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INTRODUCTION

The fingertip amputations are the most common injury of 
upper extremity in daily life. Reconstruction with microanas-
tomosis is ideal treatment; however, many fingertip injuries 
are not amenable to replantation due to the cutting level or 
mechanism of injury or lack of surgical expertise.1 Especially, 

the vessels in the distal to the lunula are diminutive in size and 
successful microanastomosis is very difficult. When replanta-
tion is unfeasible, alternative methods can be used. Its range 
from secondary intension and skin grafts to various local and 
locoregional flaps.2-6 Though problem of these treatment is stiff-
ness related to prolonged immobility and donor site morbidity.7 
Among these methods, composite grafting has many advantage 
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Purpose: Fingertip amputations are the most common type of upper limb amputations. 
Composite grafting is a simple and cost-effective technique. Although many factors have 
investigated the success of composite grafting, the success rate is not high. Therefore, this 
study was conducted to investigate whether the microscopic procedure process during 
composite grafts improves the success rate.
Materials and Methods: Thirteen cases of unreplantable fingertip amputation underwent 
a microscopic resection procedure for composite graft in the operating room. The principle 
of the procedure was to remove the least devitalized tissue, maximize the clean tissue 
preservation and exact trimming of the acral vessel and to remove as many foreign bodies 
as possible.
Results: All fingertips in the thirteen patients survived completely without additional pro-
cedures.
Conclusion: Composite grafting allows for the preservation of length while avoiding the 
donor site morbidity of locoregional flaps. Most composite grafts are performed as quickly 
as possible in a gross environment. However, we take noticed the microscopic resection. 
This process is thought to increase the survival rate for the following reasons. First, the 
minimal resection will maximize the junction surface area and increase serum imbibition. 
Second, sophisticated trimming of injured distal vessels will increase the likelihood of inos-
culation. Third, accurate foreign body removal will reduce the probability of infection and 
make it possible to increase the concentration and efficiency in a microscopic environ-
ment. Although there is a need for more research into the mechanisms, we recommend 
using a composite graft under the microscopic environment.
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owing to it used the patient’s own avulsed tissue. The procedure 
is technically simple and to allows for the preservation of func-
tion while avoiding the donor site morbidity.

In addition, it is a time-efficient and cost-effective technique.8 
However, survival rate of composite grafting is unpredictable in 
fingertip, hence most surgeons are skeptical about it. It depends 
on the injury type and patient’s factor, but several studies report 
suggested techniques for improving the survival9-14: (1) increas-
ing the contact surface area,12 (2) ice-cooling the graft,11 (3) us-
ing moist-exposed dressing,10 (4) using pharmacologic agents,13 
(5) using hyperbaric oxygen.9,14 Although these factors have 
been studied to determine the success of composite grafting, 
the survival rate is not high. Therefore, we assessed distal digital 
amputations with respect to the surgical procedure process 
not post-operative management to improve graft survival. This 
study aimed to explain the usefulness of microscopic procedure 
in composite grafting in distal digital amputation.

MATERIALS AND METHODS

This study is a retrospective case series. Patients data were 
collected from medical record of Konkuk University Hospital. 
Under the microscopic field, total 13 cases of complete finger-
tip amputation were treated by composite graft from February 
2016 to January 2017. All patients were treated in the operating 
room and evaluated that microscopic anastomosis was impos-
sible. The patients were reviewed for sex, smoking history, 
diabetes history, injury type, location, amputation level, and 
presence of fracture.

Surgical technique
After 2% xylocaine was infiltrated for digital nerve block, 

the amputated part and stump were washed with heparin solu-
tion (100 units of heparin/1 mL of normal saline). Under the 
microscopic field (OPMI Neuro/NC4; Carl Zeiss, Göttingen, 
Germany), all procedure were performed and the following 
important principles were applied.

1) Minimal resection was done to remove the devitalized tis-
sue as much as possible (minimal effective resection as if peel-
ing off the onion skin).

2) We tried trimming the end of the crushed blood vessel as 
precisely as possible (sophisticated clean cutting).

