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Supermicrosurgery for oncologic reconstructions

Takumi Yamamoto®, Nana Yamamoto, Takashi Kageyama, Hayahito Sakai, Yuma Fuse, Kanako Tsuihiji, Reiko Tsukuura

Department of Plastic and Reconstructive Surgery, National Center for Global Health and Medicine, Tokyo, Japan.

Abstract: With advancement of microsurgical techniques, supermicrosurgery has been developed.
Supermicrosurgery allows manipulation (dissection and anastomosis) of vessels and nerves with an external diameter
of 0.5 mm or smaller. Because quality of life of cancer survivors is becoming a major issue, less invasive and
functionally-better oncological reconstruction using supermicrosurgical techniques attracts attention. Conventional
free flap reconstruction usually sacrifices major vessels and muscle functions, whereas supermicrosurgical free
flaps can be transferred from anywhere using innominate vessels without sacrifice of major vessel/muscle. Since
a 0.1-0.5 mm vessel can be anastomosed, patient-oriented least invasive reconstruction can be accomplished with
supermicrosurgery. Another important technique is lymphatic anastomosis. Only with supermicrosurgery, lymph
vessels can be securely anastomosed, because lymph vessel diameter is usually smaller than 0.5 mm. With clinical
application of lymphatic supermicrosurgery, various least invasive lymphatic reconstruction has become possible.
Lymphatic reconstruction plays an important role in prevention and treatment of lymphatic diseases following
oncologic surgery such as lymphedema, lymphorrhea, and lymphocyst. With supermicrosurgery, various tissues such
as skin/fat, fascia, bone, tendon, ligament, muscle, and nerves can be used in combination to reconstruct complicated
defects; including 3-dimensional inset with multi-component tissue transfer.
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Introduction esthetic reconstruction with natural contouring is difficult
in face/head/neck and extremity reconstructions (4-8).
Reconstructive microsurgery has developed to allow With advancement of microsurgical techniques
various tissue reconstructions after tissue defect or and anatomical knowledge, perforator flaps were
functional deficit after oncologic surgeries (/-3). developed, in which the muscle can be preserved (§-
Locoregional flaps are used to reconstruct soft tissue 12). Rectus abdominis myocutaneous flap was replaced
defects. Pectoralis major myocutaneous flap and with deep inferior epigastric artery perforator (DIEP)

deltopectoral flap were mostly used for head and neck flap for breast reconstruction. Anterolateral thigh (ALT)
reconstructions, and various local flaps were developed perforator flap has become a choice of flap for head
to reconstruct soft tissue defects in any body part (2-4). and neck reconstructions. Various perforator flaps were
With development of microvascular anastomosis, free developed, allowing less invasive and more esthetically
tissue transfer or free flap transfer became a choice for pleasing reconstruction. However, optimal functional and
reconstruction (5-7). Myocutaneous flap, consisting of esthetic reconstruction is yet to be established even with
major vessel and muscle/fat/skin such as latissimus dorsi perforator flaps requiring major vessels for flap pedicle

myocutaneous flap and rectus abdominis myocutaneous and recipient vessels; recipient site and donor site cannot
flap, played a major role in free flap extremity and breast be freely selected, because major vessels are required in
reconstructions. Free flap transfer from a donor site both donor and recipient sites (9-13).

distant from tumor ablation site allows simultaneous With further advancement of microsurgical
flap elevation during tumor resection, which results in techniques, more sophisticated micro-vessels’
shorter operation time. Unlike local flap, free flap is manipulation becomes possible. Half-millimeter vessels
useful for a microsurgeon to inset a flap with more ease can be anastomosed, and the technique is named

and safety. Although myocutaneous free flaps enable supermicrosurgery (14-19).
immediate reconstruction of wide defects, these flaps

are associated with significant morbidities in donor sites Supermicrosugery
because of sacrificing major vessels and muscle. Since
myocutaneous flaps have large volume due to muscle, Definition of supermicrosurgery has been changing

(18)
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over time (/4,20-22). 1t is considered feasible for
supermicrosurgery to be defined as microsurgical
techniques dealing with vessels with external diameter
of 0.5 mm or smaller, because surgical techniques and
clinical applications are significantly different.

Technically, microsurgery deals with 1-2 mm
vessels and its techniques are basically the same as
in conventional vascular surgery (22,23). Left hand’s
forceps are inserted into a vessel lumen to assist suturing
by right hand; the left hand’s forceps keeps the lumen
open, and prevent back wall catching by the right hand’s
needle. On the other hand, in supermicrosurgery, even
micro-forceps cannot be inserted into a supermicro-
vessel, and a surgeon has to perform suturing only based
on a needle tip’s sensation without left hand assistance.
Since supermicrosurgery requires very meticulous
manipulations with the sensation of tip of a 50 micron
needle, rigorous training is necessary to master this
technique (22-25).

