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Head and neck reconstruction in the vessel depleted neck
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Abstract: Microvascular free tissue transfer has revolutionized reconstruction and subsequently functional
outcomes in the head and neck, but requires suitable recipient vessels for successful results. Recipient vessels
can be significantly compromised by prior surgery, radiation therapy, or existing and/or underlying vascular
disease in the neck. When further microvascular reconstruction is required in the vessel-depleted neck,
identification of appropriate vessels for anastomosis can be difficult and can present complex decisions for the
surgeon as well as the patient. In this article, we review the available literature on the vessel depleted neck
(VDN) and the possible vessel options. We present critical strategies for preoperative treatment planning
and vessel selection in these patients. We also discuss the benefits and limitations of arterial and venous
options while commenting on our unique institution’s experiences. The external carotid branches as well as
the available subclavian artery branches are presented in detail. The venous anatomy is also described, with
particular focus on the accompanying veins and cephalic vein. We provide guidance on the selection and
modification of free flaps to achieve the greatest function and cosmetic outcomes in the VDN. Our collection
of advanced management techniques will provide surgeons with more options to manage the complexity of
the VDN, and to further help patients understand the risk and benefits of these selections.
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Introduction leaving a patient’s neck depleted of suitable recipient vessels.

A vessel depleted neck (VDN) occurs in around 7% of all

Microvascular free flap reconstruction is a cornerstone in . .. . N
patients receiving microvascular reconstructions in the head

the management of head and neck cancer. Microsurgical
g 8 and neck (3). Frequently, transplants of remote vessels are

therapy has been evolving for over 70 years and has shown sought from undamaged areas. A vast diversity in the vessels

. . o
excellent success with flap survival rates greater than 95% and transplants suitable for VDN reconstruction exist and

(1,2). An important determinant of success in head and neck management selection can be challenging. Unfortunately,

free tissue transfer is the quality of the free flap pedicle and broad evidence-based approaches are limited and individual

the recipient vessels used for microvascular anastomosis.
Challenging reconstructive cases are posed by previously
treated necks with either surgery, radiation with or without
chemotherapy, or a combination of both. Patients with
these prior interventions have cervical anatomy with
distorted tissue planes, inflammation, and scarred vessels
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surgeon experiences dominate the literature (4). We set
forth to collect the available techniques and experimental
and/or anecdotal solutions within the literature. In our
review, we evaluate microvascular reconstruction in the
VDN and provide approaches to manage these patients who
require advanced reconstruction.
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Preoperative planning

A detailed preoperative assessment should be conducted
before any operation and is of particular importance in
previously treated patients. A complete history is essential
and should ascertain comorbidities and nutrition status
that give insight into neck vessel health and tissue healing
capacity. This should include a history of claudication
symptoms, as a number of patients have concurrent
atherosclerosis from smoking. A detailed review of previous
interventions and treatments of the neck is important
including surgeries, complications, and radiation. Equally
important, a detailed clinical examination will elicit evidence
of postradiotherapy changes of the neck, scars from
previous operations, potential patency of external jugular
veins bilaterally, and evidence of previous operations that
might influence vessel or flap selection. A shared decision-
making approach between provider and patient is critical in
developing a plan of care. Not all patients are appropriate
candidates for surgery and alternative therapies should be
considered after a discussion of the risks and benefits. This
is especially important in patients undergoing secondary
reconstructive surgery without cancer recurrence, as this
elective surgery could be deferred for alternative treatment
options.

When approaching a VDN it is important to first
consider which recipient vessels may still be present and
usable, based on the prior history, imaging, and physical
exam. Recipient vessel selection can be impacted by many
factors including, defect location, vessel anatomic variations,
quality of the available recipient vessels, and anastomotic
method (5,6). Each one of these can have a substantial
impact on the operation and outcome (5). Ideally, the
recipient artery should be scar and disease free, of suitable
length, and have a similar caliber to the donor vessel (7).
Algorithms for vessel selection in the literature are based
on several features, including ease of dissection, historical
reliability, vessel caliber, and proximity to the defect (7,8).
The next important decision is considering which particular
free flap should be harvested. Flap selection for appropriate
characteristics, pedicle size, and length is important, but
must also match the available recipient vessels. Choosing
a flap with a long vascular pedicle can alleviate some of
the difficulties associated with reaching remote recipient
vessels, but if it is necessary to harvest a flap with a short
vascular pedicle then the surgeon must consider using vein
grafts. This decision is dependent on surgeon comfort and
training, and requires an important discussion with the
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patient regarding the expected functional outcome with a
particular flap, weighed against the degree of difficulty and
risk of flap failure.

