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INTRODUCTION
Arteriovenous (AV) anastomoses or shunts are direct 

connections between arteries and veins. In the integu-
ment, they are well documented in the glabrous skin of 
the hands and feet where they are involved in temperature 
control in the thermoneutral range between 26°C and 
36°C. They are short, tiny, well-innervated, low-resistance 
connections, situated in the precapillary zone with diam-
eters between 10 and 150 µm1,2 (0.01–0.15 mm). Although 
suggested,1 they have not been definitively documented 
elsewhere in the integument.

However, recent human and nonhuman investigations, 
combined with a review of our archival studies, have revealed 
that larger AV shunts of 0.1–0.5 mm (100–500 µm) were sit-
uated more proximal in the vascular “tree.” These include 
(1) the finding of connections between the radial artery and 

a vena comitans during a free flap dissection (Fig. 1), (2) 
the discovery of AV shunts in the skin of the inner canthus 
between the facial artery and vein3 (Fig. 2), and (3) the large 
number of shunts found in the giraffe skin between its patch 
arteries and their circumferential veins4 (Fig. 3).

These shunts have been suggested where there has 
been overflow of the lead oxide arterial injection, with par-
ticle size too large to pass through the capillary bed into 
large veins rather than their tributaries: for example, into 
the axial vein draining the rabbit flank flap, especially after 
a delay procedure5 (Fig. 4); the saphenous veins in the leg 
while studying their neurovascular relationships6 (Fig. 5); 
and the forearm veins while documenting the effect of 
increased perfusion pressure on anastomotic vessels.7

Situated strategically in the arterial pathway well before 
the capillary bed, it seems likely that these “macro” shunts, 
many times larger than those in the glabrous skin, have 
evolved to “intercept” and respond to sudden physiologi-
cal or pathological changes in the circulation. Already it 
has been shown experimentally8 and clinically3,9,10 that 
they are involved in the diversion of fat or hyaluronic acid 
accidently injected into an artery to be diverted into large 
veins and diluted.

Are they involved in the homeostasis of a tissue transfer, 
where, for example, it was noted that the venous return 
in the radial vein of a radial nerve free flap was rapid and 
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almost instantaneous, especially in this example where the 
capillary bed was small?11 Do they define the almost linear 
necrosis line of a flap or that of a digit exposed to frostbite? 
Is the flow only unidirectional from artery to vein? Clearly 
there are two main questions to be answered: where are 
these AV shunts located; and what is their function?

This article is a preliminary report of a new anatomical 
discovery. It focuses on our previous study of the upper 
limb7 because the location of the AV shunts was not identi-
fied in the skin, nor were the deep tissues studied.

METHODOLOGY
Fourteen archival and six new upper limbs were exam-

ined. Fresh cadavers were obtained through our institu-
tions body donor program. Each limb was perfused with 
our lead oxide mixture12 using a peristaltic pump via a 
rigid ureteric catheter inserted into the brachial artery. To 
control for variables which may affect the flow of the con-
trast solution, it was heated before injection, used immedi-
ately, and maintained in solution using a magnetic stirrer. 
Leakage was minimized by a proximal tourniquet.

Archival
With a pressure transducer (Hospira Transpac IV; ICU 

Medical, Inc., San Clemente, Calif.) placed in the radial 

artery at the wrist and calibrated using a mercury sphyg-
momanometer, the forearm specimens were perfused 
with an identical volume of contrast solution at low or high 
rates achieving pressures ranging from 50 to 211 mm Hg. 
In each, the integument was removed superficial to the 
deep fascia and radiographed. These specimens were not 
dissected, nor were the vessels in the deep tissues studied.

Current
Six upper limbs were perfused and then disarticulated 

at the shoulder so that the arm and the forearm could 
be studied. Four were injected at low rate, and the rate 
was increased in the other two. Previous injection pressure 
studies indicated that low-rate injections achieved perfu-
sion pressures of between 51 and 103 mm Hg, whereas 
high-rate injections achieved pressures of 155–211 mm 
Hg.7 Each limb was x-rayed and incised along the ulnar 
border of the arm and forearm. The skin was removed 
superficial to the deep fascia, noting the sites of lead 
oxide–filled perforators as they emerged from the deep 
arteries. The integument was x-rayed again. It was then 
dissected under loupe magnification, tracing the major 
veins to locate their AV connections with the arterial per-
forators. Vein segments containing the lead oxide, noted 
on x-ray and during dissection, facilitated identification of 
these AV shunts.

