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INTRODUCTION
Since the first clinical success of microsurgical composite 

tissue transfer, the microsurgery field has advanced greatly.1–3 
Reconstructive methods have evolved from the use of conven-
tional muscle flaps to perforator flaps, which have improved 
donor and recipient site results and patient satisfaction.

Supermicrosurgery involves the anastomosis of vessels 
with a diameter < 0.8 mm and has many advantages includ-
ing less donor- and recipient-site morbidity, shortened sur-

gical time, protection of the main trunk vessel, and the 
possibility of avoiding deep-layer anastomosis and postop-
erative hematoma due to muscle dissection.4,5

However, this technique is difficult to master and has 
a long learning curve. Furthermore, supermicrosurgical 
anastomosis is stressful for microsurgeons who have not 
been trained to perform the procedure, and in fact, not 
all microsurgeons can master this technique.6

The use of several methods employing simpler tech-
niques was recently reported to result in successful super-
microsurgical anastomosis.6,7 Intravascular stenting (IVaS) 
was reportedly used for lymphaticovenular anastomosis 
(LVA) or fingertip replantation, both of which are difficult 
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Background: Although supermicrosurgical anastomosis is a widely known recon-
structive microsurgical technique, it is difficult to perform. To expand the clinical 
use of supermicrosurgery, we used hemi-intravascular stenting (hemi-IVaS), which 
is performed by inserting an intravascular stent into one side of the vessel. We con-
ducted lymphaticovenular anastomosis, free perforator flap transfer, and fingertip 
replantation with supermicrosurgical anastomosis using hemi-IVaS technique and 
examined its usefulness.
Methods: Between January 2013 and February 2015, 11 anastomoses in 11 cases 
of lymphaticovenular anastomosis for lymphedema patients, 14 anastomoses in 7 
cases of free perforator flap transfer with supermicrosurgical perforator-to-perfo-
rator anastomosis, and 9 anastomoses in 5 cases of fingertip replantation were per-
formed using hemi-IVaS. Time required for anastomosis and complications were 
examined. Flap survival rate was also examined in free perforator flap transfer 
cases and fingertip replantation cases.
Results: In all cases, anastomoses were performed without complications such as inad-
vertent catching of the back wall of the vessel during the procedure or the need for re-
anastomoses. The average time required to complete the anastomosis was 16.4 ± 3.20 
minutes using the hemi IVaS technique. All flaps survived in the supermicrosurgical 
perforator-to-perforator anastomosis as well as fingertip replantation cases.
Conclusions: Hemi-IVaS could be a useful alternative to conventional intravascu-
lar stenting techniques and is also effective for supermicrosurgical perforator-to-
perforator anastomosis. Further studies are needed to improve the success rate 
and to explore its other possible utilizations in supermicrosurgery. (Plast Reconstr 
Surg Glob Open 2017;5:e1533; doi: 10.1097/GOX.0000000000001533; Published on-
line 27 November 2017.)
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to perform using conventional anastomosis techniques.8–10 
Various types of IVaS methods were reported previous-
ly.11–14 There have been no published reports on the use 
of intravascular stents for supermicrosurgical perforator-
to-perforator anastomosis for free perforator flap transfer.

In this article, we report on the use of hemi-IVaS for 
supermicrosurgical anastomosis. We revised the previously 
reported IVaS technique to develop the hemi-IVaS tech-
nique, in which an intravascular stent is inserted into only 
1 side of the adjacent vessels.

PATIENTS AND METHODS
Between April 2013 and February 2015, 11 anasto-

moses in 11 cases of LVA in lymphedema patients, 14 
anastomoses in 7 cases of supermicrosurgical perforator-
to-perforator anastomosis, and 9 anastomoses in 5 cases 
of fingertip replantation were performed utilizing hemi-
IVaS. The patients’ characteristics are listed in Tables 1–4. 
The study protocol was approved by the ethics committee 
of the affiliated hospital.

