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Nonsurgical factors of digital replantation and survival 
rate
A	metaanalysis

Huawei Yu, Li Wei1, Bing Liang, Shujian Hou2, Jinle Wang, Yinrong Yang

ABstrAct
The aim of this metaanalysis was to evaluate the association between nonsurgical factors and survival rate of digital 
replantation. A computer search of MEDLINE, OVID, EMBASE and CNKI databases was conducted to identify literatures for 
digital replantation, with the keywords of “digit,” “finger” and “replantation” from their inception to June 10, 2014. Based on the 
inclusion and exclusion criteria, data were extracted independently by two authors using piloted forms. Review Manager 5.2 
software was used for data analysis. The effect of some nonsurgical factors (gender, age, amputated finger, injury mechanisms, 
ischemia time and the way of preservation) on the survival rate of digital replantation was assessed. The metaanalysis result 
suggested that gender and ischemia time had no significant influence on the survival rate of amputation replantation. However, 
the survival rate of digital replantation of adults was significantly higher than that of children. The guillotine injury of a finger 
was easier to replant successfully than the crush and avulsion. The little finger was more difficult for replantation than thumb. 
Survival rate of fingers stored in low temperature was higher than that in common temperature. The present metaanalysis 
suggested that age, injury mechanism, amputated finger and the way of preservation were significantly associated with the 
survival rate of digital replantation.
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introduction

Digital replantation is a complex and delicate 
process of microvascular surgery. The surgery 
contains debridement, bone and joint fixation, 

tendon suture, vascular anastomosis, nerve suture and 
skin suture. When considering reattached surgery there 
are some obvious facts that should be taken into concern, 
including the adverse outcomes of surgery, failure rates for 
replantation, the length of recovery and the limits of function 
and aesthetic appearance.1

Since the first successful digital replantation performed by 
Komatsu and Tamai in 1967,2 surgeons and researchers 
have done numerous attempts to improve the survival rate 
of digital replantation. Obviously, the survival rate is largely 
improved with the evolution of surgical techniques and 
scientific technology. Also, the use of microvascular technique 
in digital replantation, efficient techniques to minimize 
ischemia times, the rituals for preparation, guidelines for 
postoperative care and strategies for treating complications 
has widely increased the survival rate in recent years.3-5 
However, reconstruction of the fingertip by replantation is still 
a technically challenging.6 To take vascular anastomosis as 
an example, a digital vessel with a diameter of 1 mm needs 
to be repaired with 6–8/0 sutures.1 The replantation does not 
always happen under favorable circumstances, it depends on 
some factors such as the conditions of the amputated finger, 
the timing of the operation and the surgical teams.7 As for 
the effect of some nonsurgical factors such as patient gender, 
mechanisms of injury and ischemia time on survival rate, 
there are different points of view. For instance, Hattori et al. 
reported the effect of gender on survival rate of replantation 
and the survival rate was 80.4% in male,8 while as Lin et al. 
reported, the survival rate was only 37.5%.9 Additionally, 
fewer systematic reviews of the nonsurgical factors were 
conducted, especially in the recent years.
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Therefore, in the present study, a metaanalysis was 
conducted to evaluate the influence of some nonsurgical 
factors on the survival rate of digital replantation. 
Nonsurgical factors such as gender, age, amputated 
finger, injury mechanisms, ischemia time and the way of 
preservation were investigated in our study.

MAtEriAls And MEthods

A detailed protocol including the literature-search 
strategies, the inclusion and exclusion criteria, outcome 
measurements and methods of statistical analysis was 
developed before conducting the study. The protocol was 
prepared for metaanalysis guidelines according to the 
preferred reporting items.

Search strategy
Aimed to identify all relevant researches regardless of 
language, a computer retrieval of MEDLINE, OVID, 
EMBASE and CNKI database was conducted using 
the combination of text keywords “digit,” “finger” and 
“replantation” from their inception to June 10, 2014. All 
of the included articles were also hand searched to identify 
any other relevant citations. No restriction was set on the 
source of participants (race, clinic or hospital).