Takeaways
Question: Large arteriovenous shunts up to 0.5 mm have 
been discovered in the inner canthus and eye. This study 
seeks their existence in the upper extremity.

Findings: Radiographic cadaver injections and dissections 
revealed shunts 0.1–0.5 mm between (1) the brachial, 
radial, and ulnar arteries and their venae comitantes and 
(2) their arterial perforators and the subcutaneous veins.

Meaning: This study provides insight into the possible 
function of these arteriovenous shunts, much larger than 
those documented in glabrous skin, associated with sud-
den blood flow variations in temperature, blood pressure, 
tissue transfer, flap prefabrication, and flap necrosis.

Fig. 1. aV shunt between radial artery and vein found at opera-
tion while dissecting the flap pedicle.

Fig. 2. a, Deep surface of the face of a combined arterial and venous fresh human body donor injec-
tion study revealing the bilateral sites of aV shunts (arrows) with the right side of the figure enlarged 
(B), demonstrating large globules of orange lead-oxide that have filled through a 0.5-mm aV shunt 
(black arrow) into the blue barium-filled vein and its metal clipped branch to the orbit (yellow arrows). 
Reproduced from Plast Reconstr Surg. 2020;146:745–755.3 copyright © 2020 by the american Society of 
Plastic Surgeons. Used with permission of Wolters Kluwer Health.
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Next, the deep tissues were x-rayed and dissected. The 
brachial, radial, and ulnar arteries, together with their 
comitante veins, were traced from the axilla to the wrist.

RESULTS
Combining the dissection and all radiographic studies, 

both current and archival, AV shunts were identified.

Superficial
Major shunts up to 0.5 mm in diameter were located 

between perforators of the under lying arteries and the 
major subcutaneous veins, especially the cephalic, basilic, 

and their interconnecting venous network. They were 
more common in the forearm than the arm, where the 
cutaneous veins are more superficial. Initially, the major 
veins, not their tributaries, were filled with lead oxide 
commencing distally in the forearm. It was easier to iden-
tify the AV shunts in this early filling phase. Then, as the 
pressure of the injectant increased, more veins filled, 
along with their tributaries, making it harder to distin-
guish them from arteries on x-ray (Fig. 6).

Dissection revealed that these AV shunts arose from 
branches of arterial perforators, especially from the radial 
and ulnar arteries. These branches often linked together 
to form a parallel network on either side of the vein—
not unlike that seen in the giraffe4 (Figs. 3–7). So evident 
was this arrangement that even without lead oxide in the 
vein this “arterial railway” often identified the vein’s loca-
tion (Fig. 6A). Notably, branches of the medial and lateral 
cutaneous nerves of the forearm often accompanied the 
veins.

Deep
AV shunts were located between the brachial, radial, 

and ulnar arteries and their venae comitantes (Fig. 8). 
They were of two types:

 1. Large diameter of 0.2–0.5 mm short connections 
between the radial and ulnar arteries and their venae 
comitantes. They were more common in the distal 
forearm (Fig. 9).

 2. Small short 0.1-mm-diameter AV shunts. They arose 
as branches from a longitudinal network along the 
brachial artery, which was formed by its vasa vasorum. 

Fig. 3. Venous filling by lead oxide overflow from the arterial injection via aV shunts in the skin of 
the giraffe neck. a, Vein segments backfilled until arrested by valves between patches (large arrows) 
and their arteriae comitantes (small arrows). B, arteriae comitantes connected to patch arteries 
(large arrows) with several aV shunts identified (short arrows). Reproduced from Plast Reconstr Surg. 
2023;152:669–680.4 copyright © 2023 by the american Society of Plastic Surgeons. Used with permis-
sion of Wolters Kluwer Health.

Fig. 4. a three-territory rabbit flap with well-defined necrosis line 
between territories 2 and 3 and overflow of the lead oxide arterial 
injection into the pedicle vein of all vessels within, and divided 
around, the flap circumference as well as a cutaneous vein in the 
forelimb (arrows).
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These shunts released “blobs” of lead oxide into the 
lumen of the brachial vein (Fig. 10).