Supermicrosurgical anastomosis using hemi-IvaS was 
performed as follows (see video, Supplemental Digital 
Content 1, which demonstrates a super-microsurgical anas-
tomosis between a lymphatic channel and a sub-dermal 
vein using the hemi-intravascular stenting method. This 
video is available in the “Related Videos” section of PRS-
GlobalOpen.com or at http://links.lww.com/PRSGO/A587). 
First, the intravascular stent was prepared as reported 
previously.8–10 A 4-0, 5-0, or 6-0 black monofilament nylon 
suture measuring 5–15 mm in length was used in the pro-
cedure. Stent size was selected according to vessel size; if 
vessel size was around 0.3 mm, a 6-0 size was used; if ves-
sel size was around 0.5 mm, a 5-0 size was used; and if ves-
sel size was around 0.8 mm, a 4-0 size was used. The stent 
length was decided in accordance with vessel mobility and 

anastomotic field. As the end of the nylon suture must be 
smooth to prevent vessel lumen damage, we used a razor or 
surgical knife to produce a clean cut instead of using scis-
sors. The stent was inserted in 1 side of the adjacent vessels 
and into the damaged, smaller-sized, or thin-walled vessel. 
After the insertion, we performed the anastomosis using a 
12-0, 11-0, or 10-0 nylon suture (the needle sizes were 50, 
65, and 100 µm, respectively) in the conventional 0–180 
suture or back wall first suture manner depending on ves-
sel mobility. Vessel diameter was measured before the dila-
tion procedure. Both arteries and veins were used in the 
technique. To keep the stent inside the vessels, vascular 
clips were occasionally used to hold the vessels and stent 
together. The damaged, smaller-sized, or thin-walled ves-
sel is difficult to anastomose safely, but handling the stent 
inside the vessel makes the lumen visible and prevents the 
needle from catching the back wall (Fig. 1A, B). The last 
2 stitches remained untied but were then tied after stent 
removal (Fig. 1C). Six to 8 stitches were routinely used for 
the anastomosis. End-to-end anastomosis was performed 
in all cases in the present study. The microsurgeons who 
performed supermicrosurgical anastomosis in the present 
study completed at least 6 months of intensive supermicro-
surgical anastomosis experience.

LVA was performed under local anesthesia in 11 lymph-
edema patients (1 case of upper extremity lymphedema and 
10 cases of lower extremity lymphedema; Table 2) according 
to previously reported conventional LVA procedures.10 An 
approximately 2–3-cm–long skin incision was made based 
on indocyanine green lymphography. After identification of 
the lymphatic channels and venules appropriate for anas-
tomoses, the vessels were transected. An intravascular stent 
was subsequently inserted into either the venule or lymphat-
ic channel, depending on the vessel condition. After stent 
insertion, anastomosis was carried out.

In the supermicrosurgical perforator-to-perforator 
anastomosis group, either the lateral thoracic artery 
perforator flap or superficial circumflex iliac artery per-
forator flap was used and anastomosed to the recipient 
perforator above the deep fascial layer. The diameter of at 
least 1 of the recipient or flap vessels was less than 0.8 mm. 
Seven arterial and venous anastomoses were performed 
in 7 patients. The recipient vessels included perforators 
of the descending branch of lateral circumflex femoral 
artery (anterolateral thigh perforator) in 1, descending 
genicular artery in 3, perforator of posterior tibial artery 
in 2, and the ulnar artery in 1 (Table 3).

Table 1. Patient Characteristics

Characteristics Value

Total 23
Average age (y) 56
Sex  
  Male 6
  Female 17
Anastomosis type  
  LVA 11
  Perforator-to-perforator(artery or vein) 7
  Fingertip replantation 5

Table 2. Patient Characteristics in the LVA Group

ID Age Sex Etiology Edema Period Diameter of Lymphatics Diameter of Vein Anastomosis Problem

1 77 M Primary 15 0.5 0.5 None
2 3 M Primary 0 0.3 0.4 None
3 36 F Primary 3 0.5 0.6 None
4 45 F Secondary 20 0.3 0.5 None
5 65 F Secondary 4 0.3 0.6 None
6 76 F Secondary 8 0.4 0.4 None
7 59 F Secondary 7 0.6 0.5 None
8 46 F Secondary 2 0.3 0.3 None
9 60 F Secondary 16 0.7 0.8 None
10 72 F Secondary 2 0.5 0.6 None
11 66 F Secondary 1 0.6 0.5 None

http://links.lww.com/PRSGO/A587
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Fingertip replantation was performed in 5 cases, with 
5 arterial and 4 venous anastomoses. All cases involved a 
crushing injury in 4 men and 1 woman, with ages ranging 

from 41 to 76 years (mean age, 53 years). Three patients 
underwent complete amputations, and the remaining 2 
underwent incomplete amputations. The amputations 
comprised 1 thumb, 2 middle fingers, 1 ring finger, and 
1 little finger. Based on the Ishikawa fingertip injury clas-
sification,11 1 case was a subzone 1 injury, 2 were subzone 2 
injuries, and 2 were subzone 3 injuries (Table 4).

Time required for anastomosis and complications 
were examined. Flap survival rate was also examined in 
free perforator flap transfer cases and fingertip replanta-
tion cases.