Inclusion and exclusion criteria
All of the studies identified were carefully reviewed by 
two investigators independently and any discrepancy was 
resolved by discussion, when necessary, adjudicated by a 
third reviewer. The inclusion and exclusion criteria were 
as follows:

Inclusion criteria
(1) Human studies (2) Primary data In study (3) Single/
multiple distal replantations. (4) Extractable survival data 
for distal replantation. (5) Followup not <6 months.

Exclusion criteria
(1) Review or case report articles. (2) Case series with <10 
patients (3) Incomplete information of amputations or 
revascularization or surgical procedure (4) Report only 
successful cases (5) Experimental studies.

Data extraction
Data were extracted independently by two authors using 
pilot forms. The data included the general characteristics 
of each study and the outcome measures. General 
characteristics included study design, first author, year of 
publication, sample size, interventions and various types.

Statistical analysis
Review Manager 5.2 (Cochrane Collaboration, Oxford, UK) 

was used to analyze the data according to the Cochrane 
Handbook. The heterogeneity among combined study 
results was tested by Cochran’s Q-test and by the degree 
of inconsistency (I2 values). I2 < 50% was considered as no 
significant heterogeneity and a fixed effects model was used. 
While, I2 > 50% indicated that there was heterogeneity 
among the included studies and a random effects model 
was used. Publication bias was assessed by the Egger’s test. 
The comparison results were displayed in the forest plot and 
odds ratio (OR) with 95% confidence interval (CI) was used 
for comparison of the effect of each factor.

rEsults

Description of studies
The selection process of studies was shown in Figure 1. 
Finally, 23 articles,3-5,7-26 including 4,871 amputated digits, 
were chosen for metaanalysis. The characteristics of included 
studies were listed in Table 1. No publication bias was 
observed except the metaanalysis of gender and survival rate.

Patient characteristics and survival rate
There were 10 studies involved in a metaanalysis of gender 
and survival rate. The result showed that the difference 
of survival rate between male and female did not reach a 
statistically significant criterion (OR: 1.17; 95% CI [0.77, 
1.79]; P = 0.46).

We also divided patients into children group and adults 
group. The children were defined as age <18 years. The 
survival rate of adults group was significantly higher than 
that of children group (OR: 0.49; 95% CI [0.30, 0.82];  
P = 0.006) [Figure 2].

Mechanisms of injury and survival rate
There were 15 studies referred to the mechanisms of injury. 
The injury mechanisms of amputated digits mainly included 

60 Incomplete data or unclear 
procedure or report only
success full cases 

654 Digital means numerical code
or toe

731 Reports excluded:
161 Reviews
476 Case reports
11 Caseseries
61 Letters
22 Experimental studies

1467 potentially relevant reports 
identified

The full text of 82 studies
considered

23 studies containing useful data
included 

736 were selected to meet the 
inclusion criteria

Figure 1: Study selection process for metaanalysis
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guillotine, crush and avulsion. We defined guillotine, crush, 
and avulsion according to Venkatramani’s classifications.21 
Guillotine amputation refers to sharp injury (like from a 

knife). Crush injury is caused by an object that resulted in the 
compression of the finger. Finally, avulsion is an injury in which 
the body structure is forcibly detached from its normal point 

