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Abstract

Background: In children complete and partial traumatic finger amputations are infrequent compare with adults. Significant
differences exist in term of epidemiology, nature of injury, indication and contraindication for replantation, and surgical technique
in children vs adults.

Clinical case: A 15-years old male child sustained traumatic fingertip amputation of 3" and 4" fingers caused by axe. Replantation of
both fingertips was performed. Digital arteries and nerves were repaired however veins were not. Both replanted fingertips survived
well.

Discussion: Fingertip replantation in children is a real challenge. Vessels diameter less than 1 mm requires super microsurgical
ability of the surgeon. Other than that post-operative venous congestion is frequent problem that requires tricky post-operative care

in some patients.

Conclusion: Digital replantation attempt is 100 % indicated in children. In modern times most of professionals agree that fingertip
replantation is a golden standard in pediatric population. The correct delivery and cold preservation of amputated part, the shortest

possible ischemia time, perfect surgical technique and appropriate post-operative monitoring and care all play an important role in

successful replanted fingertip survival.
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Introduction

Traumatic amputations in children are relatively uncommon
and its incidence rate is from 1,32 to 18,8 cases per 100000 capita
of pediatric population according several reports [1-3]. Despite
similarities regarding principles and methods of replantation with
those that have been used in adults there are certain differences.
For instance, it is hard to see on radiographs, especially in young
children, metaphyseal growing plates. It is recommended to

preserve these plates during bone internal fixation to avoid late

skeletal grow disturbances following replantation. Other than
that children might be prone to post-operative vascular spasm
[4-6]. This spasm if occurs needs to be diagnosed and addressed
promptly. I adults the cause for traumatic amputation in vast
majority cases is labor accident. In children especially young ones
most cases happen due door trap, bicycle chain, and other moving
parts of different machines accidents. Older children fall victims of
insecure handling anything like knife, axe, power chain, etc. [7-12].

According prevalent agreement among specialists everywhere any
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amputated part of upper extremity in a child worth replantation
attempt [9]. That is why only 40% - 60% of attempted replantation
end up successfully in children [10-12]. At the same time functional
results of replantation in children are generally superior than those
in adults due better and faster regeneration, shorter distance for
nerve to regenerate, brain cortical plasticity, delicate scars, and

sensory and motor re-education [13].

Clinical Case

15 years old male child sustained traumatic amputation of
distal phalanges of Right hand middle and ring fingers due insecure
handling with an axe. Amputated finger segments were simply
sutured back by mean of interrupted sutures at local emergency
department. It is important to point out at this stage that this
was violation of amputated part cold transportation protocol.
Thereby warm ischemia time at the admittance to our hospital
was 4 hours. At the admittance to our hospital amputated parts
of distal phalanges of Right hand middle and ring fingers sutured
back at the midlevel of phalanges were pale without any sings of
blood circulations. These sutures were taken off. Central segments
of middle and ring fingers distal phalanges have been bleeding
slightly. The level of amputation was estimated as Ishikawa 3,

Tamai 2. Radiograph of Right hand was performed (Figure 1).

Figure 1: Right hand appearance at admittance to the hospital.

Before surgical operation was started a central artery and one
digital nerve were tagged in both amputated parts of middle and ring
fingers distal phalanges. An emergency replantation was started 4
hours and 30 minutes following accident. Since there were no any
signs of tissues crush or any significant debris formal debridement

has not been performed. During middle finger replantation ring
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finger amputated part was wrapped in sterile gauze and placed to
the refrigerator at the temperature + 4 centigrade. Central digital
artery and one digital nerve the same way were tagged in proximal
part of distal phalanx in ring finger. Then skeletal internal fixation
was performed by mean of longitudinal K-wire. Following this stage
microvascular anastomosis of central digital artery an neurorraphy
of one digital nerve were performed by monophilament suture
material 11/0. Any reliable vein could not be identified at this level
thus no venous microvascular anastomoses were ever performed.
Same micro-neurovascular procedure was performed in ring
finger. Both nail plates were removed to provide blood oozing from
nail beds that were covered by gauze soaked in Heparin solution
(Figure 2).

Figure 2: Replanted phalanges view on 1 post-operative day.

