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Abstract. – OBJECTIVE: In the last 10 years
with the advances in microsurgery of tech-
niques and materials the indications for free tis-
sue transfer have considerably been increased.
But, there are still some limitations and draw-
backs. Among risk factors associated with flap
failure, atherosclerosis can affect both the flap
and the recipient vessels of free microvascular
tissue transfers. The purpose of this paper is to
discuss about the pathogenesis of Moncke-
berg’s sclerosis, and the topics that must be tak-
en into consideration when performing micro-
surgery in these patients.

METHODS: PubMed database was searched
using Mesh. The following terms was added to
the search builder: Monckeberg’s sclerosis, free
flap. The Boolean operator “AND” was selected.
All the selectable Mesh headings for “Moncke-
berg’s sclerosis” and “free flap” were included.

RESULTS: Almost all the literature works
about microsurgery in Monckeberg’s sclerosis
patient show the importance of an accurate pre-
operative and postoperative evaluation and of a
proper surgical technique.

CONCLUSIONS: When adequate preoperative
evaluation, surgical technique and postopera-
tive monitoring are performed, even severe ath-
erosclerosis should not be considered an ab-
solute contraindication for microvascular
surgery.
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Introduction

Microsurgery was made possible in the late
nineteenth and early twentieth centuries when
technology allowed development of operative
microscope, micro-instruments and micro-su-
tures1-3. It started as an advanced surgical tech-
nique transforming what was once thought of as
a miracle into reality. Then different disciplines
have been brought together in the “world of mi-
crosurgery” allowing for the transfer of well-vas-

European Review for Medical and Pharmacological Sciences

Management of microanastomosis in
patients affected by vessel diseases

E. CIGNA, F. LO TORTO, P. PARISI, A. FELLI, D. RIBUFFO

Department of Surgery “P. Valdoni”, U.O. of Plastic Reconstructive and Aesthetic Surgery,
“Sapienza” University of Rome, Rome, Italy

Corresponding Author: Federico Lo Torto, MD; e-mail: federicolotorto@gmail.com

cularized tissue to defects in a single-stage pro-
cedure, and leading to improved quality of life.
As a consequence of microsurgery human anato-
my has been re-evaluated in the search for donor
tissues vessels suitable for free tissue transfer.
In the last 10 years the indications for free tis-

sue transfer have been increased involving, for
example, children, elderly patients and even pa-
tients with complex medical conditions as hema-
tologic disorders4. However, despite its universal
popularity and wide of use in practice, there are
still some limitations and drawbacks. Risk factors
associated with flap failure rates include obesity,
age5-9, previous irradiation10,11, diabetes mellitus12,
smoking13, and systemic vascular disease14. Ath-
erosclerosis is the most common risk factor for
systemic vascular disease, and can affect both the
flap vessels and the recipient vessels of free mi-
crovascular tissue transfers14. Patient selection,
type of microsurgical technique, and postopera-
tive care are more important in patients with
pathology of layers of vessels. This paper studies
the pathogenesis of atherosclerosis (ATS), and its
subtype Monckeberg’s sclerosis (MS), and the
topics that must be taken into consideration when
performing microsurgery in these patients.

Pathogenesis of Atherosclerosis and
Monckeberg’s Sclerosis
ATS is a degenerative disease that begins in

early childhood and advances with age. The early
lesions, so-called “fatty streaks,” are small de-
posits of clearly vacuolated, lipid-containing cells
called “foam cells” in the intima layer of vessels.
These lesions are usually located in the aorta of
infants and children14. Atherosclerotic vascular
disease is a multifactorial process characterized
by plaque formation seen in adults. These are cat-
egorized into three forms: gelatinous, fibrous, and
complicated. Plaque formation begins with the
gelatinous type, and fibrous changes occur around
the plaque core over time; eventually, the lesion
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Figure 1. Histological evaluation of Mockemberg sclerosis showing degeneration of smooth muscle cell (medial layer) and
calcium deposition in the small and medium sized muscular arteries. (Eosin-Hematoxylin stain. A, 2.5× magnification; B, 5×
magnification).