Preoperative imaging of the VDN is equally important to
proper operative planning. Imaging in the form of a computed
tomography (CT) or magnetic resonance imaging (MRI) with
contrast can provide useful to confirm vessel patency and to
provide anatomic positioning after prior neck manipulation.
A dual phase CT angiogram is ideal for highlighting arterial
and venous vasculature, often times the most important
planning step (9). Single phase CT and MRI angiography
are good alternatives that demonstrate arterial flow but
omit high quality venous vasculature views. With a dual
phase CT angiogram from the skull base to the diaphragm,
patency of all important vessels can be assessed (10).
While imaging is a useful adjunct, it does not replace
intraoperative evaluation of the recipient vessel’s condition.

Arteries

Arterial options are varied in the VDN and appropriate
selection for each surgical case can be challenging. In Table 1,
we present the relative strengths and weaknesses of a
collection of arteries and veins trusted in the VDN. We
further expand on the reconstructive techniques and utility
of the vessels in the subsequent section.

External carotid artery (ECA)

In the normal neck the ECA branches are trusted and
well used for anastomosis. The ECA gives off six branches
before terminating as the maxillary and superficial temporal
arteries. These include the superior thyroid, lingual, and
facial arteries (anterior branches), the ascending pharyngeal
(medial branch) and the occipital and posterior auricular
(posterior branches). The facial artery, the superior thyroid
artery, superficial temporal artery, and the lingual artery
are often favored due to their consistent anatomic location,
length, diameter, and perfusion.

The branches of the ECA are often considered the gold
standard but in the VDN their utility is often limited.
The majority of previous surgery and radiation fields
include these vessels, making them heavily scarred and
extremely difficult to use. In addition, their location under
the mandible, and a patient’s limited neck extension due
to radiation changes, makes surgical access challenging.
The most utilized branch of the ECA in the VDN is the
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Table 1 A collection of donor vessel strengths and weaknesses
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Donor vessel Strengths

Weaknesses

Arteries

Superficial temporal
reverse flow from anastomosis

ECA Most commonly used vessels for head and neck
reconstruction, proper exposure can lend to end-

to-end anastomosis

IMA Outside radiation field, long length, large caliber,

and reliable positioning

Thyrocervical
trunk (TCA and

supraclavicular) grafting

Thoracoacromial

Dorsal scapular
geometry

Lateral thoracic
caliber, and can preserve pectoral flap

Common carotid
Veins
Saphenous veins

and easy harvest

Cephalic vein
anatomy, large caliber, and great flow

Outside radiation field, medium caliber, and

Outside radiation field, large caliber, great flow,
and distal reverse flow TCA can obviate vein

Outside radiation field, reliable blood flow, and
usable after neovascularization from pectoral flap

Outside radiation field, large caliber, and favorable

Outside radiation field, long reach, medium

Strong blood flow and avoids vein grafting

Outside radiation field, long length, large caliber,

Outside radiation field, long length, consistent

Limited length and thin wall
Risk of damaging facial nerve
Size mismatch and scarring from previous surgery

Risk of hypoglossal nerve injury, destabilization of plaque,
and first bite syndrome

Limits future bypass surgery and typically requires vein
grafts

Risk of pneumothorax, tamponade, intercostal nerve
injury, and reduced blood supply to the sternum

Caliber diminishes posteriorly, variable anatomy, and
inconsistent detection on CTA

Risk of thoracic duct injury

Limited length, unusable immediately after pectoral flap
Risk of pectoral flap loss

Anatomic variation, technically complicated

Risk of brachial plexus injury, pneumothorax, and chyle
leak

Anatomic variation and only one reported case

Risk of thrombus, intimal separation, cerebral ischemia

Thin walled and multiple incisions required
Risk of kinking, thrombosis, and flap failure

Thinner wall than lower extremity veins and proneness to
kink

ECA, external carotid artery; IMA, internal mammary artery; TCA, transverse cervical artery.

superficial temporal artery used 14.9% of the time as it
often lies outside the field of radiation, Figure 1 (4). The
superficial temporal artery is found in the preauricular
area and is in continuity with the ophthalmic artery and
occipital artery in the forehead. This anastomosis provides
excellent reverse flow even if the ECA has been sacrificed
in prior operations (10). It is a reliable option but limited
by its length, risk of facial nerve injury, thin wall, and
predisposition to kinking (10,11).