Table 1: Characteristics of the included studies
Study Place Patient 

number
Digital 
number

Age Injury mechanism Injured 
fingers

Intervention Survival 
rate %

Braga-Silva 2001 Porto Alegre, Brazil 85 144 15-33 Guillotine, avulsion Multiple Ambulatory surgery 86
Chai 2008 Shanghai, China 21 36 8-42 Guillotine, crush, avulsion Multiple Microvascular anastomosis 90
Chen 2013 Linkou, Taiwan 24 38 2-72 Guillotine, crush, avulsion Multiple Venous anastomosis 90
Hattori 2003 Yamaguchi, Japan 55 100 2-73 Guillotine, crush, avulsion Multiple Venous anastomosis 86
He 2010 Dali, China 612 1057 2-70 Guillotine, crush, avulsion Multiple Arteriovenous anastomosis 89
Janezic 1996 Slovenia, Yugoslavia 167 314 1-72 Guillotine, crush, avulsion Thumb Microvascular anastomosis 66
Kim 1996 Seoul, Korea 119 221 ~30 Guillotine, crush, avulsion Multiple Microvascular revascularization 81
Ito 2010 Tokyo, Japan 59 105 7-68 - Multiple Arterial anastomosis 87
Kim 2001 Kwangju, Korea 11 15 9-50 Crush No 

thumb
Microsurgical technique
Composite graft pocketing

83

Lin 2010 Taoyuan, Taiwan 14 28 17-51 Guillotine, crush Multiple Protracted ischemia replantation 64.0
Wang 2012 Hangzhou, China 13 22 18-50 Avulsion Multiple Digital subtraction angiography 96
Chaivanichsiri 
2006

Bangkok, Thailand 130 242 15-53 Guillotine, crush Multiple Microvascular anastomosis 78

Puhaindran 2010 Singapore 10 20 19-36 Guillotine, crush Multiple Dermal pocketing 79
Ren 2012 Liaoning, China 166 317 36±12 Guillotine, crush, avulsion Multiple Microsurgery repair 84
Adani 2013 Verona, Italy 33 56 15-54 Avulsion Ring Microsurgical repair 88
Shi 2010 Guangzhou, China 12 21 4-10 Crush, avulsion Multiple Microsurgical replantation 91
Hasuo 2009 Aichi, Japan 127 224 1-69 Guillotine, crush, avulsion Multiple Venous anastomosis 78
Tark 1989 Seoul, Korea 153 286 1-59 Guillotine Multiple Revascularization 82
Venkatramani 
2011

Coimbatore, India 24 46 2-55 Guillotine, crush, avulsion Multiple Arterial repair venous repair 87

Waikakul 2000 Bangkok, Thailand 552 918 3-51 Guillotine, crush, avulsion Multiple
Single

Replantation
Revascularization

93

Zhu 2011 Changsha, China 201 381 4-65 Guillotine, crush, avulsion Multiple Microsurgical replantation 96
Zumiotti 1994 Sao Paulo, Brazil 39 120 5-59 - Multiple Microsurgical replantation 70
Hamilton 1984 Melbourne, Australia - 73 1-70 Guillotine, avulsion Multiple Microsurgical replantation 70

Figure 2: Comparison of survival rate between children and adults. The area of the squares reflects the study specific weight. The diamond 
shows the summary odds ratio estimate from ten studies
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of insertion by either trauma or surgery. It occurs when a digit 
is rapidly pulled out of the hand and in accidents involving 
fast moving machines. The results showed that the survival 
rate of digital replantation of guillotine was significantly higher 
than that of crush (OR: 2.86; 95% CI [1.03, 7.97], P = 0.04) 
and avulsion (OR: 7.22; 95% CI [4.83–10.79], P < 0.00001) 
[Figure 3]. The survival rate of digital replantation between 
crushed and avulsed digits was not significantly different 
(OR: 1.26; 95% CI [0.46, 3.41], P = 0.65).

There were 6 studies about complete/incomplete 
amputation. The result showed that there was no 
significant difference of the survival rate between complete 
amputation and an incomplete amputation (OR: 0.73; 95% 
CI [0.52, 1.02], P = 0.07).

The amputated digits and survival rate
There were 12 studies involved in the metaanalysis of 
survival rate of the amputated digits. The amputated 
digits have been classified into five categories: Thumb, 
index finger, middle finger, ring finger and little finger. 
For each selected finger, we compared the survival rate 

of the selected finger with that of all the other fingers. We 
found that only the little finger was more difficult to replant 
successfully than the thumb (OR: 2.09; 95% CI [1.02, 4.25], 
P = 0.04) [Figure 4]. Significant difference was not found 
in analysis of other fingers (P > 0.05).