During post-operative period intravenous infusion was
administered including Glucose and Saline solution, antibiotic
(Ceftriaxon 50 mg/kg/daily) for 5 days. Additionally, systemic
Heparin was administered starting at the operation room with the
dose of 30 IU/kg/hour. Next post-operative day (1% one) Heparin
dose was reduced to 20 1U/kg/hour due significant bleeding from

nail beds (aPTT 89 sec).

Local temperature of replanted phalanges was monitored
daily until 7" post-operative day by mean of portable thermal
camera FLIR ONE. The local temperature within fingertip pulp of
both replanted fingers reached 29 Centigrade during 1% ,2™ and
3 postoperative days. Then local temperature raised up to 34
Centigrade. Mean local temperature in the areas next to nail beds
reached 34 Centigrade (Figure 3). For comparison we present
picture on 7% post-operative day (Figure 4, 5).

Both replanted phalanges have survived well.
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Figure 3: Thermal camera image (FLIR ONE) on 1%
post-operative day.

Figure 4: Replanted phalanges close view on 7% post-operative

day.

Figure 5: Thermal camera image (FLIR ONE) on 7t

post-operative day.

The patient was discharged from the hospital on 14" post-
operative day. 5 weeks following replantation K-wires were
removed. Despite two-point discrimination test showed only 6 mm

at 5 weeks after surgery the patient could certainly feel touching.

Discussion

If we look at hands, fingers and especially fingertips we

might think that these are small size wise compare with the rest

126
of the body. However, if we consider functional value of these
afore mentioned parts we by surprise can discover the ultimate
value of these afore mentioned structures in term of attaining of
sensory-motor functions and provide development for a child.
Some specialists even call finger tips as “periphery eyes” [14].
Additionally, child interacts with other people, objects, and
environment by their hands. Thereby the problem of fingertip
reconstruction in children was underestimated for years and most
popular option to care pediatric patients with digital traumatic
amputations used to be just making a good stump [15]. However,
thanks to clinical microsurgery coming and further development
up to the current state of super microsurgery we gained new
great opportunities enabling us to successfully anastomose
neurovascular structures less than 1 mm in diameter. Thus we now

can replant even fingertips even in very young children [16,17].

Correct transportation protocol of amputated part is an issue
of critical importance. If this protocol not strictly followed the
chance for replanted part to survive diminishes since either warm

ischemia time rise or maceration develop [18].

Basically there are two methods of correct transportation.
Three plastic bags protocol: an ice placed in outer plastic bag, then
second plastic bag filled with the water placed in the outer one,
then inner plastic bag with an amputated part wrapped in moist
gauze placed in the second one. Two plastic bag protocol: first
plastic bag with mix of the ice and the water, second plastic bag
with an amputated part wrapped in moist gauze placed in first
one (Figure 6). Important to avoid direct contact of the amputated
part with either ice or water that will lead to either frost bite or

maceration that both would decrease chance of success [18].

Figure 6: Triple bag and double bag transplantation protocols

schematic.
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Success rate of digital replantations in children vary from 30%
to 40% according world literature mostly due absolute indication
for replantation compare with adults. Throughout last 2 years we
performed 12 digital replantations in children in our department

and only 5 of replanted digits survived (50% success rate).

A microsurgeon who deals with digital replantation at the level
of thumb distal to IP joint in case thumb or at the level of DIP in
case of fingers faces several challenges. These are submillimeter
diameter of digital artery and problem of venous insufficiency due
lack of any suitable veins at this level [19,20]. A microsurgeon must
be trained in digital vascular anatomy and super microsurgery since
vessel diameter at this level is 0,5 - 0,7 mm. Only in some cases, is
possible to find veins suitable for microvascular anastomoses. If
just digital arterial micro anastomosis was established an artificial
venous outflow should be made until neo veins regenerate and
in grow into replanted digit. Several authors propose different
ways to overcome this problem. Thus, Kamei proposed creation of
venocutaneous fistula while Lin proposed making of skin pocket.
However, these techniques are complicated and require several
stages [21,22]. At the same time there were less complicated and
efficient methods to establish artificial venous out flow. Chen
described “chemical leech” protocol which consists in making a “fish
mouth” incision in the very tip of replanted digit combined with
repeated local subcutaneous injection of Heparin 5000 [U/ml 0,1 -
0,2 ml. Thus external venous out flow is maintained until neo veins
regeneration and in grow into replanted phalanx [23] that happens
usually on 7 - 9 post-operative day [24]. Han believes that this
method does not require any high dose systemic heparin or even
removal of nail plate to avoid late nail bed deformity. In our case
we provided external venous out flow by mean of removal of both
nail plates, repeated nail bed scarification, and topical application
of gauze soaked in Heparin diluted 1:1 every 3 hours during 8
post-operative days until natural venous out flow re-established.
Additionally, we used a “fish mouth “incisions combined with
topical Heparin 2500 1U/ml similar way as in nail beds. Capillary
refill in replanted phalanges was normal on 8% post-operative day.
There is controversy regarding systemic Heparin in the literature.
Some authors believe that there is no need for one [25]. Others
advocate systemic Heparin [26]. We use systemic intravenous
Heparin perfusion starting 30 IU/kg/hour during surgery with

