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Collateral circulation in a patient with combined
traumatic radial and ulnar artery injuries

Sahil Patel, MD,? Samantha Klein, BA” Tripti Mathur, MBBS,? Christopher Ingraham, MD,°
Camille Jackson, MD,” and Shahram Aarabi, MD,? Oakland, Berkeley, San Diego, CA

ABSTRACT

Combined radial and ulnar artery injuries are associated with a >35% amputation rate when not revascularized promptly.
We describe a patient who suffered a penetrating injury to both the radial and ulnar arteries. Despite the ulnar artery
being ligated and the radial artery primary repair becoming occluded after the index operation, his hand remained
salvageable, likely because of collateral arterial pathways. The patient obtained a delayed radial-radial artery bypass and
afterward achieved meaningful neuromotor function. This case emphasizes the importance of forearm vascular anatomy
variability and the need for prompt management of arterial injuries to reduce limb loss and disability. (J Vasc Surg Cases

Innov Tech 2024;10:101583.)
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Primary arterial circulation to the hand comes from the
superficial and deep palmar arches, arising from the
radial and ulnar arteries." Injury to both radial and ulnar
arteries is noted in 14% of penetrating injuries at the
distal forearm.? In a retrospective analysis of 77 patients,
the amputation rate was 393% when both arteries
were ligated for damage control vs <5% if only one artery
was ligated.®> We present the case of a young man with
an injury to both the radial and ulnar arteries, whose
hand remained viable from collateral arterial pathways,
despite delayed repair. This patient has agreed to have
their case details and images published.

CASE REPORT

A 3l-year-old left-handed unemployed man was assaulted
with a machete, sustaining multiple deep lacerations to his
left volar wrist. On initial assessment, the patient had an unreli-
able motor and sensory exam with a Mangled Extremity Severity
Score of 5. On emergent exploration of his left wrist, arterial
bleeding from the ulnar artery was controlled via suture ligation.
The distal aspect of the ulnar artery was not identifiable clearly
in the wrist, so primary repair was not attempted. The transected
radial artery was therefore revascularized because of signs of
ischemia to the hand—dusky without capillary refill and no
palmar arch Doppler signal. An end-to-end repair with 6-0O Pro-
lene was performed, and multiphasic Doppler signals were
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noted proximal and distal to the anastomosis. No nerves were
identified clearly during the index operation, and fasciotomies
were not completed. The patient recovered in the surgical inten-
sive care unit on a therapeutic heparin drip.

Day 1 postoperatively, computed tomography imaging showed
multiple displaced carpal fractures and occluded distal radial
and ulnar arteries immediately proximal to the wrist. Despite
this finding, arterial duplex detected flow on the ulnar and radial
sides of the palmar arch (Figs 1, A and B). Digit pressures on phys-
iological noninvasive testing were O mm Hg in all five digits of the
left hand. The patient could move his left digits, but noted
decreased sensation to his hand. Capillary refill to the hand was
delayed but present. No immediate revascularization attempts
were made because neither a specialist nor transfer were avail-
able and the hand remained viable, without skin changes or wors-
ening neuromotor deficits. A diagnostic angiogram showed the
ulnar and radial arteries were interrupted at the level of the wrist,
though arterial blood flow to the hand filled via multiple collat-
erals with an approximate 6- to 7-second delay (Figs 2 and 3).
Given the patient’s stable heuromotor examination and imaging
supporting delayed arterial flow into the hand, semielective
repair with vascular surgery and hand surgery was planned.

Five days after the index operation, the patient returned to the
operating room and the prior end-to-end radial artery repair was
confirmed to be occluded. An incision parallel to the extensor
pollicis longis tendon exposed the distal radial artery and a
reversed greater saphenous vein graft was tunneled anatomi-
cally to perform a left radial artery (distal forearm) to radial artery
(snuff box) bypass. Care was taken not to injure the superficial
branch of the radial nerve. Multiphasic signals were obtained
through the bypass graft and distal to the anastomosis. The
hand surgery team repaired the flexor digitorum profundus
and flexor digitorum superficialis of the second to fifth digits.
The ulnar and median nerves were transected completely at
the level of the wrist, so they were repaired primarily using
microsurgical techniques. The patient recovered well and 3
weeks after this second operation, arterial duplex examination
of the left extremity showed a patent radial-radial bypass graft.
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Fig 1. (A) Duplex arterial ultrasound image of the radial side of the palmar arch. Waveform exhibited is
monophasic, intermediate resistive. (B) Duplex arterial ultrasound image of the ulnar side of the palmar arch.

