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Summary

Introduction: It is often questioned whether to perform replantation or revision amputation for amputation injuries in elderly patients and
smokers. According to the current indication criteria, neither old age nor smoking in the absence of other risk factors are considered to be
risk factors for replantation failure. However, many microsurgeons still may make the decision not to perform digital replantation based solely
on these factors. Material and methods: In order to evaluate the influence of both factors, we provided univariate and multivariate analyses
of patients who underwent replantation at our centre during a 10-year period. We divided patients in two groups according to age (< and
> 60 years) and smoking status. Results: In the univariate analysis, there were no differences in immediate results between the two age groups.
In the multivariate analysis, no statistical difference was found in neither long-term nor short-term results between the two age groups and
between smokers and non-smokers. Conclusion: Smoking and age should not be considered the only risk factors when deciding whether to

perform digital replantation.
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Introduction

Traumatic digital amputations are be-
coming more frequent in elderly pa-
tients due to increasing life expectancy
and population aging [1,2]. Although
digital amputations bring functional
and psychological problems to every
age group, it is often questioned among
plastic surgeons whether to perform
a replantation in elderly patients or not
[3]. On one hand, replantation may pro-
vide improvements to the quality of
life; on the other hand, there is a higher
rate of comorbidities in this patient
group, which may lead to microvascular
changes in the digits resulting in replan-
tation failure [4,5].

Old age alone as a risk factor for re-
plantation failure is not mentioned in
the official indication criteria. None-
theless, as it is sometimes considered
to be a reason for not performing re-
plantation because of its association
with a higher incidence of comorbidi-
ties [5,6].

Smoking is also considered by many
surgeons to be a predictive factor of ne-
crosis [7] despite contradictory results in
the literature [4,8,9].

To evaluate the effect of both of these
factors on replantation failure and thus to
clarify their role in surgical decision mak-
ing, we performed a retrospective, sin-
gle centre study of patients who under-

went replantation after traumatic finger
amputations.

Methods

Study characteristics

We divided patients into two groups
according to age. Group A consisted of
patients aged < 60 years and group B
consisted of patients aged > 60 years.
Group A consisted of 125 (74%) cases
and group B consisted of 44 (26%)
cases. Successful replantation was de-
fined as intact circulation in the re-
planted digit at two weeks after surgery
without signs of necrosis. Early failure
was defined as necrosis at two weeks
after surgery.
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Long term results were recorded at
a minimum of 6 months after surgery
and were evaluated with the modi-
fied Chen criteria. Chen 1 was defined
as a range of motion (ROM) exceed-
ing 60% of normal and complete recov-
ery of sensibility. Chen 2 was defined as
a ROM exceeding 40% of normal with
nearly complete recovery of sensibility.
Chen 3 was defined as a ROM exceeding
30% with partial recovery of sensibility.
Chen 4 was defined as viable digit with-
out function.

In cases where additional surgeries
were performed (e.g. tenolysis or oste-
otomy), the Chen criteria were assessed
6 months after the last surgery. Chen
1 and 2 were considered as successful
functional results. In two cases delayed
necrosis occurred, one patient suffered
with severe prolonged osteomyelitis
and in one case revision amputation was
performed at the request of the patient
due to insufficient function. These cases
were allocated to the necrosis group.

Surgical procedure, rehabilitation
and evaluation of function

Surgical procedures were performed
under general anaesthesia or regional
anaesthesia. General anaesthesia was
preferred for paediatric patients, whereas
supraclavicular blocks were used more
frequently for elderly patients. The condi-
tion of the amputated digit was assessed
pre-operatively and important struc-
tures were marked under a microscope.
Debridement and dissection of the prox-
imal stump followed and the bone frac-
ture was stabilised with two Kirschner
wires. Tendon repair was performed be-
fore the microscopic part of the surgery.
Care was given while dissecting the ex-
tensor tendons not to injure the venous
structures on the dorsal aspect of ampu-
tated finger. Usually, one arterial anasto-
mosis was performed, vein grafts were
used if an intimal lesion occurred, which
was observed most frequently in crush
injuries or ring avulsions. Both periph-
eral nerves were repaired, and the volar

skin was closed. On the dorsal site, two
venous anastomoses were performed,
and the skin was closed above the anas-
tomoses. After reperfusion, a fish-mouth
incision was performed on the apex of
the distal phalanx for additional blood
outflow as prevention of venous conges-
tion. Patients were monitored in the in-
tensive care unit postoperatively. They
received daily unfractionated heparin
and acetylsalicylic acid. Frequent con-
trols of perfusion in the replanted dig-
its were performed by trained intensive
care unit nurses.

