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Core tip: Microvascular free flap reconstruction of the
head and neck has become a successful and reliable
procedure important in the treatment of head and
neck cancer. Careful consideration of the donor site,
strategies for vessel selection, and intra- and postoperative flap monitoring protocols and procedures are
crucial for successful free tissue transfer. In this review,
we present an overview of the latest techniques and
technologies proven useful during free flap surgery
including strategies for vessel selection, the use of
computer aided modeling programs, indocyanine green
near-infrared angiography, and ultrasonic transit-time
flowometry.
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Abstract
Microvascular free flap surgery has become a successful
and reliable method of reconstruction following head
and neck cancer resection. The effectiveness of free
flap reconstruction has increased with improved surgical
technique as well as technological refinement in
vessel selection and flap monitoring. Few papers have
studied the factors that influence success or failure
rates of free flap reconstructions, particularly with an
eye towards the technologic advancements that have
refined the procedure in the last several decades. Here
we present a comprehensive review of perioperative
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INTRODUCTION
The management of tumors of the head and neck
pose a significant challenge to the head and neck
surgeon owning to the complex anatomy of the region
as well as the dynamic physiology of breathing,
speaking and swallowing. Reconstruction after
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oncological resection with the goal of restoring both
form and function must be carefully considered prior to
proceeding with surgery. Traditionally, the concept of the
reconstructive ladder has provided a framework helpful
in determining which reconstructive procedure will best
accomplish this goal. As surgical techniques have been
perfected, we have seen a shift away from the regional
pedicled flaps popular during the 1980’s towards
more advanced microvascular free tissue transfer
procedures that currently exist at the pinnacle of
the reconstructive ladder. Free flap surgery has
become a reliable method of reconstruction enabling
aggressive resection and the use of custom designed
vascularized tissue to repair the post surgical defect.
The effectiveness of free flap reconstruction has
increased with improved surgical technique as well
as technological refinement in vessel selection and
flap monitoring. Studies have shown that patients
who received free flap reconstructions had shorter
hospital stays and intensive care unit admissions than
those who received pedicled flap reconstructions.
The benefits of reduced hospital stays are reflected
[1,2]
in both reduced cost and complication rates
.
Free flap success rates exceed 90% in many large
clinical series, with complication rates reported at
[1,3-5]
around 5%
. Few papers have studied the factors
that influence success or failure rates of free flap
reconstructions, particularly with an eye towards
the technologic advancements that have refined
the procedure in the last several decades. Here we
present a comprehensive review of perioperative
and intraoperative considerations that influence free
flap outcomes as well methods of vessel selection
and flap monitoring important during microvascular
reconstruction of the head and neck.

thographic modeling and pre-fabricated reconstruction
plates has been demonstrated in mandibulectomy
with free fibula flaps. Preoperative computerized
planning has eliminated the need to estimate the
shape of the fibula to create the neo-mandible as
this technology enables more precise and accurate
bony alignment during fibula free flap reconstruction
following segmental mandibulectomy. Surgeons
can better define tumor resection margins and
plate mandibles with exophytic lesions that make
[6]
estimation difficult . A systematic review of virtual
surgical planning (VSP) with computer aided design
(CAD) and computer aided modeling (CAM) for
oncologic reconstructions also reported a number of
qualitative benefits, including reduced operative time,
flap ischemic time, complication rate, and allowed
for more precise resection margins and improved
accuracy of reconstruction as well as predictability
[7]
of outcomes and patient satisfaction scores . These
new technologies eliminate the need to spend
valuable ischemic time designing and modifying the
neomandible prior to inset. Additionally, VSP simulates
the maxillo-mandibular relationship preoperatively to
achieve better occlusion, alignment and orthognathic
relationship of the reconstructed mandible. The
reduced costs associated with decreased operative
time and complications offset the additional
[7]
technological costs for the preoperative planning .

