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ABSTRACT 
Purpose: Finger injuries are important causes of emergency department admissions. In order to perform daily activities, 
the fingers must work fully and flawlessly. Replantation surgery aims to keep the injured finger alive and perform its func-
tions almost completely. Our study aims to evaluate the reasons affecting the success of replantation during the SARS 
COV-2 pandemic period and to question the functional recovery after replantation.
Methods: Finger and hand replantation performed in a single center by the same surgeon were reviewed retrospectively. 
Preoperative, intraoperative, and postoperative and demographic data of the patients, mechanism of injury, ischemia du-
ration, complications, surgical treatment approaches, and functional evaluation scales after rehabilitation were collected 
and statistically evaluated.
Results: In our study, 88 fingers of 56 patients were replanted. While single finger replantation was performed in 38 pa-
tients, multi-finger replantation was performed in 18 patients. The total success rate of replantation was 73.2%. While suc-
cessful results were obtained in 81.6% of 38 patients with single finger replantation, 55.6% of 50 fingers in 18 patients with 
multiple finger replantation were successful. We found that 3 patients after surgery and 11 patients in the six months before 
surgery were positive for SARS COV-2. No finger loss or complications occurred in these 14 patients after replantation.
Conclusion: We concluded that SARS COV-2 disease had no significant effect on finger replantation surgery. Our study 
found that the most important variables affecting surgical success were the mechanism of injury, injury level, age, gender, 
anesthesia technique applied, number of repaired veins, smoking, and ischemia duration.
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Introduction
Studies show that the SARS COV-2 virus, which 

affects the whole world, affects microcirculation, forms 
endothelial damage, microscopic clots, capillary ves-
sel occlusion, and vascular integrity, and negatively af-
fects tissue repair and angiogenesis [1]. Replantation 
success depends on injury type, injury level, ischemia 

duration, comorbidities, smoking, age, and gender [2]. 
One in ten patients admitted to the emergency depart-
ment has a hand or finger injury [3]. Finger amputa-
tions occur mostly in young people, workers, and those 
with psychiatric illnesses [4]. When the recovery time 
and the time to return to work after finger injuries are 
calculated, it causes high economic losses [5].
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Our study aims to evaluate the patients with hand 
finger amputation during the SARS COV-2 pandemic 
according to their demographic data and injury mecha-
nisms and investigate the effect of SARS COV-2 on the 
replantation outcome.

Materials and Methods
Study design
Ethics committee approval was obtained from the 

local ethics committee for this study (Date: 07.03.2022, 
approval no: 05). All hand finger replantation per-
formed in a single center in the east of the country 
between October 2020 and February 2022 was retro-
spectively analyzed. Follow-up was 3-12 months. Fin-

Figure 1. Preoperative photographs.

ger replantation performed on amputation cases be-
tween the carpometacarpal (CMC) joint and the distal 
interphalangeal joint was included in our study. The 
replantation procedure was performed by a single sur-
geon in the same hospital. PCR testing was performed 
for each hospitalized patient during the COVID pan-
demic period and for all patients prior to surgery. Data 
of the study were obtained from patient files, surgery 
notes, preoperative and postoperative photographs, 
and replantation follow-up forms (Figure 1-2). Early 
control of the patients was done in the second week af-
ter discharge. Routine control examinations of the pa-
tients were performed at the 2nd, 4th, 6th, and 8th weeks. 
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Figure 2. Postoperative photographs.

K-wires were removed in the eighth week. The patients 
were considered as the pediatric group between the 
ages of 0-12, young adults between the ages of 13-18, 
and adults between the ages of 19-59. The cases were 
evaluated regarding age, gender, etiologic cause, mech-
anism of injury, affected fingers, amputation level, is-
chemia time, smoking, microsurgical repairs, revision, 
and success rates. 

Surgical Technique
Patients were operated on under general anesthe-

sia (GA), axillary block anesthesia (ABA), or digital 
block anesthesia (DBA). As described in the literature, 

the finger replantation procedure was repaired by mi-
crosurgical methods of bone fixation, extensor tendon, 
digital artery-vein-nerve, and flexor tendons, respec-
tively [6]. Finger perfusion follow-up and warm appli-
cation were performed at clinically frequent intervals 
for ten days after the operation. Intraoperative antico-
agulant, 1 cc heparin, was administered intravenously. 
In postoperative follow-up, systemic low molecular 
weight heparin subcutaneous, antibiotic cefazolin IV in 
clean injuries, and cefazolin and gentamicin IV combi-
nation in dirty injuries were given for the open fracture 
treatment procedure. In case of venous insufficiency, 
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the replanted nail was pulled, and blood supply was en-
sured, elevation was applied. Anastomosis renewal and 
vein graft procedures were performed in patients with 
early complications. 

