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Introduction

Depending on the size and location of the defect, there are
various methods for hand reconstruction, such as secondary
intention, skin grafting, local flaps, pedicle flaps, and free
flaps. Among these techniques, the free flap, which requires
microsurgical expertise, offers versatility and robustness.
The choice of flap is mainly dictated by the nature of the
defect and surgeon preference and can be controversial
depending on the situation.1,2

In general, when a defect is large, larger flaps and vessels
are required whereas smaller flaps and vessels are required

for smaller defects. When the defect is located at the digital
level, the size of the defect is small, necessitating theharvest-
ing of a smaller flap. Therefore, it is important to select a
suitable recipient vessel at an appropriate level and harvest
perforators of appropriate length and diameter.3

1. If a larger vessel, such as the metacarpal artery or wrist
vessel, is used as the recipient vessel, a larger perforator is
required, and dissection up to the source vessel is neces-
sary (►Fig. 1A).
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Abstract This study aimed to analyze cases of anterolateral thigh (ALT) free flap used for hand
reconstruction with terminal perforator-to-digital artery anastomosis. Patients who under-
went ALT free flap placement with terminal perforator-to-digital artery anastomosis for
hand reconstruction between January 2011 and August 2021 were included. The number,
length, and diameter of the perforators and veins, flap size, and operative time were
investigated through a retrospective review of charts and photographs. The occurrences of
arterial thrombosis, venous thrombosis, arterial spasm, and flap necrosis were analyzed. In
total, 50 patients were included in this study. The mean diameter and length of the
perforators were 0.68mm and 3.25 cm, respectively, and the mean number of veins
anastomosed was 1.88, with a mean diameter of 0.54mm. Complications included four
cases of arterial thrombosis, one case of venous thrombosis, seven cases of partial necrosis,
and one case of total flap failure. Regression analysis showed that a longer perforator was
associated with arterial thrombosis whereas larger flap size and number of anastomosed
veins were associated with partial necrosis (p<0.05). The terminal perforator-to-digital
artery anastomosis offers advantages in using compact freeflapswith short pedicle lengths
to cover small hand defects.
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2. In contrast, if the digital artery is used as the recipient
vessel, a terminal perforator can be used without further
dissection (►Fig. 1B). This approach can save time; how-
ever, smaller diameter of the vessels increases technical
difficulty.

The anterolateral thigh (ALT) free flap can be selected in
both methods, providing versatility and pliability for hand
reconstruction. It originates from the descending branch of

the lateral circumflex femoral artery, enabling harvesting of
perforators at selective anatomic levels.4 The diameter of the
perforator within the flap is comparable to the digital artery
at the fascia level, and it increases as the length of the
perforator extends toward the source vessel.

From this perspective, this study included the perforator
to the superficial level of the deep fascia as the terminal
perforator (►Fig. 2) and used the digital artery as the
recipient site for anastomosis (►Fig. 1B). Through this, we
conducted a prognosis analysis based on the division level of
the perforator of a free flap intended to cover defects in the
digit where skin perforators do not exist and aim to discuss
the usefulness of the digital artery as the recipient artery.

Ideas

This study was a retrospective chart review. We reviewed the
medical records of patients who underwent ALT free flap
coverage for digital reconstruction using terminal perfora-
tor-to-digital artery anastomosis. The course of the perforator
was traced preoperatively using color Doppler imaging by the
Department of Radiology, and the terminal perforator was
confirmedby the surgeonby thehandDoppler during surgery.

Flap elevation was mainly performed in the superficial
fascial plane due to the recipient site characteristics requir-
ing thinner flaps. Additional defatting was performed both
before and after the perforator division.

The pedicle division level of the perforator was more
superficial than the deep fascia of the vastus lateralismuscle,
denoting the terminal perforator. All perforators underwent
end-to-end anastomosiswith the digital artery. For the veins,
vena comitans were end-to-end anastomosed with subcuta-
neous veins adjacent to the defect.

Inclusion Criteria
Patients who met the following criteria were included: (1)
those who underwent ALT free flap coverage for the upper

Fig. 1 Schematic diagram of anastomosis. (A) Long perforator
dissection up to the source vessel and recipient suitable artery.
(B) Terminal perforator-to-digital artery anastomosis.