A B

becomes a fibrous plaque. Advanced plaques can
be complicated by calcification, ulceration, hem-
orrhage, and necrosis14, In addition to genetic sus-
ceptibility, cholesterol levels, elevated blood pres-
sure, diabetes mellitus, and cigarette smoking are
the most important risk factors for the develop-
ment of atherosclerosis14. Advanced atheroscle-
rotic lesions partially or totally occlude the arter-
ies, and fissures in these lesions lead to thrombo-
sis, embolism, and aneurysmal dilatation. Ad-
vanced lesions are prone to rupture, and can easi-
ly undergo thrombosis4-9.
Monkemberg sclerosis, also called focal calcifi-

cation, is a type of atherosclerosis that is more
common in people over 50. It involves degenera-
tion of smooth muscle cell (medial layer) followed
by calcium deposition in the small and medium
sized muscular arteries15,16 (Figures 1 A, B). It is
mainly located in the lower and upper extremities
and the arterial supply of the genital tract. Since
the condition does not involve primarily the inti-
mal layer of the artery, the lumen is kept open by
the rigid media and, therefore, luminal narrowing
is not a direct consequence15,16. Recent studies,
however, have demonstrated that MS is a risk fac-
tor for cardiovascular disease and peripheral artery
obstruction. The exact etiopathogenesis of this
process is far from being understood, but is fre-
quently related to glucose intolerance, aging, male
gender, autonomic neuropathy, osteoporosis and
chronic renal failure.

Management of Sclerotic Vessels
However, microsurgery can be safely per-

formed in both AS and MS patients after proper

evaluation and adaptation of a systemic ap-
proach. Patients should be evaluated thoroughly
and dealt with at three stages: preoperative, intra-
operative and postoperative.

Preoperative Stage
All patients destined to receive a free flap

transfer for reconstruction of the extremities or
head and neck region, should receive preopera-
tive evaluation of the vasculature. First of all an
accurate anamnesis and family history evalua-
tion; it is important to assess whether patients
present other diseases or sympthoms related to
the MS. Then the vasculature is evaluated with
imaging exams. This can be performed with col-
or Doppler, which is the first exam required and
eventually with arteriograms. However, magnetic
resonance angiography or computed tomography
(CT) angiograms are useful radiological proce-
dures for the study of the peripheral vasculature,
with minimal morbidity associated with the stud-
ies14,17-25. During preoperative planning, flap
type, pedicle length, and pedicle caliber should
be judged properly so that there are no unantici-
pated steps, and so that microsurgical techniques
can be performed comfortably and safely. To
minimize unsatisfactory results, and to minimize
the length of the surgical procedure, flaps having
a constant anatomy and a long and large vascular
pedicle should be chosen.
Generally, flap selection has to consider that

flaps based on pedicle of upper limbs or from the
central part of the body are less affected by
pathology of vessels wall than those from the
lower limbs or distal parts of the body14. Further-
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in the clamps, applying double clamps (single
clamps may also be used during this step), taking
care not to snap the clamp onto the vessel.
Since a frequent irrigation with saline solution

is recommended, a moist sponge is placed be-
neath the vessel set-up in order to elevate the
plane of the anastomosis and to provide a space
for fluid to collect in before reaching the plane of
the anastomosis and interfering with the field.
Background material is placed beneath the clamp
and vessels. Fine trimming with microscissors is
performed to clearly see the vessel ends while
suturing, and to prevent the adventitia from get-
ting caught in the lumen while tying the knot.
Adventitia inside the anastomosis can induce
thrombus formation. The double clamps are ap-
proximated until the vessel ends just touch each
other (neither tension nor vessel redundancy).
Blood in the lumen beyond the clamps towards
the open end must always be flushed out. Blood
in undamaged vessels not in contact with wound
thromboplastins does not clot and hence special
precautions are not needed for the blood in the
vessels beyond the clamps. Good hemostasis in
the microsurgical field has to be guaranteed be-
fore starting the anastomosis. Some useful ma-
neuvers can facilitate the microvascular anasto-
mosis in atherosclerotic vessels.

• To inspect with the microscope and to palpate
the recipient vessel, before choosing the best
location of the anastomosis;

• To avoid vessel wall collapse, making a small
area of excision;

• Carefully avoid to create a false lumen, when
cutting the vessel, which may cause thrombosis.