RESULTS
In the LVA cases, supermicrosurgical anastomosis was 

established without any complications or damage to the 
vessels (Fig. 2). The common problems associated with 
anastomosis such as catching on the back wall, leakage 
of lymphatic fluid or blood, or thrombosis were not ob-
served. Patency of anastomosis was confirmed by visual-
ization of lymphatic fluid flow from the lymphatics to the 
veins and a patency test using forceps. Images of the anas-
tomoses were taken, and several microsurgeons visually 
checked for patency.

In all cases of perforator-to-perforator anastomoses, 
flaps survived without complications (Fig. 3). Five cases 
involved 1 arterial and 1 venous anastomosis, whereas 2 
cases involved 1 arterial and 2 venous anastomoses. The 
common complications associated with anastomosis such 
as catching on the back wall, leakage of blood, and throm-
bosis were not observed (Table 3).

Table 3. Characteristics of Patients in the Supermicrosurgical Perforator-to-Perforator Group

ID Age Sex Type of Flap Vessels
Diameter of Flap  

Vessels (mm)
Type of Recipient 

Vessels
Diameter of Recipient 

Vessels (mm)
Anastomosis  

Problem

1 64 F
SCIP 1.2 UAP 0.8 None
Comitant vein 0.5 Comitant vein 0.5 None

2 41 F LTAP 0.7 PTAP 0.8 None
Comitant vein 0.5 Comitant vein 0.5 None

3 74 F LTAP 0.6 DGAP 0.5 None
4 65 F LTAP 0.7 PTAP 0.8 None

Comitant vein 0.4 Cutaneous vein 1.0 None
Comitant vein 0.6 Cutaneous vein 1.1 None

5 62 F LTAP 0.8 DGAP 0.6 None
Comitant vein 1.0 Comitant vein 0.6 None
Comitant vein 1.0 Cutaneous vein 0.8 None

6 75 F LTAP 1.3 DGAP 0.7 None
7 46 F LTAP 0.4 ALTP 0.5 None

Comitant vein 0.7 Cutaneous vein 1.0 None
SCIP, superior circumflex iliac artery perforator; UAP, ulnar artery perforator; LTAP, lateral thoracic artery perforator; PTAP, posterior tibial artery perforator; 
DGAP, descending genicular artery perforator; ALTP, anterolateral thigh perforator.

Table 4. Characteristics of Patients in the Fingertip Replantation Group

ID Age Sex Type of Amputation Subzone Amputated Finger Type of Vessels Diameter Anastomosis Problem

1 45 M Incomplete 3 Thumb Artery 0.8 None
2 41 M Complete 1 Little finger Artery 0.5 None

Vein 0.4 None
3 76 F Complete 3 Middle finger Artery 0.8 None

Vein 0.3 None
Vein 0.5 None

4 59 M Complete 2 Ring finger Artery 0.6 None
Vein 0.5 None

5 43 M Incomplete 2 Middle finger Artery 0.5 None

Video Graphic 1. See video, Supplemental Digital content 1, which 
demonstrates a super-microsurgical anastomosis between a lym-
phatic channel and a sub-dermal vein using the hemi-iVaS method. 
First, a nylon stent is inserted into the lymphatic channel on the left. 
the lymphatic channel has a small diameter of less than 0.4 mm and 
a thin wall compared with the thicker wall and more visible lumen 
of the vein seen on the right. the blue intravascular stent allows easy 
visualization of the mouth of the thin-walled lymphatic lumen. the 
intravascular stent allows identification of the luminal wall, and thus, 
prevents the incorrect placement of sutures, and also damage to the 
thin lymphatic channel. the stent and vessels can be manipulated to 
facilitate the correct placement of sutures and thus ensure a good 
anastomosis. this video is available in the “Related Videos” section of 
PRSglobalOpen.com or at http://links.lww.com/PRSGO/A587.
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Fig. 1.  a, Hemi-iVaS, in which the stent is inserted into 1 side of the vessel. the stent should be inserted 
into a vessel that has a small diameter or thin or damaged wall. B, Handling the stent in the lumen 
facilitates stitching to the vessel wall. controlling the stent and vessels to position the needling point 
in upper side facilitates anastomosis and prevents the stent from removing the vessels. c, the last 2 
stitches are untied, the stent is pulled out, and the stitches are then tied.

Fig. 2. a, in lVa, the intravascular stent was usually inserted into the lymphatic channel with the thinner 
vessel wall. B, completion of lVa.