consecutive coagulogram control followed by Heparin titration
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until aPTT reaches 70 - 90 sec during 7 post-operative days. Then
low molecular Heparin (Dalteparin sodium) 80 1U/kg/daily for 30

days was administered.

There is anotherissue to discuss. This is the fixation of replanted
part of the digit. The most popular method is internal fixation by
mean of longitudinal intraosseous K-wire that is reliable and safe
technique [18]. However, Shim believes that interrupted sutures
themselves are sufficient enough for keeping bone fragments
reduced in good contact. Additionally, this author assumes that
part of venous blood from replanted part may out flow through
intramedullary canal and K-wire may obstruct this path. This might
be essential in case when digital veins have not been anastomosed
[27].

We prefer to use traditional internal fixation by mean of K-wire.

Figure 7: Arterial anatomy of fingertip.

Figure 8: Right hand close view 7 weeks following replantation.

Conclusion

Traumatic digital amputation is always sudden drama for a child
and his parents. Other than visible physical defect this event brings
with it psychological stress and some functional impairment.
Digital replantation in children is “golden standard” of treatment.

If successful it enables a child to grow and develop freely.

Citation: Alexander V Alexandrov,, et al. “Fingertip Replantation without Venous Anastomoses". Acta Scientific Medical Sciences 7.5 (2023): 124-129.



Fingertip Replantation without Venous Anastomoses

Important roles for success plays correct transportation of
amputated part, as short as possible warm ischemia time, flawless

microsurgical technique, and appropriate post-operative care.

Financial Source

Authors have no any financial interest.

Conflict of Interests

Authors declare lack of any apparent or potential conflicts of

interests related to this article.

Ethical Criteria

Patient’s (or their guardians) informed consent on using and

publishing of their personal data.

Acknowledgment

We would like to express our gratitude to Department

of microsurgery stuff - physician, nurses, orderlies, and

anestesiologists for the contribution they made to take care about

our patients.

Bibliography

1. ] M Conn, et al. “Non-work-related finger amputations in the
United States, 2001-2002". Annals of Emergency Medicine
(2005).

2. I Atroshi and H E Rosberg. “Epidemiology of amputations and
severe injuries of the hand”. Hand Clinics (2001).

3. T R Dillingham,, et al. “Limb amputation and limb deficiency:
Epidemiology and recent trends in the United States”. Southern
Medical Journal (2002).

4. VS Devaraj,, et al. “Microvascular surgery in children”. British
Journal of Plastic Surgery 44.4 (1991): 276-280.

5. F Duteille,, et al. “Free flap coverage of upper and lower limb
tissue defects in children: A series of 22 patients”. Annals of
Plastic Surgery 50.4 (2003): 344-349.

6. J Y S Kim, et al. “Pediatric upper extremity replantation”.
Clinics in Plastic Surgery32.1 (2005): 1-10.

7. RRYorlets,, etal. “Fingertip Injuries in Children: Epidemiology,
Financial Burden, and Implications for Prevention”. Hand 12.4
(2017): 342-347.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

128
W H Liu, et al. “Mechanism and epidemiology of paediatric
finger injuries at prince of Wales Hospital in Hong Kong”. Hong
Kong Medical Journal 21.3 (2015): 237-242.

F Duteille,, et al. “Free flap coverage of upper and lower limb
tissue defects in children: A series of 22 patients”. Annals of
Plastic Surgery 50.4 (2003): 344-349.

G Dautel and S Barbary. “Mini replants:. Fingertip replant
distal to the IP or DIP joint”. Journal of Plastic, Reconstructive
and Aesthetic Surgery 60.7 (2007): 811-815.