The zones of injury have been divided into distal 
phalanx (DP), middle phalanx, proximal phalanx and their 
interphalangeal (IP) joint. In our study, the association 
between injury zone of DP and survival rate was studied since 
few studies involved other zones were reported. There were 
11 studies included in the metaanalysis. The DP was divided 
into two subgroups according to the Tamai’s classification: 
Zone I and zone II. Zone I and zone II were defined as 
distal to nail base and distal interphalangeal joint to the nail 
base, respectively. Metaanalysis suggested that there was 
no significant association between injury zone of DP and 
survival rate (OR: 0.95; 95% CI [0.64, 1.40], P = 0.79).

The way of preservation and survival rate
There were three studies included in the metaanalysis of 
the way of preservation and survival rate. We compared 

Figure 3: (a) Metaanalysis of guillotine, avulsion and survival rate. The area of the squares reflects the study specific weight. The diamond 
shows the summary odds ratio (OR) (b) Metaanalysis of guillotine, crushing and survival rate. The area of the squares reflects the study specific 
weight. The diamond shows the summary OR

b

a
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the survival rate of amputated fingers preserved in the ice 
bag and common temperature, respectively. Metaanalysis 
suggested that the amputated digits stored in low temperature 
were more likely to survive than that in common temperature 
(OR: 4.89; 95% CI [2.14, 11.20], P = 0.0002) [Figure 5].

Ischemia time and survival rate
There were four studies reported the ischemia time and 
replantation survival rate. The patients were divided 
into two groups according to whether the ischemia time 
was more than 12 h. The results indicated there was no 
significant association between ischemia time and survival 
rate (OR: 1.45; 95% CI [0.88, 2.37], P = 0.14).

discussion

When creating a metaanalysis, numerous inherent 
problems emerged from the studies, such as the 
publication bias and technical differences of surgeons. 
In our study, high homogeneity was required in clinical 
medicine and methodology. We evaluated the effects of 
several nonsurgical factors on the survival rate of digital 
replantation by a metaanalysis. The experiment involved 
4871 amputated digits. The results indicated that age 

of patients, mechanisms of injury, amputated digits and 
the way of preservation were significantly associated 
with the survival rate of digital replantation (P < 0.05), 
while gender and ischemia time had no significant 
influence (P > 0.05).

Our metaanalysis of gender showed that the difference 
of survival rate between male and female did not reach 
a statistically significant criterion (P > 0.05), which was 
different with earlier reports. Previous studies provided 
inconsistent results when analyzing the influence of sex 
on the survival rate of digital replantation. Hamilton et al. 
reported a review about the amputated thumb between 
1970 and 1980, and suggested that females showed a 
greater failure rate than males.25 To the contrary, Dec 
indicated that the replanted digits of female patients 
survived at a rate 2.3 times greater than those of 
male patients.27 These differences might be caused by 
surgery technological disparity in different era or sample 
differences.

Classification of adults and children was different in 
the selected citations, with 9, 12, 16, 18 years old as 
boundaries. In this study, we defined children as no more 

Figure 4: Comparison of survival rate between thumb and little. The area of the squares reflects the study specific weight. The diamond shows 
the summary odds ratio estimate from eight studies

Figure 5: Comparison of survival rate between ice and bandage. The area of the squares reflects the study specific weight. The diamond shows 
the summary odds ratio estimate from three studies
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than 18 years old, and adults as more than 18 years old. 
The results indicated that digits of adults were more likely 
to survive than those of children, which were consistent 
with the previous report.5 The results also were similar with 
Hamilton et al. reported, in which higher failure rate was 
present in children under 10 years.25 A possible explanation 
is that the blood vessel of children is usually narrow, and the 
venous wall is thin, which increase the technical difficulties 
of digital replantation.25,28