Fig. 3. a, in supermicrosurgical perforator-to-perforator anastomosis, the intravascular stent is inserted into the vessel with the thinner 
wall, smaller caliber, or damage. B, completion of supermicrosurgical perforator-to-perforator anastomosis. c, completion of a 1-artery, 
1-vein anastomosis.
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Among the fingertip replantation cases, the overall 
survival rate was 100% (5/5 replants) without associated 
postoperative complications or nail deformity (Fig. 4).

The mean time required to complete the anastomo-
sis in the present study was 16.4 ± 3.56 minutes using the 
hemi-IVaS technique.

DISCUSSION
Supermicrosurgical anastomosis is defined as the 

microsurgical anastomosis of vessels with a diameter 
< 0.8 mm, although controversy persists regarding bor-
der size. The difficulty of the anastomosis of vessels with 
a diameter of 0.8 mm is dependent on vessel mobility, 
obstacles of the surrounding tissue, and vessel wall con-
dition. In the present study, we defined microsurgical 
and supermicrosurgical anastomosis borders as 0.8 mm 
in diameter.5

Supermicrosurgical anastomosis is difficult due to 
small vessel size, thin vessel walls, vessel size discrepancy, 
and vessel damage. These conditions are frequently en-
countered in clinical practice because small vessels tend to 
have thin walls and a high vessel size to diameter ratio. For 
example, it would be more difficult to anastomose vessels 
with a diameter of 0.3–0.4 mm than those with a diameter 
of 1.3–1.4 mm because the diameter ratios are 0.4/0.3 = 
1.33 and 1.4/1.3 = 1.08, respectively. To overcome these 

challenges in performing supermicrosurgical anastomo-
sis, we decided to insert an intravascular stent into 1 side 
of the vessel.

The advantages of the hemi-IVaS technique are as fol-
lows:

  1)  Stent insertion into only 1 side is easy and can be 
performed quickly;

  2)  It can make the lumen of the thin and damaged 
vessels visible;

  3)  It can reduce the risk of inadvertent catching of 
the back wall of the vessel and save time;

  4)  There is greater mobility of vessels while the stent 
is in place in hemi-IVaS than in the conventional 
IVaS technique; and

  5)  It is a reasonable method, especially when only 1 
side of the vessel has a thin or damaged wall.

On the other hand, the disadvantages of the hemi-IVaS 
technique are as follows:

  1)  Making the last 2–3 stitches at equal intervals is 
difficult for beginners in the present method; and

  2)  Careful control of the stent is needed because it is 
easily removed from the lumen and must be rein-
serted.

Although IVaS is useful for supermicrosurgical anas-
tomosis, it has some disadvantages including the diffi-
culty and stress involved in inserting the stent in both 
sides of the vessels as well as time needed to perform the 
procedure. Additionally, it is difficult to maintain an ac-
ceptable stent position within the vessel. In some cases, 
the surgeon may even fail to remove the stent from the 
vessel.

The hemi-IVaS technique is helpful even for trained 
supermicrosurgeons because it can reduce stress dur-
ing challenging anastomoses in cases such as differ-
ent conditions in different vessel sides. Furthermore, 
the reliability of supermicrosurgical anastomosis has 
yet to be established, so improving supermicrosurgical 
anastomosis reliability is useful for supermicrosurgery 
beginners and masters alike. The possibility that stent 
insertion could damage fragile vessels was reportedly 
low in 1 electron microscopy observation, which indi-
cated that the lumen will remain intact if this method is 
correctly applied.

The criteria for using this technique in supermicro-
surgical anastomosis are a vessel discrepancy ≥ 1.5 times 
or 1 side of the vessel having a thin or damaged wall. In 
clinical supermicrosurgical anastomosis cases, the vessels 
are in different conditions (e.g., one may have a small 
diameter or a thin or damaged wall). In such situations, 
inserting the intravascular stent in only 1 side is especially 
effective for maintaining the integrity of the lumen of the 
affected side.

Although supermicrosurgery has been established 
worldwide, there have been no reports on techniques that 
have proved its success.15 To our knowledge, this is the first 
study to use an intravascular stent for supermicrosurgical 
perforator-to-perforator anastomosis for free flap transfer 
and examine the usefulness of hemi-IVaS, but future stud-
ies are needed to validate our findings.

Fig. 4. a, Fingertip amputation (pulp side). B, Fingertip amputa-
tion (nail side). c, after replantation of fingertip (pulp side). D, after  
replantation of fingertip (nail side).
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CONCLUSIONS
Hemi-IVaS is a valuable technique to increase the re-

liability of supermicrosurgical anastomosis. However, fur-
ther studies are needed to improve its success rate and 
identify all possible areas for its use.
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