When branches of the ECA are unavailable, ECA
transposition and end-to-end anastomosis is a potential
option for arterial inflow into the free flap pedicle (12).

© Frontiers of Oral and Maxillofacial Medicine. All rights reserved.

Oftentimes the ECA has been exposed in level I and II neck
dissections leading to an easier approach and less incisions.
Ligation of the vessel distally provides greater recipient
vessel length and potentially simpler anastomosis outside
of the cervico-mandibular angle (12). This exposure may
enable end-to-end anastomosis rather than a more complex
end-to-side coupling. Limitations include size mismatch
and dangerous collateral blood depletion to the brain,
especially in at-risk patients with stenotic vessels or previous
stroke history (13). Hypoglossal nerve injury, potential
destabilization of plaque, and first bite syndrome are also
possible complications to consider (14,15).
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Superficial temporal artery (14.9%)
Internal carotid artery (0.3%)
External carotid artery (2.4%)
Facial artery (5.5%)

Lingual artery (0.7 %)

Superior thyroid artery (9%)
Inferior thyroid artery (0.3%)
Vertebral artery

Transverse cervical artery (15.9%)
Supraclavicular artery (10.4%)

Subclavian artery

Dorsal scapular
artery (1%)

Thoracoacromial
artery (10.7%)

Internal thoracic/mammary artery (28%)

Brachiocephalic/innominate artery

Figure 1 Most utilized arterial options in the vessels depleted neck.
This computerized tomography angiogram of the neck presents
arterial options, labeled with percentages of how commonly they
are used, for microvascular anastomosis in the vessel depleted
neck. This figure does not include the radial artery and a pedicle
of a previous flap which together contribute 0.6% to the total

percentage. Percentages are reported from reference (4).

Internal mammary artery (IMA)

The IMA originates from the subclavian artery and the
second to third intercostal space is the most reliable
location for vessel harvest. The right IMA is considered to
be the most reliable of all arterial anastomosis options in
the VDN (4), with a long pedicle, large caliber, and reliable
vessel-positioning (3,16). There are two primary methods
for harvesting the IMA and internal mammary vein (IMV);
the traditional method, or the less often used rib sparing
technique (16). The rib-sparing technique’s primary
role is in breast reconstruction, but it can be used in the
head and neck when there is a large flap pedicle or less
recipient vessel length is needed. Surgeons trained in plastic
surgery-based head and neck fellowships may be more
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comfortable with these vessels given their common use in
this specialty. The main disadvantages include potential for
pneumothorax, intercostal nerve injury, cosmetic deformity
of the donor site, and reduced blood supply to the sternum
(3,17). Furthermore, cardiac tamponade is a rarely reported
complication, and possible future bypass surgery with an
internal mammary graft is a contraindication for vessel
dissection (3,18).

Thyrocervical trunk: transverse cervical, supraclavicular,
inferior thyroid

Branching from the subclavian artery, the thyrocervical
trunk offers additional advanced alternatives. The
commonly used transverse cervical artery (TCA) and
supraclavicular artery often branch from the thyrocervical
trunk in the base of level IV. These vessels have an ideal
longitudinal orientation and provide great flow with a
large caliber (19). In addition, they are often spared under
the fascia of a level 4 neck dissection, out of the previous
operative field. The caliber of the TCA is largest closest to
the origin and greatly diminishes as it’s followed posteriorly,
often requiring a long pedicle flap, or interposition vein
graft to anastomose (3). However, the distal reverse flow
TCA has been found to be a reliable recipient option that
obviates the need for long vein grafts to reach distant
recipient vessels when other common alternatives are
unavailable (20). Other challenges include variable anatomy,
inconsistent detection on CT angiogram, and possible
thoracic duct injuries (4).

