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Major amputation of the upper extremity

Functional results after replantation/revascularization in 47 cases

Nicolas K Daoutis, Nicolas Gerostathopoulos, Dimitrios Efstathopoulos,
Diamadis Misitzis, George Bouchlis and Stavros Anagnostou

Over a 7 year period, 47 patients underwent replan-
tation of complete {19) and revascularization of
incomplete nonviable (28} amputations of the upper
extremity. Revascularization of incomplete nonvi-
able amputations had a success rate of 100 percent,

where as replantation of complete amputations had
a success rate of 74 percent. 37 of the 42 patients
with successful replantations had satisfactory func-
tional use of the replanted extremity.
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Upper limb amputations were defined as injuries that
occurred at any level proximal to the metacarpopha-
langeal joints of the hand (Russell et al. 1984).
Amputations distal to this level were not included in
the present study. Amputations of the upper limb may
be either in the form of a complete separation of the
distal part (complete amputation) or a disruption of
the vital structures including major vessels, nerves
and bone with a small nonviable portion of tissue
intact. The later is considered an incomplete amputa-
tion which is not viable without restoration of arterial
and venous circulation.

Patients and methods

47 patients with complete or incomplete nonviable
amputations of the upper extremity underwent
replantation or revascularization procedures from
1986 to 1993. 19 patients had a complete separation
of the upper limb, while 28 patients had an incom-
plete nonviable amputation. 42 patients were men
and 5 patients were women. Average age of the
patients at the time of injury was 35 (5-55) years.
Concerning the level of injury, 11 amputations were
transmetacarpal, and 3 patients had amputations
through the wrist joint. Of the remaining amputa-
tions, 24 were in the distal third of the forearm, 4 in
the proximal third of the forearm, 3 in the distal and 2
in the proximal third of the upper arm.

Results

Of the 28 incomplete nonviable amputations, all sur-
vived, while 14 of the 19 complete amputations sur-
vived (success rate, 74 percent) (Figure 1). Overall,
from 47 patients who underwent replantation/revas-
cularization procedures, 42 were succesful with an
average survival rate of 89 percent. Of the 5 unsuc-
cessful replantation attempts, the effort was aban-
doned in 4 after 68 hours of surgery. This was due to
the inability to achieve adequate venous return. In the
5Sth patient, the replanted lower forearm was amputat-
ed on the 21st postoperative day.

Chen’s criteria for evaluation of function as adopt-
ed by the American Society for Surgery of the Hand
were used to assess the functional outcome of replan-
tation/revascularization (Table 1). According to this

Table 1. Chen'’s criteria for evaluation of functional result
after upper extremity replantation

Grade Function

| Able to resume original work, range of motion
exceeds 60 percent of normal, complete or
nearly complete recovery of sensibility, muscle
power of grade 4

I Able to resume some suitable work, range of
motion exceeds 40 percent of normal, nearly
complete sensibility, muscle power of grade 3
and 4

1 Able to carry on daily life, range of motion
exceeds 30 percent of normal, partial recovery
of sensibility, muscle power of grade 3

v Almost no usable function of survived limb
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scale, 15 patients achieved grade I, 11 patients grade
IL, 16 patients grade III and 5 patients grade IV.

Discussion

Our results are compatible with previous reports on
replantation/revascularization of the upper extremity.
The type and level of injury, the severity of soft tissue
damage, as well as the duration of ischemia are deci-
sive factors in determining the functional results
(Meyer et al. 1985, Wood and Cooney 1986). We are
in agreement with other reports that superior func-
tional results can be achieved by replantation of the
upper limb compared to fitting with a prosthesis
(Wang et al 1981). However, once the decision to
replant has been made, the patient s“hould be made
aware that to provide useful function more than one
reconstructive procedure may be necessary.

Bone shortening appears to be of paramount
importance as, without jeopardizing function, a guil-
lotine type of cut can be produced so that stable inter-
nal fixation can be achieved and, possibly, end-to-end
anastomosis of vessels and suturing of nerves and
tendons can be done (Axelrod et al. 1991, Nye 1982,
Meyer 1985). We experienced a very low incidence
of infection which may by attributed to thorough soft
tissue debridement, restoration of only healthy mus-
cle, stable fixation of bones after shortening and
removal of avascular bone fragments from the site of

injury.

Figure 1. Guillotine type of amputation of the distal third of the forearm in a 25 year
old male (left). Two years postoperatively the patient demonstrated full extension of
the fingers, although with weak intrinsic function (middle), as well as full fiexion of
the fingers (right).

Clean-cut amputations at the level of the distal
forearm and metacarpal region which were not asso-
ciated with extensive nerve damage, thus permitting
end-to-end neurorrhaphy, were found to have the best
functional recovery. In contrast, high-level injuries
with extensive soft tissue damage had the poorest
functional results. In our series, only 5 patients out of
42 did not have any use of their replanted limb,
according to the criteria established by Chen. These
included 1 patient with a mid-palm replantation who
failed to follow a rehabilitation program and 4
patients with amputations at the elbow level which
were associated with severe local crush and extensive
nerve damage.

References

Axelrod S T, Buchler V. Severe complex injuries to the
upper extremity. Revascularization and replantation. J
Hand Surg 1991; 16A: 574-84.

Meyer V E. Hand amputations proximal but close to the
wrist joint: prime candidates for reattachment (long term
functional results). J Hand Surg 1985; 10A: 989-91.

Nye J E. Functional results in replantation at the distal fore-
arm: A case report. Hand 1982; 14: 25-9.

Russell R, O’Brien B, Morrison W, Pamamiul G, Macleod
A, The late functional results of upper limb revasculariza-
tion and replantation. J Hand Surg 1984; 9A: 623-33.

Wang S-H, Young K-F, Wei J-N. Replantation of severed
limbs: clinical analysis of 91 cases. J Hand Surg 1981; 6:
311-18.

Wood M B, Cooney W P II. Above elbow replantation func-
tional results. J Hand Surg 1986; 11A :682-7.