One week after surgery, passive reha-
bilitation was commenced if no compli-
cations occurred. Full active movement
began 6 weeks after surgery under the
guidance of physiotherapists specialised
in hand physiotherapy. ROM and sensi-
tivity (2-point discrimination test) were
evaluated 6-12 months after surgery.

Statistical analysis

Fisher's exact tests were used to com-
pare immediate results (success or fail-
ure at 2 weeks) and long-term out-
comes (Chen’s criteria at a minimum of
6 months) between the two age groups.
Logistic regression multivariate analysis
was used to investigate the influence of
age, smoking, mechanism of injury and
zone of injury on immediate results and
long-term outcomes.

Results

Over a 10-year period from 2011 to 2021,
a total of 169 replantations of digits of
the upper extremity were performed in
118 patients at the Department of Plas-
tic Surgery of the University Hospital
Kralovské Vinohrady in Prague by vari-
ous microsurgeons. Amputated fingers
partially attached to the body and cases
of critical ischemia were excluded from
the study. Average patient age was 42.18
(£ 18.36 SD). Most of the amputated dig-
its were from male patients (151 dig-
its, 89.3%) with only 18 replanted digits
(10.7%) in female patients. Ninety-eight
cases (58%) were caused by circular saw

injuries, 56 (32%) by other sharp objects,
eight cases were avulsion injuries, and
nine cases (5.3%) were caused by other
mechanisms (these included ring ampu-
tations and mangled fingers).

Among the 153 cases with known
smoking status, 107 (69.9%) were non-
smokers and 46 (30.1%) were smokers.

The index finger was the most fre-
quently injured finger (51 cases (30.2%)),
followed by thethumb (41 cases (24.3%)),
the middle finger (40 cases (23.7%)), the
ring finger (26 cases (15.4%)) and the
little finger (11 cases (6.5%)). Zone |l
(T2 for the thumb) was the most com-
mon site of amputation, with a total of
119 cases (70.4%). Amputations in zone
Il occurred in 29 cases (17.2%) and am-
putations in zone | occurred in 21 cases
(12.4%).

Additional surgeries (such as tenoly-
sis and osteotomy) were performed in
40 cases (23.7%).

Comorbidities that could potentially
cause vascular changes and lead to sur-
gical complications, such as diabetes
mellitus, hypertension, atherosclero-
sis and hyperlipoproteinemia, were re-
corded in 120 cases (71.1%).

Short-term outcomes

From the total cohort of 169 replanted
digits, 130 (76.9%) survived the first two
weeks completely and 39 (23.1%) ex-
erted necrosis. In group A there were 96
cases (76.8%) of successful replantation
and 29 cases (23.2%) of early necrosis. In
group B there were 34 successful replan-
tations (77.3%) and 10 cases (22.7%) of
early necrosis. Univariate analysis com-
paring both parameters did not show
any statistical difference (P = 0.9) be-
tween them (Tab. 1).

Long-term outcomes

Chen scores 1 and 2, which were consid-
ered successful results, were achieved in
53 (46.1%) cases in group Aand 15 (37.5)
cases in group B. Chen scores 3 and 4,
as well as cases of necrosis, occurred in
62 cases (53.9%) in group A and 25 cases
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(62.5%) in group B. In 14 cases long term
outcomes were not available due to
loss to follow-up. There was no statisti-
cal difference between the two groups
when compared using univariate analy-
sis (P =0.3) (Tab. 1).

Multivariate analysis

The number of comorbidities was sig-
nificantly different between the two
groups (P < 0.001) Multivariable logistic
regression analysis revealed that neither
smoking nor the age did significantly
affect the successful rate in short-term
(P = 0.294) or long-term outcomes
(P =0.207) (Fig. 1,2).

Discussion

Results of our study supported the opin-
ion that age by itself should not be con-
sidered as contraindication to digital
replantation, despite an increased fre-
quency of comorbidities in this patient
age group.

Gi-Doo Kwon et al. performed a large
study on 144 patients aged = 60 years.
They found a statistically larger number
of cases of necrosis in the age groups
65-69 years and 70-75 years [4]. In our
study only five patients were > 65 years,
three of them achieved successful res-
toration of circulation and necrosis oc-
curred in two patients. Concerning long-
term results, two out of three patients
achieved Chen 3 and one achieved
Chen 1. A separate statistical analysis
was not performed on these patients
due to their small number.

Barzin et al. studied 15,413 digital re-
plantations, among them 616 in pa-
tients aged = 60 years and did not find
any statistical difference between these
patients and the younger patients [3].
However, Haw-Yen Chiu et. al found a sig-
nificant influence of age on long term re-
sults in restoration of sensibility [10].