Therefore, after cutting the artery, the athero-
sclerotic plaque should be carefully looked for,
and the cut edge should be trimmed using fine
scissors. It is important to select the appropriate
clamps that do not put too much pressure on the
vessel. Excessive tension can create fractures in
the plaque or can induce damage to the vessel
wall. Vessel loops can be used on the proximal
and distal aspect of larger vessels if necessary. A
round needle must be used to avoid damage to
the intima. The size of the needle and suture can
be a factor in the success of the anastomosis. It is
preferable to perform interrupted sutures as this
allows for perfect placement of the needle with
every bite36,37 (Figure 1A). Additionally, it allows
the surgeon to see the intima and make sure that
it is included with every bite. Separation of the

more, recipient vessel selection depends on the
site of reconstruction. Generally, vessels with a
good caliber, located far from radiated and trau-
matized sites, are preferred26-29. Healthy vessels
should be looked for and used. Flap pedicle
length is also established in relation of the recipi-
ent vessel location26-29. The caliber and pulsation
of the artery should be satisfactory for microvas-
cular anastomosis.

Operative Stage
The operative stage is equally important. Se-

vere atherosclerosis makes recipient vessels very
vulnerable to traumatic injury and for this reason
careful dissection is recommended. The vessels
should be dissected adequately to provide for a
safe anastomosis. All side branches should be
ligated with extreme care. The operator has to as-
certain that the suitable artery must have good
pulsatile bleeding upon division.
Microscope is essential to best visualize ves-

sels and their structure.
Irrigation with heparinized saline (100 U/ml)

is always performed14,30-35, and the lumen is
checked for the presence of thrombi, atheroscle-
rotic plaques or calcium deposition on a high
magnification.
Very fine instruments, in well-trained hands,

should avoid intimal damage. Flap dissection is
followed by a time of flap perfusion for at least
15-20 minutes. The flap vessels are not handled
during this time and are bathed with warm irri-
gating solution and 2% plain lidocaine. This pro-
cedure allows to relieve vessel spasm and to
equilibrate flow dynamics in the flap.
If the vessel is divided when it is in spasm, af-

ter anastomosis it will also be in spasm.
Usually, pedicle division consists on clamping

flap artery and then the vein.
If the vein is clamped first, the continuing in-

flow causes the flap vein to bulge, which may
cause a severe vessel size discrepancy but may
also avoid accidental vessel twisting at the time
of anastomosis. Perfusion of the dissected flap
with prepared tissue preservation solutions is
never necessary prior to transfer.
When everything is ready the flap vessels are

divided at the recipient site, to minimize blood
flow interruption of the recipient vessels.
The status of the recipient vessels should be

carefully verified just before division of the flap
vessels.
Preparation of the vessel ends consists on: strip-

ping the adventitia up to the area which would be
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intima from the rest of the vessel wall must be
avoided making sutures that passed from the in-
side of the lumen of the atherosclerotic vessel to
the outside. Double needle suture can help in
case of both ends of the vessels have plaque.
Gentle handling of the vessels is extremely im-
portant and every move should be purposeful and
accurate without ever placing the instruments in-
to the vessels blindly. However, small needles
may be inadequate to pierce calcium deposition
in the intima. Vessel dilation is dangerous and
should be performed with extreme care only if
necessary14. Eversion of the vessel walls avoids
leaving raw surfaces exposed to blood flow. Dur-
ing the anastomosis the surgeon has to visualize
the lumen with each bite. It is useful, tying the
last 3-4 sutures at the end of anastomosis. The
sutures should be tied without too much tension,
as tension can cause erosion into the plaque and
tearing of the vessel wall. Manipulation of the
flap after anastomosis is possible at least after 10
min from the end of the anastomosis, to avoid
creating turbulence and/or damage to the vessel
wall and to allow invisible microthrombi to be
washed out or become more stable14.
Before wound closure, it should be ensured

that there is no pressure on the vessels or kinking
of the pedicle. Both end-to-end and end-to-side
anastomoses are practicable in atherosclerotic
patients. However, careful thought must be given
during decision-making. Several reports showed
no difference in success rates between end-to-
end and end-to-side anastomoses when evaluat-
ing a large group of flaps14,38-40.
In patient with MS L-T anastomosis are pre-

ferred, using simple interrupted suture technique.
Moreover, the use a larger caliber suture allows
to pass through the rigid wall more easily. Dur-
ing the anastomosis phase, irrigation with pure
heparin is performed and vessels are cleaned
from the crystals, that are located in the medial
layer of vessel, with a No 5 jeweler’s forceps
(Figure 2).

