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Aims
The aim of the study was to show the significance of investigating the microvascular structure of the
donor and recipient regions for successful microsurgical autotransplantation of toes in children.

Materials and methods

From 2000 to 2018, 541 children aged from 8 months to 17 years with congenital and acquired pathol-
ogy of the upper limb were examined and treated at the RCOI [Research Children’s Orthopaedic Institute]
n.a. G.I. Turner. A total of 696 autografts were transpositioned.

Results

Based on the data of this study, we revealed that the graft of the long toe can be supplied from the system
of both the anterior tibial artery, and posterior tibial artery. If the dorsal artery of foot is preserved in the distal
direction, the sources of blood supply to the long and third toes may be the dorsal and plantar metatarsal
arteries. In cases where the dorsal artery of foot and dorsal metatarsal artery 1 were well developed, differ-
ent combinations of the finger supplying arteries were noted. When the dorsal metatarsal artery was absent
or severely hypoplastic, the autograft was isolated on the plantar metatarsal arteries. The main parameters
determining the source of blood supply to the graft were adequate diameter and high blood flow intensity.
During the study, we found that in the case of blood supply to the graft from the anterior tibial artery (79%),
a well-developed dorsal metatarsal artery was determined in 68%, while in 32% of cases the blood supply

to the graft was performed only through the plantar metatarsal arteries.

Conclusions

The technique of surgical isolation of the toe autografts remains unchanged and does not depend on
the options of angioarchitectonics of the donor region. The survival of the transpositioned microvascular
autograft depends on the quality of vessel mobilisation in the donor region and preparation the vessels in

the recipient region.
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INTRODUCTION

Angioarchitecture is crucial for suc-
cessful transplantation of the complexes
of tissues. One of the methods of finger re-
construction in patients with post-traumatic
and congenital deformities is microsurgical
autograft toe-to-hand transfer [ 1, 2]. A wide
range of post-traumatic and congenital pa-
thologies of upper limbs require profound
studies of the angioarchitecture of donor
and recipient areas because a proper sepa-
ration of a graft vascular pedicle and the
choice of the source of feeding in the recipi-
ent area determine the short-term outcome
of the surgery and graft retention [3, 4].

The literature review showed that the
majority of vascular complications in pa-
tients after microsurgical toe transplanta-
tion were associated with inaccuracies in
the technique of graft separation, lack of
graft blood supply because of improper

choice of feeding arteries, and underestima-
tion of arterial and venous bloodstream in
the recipient area [5-7].

Several recent publications were dedi-
cated to the peculiarities of angioarchitec-
ture of toes in children with indications for
microsurgical toe-to-hand transfers [8, 9].
According to Scherbakova (1955), the ar-
terial blood supply to toes can be divided
into 3 types:

1) dorsal — with the prevalence of a.
dorsalis pedis;

2) plantar — with predominant develop-
ment of plantar arteries;

3) uniform — with symmetrical develop-
ment of both arterial trunks [10].

There are few publications on the topo-
graphical anatomy of arteries of the first
intermetatarsal gap for microsurgical auto-
grafting. Thus, based on the data published
by Leung et al. (1983), there are 7 types
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of blood supply of the first and second
toes depending on the location and size of
the first dorsal metatarsal artery (FDMA).
However, the authors of this study did not
consider the angioarchitecture and appli-
cation of the first plantar metatarsal artery
(FMPA) and toe transfer on plantar arteries
was not studied [11].

In the authors’ previous works [12], the
main types of autograft feeding were speci-
fied: via the system of a. tibialis anterior
(70.7% in patients with congenital pathology
and 77.4% in patients with acquired patholo-
gy) and via the system of a. tibialis posterior
(29.3% and 22.6%, respectively). In 25.9%
of cases of congenital pathology and 37.9%
of cases of acquired pathology, the source of
feeding was the FDMA. In 17.1% of cases
of congenital pathology and 16.9% of cases
of acquired pathology, the feeding arterial
trunk for the second toe was the first plan-
tar metatarsal artery (FMPA) anastomosing
with the deep plantar branch of the dorsalis
pedis artery (DPA). According to the author,
in 8% of cases, graft feeding was performed
by FMPAs because of the complete absence
of the system of DPAs.