Prophylactic antibiotics (ZINPERAZONE INJ, 1 g/A; Kuk 
Je Pharma, Seongnam, Korea) was administered at all. Bleeding 
control was done with gauze soaking epinephrine. Composite 
graft was accurate attached as a docking through fingerprint 
with 6/0 blue nylon sutures in simple interrupted technique 
(Fig. 1). We confirmed that fresh bleeding on the dermal plane 
was permeated during suturing. The graft was handled carefully 
using microsurgical instruments only when needed.

In the case of a fracture, 23 G needle was used instead of K-
wire to minimize tissue damage. When the nail-bed is damaged, 
repair was done with 7/0 catgut sutures. The average operation 
time was 30 minutes.

Postoperative management
Lipo-PGE1 (ALOSTIN, 10 μg/2 mL/A; Dong Kook Phar-

maceutical, Seoul, Korea) mixed with 500 mL physiologic 
normal saline was administered for 7 days. Antibiotics (ZIN-

Fig. 1. Orange line can be confirmed that the fingerprint is connected 
through the wound boundary.

Fig. 2. The figure show floppy gentle open dressing.
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PERAZONE INJ, 1 g/A; Kuk Je Pharma) was used for 7 days 
after surgery and Infrared heat lamp (InfraRed 300; Daekyung 
Co., Pocheon, Korea) was applied to the surgical site for 5 days. 
During the hospital stay, floppy gentle open dressing was main-
tained with moist gauze (Fig. 2). All composite grafts survived 
completely with a follow-up of 1 to 3 months.

RESULTS

Under the microscopic field, thirteen fingertip amputations 

of 13 patients were treated by composite grafting. There were 
six men and 7 women with a mean age of 41.3 years (range, 
24~57 years). Crushing injury by machine was the most com-
mon type. According to Ishikawa classification,15 there were 
six cases of zone 1 and 7 cases of zone 2 (Fig. 3). Most of the 
patients were injured while working at the industrial zone (Table 
1). All patients who underwent composite grafting survived 
without additional procedure. Case 1 is a patient suffering from 
crush injury by a machine. Congestion was observed on the 
postoperative day, but a pinkish portion appears slightly in the 
center of the graft in the 3 day after surgery.

On the postoperative day 7, we found an increase in pinkish 
color around the proximal margin and performed total stitch 
out. The 23 G needle fixed to the fracture site and nail anchor-
ing suture were removed on 2 weeks postoperatively. On the 30 
postoperative days, some skin scabs were observed but we were 
able to identify a fully viable graft (Fig. 4).

DISCUSSION

The ideal treatment of fingertip amputation is microsurgical 
replantation. However replantation is often impossible in real-
ity and composite grafting can be an alternative method. There 
have been many studies to improve the unstable success rate of 
composite grafting. Rose et al.12 introduced the ‘cap technique’ 
to salvage the amputated distal part. Entire soft tissue of the 

Table 1. Overview of patient characteristics

Case No. Age (yr) Sex Location Zone of injury Type of injury Place of injury Distal phangeal fracture DM Smoking

1 51 F Rt. index finger Zone 2 Crushing Industial zone No No No

2 29 M Lt. ring finger Zone 2 Guillotine Industial zone No No No

3 51 F Rt. ring finger Zone 2 Crushing Industial zone No No No

4 49 M Lt. ring finger Zone 1 Crushing Industial zone Yes No Yes

5 46 F Rt. little finger Zone 2 Crushing Industial zone Yes No No

6 34 M Rt. middle finger Zone 1 Crushing Industial zone No No No

7 45 M Rt. little finger Zone 1 Crushing Industial zone No No Yes

8 57 M Rt. middle finger Zone 1 Crushing Industial zone No Yes Yes

9 25 M Lt. middle finger Zone 1 Crushing Industial zone No No No

10 24 F Lt. ring finger Zone 1 Guillotine House No No No

11 45 F Rt. ring finger Zone 2 Crushing Industial zone No No Yes

12 34 F Rt. index finger Zone 2 Crushing Industial zone Yes No No

13 47 F Lt. index finger Zone 2 Crushing Industial zone Yes No Yes

DM: diabetes mellitus, F: female, M: male, Rt.: right, Lt.: left.