DISCUSSION
These findings confirm our previous radiological stud-

ies, which have suggested the presence of sizeable AV 
shunts of 0.1–0.5 mm in the upper limb7 of sizes similar 
to those documented in the heart and abdominal viscera.2 
Their size and site have been identified by dissection 
as well as x-ray (Fig. 11) and confirm with other studies 
where we have revealed their location elsewhere in the 
human face3 (Fig. 2) and leg6 (Fig. 5) as well as in the skin 
of the giraffe4 (Fig. 3). These shunts highlight the third 
anatomical pathway for arterial flow in a flap. The other 
two are those that have either reduced caliber “choke” 
anastomoses linking perforators along the flap or true 
anastomoses without reduction in caliber. Their discovery, 
location, potential function, and clinical significance need 
to be considered.

It seems that the main purpose of these AV shunts 
is to provide a short circuit to maintain the body’s 
homeostasis, by responding to sudden challenges that 
may impact the physical or chemical equilibrium of the 
vascular system. This may be one of the reasons why 
the arteries and veins have developed anatomically in 
juxtaposition. We suggest the following functions of  
AV shunts.

 Temperature Regulation
Already documented in the fingertips as glomus bod-

ies,1,2 these tiny innervated shunts control temperature 
between 26°C and 36°C. However, temperatures can 
sometimes reach as high as 40°C with severe exercise.1 In 
such cases, these large AV shunts could short circuit the 
capillary bed and divert overheated blood into the large, 
engorged subcutaneous veins, typical of the athlete or 
hard manual worker (Fig. 12).

Blood Pressure Flow Control
It has been suggested that AV shunts may be involved 

in any sudden increase of blood pressure, functioning as 
a “pressure release” valve in response to a variety of neu-
ral, humoral, and mechanical controls.1,2 We observed 
that the number of veins filling with lead oxide increased 
with pressure (Fig. 6). Not only does this support the sug-
gestion that AV shunts could be involved with pressure 
changes but that they unknowingly may be involved in 
a radial or ulnar free flap transfer from the forearm. In 
each case, a large artery provides few small branches to the 
skin, well below the potential field of supply of that artery. 
Raised usually under tourniquet, it has always been our 
practice, after its release, for a “coffee break” to allow the 
flap to “drink.” Unbeknownst to us, AV shunts may have 
been involved in the flap pedicle to adjust to the sudden 
high flow to the skin to maintain homeostasis and prevent 
arterial thrombosis. Not only could this occur at the donor 
site but may be involved in reanastomosis to recipient ves-
sels where flow adjustments may be required because of 
vessel mismatch. This would suggest that wide separation 
of the pedicle artery and vein should be avoided.

Flap Necrosis
When necrosis occurs in a skin flap or frostbite, the 

remarkable feature in each is a clear line defining viable 
from deceased tissue. [See figure, Supplemental Digital 
Content 1, which displays the distinct necrosis line sepa-
rating viable from necrotic tissue shown (left) in island 
flaps in the pig, isolated on a single perforator (arrows) 
and (right) frostbite of the fingers. http://links.lww.com/
PRSGO/D477.] In all of our animal and human studies, 
this necrosis line was seen to occur anatomically in the 
anastomotic zone linking adjacent perforator angiosome 
territories, provided they were reduced caliber (choke) 
anastomoses.5

We have shown in the pig and rabbit that these choke 
anastomoses are functional.5 They are capable of spasm 
and control (permit or prevent) flow between angiosomes. 
It is conceivable that AV shunts could not only be involved 
with maintaining homeostasis in the flap but could pro-
vide the pathway to “short circuit” the flow to its tip and 
define the necrotic line of the flap. This is suggested in 
Figure 4, where overflow of lead oxide into the accompa-
nying vein in the three territory flap is noted, not only at 
its base but close to the necrotic line between territories 2 
and 3 that were connected by choke vessels.

Hence, a revisit to the delay phenomenon to study 
these shunts may be timely because previously our 
focus had been concentrated only on changes in the 

Fig. 5. early lead oxide filling of short saphenous veins with glob-
ules of lead oxide via aV shunts (arrows). note arterial perfora-
tor branches arranged parallel to the veins, similar to the giraffe 
(compared with Fig. 3).

http://links.lww.com/PRSGO/D477
http://links.lww.com/PRSGO/D477
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Fig. 6. arterial injection studies of the forearm integument at (a) early low pressure, (c) medium pres-
sure, and (D) high pressure. note (a and B) early filling of cephalic and basilic veins highlighted in red 
with accompanying arterial branches arranged in parallel (black arrows), and (B) arterial perforators 
(red dots) and their aV shunts (arrows) with (c and D) lead oxide-filled veins (colored blue to distinguish 
them from arteries) that increase in number and extent as the perfusion pressure increases.