Thoracoacromial artery

There remains a paucity of literature on the use of the
thoracoacromial vessels; however, this vessel is typically
undissected and available for head and neck reconstruction,
in the absence of previous pectoralis flap reconstruction.
The vessel classically divides into four branches: the
pectoral, deltoid, clavicular, and acromial arteries (21).
The thoracoacromial venous system generally mirrors the
arterial branching. The dissection of the thoracoacromial
system is explained elsewhere (22), but the branches can
usually be viewed after a horizontal incision through the
pectoralis muscle and careful tissue plane dissection. The
branches of the system can be dissected distally to achieve
transposition of the artery over the clavicle and into the
neck (22). The trunk provides reliable blood flow and is
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often usable after radiation therapy and a previous pectoral
flap harvest (22,23).

The substantial drawback of this technique is the
potential loss of the major vascular pedicle to the pectoralis
major flap. However, it is possible to use another branch
of the thoracoacromial artery for anastomosis and the
pectoral branch can be preserved. Other limitations include
unsuitability for anastomosis if a pedicle flap has been
raised shortly before, and the possibility of needing an
interposition vein graft except when using a long vascular

pedicle (3).

Dorsal scapular artery (DSA)

Scarce literature exists on the DSA use in the VDN, but
our institution has previously published on the method
of dissection, and has found them to be reliable and an
invaluable technique (24). Major advantages of the vessel
include its distance from usual treatment fields, large
caliber, and favorable geometry. In most cases the DSA
branches from the subclavian artery and travels through
the posterior triangle. It is important to note, the DSA can
be found branching from the TCA in almost 1/3 of cases
and there is a large degree of anatomic variation in relation
to the brachial plexus (25). Care must be taken around
the brachial plexus and subclavian artery, as these can be
exposed in the dissection. A Doppler has been utilized by
our group in cases of difficult dissection as the DSA can
usually be found just superior to the superior trunk of the
brachial plexus. The clavicle can make the exposure difficult.
The greatest limitation is the low anatomic location of
the vessel requiring a long vascular pedicle or vein graft,
although with careful dissection, the vessel can be traced to
its insertion to the scapula and reflected superiorly into the
neck (24). Other potential risks, our particular institution
has not experienced, include pneumothorax and chyle leak.

Lateral thoracic artery (LTA)

The L'TA is an option as a recipient vessel for head and neck
free flap microvascular reconstruction, but is reported in
only one case in the literature to our knowledge (24). The
vessel is often well situated outside the radiation field and
can offer greater reach and caliber than the thoracoacromial
system. Furthermore, it is rather simple to harvest and
may allow for preservation of the pectoral branch of
thoracoacromial artery, preserving the pectoralis major
flap. The LTA anatomic origin is usually a branch of the
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second part of the axillary artery but has been noted to have
variable anatomic origins (26). Greater studies are essential
before determining its true utility when it comes to reach,
diameter, blood flow, and risk to potential pectoralis major

flaps.

Common carotid artery

A less common but viable technique in the VDN is using
the common carotid artery. If other common vessels are
unavailable the carotid end-to-side anastomosis allows for
strong perfusion without the need for a vein graft (27).
This technique is hazardous and can lead to cerebral
ischemia, but has been proven viable as long as there is
well-developed collateral circulation through a patent ECA
to maintain internal carotid perfusion (28). Furthermore,
one study demonstrated the use of a Pruitt-Inhara shunt
to maintain perfusion of the internal carotid artery when
the ECA was otherwise compromised, greatly reducing
risk (27). Regardless of potential, end-to-side technique
with the common carotid is often avoided due to carotid
atherosclerotic plaque buildup increasing risk of thrombus
and intimal separation (8).

Veins

Adequate venous drainage is critical in the VDN and the
easiest option is to harvest the accompanying veins of
the selected recipient artery branches, as often practiced
with the mammary vessels, the thoracoacromial vessels,
and thyrocervical trunk vessels. The internal and external
jugular veins are also major venous systems used for
anastomosis, but can be unavailable in the VDN (10). The
surgeon can also consider the use of the contralateral neck if
the flap pedicle is long and the anastomosis won’t be under
tension. It is often tempting to consider using the anterior
jugular veins, but many patients undergoing head and neck
reconstructive surgery will have or have had a tracheostomy.
Unfortunately, iatrogenic injury to the anterior jugular
veins during a tracheotomy or the inflammation associated
with the stoma make these veins very unfavorable.