Kay and Wiberg (1996) performed free
toe-to-hand transfer for 40 patients aged
9 months to 14 years old. The FDMA was
used in 66% of cases and the FMPA was
used in 34% of cases. It was also noted that
in one observation, the SMPA was used be-
cause the FDMA was damaged during the
surgery [13].

The aim of the present study was to
show the role and significance of the stud-
ies on the angioarchitecture of donor and re-
cipient areas for a successful microsurgical
autograft toe-to-hand transfer in children.

MATERIALS AND METHODS

The study was based on the medical
records of children that were examined
and treated in the Turner Scientific Re-
search Institute for Children’s Orthope-
dics (TSRICO) in 2000-2018. The study
included 541 patients aged 8 months to
17 years old. All children had congenital or
post-traumatic deformities of upper limbs
(45.2% (244) of males and 54.8% (297) of
females). In total, there were 696 transfers
performed. In 522 cases, there was one toe-
to-hand transfer (toe II— 95%, toes III, IV,
V—5%). In 174 cases, a block of toes II-III
was transferred.

The study protocol followed guidelines
for experimental investigation with human
subjects in accordance with the Declaration
of Helsinki and was approved by the ethics
committee. Written informed consent was
obtained from each patient (or official rep-
resentative) before the study.

The separation of the toe autograft be-
gan with a figured section along the dorsal
part of the foot in the projection of the first
intermetatarsal gap. The section continued
via the first and second web space to the
plantar surface. Further, v. saphena magna
was isolated from the surrounding tissues.
The next step included the dissection of the
tendon of the short first toe extensor. Fur-
ther, the dorsalis pedis artery (DPA) and the
first dorsal metatarsal artery (FDMA) were
visualized. The section continued via the
first and second web space to the plantar
surface. In the first web space, the FMPA
was isolated from the place of its bifurca-
tion and further proximally to its mergence
with the plantar arterial arch. The same pro-
cedure was performed for the second plan-
tar metatarsal artery (SPMA) and the third
plantar metatarsal artery (TPMA) when the
graft consisted of two toes. This step includ-
ed an obligatory identification of the deep
arterial branch that connects the dorsal and
plantar systems of blood supply. Simulta-
neously, the mobilization of plantar digital
nerves and the tendinous toe apparatus was
performed. If hypoplasia or aplasia of some
arteries were revealed, the sequence of the
steps during the surgery was not changed.

When the recipient area was prepared,
the graft(s) was transferred on the hand. Os-
teosynthesis was performed with 1.0 mm
pins. Further, anastomoses were formed
between the graft tendons and nerves and
the respective structures of the recipient
area. A. radialis and a. ulnaris were used
as recipient arteries in the majority of cases
at the level of the wrist joint. The anasto-
mosing of veins was performed with the
branches v. basilica and v. cephalica.

In cases when the graft feeding pedi-
cle length was insufficient (less than 4.0-
5.0 cm), the anastomosing was performed
with the carpal arch and (or) common pal-
mar digital arteries. In the cases when the
wrist vessels were hypoplastic (the vessel
diameter was less than 1.0 mm, slow blood-
stream), the anastomoses with a. radialis
and a. ulnaris were placed proximally (on
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the brachium). In the cases of aplasia or hy-
poplasia of the specified arteries, the sur-
geons used other brachial arteries (a. inter-
ossea posterior, a. mediana, a. brachialis).
For the elongation of the graft pedicle, an
autovenous insertion from v. saphena mag-
na was used.