Patient characteristics

Many studies have assessed the impact of intrinsic
patient factors on postoperative outcomes like
flap survival. Factors including American Society
of Anesthesiologists (ASA) grade ≥ 2 (95%CI:
15.3-18.1, P < 0.009), smoking history (95%CI:
2
5.5-7.2, P < 0.049), body mass index ≥ 25 kg/m
(95%CI: 20.8-22.1, P < 0.003) and peripheral
vascular disease (95%CI: 5.9-7.5, P < 0.036) were
[1]
independently predictive of free flap complications .
Several investigators have studied the impact of
[8]
patient characteristics such as age and BMI ,
tobacco and/or alcohol consumption, the use of
[9]
preoperative radiotherapy , type of anticoagulation
[4]
therapy and the incidence of free flap failures and
have found no significant associations. It is well
known that a history of diabetes mellitus significantly
increases the postoperative complication rate, yet
patients with diabetes are not contraindicated for
free flap reconstructions. They do however require a
more thorough preoperative assessment and more
[10]
vigilant postoperative monitoring for flap failure .
The microangiopathic consequences of diabetes
on the skin and muscle leads to disrupted intimal
[11]
repair and an increased risk of flap compromise .
Female patients were found to have higher rates
of flap failure and compromise than male patients
in a few studies, but this finding was not replicated
in other studies and the mechanism behind this

PRE-OPERATIVE EVALUATION
Free tissue transfers are time-consuming and tech
nically challenging, but innovative preoperative
planning modalities have decreased both operative
time and costs, while maintaining the reliability and
quality of the postoperative outcomes. In cases of
radial forearm free flaps, the Allen’s test is always
performed preoperatively to assess whether the
radial artery is a suitable donor vessel; however,
additional examination is recommended to ensure the
successful perfusion of the anastomoses.

Imaging and modeling

Preoperative CT and MRI are essential for the
diagnosis of head and neck cancer and indispensable
while planning surgical extirpation of tumor. Com
puter modeling programs are now being used in
combination with traditional imaging modalities to
plan reconstruction. The clinical utility of combining
preoperative CT with computer-guided planning
programs and the use of osteotomy guides, stereoli
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Vessel selection

[9,12,13]

finding remains unclear
. Thrombophilia and a
preoperative platelet count of greater than 300 were
found to be associated with lower rates of successful
salvage when free flap exploration became nece
[13]
ssary .
An important consideration must be made in
patients who have undergone previous neck diss
ection or have received previous radiation to the
head or neck due to a potentially reduced availability
[14,15]
of recipient vessels for free flap reconstruction
.
Pedicled flap reconstructions should be considered
for high-risk patients, including those who suffer
from severe co-morbidities or elderly patients. Using
alternative pedicled flaps instead of free flaps in
these patients reduces the risk of flap failure and
[16]
other post-operative complications . A meticulous
review of previous operative reports is necessary
to determine the status of preserved vessels of
the internal and external jugular venous systems.
The external carotid artery and its medial branches
are commonly preserved and available to use,
however the facial artery and superior thyroid artery
are frequently ligated during neck dissection and
therefore may be unavailable. Contralateral recipient
vessels may be needed in 50% of patients who have
undergone previous neck dissection. Selection of a
flap that provides a long vascular pedicle would be
desirable in this case and the need for vein grafts
can be avoided if careful preoperative consideration
is given to the post-dissection anatomy of the
[17,18]
patient
.
Irradiated tissue is associated with endothelial
dysfunction, including degeneration and necrosis
of the endothelium, a thickened tunica media that
narrows the vessel lumen, and prothrombotic
[19]
processes . Previous studies have found a higher
rate of flap loss in patients with previous radiation
and/or neck dissection; however, the difference
[16]
[20]
was not statistically significant . Hanasono et al
reported significantly higher complication rates in
patients with a history of both neck dissection and
radiation than patients who did not have a history
of either. Unfortunately, due to the often aggressive
behavior of head and neck cancer, a single patient
may require multimodality treatment including free
flap reconstruction in less than the ideal setting of a
non-irradiated and un-dissected field. Therefore, these
pre-operative patient factors should be considered
prior to free flap reconstruction but should not hinder
plans for definitive treatment.