Postoperative Stage
Postoperative care of free tissue transfer pa-

tients requires that patients be adequately hydrat-
ed. Maintenance of proper body temperature and
hematocrit is also important. Preoperative antico-
agulation is not used by many surgeons35. There
is no consensus on anticoagulation after free tis-
sue transfer41,42. The main agents include heparin,
dextran, aspirin, and ketorolac. Only a minority
of the surgeons don’t use any anticoagulant35.

Our regimen for the anticoagulation protocol for
such situations cares is to maintain < 30 HTC
with 30-50 cc/kg of fluid therapy, 500 cc of dex-
tran 40%, 50-100 UI/kg heparin in elastomer for
5 days.
Flap monitoring is similar to flaps performed

in nonatherosclerotic patients. In addition to clin-
ical examination, Doppler ultrasonography and
temperature monitoring are practical methods for
postoperative monitoring. Doppler ultrasound,
which is the most widely used, offers an ease of
use, cost effectiveness, and ease of interpretation.
Implantable Doppler devices offer similar advan-
tages but are invasive and are not widely used.
Temperature probes are less reliable due to the
environmental influence but remain an important
adjunct to clinical observation43. Laser Doppler,
the infusion of radioactive tracers44, hydrogen
gas45, and fluorescein46, as well as temperature
measurements47 and photoplethysmography are
others less commonly used methods of monitor-
ing tissue perfusion.
Patients operated on the lower extremity are

not allowed to ambulate postoperatively for a
minimum of two weeks. The inosculation and the
healing of the flap to the wound bed, the selec-
tion of muscle or skin, and the “take” of the skin
graft, are determinant for the dependency of the
lower extremity. Those patients that have recon-
struction around the foot and ankle are most
prone to arise venous pressure and to a resultant
edema of the flap. This edema can result in the
dehiscence of the free flap from the surrounding
tissue bed. For this reason, patients are required
to keep their limbs elevated, need mild compres-
sive garments and undergo bed to chair transfer
for a minimum of two weeks.

Figure 2. Preoperative figure showing arterial calcification.
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Even for reconstruction cases not requiring a
skin component, a portion of the free flap’s skin
may be exteriorized and may be used to evaluate
its perfusion by monitoring the skin temperature,
capillary refill, turgor, color, and bleeding. This
skin paddle technique is one of the most accu-
rate and reliable ways to evaluate flap perfusion.
It allows the surgeon to monitor for both arterial
insufficiency as well as venous obstruction. Ar-
terial insufficiency is present when the skin be-
comes pale and cool and fails to bleed after a
needle stick. Venous congestion usually results
in edema and darkening of the skin color. Dur-
ing early venous obstruction, a needle stick will
cause rapid bleeding of dark blood. To improve
the reliability of a monitoring component of a
flap, it is recommended that its size be larger
than 1-2 cm. This allows enough perforating
vessels to make correlation to the vascular pedi-
cle48,49. The perforator to this skin paddle should
have an appropriate caliber while avoiding any
torsion or tension during the inset of the flap.
The reported sensitivity of the monitoring flap to
detect a vascular occlusion is 100% with a 36%
false-positive rate. However, early signs of a
vascular compromise may be subtle and require
an experienced examiner to recognize them.
Therefore, clinical observation is still indispens-
able in monitoring flaps48,49.

Conclusions

Pathology of wall of vessels are common dis-
eases, especially in older individuals, and they
affects the success of microsurgical procedures.
Atherosclerotic patients should be evaluated
carefully before microsurgery, to avoid possible
complications. For this reason a meticulous vas-
cular study is required.
During the operative phase, complications can

be reduced if various technical details are re-
spected by surgeons. The postoperative period al-
so requires precise monitoring to obtain the max-
imum benefit from surgery. However, in cases of
MS, the rules for each surgical step and the re-
quirements for delicate and fine work are more
strict than those for normal individuals. If a pa-
tient’s medical problems do not constitute an
handicap, and when proper surgical technique is
performed, even severe atherosclerosis should
not be considered a contraindication for mi-
crovascular surgery.
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