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Abstract

Background: Revascularization/replantation is a complex but vital job that plays an important role in life
improvement and functional recovery in devascularization /amputation injuries. The purpose is to estimate
the survival rate of revascularization/replantation in different location of upper limb and different
mechanisms of injury and to clarify the benefit/risk ratio of this complex job.

Patients and methods: 59 cases aged froml year to 56 years with 86 amputated parts of upper limbs of
different levels and types were evaluated and managed by revascularization/ replantation.

Results The survival rate was 72% of cases and 81% for parts.

Conclusion: The revascularization /replantation is worth doing and vital process that plays an important
role in improvement of shape and function of victims &can be considered as life improving procedure.
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Introduction ,considering the potential risk of short
eplantation/revascularization of and long term complications which may
upper limb at different levels is a be life threatening, going through the
complex job, begins from the technical challenges and ending in a

decision to attempt replantaion or not surviving but non- functioning part.
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In 1887, Halsted began
experiments on limb replantation. [1] In
1906, Carrel and Guthrie described the
first successful canine limb replantation,
and Carrel outlined his technique for
vascular repair the following year. [2]
The 1st  successful major limb
replantation was performed by Malt and
Mc Khann in 1962 and published in
1964 [3]. In a later report, this original
patient was described to achieve some
functional recovery of the replanted right
arm after tendon transfers and wrist
arthrodesis.[4] In China, Chen-Chung-
Wei performed the 2nd upper limb
replantation in 1963. [5] The 1st
successful digital revascularization of
incompletely  severed thumb  was
performed by Klienert and Kasdan in
1963[6]. Komatsu and Tamai reported
the first successful digital replant in
1965 and published in 1968[7].

The decision to proceed with
replantation depends on many objective
factors beside the surgeon subjective
assessment, of these factors are the
severity and type of the injury, the level
of amputation, the duration of ischemia,
the condition of the amputated part, the
general condition of the patient, the
motivation of the patient and the
presence of any associated injuries.[8]

Extensive associated intracranial,
thoracic or abdominal life threatening
injuries are considered as
contraindication for replantation, besides
age above 50-60 years or major co
morbid states. Scapulo-thoracic avulsion
or brachial plexus avulsion injuries are
considered as absolute contraindication
for replantation.[4]Adequate
preservation of the amputated part,
contraction of muscles in the amputated
part and smoking habits were fair
indicators but serum potassium level
higher than 6.5 mmol/L in the amputated
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segment 30 minutes after perfusion is an
indicator that replantation should be
avoided.[8] The duration of ischemia is
the major factor determining the decision
for replantation. Irreversible necrotic
damage begins after6-8 hours of
ischemia without cooling; cooling may
extend the ischemia time to 10-12 hours.
Irreversible cell damage and
myonecrosis plus significant
myoglobinuria and metabolic acidosis
with renal failure may be life
threatening. Twelve hours ischemic time
may be considered as an absolute upper
limit for major limb replantation in the

upper extremity[4,8]. Temporary
shunting may be used to shorten
ischemic time. [9] For digital

reimplantation, the warm ischemic time
may extends to 12 hours while the cold
ischemic time is about 24 hours [10].
Freeze cold injury also has detrimental
effect on viability after replantation
which may result in72% failure rate due
to bad hibernation of the amputated parts
[11]. The outcome and digit viability
have improved as surgeons have gained
more experience with microvascular
techniques, and have narrowed the
operative indications for replantation.
Currently, replantation is recommended
for amputated thumbs, multiple digit
amputations, and single digit
amputations distal to the FDS insertion,
as well as all amputations in
children[12].

Patients and Methods

59 cases ( aged 1 to56 years) with 86
amputated or devascularised body parts
of different types and levels of upper
limb injuries were received and managed
by replantation or revascularization in
Alwasity hospital for reconstructive
surgery during the period from 2008
to2012and been evaluated according to
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their type and level of injury and the
resultant outcome. The epidemiological
data, mechanism of injuries and results
according to different ages and types of
injuries were summarized in separate
tables.