Classic considerations for recipient vessel selection
include the vessel’s viability, length and location. The
vessel must be able to be exposed atraumatically
and allow a sufficient length for the positioning of
the anastomosis. Strong pulsatile flow before and
after the division indicates good vessel quality and
perfusion. In patients with previous head and neck
dissection or radiation therapy, suitable recipient
vessels should be sought in locations outside the
[19]
zone of radiation .
The most frequently used and readily available
recipient arteries include the facial, lingual, superficial
temporal, superior thyroid, and transverse cervical
[18]
arteries . Arterial anatomy is more consistent than
venous anatomy; however, there are variations in the
branching patterns of the facial, lingual and superior
thyroid arteries. The most common pattern has
the three vessels anteriorly directed and branching
individually from the external carotid artery, but
sometimes the facial and lingual arteries may have a
lower or higher take-off from the common linguofacial
trunk off the external carotid artery. The high take-off
form of the linguofacial trunk is more susceptible to
ligation during the neck dissection and therefore may
[21]
not be amenable to use .
Past reviews have created algorithms for the
selection of recipient vessels, taking into consi
deration the defect location, operative history, type
of anastomosis, and characterizations of frequently
[18,22]
used arterial and venous systems
. The superficial
temporal artery is the first choice for a defect in the
upper third of the head. This vessel has little anatomic
variation and is usually the smallest of all the external
carotid artery branches. It is located within 5 cm of
the oral cavity but can also be useful for lower head
and neck defects in patients with previous neck
dissection and/or irradiation compromising more
[23]
inferiorly located vessels .
The facial artery, located 1 cm below the border
of the mandible, is the first choice vessel for defects
in the mid or lower third of the head in patients
without a history of neck dissection or radiation;
however, care must be taken to protect the marginal
mandibular nerve branch as it crosses superficially
over the facial artery. The facial artery is particularly
useful when mandibulectomy is required because the
osteotomy enables easier access for the microvascular
anastomosis.
The superior thyroid artery is the first choice
vessel for lower face defects with a concurrent neck
dissection. The superior thyroid artery runs in the
carotid sheath caudally towards the thyroid gland,
affording it protection from the resection. The superior
thyroid artery should be mobilized to a sufficient
extent to allow its reach without kinking or excessive
stretching.
The algorithm for recipient vein selection is slig
htly different from that of the artery as the venous

INTRA-OPERATIVE CONSIDERATIONS
Intraoperative technique is one of the most impor
tant factors influencing free flap survival. In part
icular, careful planning during vessel selection and
intraoperative monitoring of vascular perfusion can
optimize the post-operative outcome and minimize
surgical complications.
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anatomy is more variable with unpredictable inter
connections of adjacent vessels. The first choice
recipient vein is the corresponding vein of the selected
artery. Vessels are chosen from the internal or external
jugular venous system and selecting a recipient vein
closest to the recipient artery can decrease kinking and
stretching of the vessels.
The internal jugular vein (IJV) and its branches
are more accessible than the external jugular
vein (EJV). Additionally, the negative intrathoracic
pressure generated with respiration increases the
blood flow of the IJV. However, the IJV has a rate
of thrombosis between 14%-33% and may be
ligated during the neck dissection. Some reports
have suggested large branches of the IJV in close
proximity to the selected artery are the better
and more frequently used recipient veins. The
EJV is considered when all branches of the IJV are
unavailable or unsuitable because the external
jugular vein (EJV) is more superficial and vulnerable
[23]
to compression and ligation . The cephalic,
thoracodorsal, and internal mammary veins can
be considered as alternative options if both the
internal and external jugular venous systems are
unavailable. Vein grafts should be avoided and
only considered as a last resort because their use
requires an extra anastomosis, which adds to the
technical difficulty of the case.