S Barbary,, et al. “Finger replantation: Surgical technique and
indications”. Chirurgie de la Main 32.6 (2003): 363-372.

N Lindfors and I Marttila. “Replantation or revascularisation
injuries in children: Incidence, epidemiology, and outcome”.
Journal of Plastic Surgery and Hand Surgery 46.5 (2012): 359-
363.

S Lee,, et al. “Patterns of surgical care and health disparities
of treating pediatric finger amputation injuries in the United
States”. Journal of the American College of Surgeons 213.4
(2011): 475-485.

B & bBaittunrep., et al. “KiuHudeckas aHaToMus
KJIWUHUYECKAS AHATOMUSA KUCTU (HACTD IV)* CLINICAL
ANATOMY OF THE HAND (PART IV)".

Z S Khodzhabaghyan., et al. “SURGICAL MANAGEMENT OF
DISTAL PHALANGEAL INJURIES OF FINGERS (review)”. Vopr.
rekonstruktivnoy i Plast. Khirurgii 1.56 (2016): 74-92.

D ] Jordan,, et al. “Flap Decisions and Options in Soft Tissue
Coverage of the Lower Limb”. Open Orthopaedics Journal 8.1
(2014): 423-432.

S ] Sebastin and K C Chung. “A systematic review of the
outcomes of replantation of distal digital amputation”. Plastic
and Reconstructive Surgery 128.3 (2011): 723-737.

“Obuepoccuiickas 06IIecTBEHHas OopraHu3anus
Poccuiickoe 06l1ecTBO MJIACTUYECKUX PEKOHCTPYKTHBHBIX
U 3cTeTHYeckux xupyproB @ejepasbHble KJIMHHUYECKHE
peKOMeHJauuu MO0 peIUIaHTALUW NajbLeB W CEerMeHTOB

koHevyHocTeH. 2013 rog,.”

CY Wei and N Wei. “Fingertip Replantation Without and With
Palmar Venous Anastomosis: Analysis of the Survival Rates
and Vein Distribution”. Annals of Plastic Surgery 80.3 (2018):
308.

Citation: Alexander V Alexandrov,, et al. “Fingertip Replantation without Venous Anastomoses". Acta Scientific Medical Sciences 7.5 (2023): 124-129.


https://www.sciencedirect.com/science/article/abs/pii/S0196064404015513
https://www.sciencedirect.com/science/article/abs/pii/S0196064404015513
https://www.sciencedirect.com/science/article/abs/pii/S0196064404015513
https://pubmed.ncbi.nlm.nih.gov/11599204/
https://pubmed.ncbi.nlm.nih.gov/11599204/
https://pubmed.ncbi.nlm.nih.gov/12190225/
https://pubmed.ncbi.nlm.nih.gov/12190225/
https://pubmed.ncbi.nlm.nih.gov/12190225/
https://pubmed.ncbi.nlm.nih.gov/2059785/
https://pubmed.ncbi.nlm.nih.gov/2059785/
https://pubmed.ncbi.nlm.nih.gov/12671373/
https://pubmed.ncbi.nlm.nih.gov/12671373/
https://pubmed.ncbi.nlm.nih.gov/12671373/
https://pubmed.ncbi.nlm.nih.gov/15636759/
https://pubmed.ncbi.nlm.nih.gov/15636759/
https://pubmed.ncbi.nlm.nih.gov/28644934/
https://pubmed.ncbi.nlm.nih.gov/28644934/
https://pubmed.ncbi.nlm.nih.gov/28644934/
https://pubmed.ncbi.nlm.nih.gov/25953929/
https://pubmed.ncbi.nlm.nih.gov/25953929/
https://pubmed.ncbi.nlm.nih.gov/25953929/
https://pubmed.ncbi.nlm.nih.gov/12671373/
https://pubmed.ncbi.nlm.nih.gov/12671373/
https://pubmed.ncbi.nlm.nih.gov/12671373/
https://pubmed.ncbi.nlm.nih.gov/17512267/
https://pubmed.ncbi.nlm.nih.gov/17512267/
https://pubmed.ncbi.nlm.nih.gov/17512267/
https://pubmed.ncbi.nlm.nih.gov/24075814/
https://pubmed.ncbi.nlm.nih.gov/24075814/
https://pubmed.ncbi.nlm.nih.gov/22998149/
https://pubmed.ncbi.nlm.nih.gov/22998149/
https://pubmed.ncbi.nlm.nih.gov/22998149/
https://pubmed.ncbi.nlm.nih.gov/22998149/
https://pubmed.ncbi.nlm.nih.gov/21856185/
https://pubmed.ncbi.nlm.nih.gov/21856185/
https://pubmed.ncbi.nlm.nih.gov/21856185/
https://pubmed.ncbi.nlm.nih.gov/21856185/
https://pubmed.ncbi.nlm.nih.gov/21572379/
https://pubmed.ncbi.nlm.nih.gov/21572379/
https://pubmed.ncbi.nlm.nih.gov/21572379/
https://pubmed.ncbi.nlm.nih.gov/27015338/
https://pubmed.ncbi.nlm.nih.gov/27015338/
https://pubmed.ncbi.nlm.nih.gov/27015338/
https://pubmed.ncbi.nlm.nih.gov/27015338/