Fig. 7. Dissection (a) and diagram (B) showing 2 shunts from radial artery perforators (arrows) into the cephalic vein. note the connec-
tion between branches of the arterial perforators that parallel the vein and lead oxide in the vein’s lumen.
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anastomotic vessels.13 It may have some application to the 
following procedures.

Venous Flow-through Flaps
Venous flow-through flaps are commonly used for 

reconstruction of defects in the hand,14,15 providing read-
ily accessible, thin, pliable tissue for resurfacing of digits. 
However, their vascular basis is not well understood, deter-
ring some surgeons from their use. Our identification of 
AV anastomoses between superficial veins and perforat-
ing arteries may provide a rationale for their vascularity, 
as high pressure in-flow from an artery into the venous 
network may be shunted into the arterial circulation. A 
second venous return anastomosis is recommended,15 sup-
ported by its use earlier in a successful face replant where 
a suitable artery could not be identified in the amputated 
part.16 We would recommend using tissue from close to 
the distal forearm for these flaps, preferably incorporating 
one of the large superficial veins (cephalic or basilic) as 
these seem to be the richest sites of AV shunts.

AV Flaps
A pedicled or free AV “railway” has been dissected, 

with a cuff of surrounding connective tissue, sometimes 
including a small sleeve of muscle to prefabricate or neo-
vascularize a flap.17,18 With the distal end of this AV flap 
ligated, it has been transposed either locally into the pro-
posed donor area or detached as a free flap with reanas-
tomoses at a distant site. In this situation, the presence of 
AV shunt bypass may be critical to maintain homeostasis 

of the AV flap and prevent arterial thrombosis, especially 
with a large feeding artery and the runoff of a relatively 
small capillary bed. In each case, the AV pedicle is placed 
in a subcutaneous pocket of the desired tissue. Sometimes 
sandwiched over a tissue expander, this has the advantage 
of a larger, thinner flap, easier closure of the donor site 
and a delay effect on the vessels in the overlying skin.19 
After a period of at least 8 weeks, the prefabricated flap 
with its implanted AV pedicle is ready for transfer, either 
locally or as a free flap to a distant site. Vascular reanasto-
mosis occurs spontaneously either between capillary loops 
that sprout from the vasa vasora of the vascular pedicle 
and the subdermal plexus of the overlying skin or by inos-
culation with the axial vessels of the recipient bed or a 
combination of both (Fig. 13). Donor sites for this proce-
dure include the radial AV free flap.20

The current study has several limitations. It is small and 
descriptive in nature, and its findings need to be confirmed 

Fig. 8. One of the upper limb dissections showing the sites (out-
lined) of radial, ulnar, and brachial aV shunts.

Fig. 9. Dissection showing two shunts (arrows) between the 
radial artery and one of its veins.

Fig. 10. Dissection showing the vasa vasorum on the surface of 
the brachial artery (black arrows) and their shunts (red arrows) 
releasing globules of lead oxide into the accompanying vein 
(white arrows).

Fig. 11. Summary diagram showing aV shunts (red arrows) 
between (a) subcutaneous veins and arterial perforators and 
between (B) axial arteries and their (c) accompanying veins, 
either directly or via their vas vasorum (black arrows).
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in a large cadaveric study to determine the distribution of AV 
shunts in the upper limb, as well as elsewhere in the body. 
Nevertheless, it has identified the location of these large AV 
shunts. In vivo studies are required to reveal their function.

CONCLUSIONS
This preliminary study has revealed significant AV 

shunts up to 0.5 mm in diameter in the integument and 
deep tissues of the upper limb, much larger than those 
documented in the fingertips. Their potential involve-
ment in sudden changes in temperature, blood pressure, 
free tissue transfer, and flap necrosis is discussed. Some of 
their functions are proven, whereas others may be specu-
lative. However, “without speculation we may never dis-
cover fact.” (G. Ian Taylor, 2024).
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