anastomoses claim benefits such as using vessels
of different sizes and the ability to create multiple
anastomoses using a single recipient vessel. There
is still a lack of consensus on which technique is
superior; it is suggested that reconstructive surgeons
should select which anastomotic configuration to use
based on the characteristics of each case, including
patient anatomy, type of defect and selected donor
site, and the preference and experience of the
surgeon.
The geometry and positioning of the vascular
pedicle must also be considered in free tissue
transfers. Kinks caused by poor positioning or
redundancy of the vessel can cause arterial occlusion,
insufficiency and flap loss. Vessel positioning is
a more significant factor in head and neck free
flaps than in extremity free flaps, because it is not
possible to completely immobilize the head and neck
with the need for tracheostomy care. Aligning the
vascular pedicle on a longitudinal axis can reduce
complications associated with vessel positioning,
because side to side movements of the head and neck
will less likely kink or create tension on the pedicle
than if the vessels were aligned on a horizontal or
[25]
oblique axis .
The gold standard for achieving anastomosis in
microvascular free tissue transfers is by hand-sewn
techniques using nylon sutures; however, mechanical
anastomotic coupler devices (MACDs) have recently
become an effective alternative to the hand-sewn
anastomosis. Hand-sewn anastomosis is both timeconsuming and technically challenging, including
poor vessel edge eversion that exposes thrombotic
material in the lumen and poor suture placement
[26]
resulting in anastomotic leaks . The mechanical
microvascular coupler can decrease flap anastomosis
[27]
time , flap ischemia time and reduce complications
and risk of free flap loss. Coupler sizes range from
1.5 to 4.0 millimeters and the size of the couplers
do not affect tissue transfer outcomes. Limitations of
couplers include the inability to achieve anastomosis
in vessels that are not pliable or thickened and the
[28]
potential risk of late exposure . Mechanical venous
anastomosis has proven to be a reliable method
of anastomosis in head and neck reconstructions;
however, the effectiveness of microvascular couplers
for arterial anastomosis is still under debate and
some studies have shown poor flap outcomes.

Anastomosis considerations

The configuration of the anastomosis of the vascular
pedicle linking the recipient to the donor vessel is
another important factor to consider during free flap
reconstruction. Some reviews recommend an endto-end (ETE) over the end-to-side (ETS) technique
for the arterial anastomosis. It is argued that ETE
anastomoses are safer and more reliable because
they avoid directly manipulating the carotid artery,
a vessel that houses more turbulent flow and is
vulnerable to plaque deposition and atherosclerosis.
Manipulation during ETS anastomosis risks intimal
[22]
separation of the atherosclerotic plaques
.
Additionally, ETS anastomosis is associated with
a higher inflow into the flap, increasing the risk
of venous congestion, and ETS positioning also
predisposes the anastomosis to kinking and vessel
occlusion. ETE anastomosis leaves the vessels in a
relatively mobile and flexible position, decreasing the
risk of compression and kinking with intra- and postoperative changes. ETS technique is used if there is
a significant difference in the diameter of the vessel
lumens, indicated as a size discrepancy greater than
[18]
a 2:1 ratio . If they are to be used, ETS anast
omoses have been suggested as a more suitable
technique for the venous anastomosis because veins
are less likely to be atherosclerotic. However, a large
cohort study comparing ETE and ETS anastomosis
found no significant differences in the rates of flap
[24]
failure or need for re-exploration . Advocates of ETS

WJO|www.wjgnet.com

Vessel monitoring

Intraoperative monitoring of candidate vessels and
the vascular anastomosis is crucial for successful
flap perfusion. The diameter of the vessel is directly
related to the flow of the vessel and inversely
related to vessel resistance, thus well-perfused flaps
use the vessels with the largest diameter and the
[29]
highest flow . Vessels with a diameter of less than
1 mm are associated with a higher risk of free flap
[30]
failure . Surgeons have traditionally evaluated