Clinically, various reconstructions can be performed
only with supermicrosurgery. First, any small tissue can
be re-vascularized (/4,26-28). After oncologic resection
of some body part, the distal tissue can be replanted
with supermicrosurgical anastomosis if needed.
Second, single fascicle of a nerve can be coaptated with
supermicrosurgery (/4,19-29). Supermicrosurgical
neuroraphy allows less invasive and fascicle-oriented
nerve reconstruction. Third, any innominate vessels
can be used as flap pedicle and recipient vessels
(14,18,20,30). Supermicrosurgery does not require major
vessels for donor or recipient sites, and allows free tissue
transfer from anywhere to anywhere; true perforator
flap transfer with perforator-to-perforator anastomosis
(17,30,31). Three-dimensional multi-component tissues
can be harvested and transferred with supermicrosurgery
(32,33). Capillary-like supermicro-vessels nourishing
various tissues can be dissected separately; chimeric flap
transfer. Thickness-controlled flap transfer is possible
with supermicrosurgical distal dissection of a perforator,
allowing esthetic contouring reconstruction (34). Lastly,
lymph vessels can be anastomosed (/4,17,35-45). As
collecting lymphatic vessels are usually smaller than
0.5 mm, supermicrosurgery is necessary for lymphatic
reconstruction. Immediate or secondary lymphatic
reconstruction becomes possible to prevent or treat
lymphedema, lymphorrhea, and lymphocyst.

One of the most important clinical applications
of supermicrosurgery in reconstructive surgery is
versatile usage of superficial circumflex iliac artery
(SCIA) perforator (SCIP) flap (22,23,34,46,47). SCIP
flap is based on the superficial branch and/or the
deep branch of the SCIA, and is a minimally invasive
flap with a most esthetically pleasing donor site; and
donor scar remains along the inguinal crease, which is
concealable with underwear (Figure 1) (22,23). Since
a SCIA branch is around 0.5 mm, supermicrosurgery
is required for secure transfer of the SCIP flap. With

(19)

Figure 1. Superficial circumflex iliac artery perforator
flap donor site scar is concealable.

supermicrosurgery, this optimal flap can be applied to
various reconstructions in any body part as described
below.

Nerve and lymphatic reconstruction

In any body part, nerves and lymphatics exist, and
may require reconstruction after cancer treatment.
Reconstructive surgeons should consider these
reconstructions for better functional outcomes.

Sensory and/or motor nerve injury can occur after
oncologic ablation. Nerve defect should be reconstructed
with vascularized nerve flap, because nerve flap has
better postoperative nerve regeneration than non-
vascularized nerve graft (/9,29,48). Especially for
motor nerve reconstruction, vascularized nerve flap is
recommended due to 3 times faster regeneration (48).
SCIP-based vascularized lateral femoral cutaneous
nerve is a useful option for nerve flap transfer. Nerve
flap can be used combined with skin flap for soft tissue
defects. When a nerve defect is short, fascicular turnover
flap based on the sacrificed nerve itself can be used for
reconstruction, allowing autologous nerve reconstruction
without donor site morbidity (/9,29).

Lymphatic reconstruction is important for
management or prevention of intractable lymphedema,
lymphorrhea, and lymphocyst (/7,18,22,33,40).
Lymphedema is an obstructive lymphatic disease, and
lymphorrhea/-cysts are a leakage disease. For lymphatic
leakage diseases, precise localization of ruptured lymph
vessels with near-infrared fluorescent lymphography
and secure reconstruction is important (/7,40,41,49,50).
Since simple ligation may cause lymph flow obstruction
and subsequent lymphedema development, lymphatic
reconstruction should be performed for the leakage
diseases as for obstructive disease (/7).

There are mainly 2 lymphatic reconstructive
methods; lymphatic anastomosis and lymphatic transfer.
Lymphatic anastomosis includes lymphaticolymphatic
anastomosis (LLA) and lymphaticovenular anastomosis
(LVA) (17,22,35-45). In LLA, an affected lymph vessel
is anastomosed to a nearby intact lymph vessel, whereas
it is anastomosed to a vein in LVA (Figure 2). In both
LLA and LVA, anastomosis should be done in an intima-
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Figure 2. Lymphaticovenular anastomosis (asterisk) for the
treatment of lymphedema, lymphorrhea, or lymphocyst. A
lymph vessel (arrow) is supermicrosurgically anastomosed to
a nearby venule or a vein (arrowhead) in an intima-to-intima
coaptation manner. The vein looks like a lymph vessel, as
lymph flows inside the vein making the vein translucent.
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Figure 3. Lymph-interpositional-flap transfer (LIFT). LIFT
bridges a gap of lymph vessel in a recipient site for lymphatic
reconstruction.

to-intima coaptation manner with supermicrosurgery.
Lymphatic transfer includes lymph node transfer (LNT),
lymph vessel transfer (LVT), and lymph-interpositional-
flap transfer (LIFT) (14,18,22,49). In LNT/LVT,
vascularized lymph node/vessel is transferred to absorb
lymph in a recipient site. In LIFT, a perforator flap
including lymph vessels is transferred in a recipient site
to bridge a gap between distal and proximal lymph vessel
stumps caused by cancer ablation (22,49). SCIP flap can
be used either as LNT, LVT, or LIFT (Figure 3).