Fingertip Replantation without Venous Anastomoses

20.

21.

22.

23.

24,

25.

26.

27.

Citation: Alexander V Alexandrov,, et al. “Fingertip Replantation without Venous Anastomoses". Acta Scientific Medical Sciences 7.5 (2023): 124-129.

A Aksoy, et al. “Fingertip Replantation Without and with
Palmar Venous Anastomosis: Analysis of the Survival Rates
and Vein Distribution”. Annals of Plastic Surgery 78.1 (2017):
62-66.

K Kamei., et al. “The venocutaneous fistula: A new technique
for reducing venous congestion in replanted fingertips”. Plastic
and Reconstructive Surgery 99.6 (1997): 1771-1774.

T S Lin,, et al. “Fingertip replantation using the subdermal
pocket procedure”. Plastic and Reconstructive Surgery 113.1
(2004): 247-253.

Y C Chen, et al. “Fingertip replantation without venous
anastomosis”. Annals of Plastic Surgery 70.3 (2013): 284-288.

SK Han,, et al. “The Timing of Neovascularization in Fingertip
Replantation by External Bleeding”. Plastic and Reconstructive
Surgery 110.4 (2002): 1042-1046.

A Nishijima.,, et al. “Appropriate Use of Intravenous
Unfractionated Heparin after Digital Replantation: A
Randomized Controlled Trial Involving Three Groups”. Plastic
and Reconstructive Surgery 143.6 (2019).

JI Efanov, et al. “Duration and cessation characteristics of
heparinization after finger replantation: A retrospective
analysis of outcomes”. Microsurgery 38.3 (2018): 251-258.

H S Shim,, et al. “A prospective randomised comparison of
fixation methods in Tamai’s zone 1 amputation”. Journal of
Plastic, Reconstructive and Aesthetic Surgery 71.7 (2018): 997-
1003.

129


https://pubmed.ncbi.nlm.nih.gov/27015338/
https://pubmed.ncbi.nlm.nih.gov/27015338/
https://pubmed.ncbi.nlm.nih.gov/27015338/
https://pubmed.ncbi.nlm.nih.gov/27015338/
https://pubmed.ncbi.nlm.nih.gov/14707643/
https://pubmed.ncbi.nlm.nih.gov/14707643/
https://pubmed.ncbi.nlm.nih.gov/14707643/
https://pubmed.ncbi.nlm.nih.gov/22395045/
https://pubmed.ncbi.nlm.nih.gov/22395045/
https://pubmed.ncbi.nlm.nih.gov/12198415/
https://pubmed.ncbi.nlm.nih.gov/12198415/
https://pubmed.ncbi.nlm.nih.gov/12198415/
https://pubmed.ncbi.nlm.nih.gov/30907817/
https://pubmed.ncbi.nlm.nih.gov/30907817/
https://pubmed.ncbi.nlm.nih.gov/30907817/
https://pubmed.ncbi.nlm.nih.gov/30907817/
https://pubmed.ncbi.nlm.nih.gov/28646588/
https://pubmed.ncbi.nlm.nih.gov/28646588/
https://pubmed.ncbi.nlm.nih.gov/28646588/
https://pubmed.ncbi.nlm.nih.gov/29519598/
https://pubmed.ncbi.nlm.nih.gov/29519598/
https://pubmed.ncbi.nlm.nih.gov/29519598/
https://pubmed.ncbi.nlm.nih.gov/29519598/

	_GoBack