Waveform exhibited is multiphasic.

Digit-brachial indices were normal in all digits (>0.88). The pa-
tient has remained off therapeutic anticoagulation or antiplate-
let agents after his bypass.

Over the 5 months after his second operation, the patient
developed tendinosis of all joints of all his left-sided fingers
that is being addressed with physical/occupational therapy.
Sensation in the left hand continues to be diminished, but he re-
ported using his left hand to complete basic activities of daily
living.

DISCUSSION
Either the radial artery or ulnar artery needs to be pat-
ent distal to the elbow to maintain hand viability.*

Without prompt revascularization, the amputation rate
is >35% if both these arteries are injured.”” According
to case reports, limb viability can be maintained occa-
sionally, even when both the radial and ulnar arteries
are ligated, likely from aberrant vascular anatomy or
collateralized blood flow.>#°

Typically, the brachial artery divides into the radial and
ulnar artery at the level of the radial head. Accessory
radial artery, persistent median artery (8.0%-27.1%), and
other unnamed anomalous branching have been
described.”° A complete superficial palmar arch is found
with 90% frequency and is formed five ways: (1) by the su-
perficial volar branch of the radial artery to the ulnar
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Fig 2. Diagnostic angiography after index operation. These images are taken shortly after contrast adminis-
tration and show the radial and ulnar artery interrupted at the level of the wrist.

Fig 3. Diagnostic angiography after index operation. These images show intact palmar arch with delayed
arterial flow, although the radial and ulnar artery are interrupted at the level of the wrist. Note the artifact (white)

owing to stagnant flow in the distal wrist branches.

artery (40%); (2) entirely by the ulnar artery (35%); (3) by
the ulnar and median arteries (approximately 15%); (4)
by an anastomosis of the ulnar, median, and radial ar-
teries (6%); and (5) by a branch of the deep palmar
arch (4%). There are three typical deep palmar arch vari-
ations, formed by (1) the deep volar branch of the radial
artery and the inferior deep branch of the ulnar artery
(60%), (2) the deep volar branch of the radial artery and
the superior deep branch of the ulnar artery (30%), and
(3) an anastomosis of the deep volar branch of the radial
artery with both deep branch of the ulnar artery (10%)."

In our patient, the ulnar artery was ligated, and the
radial artery primary anastomosis occluded after the in-
dex operation. Viability of the left hand was likely due
to collateral flow within the hand, observed during the

diagnostic angiogram after the index operation. A later
computed tomography scan showed that the ulnar ar-
tery divided into multiple branches from the mid to
distal forearm, which may have allowed for sufficient
blood flow to supply to the hand. Alternatively, the ante-
rior interosseous artery may have been providing collat-
eral flow, because angiography demonstrated that this
artery was prominent at the level of the forearm.
Although imaging showed no clear source to account
for the blood flow through the palmar arch, the patient’s
hand remained viable through collateral blood flow.
Morbidity of penetrating injuries of the upper extremity
is closely associated with damage to accompanying
nerves, tendons, and bone fractures.'”? Between 60%
and 85% of patients requiring radial and/or ulnar artery
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repair after trauma have a concurrent nerve injury, and
40% to 81% have concurrent soft tissue injuries (tendon,
ligament, or muscle).*'® Current studies with small sam-
ple sizes indicate approximately 80% to 90% of patients
recover function of the hand when nerve and soft tissue
injuries are repaired in conjunction with arterial repair.'*'®
In our patient, the hand was salvaged, despite transec-
tion of both major arteries and nerves at the level of
the wrist. Ongoing hand functional deficits are likely
owing to his ulnar and median nerve injury along with
the tendonous damage he sustained.

CONCLUSIONS

Given the high risk of hand loss, combined radial and
ulnar artery injuries require immediate revascularization.
In-line arterial flow through either the radial or ulnar ar-
teries, as well as nerve exploration, should be performed
at the index operation for these injuries. Our case illus-
trates that, despite delayed revascularization and repair
of the major nerves and tendons, the hand could be
salvaged with meaningful neuromotor function, likely
owing to a nonstandard collateral circulation pathway.

The authors thank Pamela Derish in the UCSF Depart-
ment of Surgery who helped to review and edit this
manuscript. We thank Jonatthan Jean-Pierre who
helped with obtaining and selecting the radiological im-
ages presented in this report.