RESULTS

The results showed that the second
toe graft can be primarily fed from the
pool of a. tibialis anterior, as well as a.
tibialis posterior. The DPA is a continua-
tion of a. tibialis anterior; it provided ad-
equate blood supply for autografts in 79%
of cases (550 transplants). In 21% of cases
(146 grafts), the graft was fed from a. tibi-
alis posterior because of the absence or hy-
poplasia of a. dorsalis pedis. The diameter
of the graft vascular pedicle varied depend-
ing on the age of patients and the degree
of limb development (in patients with con-
genital pathology). The average diameter of
the feeding arteries was 1.5-2.5 mm. How-
ever, in some cases, the diameter of vessels
could be I mm and less when the grafts had
a short vascular pedicle (less than 3 cm) be-
cause of anatomical peculiarities, i.e. at the
level of metatarsal arteries.

After a standard separation of the graft
vascular pedicle (in the case of a normally
developed DPA), its length could be up to
6-7 cm. For the evaluation of the intensity
of graft bloodstream, the authors studied
the following parameters: the color and
temperature of the graft surface and the rate
of capillary response. In some cases, for the
evaluation of the graft tissue oxygen satura-
tion, a pulse oximeter was used.

When the DPA is present, the blood
supply of the second and third toes can be
exerted by FDMAs and FMPAs. In 68% of
cases, the FDMA could be used as one of
the blood-feeding vessels for the graft be-
cause it was well developed (Figure 1) and,
in 32% of cases, it was hypoplastic (less
than 0.5 mm in diameter) or completely
absent.

Previous studies [12] showed that in
patients with good development of the
FDMA, it was not feasible to separate the
other arterial trunks. However, after facing
serious complications associated with the
insufficient blood supply in the autograft,
the authors started to separate all the dorsal
and plantar arteries during further surgeries.

6

Fig. 1. The prevalence of dorsal arterial blood
supply for toe graft (layout)

When the DPA and FDMA were well
developed, there were different combina-
tions of toe feeding arteries. Several cases
should be highlighted when there was no
connection between the FMPA and the
plantar arterial arch. This artery lied under
the aponeurosis in the superficial layers
of the planta. In this case, the FDMA and
SMPA were separated that anastomosed
with the DPA via the deep arterial branch.
The FMPA was separated at maximum pos-
sible length. When necessary, an additional
microvascular anastomosis was made on
the hand (Figure 2).

In patients with hypoplasia and aplasia
of the DMA, the autograft was separated on
the MPAs that branched off from the plantar
arterial arch and via the deep arterial branch
connected with the DPA (Figure 3).

In patients with hypoplasia and aplasia
of the DMA, the autograft was separated on
the MPAs that branched off from the plantar
arterial arch and via the deep arterial branch
connected with the DPA (Figure 3).

In 21% of cases, the DPA was hypoplas-
tic or completely absent, which required the
formation of autograft on plantar arteries.
In such conditions, surgeons separated the
FMPA. In 36% of cases, the main feeding
vessel was the isolated fragment of the plan-
tar arterial arch and, in 64% of cases, only
distal arterial trunks (MPAs and DMAs)
were mobilized (Figures 4 and 5).

Figures 6 and 7 show different variants
of the autograft blood supply that were
performed in cases when fragments of the
plantar arterial arch and distal metatarsal
arteries were used.

The principles of preparation of feeding
vessels in the recipient area.
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Fig. 2. Variants of blood supply of toe autografts in patients with the DMA
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Fig. 3. Variants of blood supply of toe autografts in patients with the DMA

Fig. 4. The variant of the graft blood supply Fig. 5. The variant of the graft blood supply
from the system of the posterior from the plantar arterial arch that continues
tibial artery (layout) to the dorsal system of blood circulation (layout)




MODERN PROBLEMS OF SCIENCE AND EDUCATION. SURGERY Ne3

2019

N

Vanants of artenal system structure for autografts separated
in the area of the plantar artenal arch
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Fig. 6. Variants of blood supply of autografts separated in the area of the plantar arterial arch
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Variants of artenal system structure for autografts
separated only on distal (metatarsal) artenes.
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Fig. 7. Variants of blood supply for autografts separated on distal (metatarsal) arteries