Fig. 2 Using deep fascia as the criterion, we differentiated proximal and terminal perforators. This study included anterolateral thigh free flaps
with terminal perforators harvested at the superficial level of the deep fascia.
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extremity, (2) those who had the digital artery as the
recipient, (3) those who had the terminal perforator end-
to-end anastomosed to the recipient artery, (4) those who
had follow-up data for more than 6 months, and (5) those
who underwent surgery between January 2011 and
December 2020.

Exclusion Criteria
Patients who met any of the following criteria were exclud-
ed: (1) the location of the perforator division was closer to
the source vessel than the deep fascia of the vastus lateralis
muscle and (2) the recipient vessel used was proximal to the
digital artery.

Study Design
Charts and photographic datawere reviewed retrospectively
to investigate demographic data; operative time; flap size;
pedicle diameter and length; the types, number, diameter,
and length of the perforators and veins included in the study.
The postoperative complications examined as outcomes
included arterial thrombosis, venous thrombosis, arterial
spasms, partial necrosis, and total flap failure.

Statistical Analysis
We conducted a statistical analysis of the risk factors by
performing regression tests with the independent variables
of demographic data, pedicle profile, vein, etc., using the
outcome as the dependent variable. Statistical analyses were
performed using independent t-test and regression test in
the Statistical Package for the Social Sciences Statistics for
Windows (version 26.0; IBM Corp., Armonk, NY). We inter-
preted the results as statistically significant when the
p-value was less than 0.05.

Results
In total, 50 patientswere included in this study. Among them,
44 (88%) were men, and the mean age was 47.46 years. The
mean perforator diameter was 0.68mm. The mean perfora-
tor length was 3.25 cm. The mean number of vein anastomo-
ses performed was 1.88. The mean vein diameter was
0.54mm. The mean flap size was 62.03 cm2. The mean
operative time was 253.3minutes. Complications included
arterial thrombosis in four cases, venous thrombosis in one
case, partial necrosis in seven cases, and total flap failure in
one case (►Table 1).

Regression analysis was conducted using constant varia-
bles for each complication as independent variables. The
results revealed that a longer pedicle was associated with a
higher incidence of arterial thrombosis. Additionally, a lower
number of anastomosed veins and larger flap size were
associated with a higher occurrence of partial necrosis
(p<0.05). However, no statistically significant correlation
was found between other complications and variables
(►Table 2). No statistically significant difference was ob-
served in the occurrence of venous thrombosis or total flap
failure, with one case each. In the case of venous thrombosis,
a revision surgery was performed because of congestion, and

circulation was restored after venorrhaphy, without any
further complications.

Discussion

Reconstruction options for severe defects at the digital level
of the hand vary depending on the size of the defect. For
smaller fingertip defects, a second toe pulp free flap, inner-
vated radial artery superficial palmar branch perforator free

Table 1

Demographic data (n¼50)

Men (n, %) 44 (88%)

Age, years (mean, SD) 47.42 (�13.5)

Flap size, cm2 (mean, SD) 62.03 (�36.77)

Operative time (min) 253.3 (�92.08)

Vessel profiles

Pedicle length, cm (mean, SD) 3.25 (�1.02)

Pedicle diameter, mm (mean, SD) 0.68 (�0.24)

Number of veins (mean, SD) 1.88 (�0.56)

Vein diameter, mm (mean, SD) 0.54 (�0.12)

Complications (n, %)

1. Arterial insufficiency 4 (8%)

2. Venous insufficiency 1 (2%)

3. Arterial spasm 0

4. Hematoma 0

5. Partial necrosis 7 (14%)

6. Total flap failure 1 (2%)

Abbreviation: SD, standard variation.
Values are presented as number (%).