8

February 28, 2015|Volume 5|Issue 1|

Smith RM et al . Vessel selection and monitoring in free flaps
recipient vessels as healthy and viable when there
is a brisk and pulsatile flow on release of the
vascular clamp after vessel transection, but recent
technologies have enabled more objective and
reproducible intraoperative assessments of vascular
perfusion.
The implantable Doppler is an invasive monitoring
technique that collects qualitative data on blood
velocity to detect vascular compromise both intraand post-operatively. A silicone cuff attached to an
ultrasonic probe is secured around the vessel with
a suture or clip and can be kept in the neck for
postoperative monitoring. Literature reports that
the probe should be placed on the venous pedicle,
as arterial compromise can be detected through
venous changes within minutes. A perfect fit of the
cuff around the vessel is important for an accurate
measurement, as the vessel may slip out of the
cuff resulting in a false positive signal loss and an
unnecessary intervention. Conversely, if the cuff is
[31]
too tight, it may obstruct flow through the vessel .
The implantable Doppler is effective in detecting
intraoperative vascular compromise, and in recent
studies, patients with intraoperative Doppler
monitoring had a significantly higher success rate
(95%) compared to patients who were evaluated by
[32]
clinical signs of compromise alone (40%) .
Postoperative monitoring of vascular perfusion
using the implantable Doppler is more unreliable
than intraoperative monitoring. Postoperative
positioning and maneuvering of the patient’s head
and neck may result in a lost Doppler signal leading
to false positives and unwarranted re-explorations
[9]
that increase both costs and risks of morbidity .
The inaccuracy of the Doppler technology has also
been reported, and measurements can be skewed
by the insonation angle and vessel wall thickness
[9,33,34]
and diameter
. Literature suggests that the
implantable Doppler should be used as an adjunct
method to monitor vascular perfusion. For instance,
the combined use of the clinical exam and the
implantable Doppler is a safer and more reliable
[32,35]
method
.
Indocyanine green near-infrared angiography
(ICGA), with a sensitivity of 100% and specificity
[36]
of 86% , is another validated method for intra
operative and postoperative assessment of vessel and
anastomosis quality. Intravenous administration of the
ICG dye can visualize the arterial or venous network
and reveal any stenosis of the vasculature. It is
especially effective for detecting microthrombosis
that may cause partial insufficiency of the circulation.
ICGA also provides detailed angiographic information
that enables a more targeted approach to resolve a
vascular compromise. For instance, re-exploration
surgery that would require taking down the
anastomosis is avoided when ICGA reveals an intact
inflow and outflow, allowing the surgeon to expedite
[36]
and avoid a misdiagnosis . Due to the invasive
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nature of the ICGA, its application is only suggested
for high-risk and complicated cases like patients with
[37,38]
diabetes or prior irradiation
.
Color Doppler Sonography (CDS) is used both
intraoperatively and postoperatively to monitor
for vascular compromise. The non-invasive probe
is applied to the vascular pedicle and changes in
hemodynamics are displayed through color Doppler
waveforms, enabling calculations of flow velocity
and a pulsatility index (PI). The flow velocity is
unreliable and highly dependent on the angle
between the probe and the vessel, whereas the PI,
calculated by subtracting the minimum flow rate
from the maximum flow rate divided by the mean
flow rate is a more reliable measurement of the
[39]
vascular resistance . Although CDS is unable to
record continuously and its use in the operative or
exam room may be limited by the large size of the
system, it signals any increase in vascular resistance
resulting from vessel compression or thrombus
occlusion before changes are apparent through
clinical signs. Studies have also reported its ability to
facilitate preoperative planning of the reconstruction
by assessing the vascular patency and flow of the
[40]
donor site .
Ultrasonic transit-time flow meters record precise
and reproducible intraoperative transit-time flow
measurements (TTFM) using a non-invasive probe
[41]
that transmits ultrasonic beams . It is easy and
[42]
safe to use
and accurately quantifies blood flow
of recipient arteries and flap pedicles. Transit time
flow measurements are not confounded by the
angle of the ultrasonic beam to the vessel area,
as is the Doppler. It can accurately diagnose graft
[41,43-45]
[46]
occlusions
, and Lundell et al
found that
patients with vascular occlusions had significantly
lower transit-time flow measurements than patients
with patent vascular pedicles; this finding has
been replicated in recent diagnostic angiography
[47]
studies . A study evaluating postoperative graft
patency in coronary surgery found that intrao
perative TTFM successfully predicted grafts found
to have a higher incidence of failure within the first
[43]
postoperative year .