Statistical Analysis 
Statistical analyzes were performed with the Statis-

tics for Social Sciences (SPSS) v18 package program. 
As descriptive statistics, arithmetic mean±standard 
deviation and median (minimum, maximum) were 
used to summarize numerical data, and numbers and 
percentages were used to summarize categorical data. 
The relationship between categorical data was analyzed 
with the Chi-square (χ2) test. P values below 0.05 were 
considered statistically significant.

Results
In our study, 88 fingers of 56 patients were re-

planted. 11 patients had positive SARS- COV-2 anti-
gen test within six months before replantation surgery 
and three patients had positive SARS-COV-2 antigen 
test after surgery. Digit replantations in all 14 patients 
were successful. Single finger replantation was applied 
to these 13 patients. There were no postoperative ear-
ly or late complications in these patients. In isolated 
or multiple finger replantation, the second finger was 
most frequently replanted (n=22). While single finger 
replantation was performed in 38 patients, multi-finger 
replantation was performed in 18 patients. The total 
success rate of replantation was 73.2%. While suc-
cessful results were obtained in 81.6% of 38 patients 
with single finger replantation, 55.6% of 50 fingers in 
18 patients with multiple finger replantation were suc-
cessful. While the success rate in men after replantation 
was 75% (n=36), the success rate in women was 62.5% 
(n=5). The demographic data of the patients and the 
characteristics of the injury are given in detail in Table 1.

The mean age of the patients was 30.27±13.14 
(min:3, max:59), and the mean follow-up period was 
9.77 ± 1.84 (min:7, max:14) months. 16.1% (n=9) of 
the patients were smokers. While the success rate of re-
plantation surgeries performed in smokers was 55.6%, 

Table 1. Demographic data of patients and characteristics of injury.

n %

Gender
Male 48 85.7%

Female 8 14.3%

Age group

<13 4 7,1%

13-18 6 10.7%

19-59 46 82.2%

Smoking
Yes 9 16.1%

No 47 83.9%

Zone of injury

Dorsal 34 60.7%

Volar 12 21.4%

Dorsal-volar 10 17.9%

Replanted side
Right 42 75%

Left 14 25%

Number of 
amputated fingers

One 38 67.9%

Two 9 16.1%

Three 4 7,1%

Four 5 8.9%

Amputation level

Zone 2 12 21.4%

Zone 3 28 50%

Zone 4 16 28.6%

the success rate in non-smokers was 76.6%. Thrombus 
and vasospasm were observed in 2 of 9 smokers, while 
finger loss occurred in 5 patients. There was no statis-
tically significant relationship between smoking status 
and the operation's success (with or without finger 
loss) (χ2 =1.705 p=0.192). 

While the success rate after replantation was 66.7% 
in those with amputation at zone 2 level, it was 75% in 
zone 3 and zone 4. The highest success rate was seen in 
zone 3 and zone 4, while the least success was seen in 
zone 2. 

Two artery anastomosis was performed in 55.4% 
of the patients, and single artery anastomosis was per-
formed in 44.6% of the patients. While the success rate 
was 68% (n=17) in those who had single artery anas-
tomosis, it was 77.4% (n=24) in those who had two 
artery anastomosis. There were two vein incisions in 
46.4%, three in 28.6%, single in 16.1%, and four in 8.9% 
of patients. While the success rate was 66.7% (n=6) in 
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Table 2. Injury mechanisms of patients and replantation success 
rate by injury mechanisms.

Injury mechanism N % Success rate 

Crushing 23 41.1% 60.9%

Guillotine 18 32.1% 83.3%

Firearm injury 8 14.3% 75%

Avulsion 7 12.5% 85.7%

Table 3. Injury types of patients and success rate of replantation 
according to injury types.

Type of injury N % Success 
rate 

Injury with a sharp object 11 19,7 90.9%

Crushing with a heavy object 9 16,1 66.7%

Injury with farm machinery 9 16,1 55.6%

Injury with a power tool 6 10,7 83.3%

Injury with explosive material 5 8,9 80%

Ring induced injury 4 7,1 75%

Tangling to chain 4 7,1 75%

Firearm injury 4 7,1 50%

Tangling to rope 2 3,6 100%

Injury due to traffic accident 2 3,6 50%

those who had single vein anastomosis, 65.4% (n=17) 
in those who had two-vein anastomosis, 81.3% (n=13) 
in those who had three-vein anastomosis, and 81.3% 
(n=13) in those who had five-vein anastomosis 100% 
(n=5). 