Trunk reconstruction

Although conventional flaps are considered for
reconstruction of a large defect requiring hard tissue
reconstruction such as abdominal/chest wall or pelvic
floor, true perforator flap or chimeric flap can be applied
with less donor site morbidity (/,22). SCIP fascia flap
can be used as a pedicled flap for abdominal wall and
pelvic floor reconstruction, and as a free flap for chest
wall reconstruction with or without a skin paddle (22).
The deep branch of the SCIA should be used to transfer a
vascularized fascia flap.

(20)

Figure 4. Super-thin flap for reconstruction of the finger.

Breast reconstruction

DIEP flap is the most popular flap for autologous tissue
breast reconstruction, which is less invasive than rectus
abdominis myocutaneous flap (7-9). Although preserving
the rectus abdominis muscle DIEP flap requires
dissection of the muscle and the intercostal nerves.
The muscle dissection causes postoperative abdominal
bulging and significant pain. Other perforator flaps
allow even less invasive breast reconstruction without
muscle dissection, which include superior/inferior
gluteal artery true perforator flap, profunda femoris
artery true perforator flap, lumbar artery true perforator
flap, and SCIP flap (22). Flaps other than SCIP flap
have relatively shorter pedicle unless proximal muscle
dissection is not dissected. Both the deep branch and the
superficial branch of the SCIA should be included to
elevate an extended SCIP with enough bulk for breast
reconstruction.

Hand and upper extremity reconstruction

Various pedicled perforator flaps can be used for
relatively small defects, but requires additional skin
grafting for donor site closure to reconstruct larger
defects (/,8,22). True perforator free flap is functionally
and esthetically better for reconstruction of medium to
large soft tissue defects. SCIP flap plays an important
role in upper extremity reconstruction, which allows
thin and pliable skin reconstruction of the dorsum of
the hand as super-thin or pure skin perforator flap, and
simultaneous lymphatic reconstruction for prevention
of lymphedema as LIFT (Figure 4) (/4,33,34,49).
Toe flaps are used to reconstruct digits, and domino
free flap transfer is recommended for reconstruction
of the toe donor sites (/6,26,31). Chimeric SCIP flap
with vascularized iliac bone is useful for complex
reconstruction including the toe phalanx to preserve toe
function and shape.

Lower extremity reconstruction

With supermicrosurgery, true perforator flap transfer
with perforator-to-perforator anastomosis is a choice
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Figure 5. Superficial circumflex iliac artery perforator flap
for reconstruction of the external auditory canal (arrow)
and the tympanic membrane (arrowhead).

of reconstruction for distal lower leg and foot defects
(14,20,22). Since any innominate vessels can be used
as recipient vessels, supermicrosurgical true perforator
flap transfer is applicable even for critical limb
ischemia with no patent major vessels. For complex
reconstruction of the ankle or the foot, chimeric SCIP
flap is recommended, as it can transfer various tissues
(the iliac bone, the deep fascia, the sartorius muscle, the
inguinal lymph node, and the lateral femoral cutaneous
nerve) without the need for a large recipient vessel
(22,33). Since the lower extremities are likely to suffer
from edema, lymphatic reconstruction plays an important
role in improvement of postoperative quality of life.
Therefore, LNT, LVT, or LIFT is recommended for
reconstruction when a defect includes major lymphatic
pathways as shown in Figure 3 (22,33,49).

Face, head, and neck reconstruction

Various true perforator flaps can be used for face, head,
and neck reconstruction. For facial reconstruction,
thoraco-acromial artery perforator flap is useful for color-
matched re-surfacing (/4,22). When a recipient vessel is
not applicable in the ipsilateral side, contralateral vessels
can be used as a recipient with a long pedicle flap.
Deep branch-based SCIP flap can include a vascular
pedicle as long as 22 cm, which is enough to reach the
contralateral vessels (22,46). SCIP flap is useful also for
reconstruction of the external auditory canal including
the tympanic membrane (Figure 5). Facial nerve
reconstruction has a significant impact on quality of life,
and should be reconstructed simultaneously with soft
tissue reconstruction as possible. Chimeric flap including
vascularized nerve is a choice method for simultaneous
facial nerve reconstruction rather than non-vascularized
nerve grafting (22,32,33,46).
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