POST OPERATIVE EVALUATION
Total flap loss rates are low, reported at a range of
[10]
0.6% to 6% , but rates of surgical complications
after free flap reconstruction of the head and neck
are significantly higher. The impact of complications
on the overall outcome of free tissue transfers
cannot be underestimated; events such as venous
and arterial thrombosis, wound infection, leakage,
flap dehiscence, fistula formation and partial flap
necrosis commonly require surgical re-exploration
and can ultimately lead to partial or total flap
failure. Studies report that vascular compromise is
the most common reason for flap re-exploration,

9

February 28, 2015|Volume 5|Issue 1|

Smith RM et al . Vessel selection and monitoring in free flaps
[48]

representing 76.8% of compromised flaps .
Common causes of vascular compromise include
arterial and venous insufficiency, anastomotic
bleeding and hematoma. Venous insufficiency was
the most common reason for flap re-exploration; the
low pressure of the venous system is susceptible to
compression from improper positioning of artery over
vein, pedicle tension, hemodynamic compromise,
[8,48]
and neck flexion
. Arterial insufficiency, frequently
from small thrombi that occlude perforators, was
associated with the highest percentage (49.3%) of
[48]
unsalvageable flaps . Currently, the only evidencebased strategy for optimizing free flap salvage is an
early intervention. The rate of successful flap salvage
is inversely related to the time duration between
the onset of flap ischemia and recognition of the
failing free flap, and the rate of salvage declines
[9,14,49]
as duration of this time period increases
. An
unrecognized venous thrombosis can progress to
an arterial thrombosis and ultimately result in a flap
failure. Additionally, if re-exploration is delayed and
circulation is not restored within 8 to 12 h, the no[50]
[51]
reflow phenomenon
and reperfusion injury
will
develop when flow is finally restored, leading to a flap
that is impossible to salvage. Due to the importance
of early recognition, post-operative flap monitoring
protocols are extremely important for successful free
tissue transfer.

Tissue oxygenation measurements (TOx) using noninvasive near-infrared spectrophotometry (NIRS) is
used postoperatively to detect circulatory compromise
before it is noticeable through clinical assessment.
Although, it is most commonly used for postoper
ative monitoring for flap compromise, studies have
acknowledged the potential of TOx to be used
intraoperatively for characterizing recipient vessels and
measuring pre- and post-anastomosis flap perfusion.
TOx is calculated by measuring the reflected nearinfrared light emitted by the probe that is attached
and secured intraoperatively over the skin paddle.
The computer uses spectrophotometric principles to
calculate the percentage of oxygenated hemoglobin
to evaluate tissue oxygen saturation (StO2), which
is closely correlated with vascular perfusion. Keller
reported diagnostic algorithms to predict vascular
complications; a drop rate indicator (deltaStO2/time)
equal to or greater than 20% per hour sustained for
30 min or longer is indicative of vascular complications
and a StO2 of less than or equal to 30% is indicative of
occluded blood flow by a venous or arterial thrombosis.
Studies have examined both systemic and surgical
factors that may confound the TOx measurements
and concluded that only the patient’s hemodynamic
status, determined by his or her blood SO2 (pulse
oximetry), had a significant effect on the TOx
measurements. A 1% increase in SO2 correlated with
[53]
an average 0.36% increase in TOx ; however, only a
truly significant drop in SO2 would have a significant
skewing effect on the TOx. Use of tissue oximetry
significantly improves rates of flap salvage (57.7%
to 93.75%), reduces rates of total flap loss (2.9% to
0.43%), and provides continuous monitoring of flap
[49]
perfusion with numeric data . Limitations of TOx
include its requirement for a cutaneous skin paddle,
rendering it ineffective for buried or wet flaps, and the
high costs associated with the probes and monitors.
Computed tomography angiography (CTA) is
another non-invasive method to monitor for postoperative vascular stenosis. CTA is a rapid exam using
iodinated contrast and ionizing radiation to visualize
the course of the flap vessels with high spatial
resolution; it is able to detect a failing flap and grade
varying degrees of vascular stenosis at the site of
[54]
the anastomosis . Preoperative CTA imaging of flap
vasculature have also been demonstrated to optimize
the surgical planning process and allow surgeons
to create precise skin paddle placements and avoid
potentially poor vascular perfusion. Preoperative CTA
visualizes hypoplastic or diseased arteries, allowing
surgeons to modify operative plans, utilize alternative
sites with verified vascular sufficiency, and take more
[55]
direct courses for vessel exposure .
Contrast enhanced ultrasound (CEUS) is an
emerging technology that may be useful in the postoperative monitoring of free flap perfusion. This
technology involves the application of ultrasound
contrast medium to traditional medical sonography