Vein grafting was performed in 20 patients. The 
majority of those who underwent vein grafting con-
sisted of crushed (50%) and gunshot wounds (25%). 
While the success rate of replantation with vein graft-
ing was 60% (n=12), the success rate in patients with-
out vein grafting was 80.6% (n=29). 

Replantation was applied to the patients due to 
crushing (41.1%) and guillotine injury, the second 
most common (32.1%). Injury mechanisms of the 
patients, injury types, and success rate of replantation 
according to injury mechanisms and types are given in 
Table 2 and Table 3.

The ischemia time was less than six hours in 75% 
of the patients, and between six and ten hours in 25%. 
While the success rate of replantation performed on 
fingers with an ischemia time less than six hours was 
80.4% (n=37), the success rate was 80% (n=8) in pa-
tients with ischemia time between six and ten hours. 

The success rate in finger replantation for those 
younger than 13 years old was 75%. The success rate 
was 83.3% in finger replantation performed in patients 
aged 13-18 years. The success rate in finger replantation 
performed in those aged 19-59 years was 71.7%.

While the most frequent crushing injuries oc-
curred in men, 39.6% and 31.3%, guillotine injuries oc-
curred in women, 50% crushing and 37.5% guillotine 
injuries.

In all patients younger than 13 years of age, crush 
injury occurred; the most common type of injury was 
crushing (50%) at the age of 13-18 years, while guil-
lotine (37%) and then crushing (34.8%) injuries oc-
curred most frequently between the ages of 19-59.

The achieved success rates were as follows; isolat-
ed thumb replantation 80% (4/5), isolated index fin-
ger 87.5% (14/16), isolated middle finger 100% (5/5), 
isolated ring finger 57.1% (4/7), isolated pinky finger 
80% (4/5).

53.6% of the patients were operated on under ax-
illary block, 26.8% under the digital block, and 19.6% 
under general anesthesia. The success rate was 73.3% 
(n=11) in those performed with digital block, 72.7% 
(n=8) in those performed under general anesthesia, 
and 86.7% (n=26) in finger replantation performed 
with axillary block. 

We evaluated the intraoperative, early postoper-
ative, and late postoperative complications; 24,9% of 
the patients(n=14) had intraoperative complications. 
Thrombus and vasospasm occurred as intraoperative 
complications. Intraoperative hot application, papa-
verine, and prilocaine application were applied to 9 
patients who developed vasospasm. Two of the five pa-
tients who developed thrombus underwent re-anasto-
mosis, and three patients underwent vein grafting. 
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Early complications occurred in 12.5% (n=7) of 
the patients. Postoperative venous insufficiency de-
veloped in six patients, the nail bed was retracted and 
bled in these patients, and elevation was applied. Three 
patients were reoperated, and their vein anastomoses 
were renewed. Postoperative arterial insufficiency de-
veloped in two patients, they were operated on again, 
and their arterial anastomoses were renewed.

Late postoperative complications developed in 
19.6% (n=11) of the patients. The complication was 
the loss of one or more fingers. Necrosis developed on 
the fingertip of a patient who was replanted from the 
proximal phalanx level, and three weeks later, the ne-
crotic part was amputated. No union was observed in 
the patient who was replanted from the proximal and 
middle phalanx level of three fingers, and bone graft 
and plate application were performed between four and 
six months due to instability development. Tenolysis-z 
plasty was performed in five patients due to flexion lim-
itation. Epidermolysis was observed in one patient, and 
debridement and skin grafting were performed.

While the success rate in patients who underwent 
revision after replantation was 42.9% (n=3), it was 
77.6% (n=38) in those who did not need revision. 

Bone shortening was performed in 33.9% (n=19) 
of the patients. The success rate of those who under-
went bone shortening (73.7%) and those who did not 
(73%) was almost similar. 

K-wire was used for bone fixation in 78.6% (n=44) 
of the patients, and k-wire+external fixator was used 
in 21.4% (n=12). While the success rate was 75% in 
the replantation performed with only k-wire used for 
bone fixation, the success rate was 66.7% in those using 
k-wire + external fixator.

Postoperative two-point separation of patients 
with successful replantation was good in two patients, 
moderate in 31 patients, and poor in eight patients. 
Postoperative Seddon sensory tests of patients with 
successful replantation were S3+ in 20 patients, S3 in 
19 patients, and S4 in two patients.