There are two main parameters to be
considered during the choice and prepara-
tion of the feeding vessel in the recipient
area: the proper diameter and high inten-
sity of the bloodstream [14, 15]. The wrong
evaluation of these parameters in children
led to post-operational vascular compli-
cations in children caused by insufficient
blood circulation in the autograft. In chil-
dren with severe congenital deformities
of the upper limb, hypoplasia could reach
distal sections of a. radialis and a. ulnaris.
In such cases, surgeons had to make arte-
rial anastomosis proximally to the level of
the distal third of the upper arm using auto-
venous insertion. In some cases, surgeons
used a. interossea posterior, a. mediana, a.
brachialis.

The choice of the feeding vessel of the
upper limb is determined by the angioarchi-
tecture of the donor area. Standard variants
of vessel connection were anastomoses with
a. radialis and a. ulnaris. They were made
in cases when the length of the donor artery
was sufficient. Vascular anastomosis with the
carpal arch or common palmar digital artery
was used in cases when the autograft pedi-
cle was short (3.0 cm and less). In cases of
single-step transfers of two autografts from
both feet, one artery was used as a feeding
vessel. If the feeding artery had a proper di-
ameter (less than 0.9 mm) and had a high rate
of bloodstream, both parts of the dissected
vessel were used for feeding both autografts.
In this case, a. radialis, a. ulnaris or carpal
arch was used as a feeding artery (Table 1).
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Table 1

Variants of vascular feeding on the upper limb

anastomosis”)

Choice of the feeding vessel of ond sutograft | - of two autografs
A. radialis 235 -
A. ulnaris 84 -
Carpal arch 19 -
A. digitalis palmaris communis 23 -
A. interossea posterior 5 -
A. brachialis (branch or anastomosis “end-to-side 10 B

A. mediana

Proximal and distal fragments of a. radialis after

palmaris communis

its transection B 107
Proximal and distal fragments of a. ulnaris after B 13
its transection

Proximal and distal fragments of carpal arch after B 1
its transsection

Two common palmar digital arteries - 21
Proximal fragments of a. radialis and a. ulnaris - 5
Proximal fragment of a. radialis and a. digitalis B 6

Complications associated with the dis-
turbances of blood circulation in the trans-
ferred autografts depended on numerous
factors, including the size and diameter of
the vascular pedicle. When the diameter of
the connected vessels was sufficient (more
than 2 mm), the risk of clotting decreased
to its minimum. When the diameters were
smaller or the length of the vascular pedi-
cle was insufficient (venous insertion was
used), the risk of complications associated
with clotting in the area of anastomosis
increased.

CONCLUSIONS

1. When the graft feeding was per-
formed from a. tibialis anterior (79%), in
68% of cases, the FDMA was well devel-
oped, and in 32% of cases, the feeding was
performed only from the FMPAs. The ob-
tained data agree with the results obtained
by foreign authors [6, 9].

2. The method of surgical separation
of toe autografts remains unchanged and
does not depend on the variants of the an-
gioarchitecture of the donor area. During
the mobilization of the autograft of toe 11

or the block of toes II-111, it is necessary to
separate all the arteries (dorsal and plantar)
in order to provide adequate blood supply
for the autografts and decrease the risk of
the development of vascular complications
in the post-operational period.

3. The proper diameter and high rate of
blood flow of the feeding vessel in the re-
cipient area are necessary for the sufficient
perfusion of the graft tissues.

4. The graft retention and the success-
ful outcome of the microsurgery depend on
the quality of the mobilization of the donor
vessels and the preparation of vessels in the
recipient area.

Abbreviations:

DPA — dorsalis pedis artery

FDMA — first dorsal metatarsal artery
FMPA — first plantar metatarsal artery
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