Veins are also a commonly used tool in reconstruction
to lengthen the reach of free flap pedicles. If it is necessary
to harvest a flap with a short vascular pedicle then vein
grafts should be prepared prior to free flap harvesting. The
greater and lesser saphenous veins are regularly utilized
for their length, large-caliber, and easy harvest. Surgeons
should carefully consider the vessel options as vein grafts
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require two anastomotic sites, have more risk of kinking,
thrombosis, and have been reported to increase risk of flap
failure by nearly 24% (29).

Cepbalic vein

The cephalic vein provides an excellent alternative to the
internal and external venous system. While the dissection
technique is described elsewhere (30), the vein is useful in
the VDN as it lies external to any prior surgical or radiation
field. The cephalic vein has been deemed the “lifeboat”
vessel for its extensive advantages including consistent
anatomy, long pedicle, great flow and caliber, and low
risk of thrombosis (4,31). The cephalic vein is preferred
almost 25% of the time (4), because of its simple dissection
and its extensive length allows for transposition over the
clavicle to reach almost any area of the ipsilateral neck. The
main limitations of this vein are its thin wall compared to
the lower extremity veins and its proneness to kink when
crossing the clavicle (3).

In the VDN when suitable vessels are less readily available
the cephalic vein has been used in a corlett loop (32). The
vein is first anastomosed to the ECA; it then can be divided
and used in a single or double staged procedure (33). The
proximal end is attached to the vein of the flap, while the
distal end, still connected to the ECA, is anastomosed to the
flap artery (32). There is a higher rate of failure in two-stage
arteriovenous fistulas (33), and to date the corlett loop has
only been completed in single-stage procedures in the head
and neck (32). There is a risk of twisting of the vein and at
our institution we avoid the two stage corlett loop due to the
scarring that can occur between the first and second stage,
as well as the risk of heart failure due to creation of a large
vessel arteriovenous fistula.

Free flap choice

Having a wide armamentarium of free microvascular flaps
allows surgeons to tackle the challenges of the VDN.
After the available vessels have been determined, there are
hopefully several free flap options available that can provide
similar function and cosmetic outcomes. However, in the
VDN the most important criteria are based on reliability, the
reconstructive indication, and the defect configuration (4).
More weight may be put on a bulkier well-vascularized flap
to avoid fistula, wound healing concerns, and surgical re-
operation.
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The versatility of the free flap in the VDN can be
greatly enhanced when it contains a longer pedicle length
allowing for easier anastomosis with distance recipient
vessels. The most commonly used include the perforator
based anterolateral thigh flap and the radial forearm free
flap (RFFF) which often provide the needed length and
characteristics suitable to the VDN (4). Likewise, the
osseous flaps that combine functionality with the longest
pedicles are used significantly in the VDN including the
fibula and scapula free flaps (4).

Modifying an existing flap to provide the needed length
has also been demonstrated in the literature. One technique
is to extend the scapula free flap pedicle by harvesting
the thoracodorsal artery and using the distal end of the
thoracodorsal artery as the anastomosis (3). This creates a
reverse flow in the blood to the circumflex scapular artery
supplying the flap. However, a vein graft might still be
needed for the venous anastomosis and this technique
eliminates the future use of a latissimus dorsi free flap (3).

Another viable technique when other options are
unavailable includes the use of the RFFF to create a vascular
bridge or harvest of the radial artery to use for arterial
anastomosis (34). In many of the available VDN techniques
recipient sites often require a vascular conduit to bridge
the distance to the flap pedicle. While the RFFF vascular
pedicle supplies the second flap, the soft tissue of the flap
can contribute to the reconstruction of the surgical defect.
Both interposition vein grafts and arterio-venous loops
have been used as vascular bridges but pose heavy risks (33).
Using a reliable RFFF as a vascular bridge may achieve
greater flap survival and fewer safety concerns. The possible
drawbacks include greater harvesting time for two free flaps
and loss of two flaps in the setting of thrombosis of the
RFFF pedicle (34).

Conclusions

The VDN is highly challenging in cases of advanced
reconstruction. Meticulous surgical planning and creative
solutions are often necessary to solve these complex cases.
Detailed anatomic knowledge and an understanding of the
benefits and limitations of each arterial and venous option
are critical. Minimal treatment evidence in the VDN
exists and reported techniques are limited to individual
surgeon experiences. This review outlines the myriad of
proven strategies and creative solutions in an effort to guide
individualized solutions for every patient.
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