The mean Sollerman function test score of the pa-
tients who completed the clinical follow-up and physi-
cal therapy period was calculated as 64.30±6.02 (min: 
52, max: 74).

Discussion
Inflammation secondary to SARS COV-2 infec-

tions increases thrombus formation with endothelial 
cell damage and dysfunction, activation of the second-
ary coagulation cascade, high levels of von willebrand 
factor and secondary cytokines.[7] In addition, fin-
gertip ischemia has been reported in patients infected 
with SARS-COV-2 where they treated in intensive care 
unit.[8]  In the study of Eray et al., it was stated that 
the negative effects could last up to 6 months after the 
COVID-19 infection [9]. In the study of Etkin et al., 
it was stated that all cases of acute arterial thrombo-
embolism consisted of patients over the age of 65 and 
with additional disease.[10]  However, in our patient 
series, all of the patients who underwent replantation 
with COVID-19 were patients under the age of 65 and 
had no additional disease. Although systemic circula-
tory disorder occurs in SARS COV-2 infection and im-
paired thrombotic balance in early studies, it was seen 
in our study that SARS COV-2 does not negatively ef-
fect on results of finger replantation.[11, 12] The main 
reason for this may be the anticoagulant treatment we 
apply after surgery.

It has been reported that the results of multiple fin-
ger replantation are less successful than the results of 
single finger replantation.[13] In our study, the chance 
of success decreased as the number of fingers replanted 
for the same patient increased. The reason for this is the 
prolongation of the ischemia time due to the prolon-
gation of the surgical time in multi-finger replantation, 
the increase in the early complications that may occur 
after the replantation, and the decrease in the surgeon's 
concentration over time. 

Since the thumb is the most important finger for 
hand functions, the current conditions must be forced 
to replant thumb amputations, and efforts must be made 
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to replant the thumb even in the worst-case.[14] In our 
study, all thumb amputations meeting the replantation 
criteria were replanted. It was reported that thumb re-
plantation is difficult, and the chance of success is low 
compared to other fingers.[15] In our study, however, 
isolated thumb replantation results were found to be 
less successful than second and third finger replantation 
results. The most successful results were obtained in iso-
lated third finger replantation. The fourth finger replan-
tation had the least chance of success.

Despite a good microsurgery application, vascular 
occlusions reduce the chance of success. In the first days 
after surgery, 90% of arterial thrombosis occurs due to 
platelet aggregation. Venous thrombosis is seen at a rate 
of 42% on the 1st postoperative day.[16] In our study, 
venous insufficiency developed in the postoperative 
follow-up of six patients, the nail was pulled out, and 
the nail bed bled, elevation was applied. Three patients 
were reoperated on postoperative day one, and their 
vein anastomoses were renewed. Postoperative arteri-
al insufficiency developed in two patients, they were 
re-operated, and their anastomoses were renewed. In 
our study, loss of one or more fingers occurred in 11 
patients after replantation.

Therefore, we applied the Sollerman function test, 
which shows the functional status after physical thera-
py, and we found that the patients did not experience 
a functional limitation in their work and daily activi-
ties, with an average score of 64.30±6.02. Post-replan-
tation functional evaluation studies are limited in the 
literature. In a meta-analysis, it was seen that the grip 
strength was 78.7%, the sense of two-point separation 
was 7.8 mm, and the DASH score was 12.81 compared 
to the fingers of the opposite hand after replantation.
[17] The separation of two points was measured as 10 
mm in replantation after total avulsion and 8 mm in in-
complete ones.[18] 

The limitation of this study is that it was a sin-
gle-center study. The fact that SARS COV-2 was detect-
ed in only three patients limited the possibility of eval-

uating the effects of SARS COV-2. The ischemia time 
was less than 10 hours for all cases, and the compari-
son could be made clearer if the number of cases with 
longer ischemia duration was higher. Since the number 
of smokers was limited, the effect of smoking could not 
be revealed as clearly as stated in the literature. 

In conclusion, our study showed that SARS COV-
2 did not affect replantation success, contrary to what 
was predicted. Despite developing microsurgery, expe-
rience, and opportunities, finger amputations continue 
to cause serious economic loss and functional disability 
for the individual and society. In our study, we found 
that the most important variables affecting surgical 
success were the mechanism of injury, injury level, age, 
gender, anesthesia technique applied, number of re-
paired veins, smoking, and ischemia duration. 

Author contributions
NA: trial conduction, data analysis, writing of the 

manuscript. ND, MY, and OO: trial design and con-
duct, performing surgery, data analysis, and critical re-
vision of the manuscript.  ND and OO:  data analysis 
and critical revision of the manuscript.

