LABC. Only one
of the 28 cases involved a prominent, thick LABC. Increased at-
tention is needed during nerve dissection, such as open and en-
doscopic carpal tunnel release [21,22 ], Camitz opponensplasty,
or elevation of an iRASP flap. A neglected injury to the deep
branch of the PCMN or the LABC is likely to cause discomfort.
In terms of innervation of the iRASP flap, branches should be
attached to improve sensory outcomes.

Further anatomical study is required to verify the arterial and
neural anatomy, because this study had some limitations. The
first limitation was that the results were confined to clinical cases
from the Korean population. The second limitation was that
dissection of pedicles must be confined to the operative field of
the donor site.

In terms of anatomical variations of the iRASP flap, we ob-
served an excessively large RASP artery, even when there was
no direct skin perforator from the RASP or variation in the
PCMN. These findings should facilitate application of the
iRASP flap, as well as any surgical procedures that involve po-
tential damage to the PCMN in the inter-thenar crease region.
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Additional clinical cases should confirm anatomical variation in

the arteries and nerves.
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Supplementary material

Supplemental Video 1. Design and dissection of the iRASP flap.
Flap dissection usually started from the radial side of the flap, to
identify the RASP. Any subcutaneous veins encountered should
be preserved in cases of weak concomitant veins. The next step
was to isolate the PCMN between the flexor carpi radialis and
palmaris longus tendons. After preparing the donor artery, nerve
and subcutaneous veins, the skin flap was elevated from the dis-
tal part above the palmar aponeurosis. The region of the scaph-
oid tubercle was the main focus, because the direct skin perfora-
tors were densely attached to the fascia of the thenar muscle and
roof of the flexor carpi radialis tendon. Further dissection of the
arterial pedicle was carried out to the origin of the RASP. The
flap was detached after ligating the arteries and concomitant
veins. PCMN, palmar cutaneous branch of the median nerve;
iRASD, innervated radial artery superficial palmar branch; RASP,
radial artery superficial palmar branch. Supplemental data can
be found at: https://doi.org/10.5999/aps.2020.00423v001.

Supplemental Video 2. Horizontal mattress anastomosis to re-
solve a size discrepancy. This technique ensures intima-to-inti-
ma contact for reliable patency. The horizontal mattress suture
technique with unequal bite width can reduce the perimeter of
a large-diameter vessel. The oblique cut of the small recipient

artery increases the perimeter of the small vessel. Supplemental
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data can be found at: https://doi.org/10.5999/aps.2020.00423.
v002.
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