Zone 1

Zone 2

Zone 3

Zone 4

Fig. 3. Classification of fingertip amputation by Ishikawa. Zone 1 and 
zone 2 are divided into a midline between tip and nail basae. Zone 3 
and zone 4 are divided into a midline between nail base and distal in-
terphalangeal joint.
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proximal stump was excised and the exposed bone was covered 
with the amputated part. Fractured distal phalangeal piece of 
the amputated part was excised. The principle of this method is 
increasing the surface area of contact between the graft and the 
recipient bed. The cap technique is preserve normal sensibility 
and nail matrix, but the finger is shortened. Althrough Uysal 
et al.16 suggested to save some soft tissue of stump, soft tissue 
resection is inevitable for cap technique. In the process, some of 
the healthy soft tissue is also removed and we though that this 
affects the survival rate. Under the microscopic field, soft tissue 
of the stump and amputated graft is preserve to the maximum 
and make a full connection between the clean tissues as a space-
craft docked at station. For enhanced graft-take, plasmatic cir-
culation is important in the early stage. As the contact surface of 
healthy cells increase, the serum imbibition is maximized.17 The 
minimal resection under the microscope connects graft and re-
cipient bed precisely. This improves the chance of inosculation 
by lining up of the ruptured vessels.18 We confirmed successful 
inosculation by observing the pink skin color of the reattached 
portion. Fingertip vessels around lunula are devided into proxi-
mal palmar arterial arch and proximal dorsal arterial arch from 
proximal palmar digital artery. In the sterile matrix area, mi-
crovessels are branched from each disal arch.10,19 Eo et al.11 have 
reported that numerous vascular channels and capillaries filled 
with fresh red blood cells was identified in amputated fingertip. 
In particular, vascular budding is formed in clean cutting ves-
sels of distal stump and neovascularization and endothelial cell 
proliferation are observed.20,21 Microscopic minimal resection 
is possible to preserve the vessel of amputated part and stump 
maximally (Fig. 5). It would that induce the increase the oppor-
tunity of angiogenesis and inosculation. The use of microscopic 

surgical instruments can be also minimize tissue damage by 
elaborate control the tension of the suture. It is that preserves 
the dermal plexus as much as possible and improves the skin 
survival rate.22,23

Additionally, we noticed that it could clean up the crushed 
margin a little more under the microscopic field and it will be 
reduced the probability of infection. And we thought that the 
procedure with the experienced surgical team in the operating 
room was improve the concentration of the surgeon rather than 
the treatment in the emergency room and lead to effective re-
sults. Microscopic resection is excellent compared with magni-
fying glass in term of providing a high magnification (200 times 
magnification) environment and sharing the surgical field with 
the assist. In a high magnification environment, the probability 
of neuroma incidence can be reduced by confirming and treat-
ing ruptured terminal nerve.24

The limitation of the our study is the small number of 

A B C D

Fig. 4. The figures show postoperative day (A) 1, (B) 3, (C) 7, and (D) 30.

Fig. 5. This figure shows that sophisticated clean cutting is possible to 
cut the end of the vessel in green line instead of blue line.
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patients. In addition, surgical results can vary depending on 
proficiency in dealing with microscopic equipment. Further, 
there was no effective comparison due to the absence of the 
control group. However, despite these limitations, microscopic 
procedure is very useful. In future studies, we intend to include 
a larger patient case to enhance our results and recommenda-
tions.

CONCLUSION

In summary, microscopic procedure is thought to increase 
the survival rate for the following reasons. First, minimal resec-
tion will maximize the junction surface area and increase the 
serum imbibition. Second, sophisticated trimming of injured 
distal vessels will increase the likelihood of inosculation. Third, 
accurate foreign body removal will reduce the probability of 
infection and it is possible to increase the concentration and 
efficiency in microscopic environment. We recommend using 
composite graft under the microscopic environment.
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