Conflict of interest statement
The authors have no conflicts of interest to declare.
References

1. Ostergaard L. SARS CoV-2 related microvascular 
damage and symptoms during and after COV-
ID-19: Consequences of capillary transit-time 
changes, tissue hypoxia and inflammation. Physiol 
Rep 2021;9:e14726.

2. Waikakul S, Sakkarnkosol S, Vanadurongwan V, 
Un-nanuntana A. Results of 1018 digital replanta-
tions in 552 patients. Injury 2000;31:33-40.

3. Rui P, Ashman JJ, Akinseye A. Emergency depart-
ment visits for injuries sustained during sports and 
recreational activities by patients aged 5-24 years, 
2010-2016. Natl Health Stat Report 2019;133:1-15.

4. Bastidas N, Cassidy L, Hoffman L, Sharma S. A 
single-institution experience of hand surgery liti-
gation in a major replantation center. Plast Recon-

Atilgan N et al.

14   |   Hand and Microsurgery Year 2023 | Volume 12 | Issue 1 | 8-15



Our finger replantation results in the SARS-COV-2 pandemic

str Surg 2011;127:284-92.
5. de Putter CE, Selles RW, Polinder S, Panneman 

MJ, Hovius SE, van Beeck EF. Economic impact of 
hand and wrist injuries: health-care costs and pro-
ductivity costs in a population-based study. J Bone 
Joint Surg Am 2012;94:e56.

6. Wilhelmi BJ, Lee WP, Pagenstert GI, May JW Jr. 
Replantation in the mutilated hand. Hand Clin 
2003;19:89-120.

7. Subramaniam S, Scharrer I. Procoagulant activity 
during viral infections. Front Biosci (Landmark 
Ed) 2018;23:1060-81.

8. Li HC, Ma J, Zhang H, Cheng Y, Wang X, Hu ZW, 
et al. [Thoughts and practice on the treatment of 
severe and critical new coronavirus pneumonia]
[Article in Chinese]. Zhonghua Jie He He Hu Xi 
Za Zhi 2020;43:396-400.

9. Eray A, Murat K, Abdullah G, Ihsan K, Royca K, 
Didem O, Ediz TE. Follow-up study of anti-SARS-
CoV-2 IgG antibody response in COVID-19 pa-
tients up to 6 months after infection. Future Mi-
crobiol 2022;17:1043-9.

10. Etkin Y, Conway AM, Silpe J, Qato K, Carroccio 
A, Manvar-Singh P, et al. Acute Arterial Thrombo-
embolism in Patients with COVID-19 in the New 
York City Area. Ann Vasc Surg 2021;70:290-4.

11. Iba T, Connors JM, Levy JH. The coagulopathy, 

endotheliopathy, and vasculitis of COVID-19. In-
flamm Res 2020;69:1181-9.

12. Bernard I, Limonta D, Mahal LK, Hobman TC. 
Endothelium Infection and Dysregulation by 
SARS-CoV-2: Evidence and Caveats in COV-
ID-19. Viruses 2020;13:29.

13. Chia DS, Tay SC. A retrospective review of trou-
bled replantations. Hand Surg 2015;20:127-32.

14. Janezic TF, Arnez ZM, Solinc M, Zaletel-Kragelj 
L. One hundred sixty-seven thumb replantations 
and revascularisations: early microvascular results. 
Microsurgery 1996;17:259-63.

15. Dec W. A meta-analysis of success rates for dig-
it replantation. Tech Hand Up Extrem Surg 
2006;10:124-9.

16. Ichinose A, Tahara S, Terashi H, Nomura T, Omori 
M. Short-term postoperative flow changes after 
free radial forearm flap transfer: possible cause of 
vascular occlusion. Ann Plast Surg 2003;50:160-4.

17. Shaterian A, Sayadi LR, Tiourin E, Gardner DJ, Ev-
ans GRD, Leis A. Predictors of Hand Function Fol-
lowing Digit Replantation: Quantitative Review 
and Meta-Analysis. Hand (NY) 2021;16:11-7.

18. Sears ED, Chung KC. Replantation of finger 
avulsion injuries: a systematic review of surviv-
al and functional outcomes. J Hand Surg Am 
2011;36:686-94.

© 2023 Turkish Society for Surgery of the Hand and Upper Exremity. This is an open access article licensed under the terms of the Creative Commons Attribution  
NonCommercial ShareAlike 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/) which permits unrestricted, noncommercial use, distribution and reproduction  

in any medium, provided the work is properly cited.

Hand and Microsurgery   |   15www.handmicrosurgeryjournal.com