Table 2

Logistic regression analysis of complications (n¼ 50)

OR (95% CI) p-Valuea

1. Arterial thrombosis (n¼ 4)

Pedicle length (cm) 9.65 (1.04–89.33) 0.046b

Pedicle diameter (mm) 0.62 (<0.01–209.40) 0.873

Operative time (min) 1.00 (0.97–1.03) 0.906

Flap size (cm2) 0.99 (0.94–1.05) 0.761

Age (years) 1.07 (0.95–1.20) 0.259

2. Partial necrosis (n¼ 7)

Pedicle length (cm) 0.93 (0.26–3.28) 0.904

Pedicle diameter (mm) <0.01 (<0.01–6.15) 0.153

Number of veins 0.06 (<0.01–0.91) 0.043b

Operative time (min) 1.01 (1.01–1.14) 0.240

Flap size (cm2) 1.07 (1.01–1.14) 0.023b

Age (years) 1.14 (0.99–1.31) 0.066

Abbreviations: CI, confidence interval; OR, odds ratio.
Note: Bold values reflect statistical significance.
aLogistic regression test.
bp-Value <0.05 indicates statistical significance.
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flap, and hypothenar perforator free flap can be considered,
including glabrous skin and sensation, but with limitations
in harvest size.5,6 For larger defects, the lateral arm free flap,
ALT free flap, and other large flaps are feasible options. If
these flaps’ perforators are elevated to the source vessel level
for use in smaller hand defects, there is a possibility of a
vascular size mismatch with the recipient digital artery.
Moreover, such discrepancies can lead to unpredictable
results owing to variables, such as turbulence and shearing
forces.3 Therefore, when an ALT free flap is applied with the
digital artery as the recipient, it is suitably sized for anasto-
mosis with the terminal perforator (►Fig. 3).

One drawback is the difficulty associated with the anas-
tomosis of small-diameter vessels. However, with the devel-
opment of supermicrosurgery, manipulation of small vessels
with diameter of 0.8mm or less has become possible.7–9

Recent studies have also shown that there is no significant
difference in the success rates of anastomosing small arteries
between fingertip and proximal replantation.10,11 From this
perspective, we studied free flap using small artery with
terminal artery-to-digital artery anastomosis.

Arterial Thrombosis
The results showed that arterial thrombosis was associated
with a longer perforator; however, the arterial thrombosis
diameter did not have a statistically significant impact.
However, in other studies, the perforator length has not
considered a risk factor for free flap thrombosis.12–15 Three
hypotheses were proposed based on these results. First,
handling a long perforator may increase the risk of vascular
injury. As vessels extend distally, they experience a decrease
not only in diameter but also in the thickness of the vessel
wall, which poses a challenge. Thus, the manipulation of
long vessels could contribute to vascular injury and
thrombosis.16

Second, thrombosis occursmore frequentlyas surgical time
increases, leading to longer exposure of the subendothelial
structures to blood flow.17,18 Using a shorter perforator when
requiring the same vessel length for blood supply reduces
recipient and perforator dissections, which shortens the sur-
gical time. In other words, the terminal perforator-to-digital
anastomosis may have a relatively protective effect against
arterial thrombosis.

Fig. 3 (A, B) Patient with soft tissue defect of middle phalanx from the dorsal side to the voloradial side, which required a pliable flap coverage with
versatility. (C) The anterolateral thigh free flap was harvested with the terminal perforator secured at the superficial fascial plane. (D) The perforator was
anastomosed to the radial digital artery located at the proximal phalanx. (E, F) Follow-up photographs taken 3 months later.
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Third, arterial thrombosis was expected to occur more
frequently as the diameter of the pedicle decreased; howev-
er, the difference was not statistically significant. In cases
with differences in diameter, factors, such as turbulence, can
occur within the vessel owing to the viscosity of blood,
increasing the risk of thrombosis.3 In this study, smaller
vessels were suitably anastomosed, whichmay have reduced
risk. In addition, we discuss this aspect in relation to spasms.
It is important to emphasize that spasms did not occur in this
study despite their small diameters. Although vasospasm
seems less significant in thrombus formation, as spasm alone
does not increase clot formation,19 a narrow lumen results in
decreased blood flow, and reducing the number of throm-
bocytes necessary to occlude the vessel can synergize with
prothrombotic factors.20

Arterial Spasm
While arterial spasm did not occur in this study group, it is
generally recognized that the incidence of spasm increases
as the diameter of the vessel decreases. During the same
period, 100 patients, including the existing study group,
underwent ALT free flap upper extremity reconstruction
using terminal perforators anastomosing various recipient
arteries. Among them, spasms occurred in four individuals.
Regression analysis results (n¼100) showed a tendency
for arterial spasms to occur as the diameter of the perfo-
rator decreased (►Table 3). This difference can be attrib-
uted to the distinct roles of recipient arteries. The digital
artery plays a critical role in the main circulation of
the digits and typically runs in two parallel pairs from
the proximal part of the finger toward the fingertip,
complementing each other. In contrast, other recipient
arteries corresponding to the branches of the hand and
forearm were less resilient to spasms. Therefore, the use of
digital arteries as recipient vessels for digital defects has
inherent advantages.9,21