DISCLOSURES
None.

REFERENCES

1. Ruengsakulrach P, Eizenberg N, Fahrer C, Fahrer M, Buxton BF.
Surgical implications of variations in hand collateral circulation:
anatomy revisited. J Thorac Cardiovasc Surg. 2001;122:682—686.

Journal of Vascular Surgery Cases, Innovations and Techniques

10.

.

12.

14,

December 2024

Raherinantenaina F, Randriantsoa M, Rabemanantsoa R, et al.
Combined injuries to the radial and ulnar arteries of the forearm.
J Med Vasc. 2020;45:228—-231.

Jahnke Jr EJ, Seeley SF. Acute vascular injuries in the Korean War: an
analysis of 77 consecutive cases. Ann Surg. 1953;138:158.

Ballard JL, Bunt T, Malone JM. Management of small artery vascular
trauma. Am J Surg. 1992;164:316—319.

McGurk KM, Wolf GJ, Daley DN. The persistent median artery: a case
report of maintained perfusion to the hand after laceration to radial
and ulnar arteries. Int J Case Rep. 2022;4100-102.

Basbug HS, Bitargil M, Ozisik K. A different approach to simulta-
neously injured ulnar and radial arteries: translocation of an arterial
segment. Ulus Travma Acil Cerrahi Derg. 2016;22:202—204.

DeBakey ME, Simeone FA. Battle injuries of the arteries in World War
Il: an analysis of 2,471 cases. Ann Surg. 1946;123:534.

Razmadze A. Vascular injuries of the limbs: a fifteen-year Georgian
experience. Eur J Vasc Endovasc Surg. 1999;18:235—239.

Calderén Ardila D, Larrota DRB, Ardila MAC, Acufa LEB. Traumatic
injury of radial and ulnar artery with perfusion of the hand through
the median artery: a case report. Colomb Med (Cali). 2021;52:
e5024521.

Hinchcliff KM, Ho CN, Meamar P, Irwin CS. Maintained hand perfu-
sion in the setting of radial and ulnar artery transections: a report of 2
cases. JBJS Case Connector. 2020;10:e19.

Loukas M, Holdman D, Holdman S. Anatomical variations of the su-
perficial and deep palmar arches. Folia Morphol (Warsz). 2005;64:
78-83.

Rush Jr RM, Arrington ED, Hsu JR. Management of complex ex-
tremity injuries: tourniquets, compartment syndrome detection,
fasciotomy, and amputation care. Surg Clin. 2012;92:987—1007.
Noaman HH. Management and functional outcomes of combined
injuries of flexor tendons, nerves, and vessels at the wrist. Microsur-
gery. 2007;27:536—543.

Franz RW, Skytta CK, Shah K3, Hartman JF, Wright ML. A five-year
review of management of upper-extremity arterial injuries at an ur-
ban level | trauma center. Ann Vasc Surg. 2012;26:655—664.

Keles MK, Simsek T, Polat V, Yosma E, Demir A. Evaluation of forearm
arterial repairs: functional outcomes related to arterial repair. Ulus
Travma Acil Cerrahi Derg. 2017;23:117—121.

Rothkopf DM, Chu B, Gonzalez F, Borah G, Ashmead IVD, Dunn R.
Radial and ulnar artery repairs: assessing patency rates with color
Doppler ultrasonographic imaging. J Hand Surg Am. 199318:
626—628.

Submitted May 14, 2024; accepted Jul 4, 2024.


http://refhub.elsevier.com/S2468-4287(24)00167-9/sref1
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref1
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref1
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref2
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref2
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref2
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref3
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref3
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref4
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref4
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref5
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref5
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref5
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref6
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref6
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref6
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref6
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref6
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref6
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref7
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref7
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref8
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref8
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref9
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref9
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref9
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref9
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref10
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref10
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref10
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref11
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref11
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref11
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref12
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref12
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref12
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref13
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref13
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref13
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref14
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref14
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref14
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref15
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref15
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref15
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref15
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref15
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref15
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref16
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref16
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref16
http://refhub.elsevier.com/S2468-4287(24)00167-9/sref16

	Collateral circulation in a patient with combined traumatic radial and ulnar artery injuries
	Case report
	Discussion
	Conclusions
	References
	Disclosures