Prediction of success of digital replan-
tation depends on many complex fac-
tors including mechanism of injury, level
of amputation, comorbidities and over-
all patient status [4].

Tab. 1. Univariate analysis by age (< 60 vs. > 60 years).

Characteristic
Digits

1

2

Site

left

right
Sex

female

male
circular_saw
avulsion
sharp injury
other mechanism
other injuries
immediate results

necrosis

restoration of circulation

following surgery
Chen

1

2

3

4
unknown
Chen_bin2
142
3+4+necrosis
unknown
comorbidities
smoking

unknown

N
169

169

169

169

169
169
169
169
169
169

169
117

155

169
167

<60,N=125

26.0 (20.8%
37.0 (29.6%
31.0(24.8%
23.0(18.4%

8.0 (6.4%)

)
)
)
)

19.0 (15.2%)
86.0 (68.8%)
20.0 (16.0%)

63.0 (50.4%)
62.0 (49.6%)

10.0 (8.0%)
115.0 (92.0%)
69.0 (55.2%)

.0 (4.8%)
41.0 (32.8%)

0 (7.2%)
79.0 (63.2%)
29.0 (23.2%)
96.0 (76.8%)
32.0 (25.6%)

13.0 (14.9%)

40.0 (46.0%)

32.0 (36.8%)
0(2.3%)

38

53.0 (46.1%)
62.0 (53.9%)
10
20.0 (16.0%)
37.0 (30.1%)
2

> 60, N = 44

15.0 (34.1%)

14.0 (31.8%)
9.0 (20.5%)
3.0 (6.8%)
3.0 (6.8%)

2.0 (4.5%)
33.0 (75.0%)
9.0 (20.5%)

31.0(70.5%)
13.0 (29.5%)

8.0 (18.2%)
36.0 (81.8%)
29.0 (65.9%)
0 (4.5%)
13.0 (29.5%)
0(0.0%)
29.0 (65.9%)
10.0 (22.7%)
34.0 (77.3%)
8.0 (18.2%)

2.0 (6.7%)
13.0 (43.3%)
15.0 (50.0%)

0.0 (0.0%)

14

15.0 (37.5%)
25.0 (62.5%)
4
29.0 (65.9%)
11.0 (25.0%)
0

P-value

0.2

0.2

0.021

0.085

0.2
>0.9
0.7
0.11
0.7

0.3
0.5

0.3

< 0.001
0.5
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Fig. 1. Replantation success rate, short-term outcome (interaction between age and smoking).
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Fig. 2. Replantation success rate, long-term outcome (interaction between age and smoking).

Smoking in the absence of other risk
factors should not be considered a con-
traindication. There was no statistical
difference in success rate in immedi-
ate results between smokers and non-
-smokers in our study. This is supported
by other various studies [4,8,9]. How-
ever, smoking should be prohibited im-
mediately after replantation surgery due
to negative effect on the microcircula-
tion [11].

The overall success rate in our study is
76%, which is lower than in other stud-
ies, reporting success rates of 80-90%
[12,13]. A potential reason for this could
be our patient selection. Patients in-
cluded in the study suffered total am-
putation, where no connection between
the hand and the amputated finger ex-
isted. Even small skin, soft tissue or ten-
dinous connection can include small ve-
nous drainage and thus help prevent
venous congestion [14]. This is the rea-

son why the overall success rate in sub-
total amputations is higher than for total
amputations [6].

Furthermore, most of the injuries were
caused by circular saw with the various
extent of soft tissue damage. Damaged
arterial margins often require resection,
sometimes even venous grafting. Insuf-
ficient resection may lead to the vaso-
spasms, thrombosis and replantation
failure [15,16].

Concerning long term outcomes, low
functional results could be caused by
the fact that only 23.1% of patients un-
derwent additional surgeries that can
significantly raise the functional sta-
tus of the replanted finger [17]. The
relative low number of zone | replan-
tations is the result of the patient’s de-
sire to perform revision amputation in-
stead of replantation due to the faster
return to work. Patients often cannot
afford to stay in hospital for longer pe-

riods of time required for the therapy
after replantation. The desire, expressed
after detailed explanation of both pro-
cedures, is respected by all surgeons in
our department.

This might also be the main cause of
low percentage of additional surgeries
enhancing the functional outcome of re-
planted fingers. It requires time for heal-
ing and further series of rehabilitation
sessions.

Conclusion

Age and smoking should not be consid-
ered as decisive factors during decision
making. Some studies suggest that up to
the age of 65 years, there is no statistical
difference in the digit survival rate. How-
ever, from the age of 69 years, a higher
rate of necrosis may occur. The decision
whether to replant or not should be con-
sidered individually in every patient with
respect to their desires.
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