Post operative monitoring

Vigilant postoperative monitoring, including both
clinical and instrumental observation, is vital for
ensuring success after free flap reconstruction. The
most common cause of late flap failure, indicated
as occurring 7 d postoperatively, is an unrecognized
[9]
failure of a buried flap .
Post-operative vascular perfusion monitoring is
classically assessed with clinical observation, including
the color, temperature, swelling and capillary refill of
the flap. The pinprick test or placement of surface
temperature probes may also be used to monitor
[4,9,24,52]
flaps with a skin paddle
. A needle used to prick
the flap and cause bleeding will indicate a viable and
perfused flap if the flow appears bright red but may
[52]
suggest a failing flap if dark red blood is observed .
Clinical assessments are highly subjective and
dependent on the observer’s experience and skill; on
the other hand, innovative monitoring systems can
deliver reliable and objective measurements of flap
perfusion.
The hand-held Doppler is commonly used for
postoperative flap monitoring. The skin site corre
sponding to the area of the anastomosis can be
marked with a suture in order to provide an accessible
and reliable point at which the Doppler probe may
be placed. Compression of a vein will result in an
augmented venous signal, while compression of
[24]
an artery will lead to a loss of arterial signal ,
making use of the Doppler operator dependent.
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and has been used for the detection of focal malignant
liver lesions and the measure of cardiac blood flow
[56]
during echocardiography . More recent literature
suggests an application in free flap reconstructive
[57]
surgery as well. Prantl et al
investigated 15
patients with history of lower limb orthopedic trauma
who underwent parascapular free flap reconstruction
and used CEUS to assess the flow and patency of the
small vessels of the flap. The authors report CEUS
to be a sensitive technique allowing detection of the
flow and patency of the microvascular anastomoses
as well as the perfusion within the microcirculation
[58]
of the free flap itself. Lamby et al
used CEUS
in the immediate post-operative period and were
able to detect partial flap necrosis as well as postoperative hematoma in 2 of the 10 patients studied,
concluding that this technology can provide an optimal
assessment of perfusion in multiple tissue layers of
the free flap and may help prevent flap loss.
Microdialysis is another technique that can be
used for post-operative monitoring after free flap
reconstruction. This technology involves an analysis
of the metabolic by-products present within free flap
tissue as a means of detecting ischemia and allowing
early surgical intervention to prevent flap loss.
A microdialysis probe, with a dialysis membrane
at the end, is introduced into the free flap tissue.
Perfusion fluid is then instilled into the catheter and
allowed to equilibrate across the membrane with the
extracellular fluid of the free flap tissue. Dialysate is
then collected and analyzed and the concentrations
of glucose, glycerol and lactate are compared to
those of a control dialysate collected from a similar
microdialysis probe inserted at a distal site into
native tissue. During flap ischemia, the concentration
of lactate and glycerol will increase and that of
[59]
glucose will decrease. Udesen et al
used micro
dialysis for post-operative monitoring of 14 female
patients with free TRAM flaps. In one patient with
arterial anastomotic thrombosis, the glucose level
fell to an immeasurable level while the glycerol and
lactate concentrations increased. The difference in
concentrations between the flap and control was
statistically significant and after reperfusion, the
concentrations returned to normal levels. Although
microdialysis is an invasive procedure with the
inherent risk of damage to the vasculature of the
free flap, it represents a potentially useful method of
detecting early tissue ischemia.

free flap surgery. In this review article, we have
presented a comprehensive review of perioperative
and intraoperative considerations that influence free
flap outcomes as well methods of vessel selection
and flap monitoring important during microvascular
reconstruction of the head and neck.
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