A. Major proximal arm replantation
cases:

The 1% case, an 18 month old female
baby presented to Al-Wasity Hospital
from Al-Mahmoodia Hospital with total
amputation of her right upper limb
through proximal humerus. Her limb
was caught by a motor belt of an
electrical generator crushed and avulsed.
The accident happened at 10 a.m and
they reached our hospital at 1.00 pm.
The limb was preserved in an ice
container and was put directly in iced
water. after preparation of the patient,
she was transferred to the O.R .Two
teams started the work, the 1% team
began exploration of the amputated part
preparing the artery the veins the nerves,
the other team started wound excision
and preparation of the proximal stump,
after shortening of the bone, external
fixation done, direct arterial repair and
two veins sutured with 10-0 nylon, the
nerves were coapted, 1000 i.u heparin
were given s/c before removal of the
clamps. The circulation was established
at 4.00 pm. the veins were remained
cross clamped for few minutes until the
blood became bright where the clamps
were removed, all devitalised tissue was
excised, hemostasis done and skin
closure. Distal fasciotomy done along
the forearm and the palm. She was kept
on s/c heparine for 5 days, i.v antibiotics
for one week, analgesia and sedation.
The post operative course was
uneventful; she was discharged from
hospital after ten days. we followed her
for 10 months postoperatively until she
immigrated with her family to another
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country, after 10 months she was able to
do shoulder abduction some wrist
flexion and some finger flexion.

The 2™ case, a young man, 18 years old
whose left upper limb was caught in a
machine belt crushed and avulsed
through the proximal humerus, there was
avulsion of shoulder skin with the nerves
dangled from the proximal stump with
severe traction injury. the accident
happened at 8.00 A.M, he reached the
hospital at11.00 A.M, the amputated arm
was put directly In iced water, after full
preparation, two teams approach started
the replantation, after exploration and
bone shortening and fixation was done
by an external fixator, reperfusion
established at 4.00 p.m [ischemic
time,8 hours], two veins were
anastomosed, the nerves were left
unrepaired as they was in need for long
grafts, formal fasciotomy performed. on
the 2" postoperative day, he developed
moderate fever, slightly dark urine,
slight elevation of blood urea, he was
treated conservatively by heparin 5000
iu four times daily S/c, antibiotics |,
good hydration, mannitol and sodium
bicarbonate. The patient improved
gradually over few days, locally there
was necrosis of avulsed skin flap at the
proximal arm which was managed by
excision and skin grafting.

B. hand amputation:

The 3rd case, a young man presented
to our hospital with a guillotine
amputation of his right hand through
distal radius and ulna by an electric saw,
hibernation was incorrect by putting the
amputated hand directly in iced water,
the ischemic time was about 3 hours at
the time of presentation that extended to
6 hours until the restoration of blood
supply, both arteries were anastomosed
with four veins, all tendons and median
and ulnar nerves. The post operative



course was uneventful, 5000 IU of
heparin was given for five days, he was
discharged at the 7™ day on aspirin 85
mg t.d.s. six months later tenolysis was
done to improve finger movement, but at
one year follow up there was still some
stiffness of the fingers.

The 4th case, an 3 year old girl
presented with amputation of her left
hand through the bases of metacarpals
caused by a fall of heavy glass table
caused tangential amputation of the hand
with local crush. the amputated hand was
preserved in plastic bag which was put in
an ice pot 8 hours after the injury, after
taking the decision and the informed
consent, we embarked on surgery, after
preparation of the part, distal carpectomy
performed, the ulnar artery anastomosed
directly to its superficial counterpart and
the radial artery anastomosed directly to
the dorsal artery of the thumb, two
dorsal veins were anastomosed, in all the
anastomoses an 10 zero nylon was used,
the circulation was established 6 hours
after surgery (which means 8 hours of
cold ischemia and 6 hours of warm
ischemia, postoperatively she was put on
Enoxaparine 2000 iu daily, the course
went without significant events.

C. Fingers amputation and
revascularization and other cases of
revascularization at the forearm and
hand level:

Fingers replantation and
revascularization cases were accepted
for replantation or revascularization after
discussion with the patients or their
families, the criteria for inclusion that
are generally accepted were adhered to
with regard to the status of the patient or
parts, the level of injury and the warm
ischemic time. the only exception was
that we were not strict with regard to the
type of injury where many cases of crush
/avulsion injuries were attempted for
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revascularization /replantation. Vein
graft used liberally in this study .Bone
fixation was usually done by K wires,
single, crossed or parallel. in guillotine
cases the sequence of repair was
systematic started with bone fixation,
extensor tendons, dorsal veins, flexor
tendons, arteries ,nerves and skin.

Results

Successful replantation and
revascularisation was achieved in about
72% and 81%of cases and parts
respectively. The four cases of arm and
hand replantation survived completely
without major events postoperatively,
the 1% case was followed for 10 months,
she developed some shoulder abduction,
elbow extension, wrist and finger
flexion. The second case was followed
for 9 months, he developed some
shoulder abduction andelbow extension.
The third case (hand replantation of
young adult)was followed for one year,
he developed finger stiffness, tenolysis

done for him at 6 month post
replantation that led to some
improvement. The fourth case(hand

replantation of 3 year old boy) had been
survived completely but she developed
some skin slough at dorsal and volar
sides treated with skin graft and still
under follow up. The two cases of
forearm revascularization, one of them
ended with failure and below elbow
amputation, it was due to severe crush
injury and widely devitalized muscles
that led to thrombosis of the repaired
artery. For digital amputation, the best
survival and functional results were of
thumb revascularization and
replantation. For other digits, the results
(table 1) were lower in terms of survival
and function.