For the mechanisms of injury, our results suggested that 
the failure rate of digits with crush or avulsion injury was 
higher than that of guillotine, while no statistical difference 
was found between crush and avulsion injury (P > 0.05). 
Choi et al. reported that the severe crush of parts was one 
of the contraindications of digital replantation.29 This was 
consistent with the observation that there was a significant 
difference in survival between clean cut amputations and 
the more crushed amputations types (crush-cut and crush 
avulsion). There are two possible explanations: One is that 
veins are destructed in crush and avulsion injured finger is 
more severed.22 For example, failure of revascularization 
was associated with severe diffuse crush/avulsion injury 
and resulted in the damage of restoration of blood flow;25 
another is that there is a selection bias in distal replantation 
in which the severely crushed digits are not replanted, and 
the so called crush avulsion amputations are likely to have 
a narrower zone of injury.30

There were few number of studies to evaluate the 
association between survival rate and another injury 
zone such as middle phalanx, proximal IP joint, proximal 
phalanx and the metacarpal phalanx. Therefore, only the 
relationship between injury zone of DP and survival rate was 
assessed. Metaanalysis showed that there was no significant 
difference of survival rate between zone I and II (P > 0.05).

As reported in some researches,27 postoperative functional 
recovery of the replanted digits largely depended on the 
duration of ischemia. Conversely, this metaanalysis showed 
that there was no significant association between ischemia 
time (≤12 h and >12 h) and replantation survival rate. This 
can be partly explained as follows: Fingers have very little 
muscle tissue, so they can tolerate relatively long duration 
of ischemia. Moreover, favorable outcomes were reported 
in replantation after prolonged ischemic insults. However, 
some studies showed that ischemia might be prolonged 
due to unexpected intraoperative complications as well 
as health problems, which thus delayed the replantation 
surgery. The survival rate was low and postoperative 
functional recovery of replanted fingers was poor after 
ischemia for >24 h. As reported, finger replantation after 
protracted ischemia (>24 h) had a survival rate of 66.7%, 

which was far below that of the short term ischemia.9 
Ischemia leads to progressive damage of an amputated 
segment and finally causes cellular death. Reestablishment 
of arterial flow to the tissue after ischemia prolonged results 
in some pathophysiologic changes collectively known as 
ischemia-reperfusion injury or no-reflow phenomenon.8,15,16

Our result indicated that the cold preservation improved the 
survival rate. The methods used to preserve organs mainly 
based on suppression of metabolism by hypothermia.31 
Cold storage can be used in the preservation of organs 
such as kidney, liver, and heart. It could make most 
organs lose adenosine triphosphate (ATP) rapidly, prolong 
survival time, and most organs can regenerate ATP when 
transplanted after preservation.31 Our result suggested 
that the low temperature was superior to the common 
temperature for amputated finger preservation.

In a large part, the main factor for survival of replanted digit 
is the skill of the surgeon performing the replanted operation 
since digits replantation is very skill dependent surgery. In 
additions, in order to guarantee the homogeneous security in 
methodology, we also evaluated the combined, study strictly, 
including random method, blind method implementation 
and random concealment. Thus, though here we cannot 
identify the effect of skill of the surgeon on survival of 
replantation, the results of other factors are still relievable.

conclusion

The present metaanalysis suggested that crush and avulsion 
injury, the amputated little finger, children, and cold 
preservation seem to have a somewhat worse prognosis. 
Gender, injury zone of DP and ischemia time were not 
significantly associated with the survival rate of digital 
replantation. What should be noted here is that adverse 
factors mentioned above are not absolute contraindications 
for replantation. Many digits were successfully replanted in 
the disadvantageous conditions as the surgical techniques 
are more advanced. Now, the focus is not just limited to the 
achievement of digit survival, but the achievement of digital 
function that can improve the quality of life as compared to 
digital replantation. This metaanalysis of nonsurgical factors 
of digital replantation could provide a comprehensive 
guidance to surgeons in surgery decision and help patients 
made correct initial preprocessing for severed finger and 
know the possibility of outcomes.
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