Partial Necrosis
Partial necrosis was associatedwith the number of veins and
larger flap size. Anastomosing additional veins reduces
congestion and reoperation rates.17,22 Although the number
of cases was insufficient for statistical analysis, flap conges-
tion with venous thrombosis occurred in one case where
only one vein was anastomosed; however, no further com-
plicationswere observed after revision surgery (►Fig. 4). The
distance from the perforator to the flap margin and flap size
can increase the risk of partial necrosis. Minimizing the flap
size within the perforasome governed by the perforator
decreases the blood supply requirements, which can act as
a protective factor against necrosis.7,21,23

The limitations of this study included the following. It was
a retrospective study, and a comparative analysis could not
be conducted under identical clinical situations. The recipi-
ent was not standardized, and factors, such as contracture,
crushing state, vascular integrity, diabetes, and obesity may
have affected the outcome.

Additionally, the terminal perforator was positioned more
superficially than the deep fascia; however, anatomical varia-
tions primarily occurred in the perforator of the descending
branch of the lateral circumflex iliac artery. Consequently, the
length and nature of the secured pedicle may vary, depending
onwhether it runs parallel to the deep fascia. Also, therewere
differences in theachievable lengthof theperforatorsbasedon
whether the perforator coursed perpendicularly or obliquely
within the adipose tissue layer.24

Despite its limitations, thisstudyconfirmedthat theterminal
perforator-to-digital artery anastomosis approach in digit re-
construction cannot only reduce surgery time by reducing
dissection, but also lower the risk of thrombosis, making the
benefits outweigh the disadvantages of using smaller vessel
diameters.Hence,whenadigitaldefectoccursandawider range
is desired to be covered bya freeflap rather than aglabrous skin
flap, it could be argued that approaching from ►Fig. 1B rather

Table 3

Logistic regression analysis of complications (n¼100)

OR (95% CI) p-Valuea

1. Arterial thrombosis (n¼ 7)

Pedicle length (cm) 3.374 (1.29–8.85) 0.013

Pedicle diameter (mm) 0.10 (<0.01–3.06) 0.184

Operative time (min) 1.01 (0.99–1.02) 0.386

Flap size (cm2) 1.00 (0.98–1.02) 0.906

Age (year) 1.05 (0.97–1.14) 0.198

2. Arterial spasm (n¼ 4)

Pedicle length (cm) 0.526 (0.162–1.708) 0.285

Pedicle diameter (mm) <0.01 (<0.01–0.497) 0.038

Abbreviations: CI, confidence interval; OR, odds ratio.
Note: Bold values reflect statistical significance.
aLogistic regression test. p-Value <0.05 indicates statistical significance.
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than►Fig. 1A andperforming thedivisionof theperforatoronly
asmuch as necessary in amore superficial plane to anastomose
with the digital artery could be beneficial.

Additionally, considering a freestyle approach with per-
forators beyond the source vessel anatomy is worthwhile, as
it builds upon the useful concept of applying a terminal
perforator.25 By breaking away from the traditional reliance
on the descending branch of the lateral circumflex femoral
artery, multiple thin, pliable flaps can be applied using
terminal perforators from various source arteries and var-
iants (►Fig. 5). This technique has the potential to cover
multiple digit defectswhen facedwith donor limitations. The
current study on terminal perforator-to-digital artery anas-
tomosis provides support as an extension of this concept.

Elevating the terminal perforator vessel and anastomos-
ing it to the digital artery can be useful for reconstructing
digital defects using an ALT free flap.
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Fig. 4 (A, B) A volar side soft tissue defect occurred on the entirety of the right middle finger, requiring soft tissue coverage from the proximal
phalanx to the fingertip. (C, D) An anterolateral thigh free flap was harvested to match the size of the defect and a terminal perforator was
secured for anastomosis to the radial digital artery of the middle finger. (E) The following day, congestion occurred with venous thrombosis,
which was resolved using venorrhaphy during a revisional surgery. (F) Follow-up photographs taken 1 year later.
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