Discussion

The term successful replantation has
changed from a surviving organ into a
functioning organ, it should surpass
available  prosthesis.  Major arm
replantation carries many risks, they may
be associated with missed associated
traumas which had led to death of a
young  female  after  successful
reimplantation because of hidden splenic
rupture 10 years ago in Al-Wasity
hospital .The other risk is the possibility
of re-perfusion syndrome, in one study
25 cases of arm replantation were
evaluated, 10 of them failed, the cause of
failure was re-perfusion syndrome in 8
cases. [6]These cases are in need for
secondary surgeries like nerve grafts for
regaining sensation or some motor
function, they may need wrist
arthrodesis, tendon transfers or even
free muscle transfer.

Survival rate of replantation of upper
limb parts vary according to level of
injury, mechanism, ischemic time and
vary from center to center. in Yoshimora
study,(13)there was an 100% survival
rate of 85 cases with 107 amputated
parts although in his discussion he
quoted a survival rate of

60% to 94% in multi center studies
which coincides with our results.

Tamai reviewed the results of 201
patients with 293 amputated parts of
upper extremity amputation in the
orthopedic  clinic, Nara  Medical
University From 1965 to 1980 and found
that success rate was 88%.[14] these are
superior to our results as Tamai is the 1st
who had done replantation of digit. The
majority of our patients with surviving
parts are satisfied with the results
although the functional results are not
optimum in many cases.
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Conclusion

Upper limb amputation / devascu-
larisation injuries’ management Wwith
replantation/revascularization can lead to
better cosmetic and functional results
when carefully evaluated and done in
qualified center and hands.
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Table 1 site type and no. of injuries

site of Injury incomplete complete total cases survival % total parts ~ survival %

arm 0 2 2 2 100% 2 2 100%
fore arm 2 0 2 1 50% 2 1 50%
hand (through wrist) 0 1 1 1 100% 1 1 100%
hand (through palm) 4 1 5 5 100% 5 5 100%
single thumb 6 8 14 11 78% 14 11 78%
thumb with other digits 2 4 6 5 83% 12 11 91%
multiple digits 6 9 15 10 66% 36 31 86%
excluding thumb

single digit other than 8 6 14 8 57% 14 8 57%
thumb

total no.of cases 28 31 59 43 2%

total no. of parts 42 44 86 70 81%
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Table 2 Mechanism of injury versus extent of injury

Type & Guillotine Local crush Wide crush  Avulsion
mechanism  of plus/minus

injury avulsion

Incomplete 8 10 6 4
Complete 22 5 2 2

Table 4 Complication

complication case management time Outcome

No reflow 4 Revision of immediate  100% failure

phenomenon anastomosis

Arterial 12 Revision 1°' 24 hrs 50% failure rate

thrombosis

Venous 5 Revision &/or leech 2"p.o.day 80% failure

thrombosis

bleeding 1 Exploration 2"p.oday  Uneventful
&cauterization of
bleeders

Skin necrosis 2 Skin grafting 7" day Successful

infection 2 antibiotics 3“p.o.day  100%Arterial
Change,debridement thrombosis &failure

Reperfusion 0

injury

Malunion 0

nonunion

Joint stiffness 30 physiotherapy After 3™ Improvement

week
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Fig 1 Case no. one, a. the
amputated arm.b. the fasciotomy
wound is prepared for skin
graftc. few months after
replantation



Fig. 2/Case No. 2: photos show the amputated part, the stump, the early post operative

results &result 9 months after replantation.
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Fig 3 /case 3 hand replantation in an adult that led to partial recovery of
function
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Fig 4 Total avulsion of right
thumb of a 12 year old boy
replanted with direct vascular
anastomaosis.



Fig 5 Total amputation of the left hand of a three year old girl after dragging of large LCD screen
on her hand, replantation done after proxproximal raw carpectomy & direct vascular repair of
ulnar artery &anastomosis of radial artery to the dorsal artery of the thumb.She developed
immediate spasm of the arteries which was relieved by warming of the patient &the hand.7 days
later she developed sloughing of volar &dorsal skin which was managed with skin grafting.
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Fig 6 total amputation of the right thumb with devascularisation of the right index , managed
with replantation of the thumb &revascularization of the index.
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Fig 7 severely crushed hand
after heavy press injury,
revascularization of three digits
by direct anastomosis of radial
artery to the thumb, ulnar artery
to the little finger, plus vein
graft to the middle finger.
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