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Abstract

Background: The microsurgical techniques have evolved along the last decades, allowing excellent functional
results in cases of reimplantation after amputations. The objective of this study is to evaluate the effectivity of
those techniques in a trauma reference center in México.

Material and Methods: Patients with microsurgical procedures in the context of upper extremities trauma
performed between March 01 of 2010 and August 01 of 2013 were included. The demographic and medical
data were recorded and analyzed, identifying interest factors like type of lesion, level of lesion, ischemia time,
lesion mechanism, type of magnification for repair and clinical evolution. Statistical analysis was performed
with parametric statistics, central tendency and dispersion measures.

Results: From a total of 10 patients included, 9 were men (90%) and 1 woman (10%). About age, there were
no patients from the first decade of life, 3 patients of the second, 3 patients of the third, 1 patient of the fourth
and 3 patients of the fifth decade of life. The mechanisms of trauma reported include 1 patient with a sharp cut,
avulsion in three patients, avulsion / tearing in 6 patients. The level if amputation according to the classification
of Daniel and Terzis was 2 in two patients, 3 in six patients, 4 in one patient, and 6 in one patient. Other
associated lesions were registered only in one patient. Ischemic processes were found in 7 patients with cold
ischemia and 3 with warm ischemia. The time of ischemia vary from 2 to 9 hours, with a range between 0-2h
in 1 patient; 3to 4 hin 2 patients; 5to 6 h in 5 patients; 9 to 10 h in 2 patients. Only 1 patient referred smoking.
In five cases the patients were treated with magnifiers only and 5 with microscope assistance. Five patients
presented a good evolution and five an unfavorable one.

Conclusions: There were lower cases than expected for a third level trauma center in the period of study, with
favorable evolution under the worldwide levels reported. The patients with good evolution were younger and
with a proximal amputation, the other factors were not significant for the evolution. More studies and a bigger
simple are needed to elucidate the significance of other variables in the evolution.

1. INTRODUCTION of extremities in dogs, constituting the first
research in microsurgery®. The introduction in
anticoagulation was a critic improvement in this
field, with the Discovery of heparin by Jay
McLean in 1916, and after that with the
introduction of microscope by Nylen and
Holmgren in Switzerland, From this point there

Since the beginning of XIX century the terminal
-terminal vessel anastomoses was described with
a fine suture; in 1912 the Nobel Prize Alexis
Carrel describe the triangulation method for
vessel anastomosis and the next year Hopfner
reported the first experiments in reimplantation
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exist four stages in the development of
microsurgery: 1) early morning period (1950-
1970),2) development period (1981-1997) 3)full
maturity period (1981-1997) and 4)transition
period from autogenous transplantation to
allogeneic transplantation and regenerative
medicine (1998-2007) [1-17].

The history of digital reimplants started more
than 200 years ago when in 1814 William
Balfour completes a finger autograft in a
carpenter. After this description, many surgeons
for more than 100 years treat the amputations
with the use of a tubulized pedicled graft. In 1940
Harold Gillies suggest to remove the skin Surface
of the finger before the autograft and add the
tubulized graft, and in 1944 Stuart Gordon
completes this technique with insensitive and
non-functional results [13].

With the development of microsurgery the
surgical techniques progress, so in the last 20
years, the microsurgical centers publish series of
reimplantation with success in 80% of the
patients. The success in those cases is secondary
to the development of higher magnification
surgical microscope, focus, and light; ultrafine
sutures; small needles of high precision and other
microsurgical isntruments [2], [4], [5], [13], [14].

Reimplantation is referred to reattach a segment
of the body that was completely amputated, there
is no conexion between the amputated segment
and the body, and is the procedure of higher
difficulty in reconstructive surgery [2], [3], [13], [14],
[17].

The reimplantation is an expensive and complex
procedure, that require prolonged surgical time,
multiple surgeries and motivation for the
rehabilitation by the patient for optimal results

3.

The incidence of hand trauma is variable between
countries because is related to safety industrial
standards. Constantly the amputations are more
frequent in males compared to females about 5:1
to 6:1 and near 30 years of age, personal of
industry, and in home in second place; the
proximal phalanx is the most frequent
amputation site and above the elbow the less
frequent; with the non-dominant hand as the less
frequent affected [13].

In an epidemiological review in the USA in 2011,
they observe 9407 patients with amputations in
upper  extremities, 1361 treated  with
reimplantation, where success in younger
patients was higher significantly, ages between
36 and 44 years old, and longer hospital stay in
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the reimplantation patients as well as higher cost
(4], [7], [19].

The patients that assist urban hospitals and higher
volume have a higher probability of reimplantation
for the resources of these hospitals in equipment and
qualified surgeons. This reference centers develop
complex reimplantation of multiple fingers, hand,
thoracic member and others [4], [7], [8].

The success is related with the family support, by
the long periods of treatment and rehabilitation;
the study and management must be given by a
multidisciplinary team including hand surgery,
psychiatry, physical medicine, occupational
medicine, nursing, etc. [6], [7].

The initial management of the patients is in the
emergency service according to the clinical state
because in many cases the amputations are
accompanied with other multisystemic lesions
and must be treated according to ATLS guides,
and only if the patients are stable and do not have
associated injuries the reimplantation must be
considered [6].

Factors that must be considered for
reimplantation are the associated morbidity,
possibility of survival, functionality of the
reimplanted segment that must be equal or better
than the previous, the total cost for patient or
health service. The patients with a clean
amputation are the ideal candidates, but these
lesions are infrequent; the most frequent etiology
is the crush and avulsion, diminishing the
viability rate [2], [5], [6], [7], [9], [13].

Across the time the indications for reimplantation
have not changed, including thumb amputation at
any level, multiple fingers, through the palm, any
segment in the child, amputation of the wrist,
forearm, elbow and above this level, amputation
distal to the insertion of the digitorum sublimis
flexor; those are not necessary absolutely
indications, but if there are other favorable
factors the reimplantation must be considered,
inclusive in avulsion lesions that require thumb
shortening, fusién of metacarpophalangeal joint,
with vein or nerve graft, and the results are
frequently superior compared with other methods
of reconstruction; in the zone Il of Verdan area of
flexors, zone 11 of Daniel and Terzis the digital
reimplantation could have a comparable
morbidity with the flexor tendons lesions [2], [5],
[71, [13], [14], [15], [16], [18], [20].

The contraindications for reimplantation are
relative, including severe injuries, severely
crushed or shattered, amputation in multiple
levels, amputation in a patient with severe
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previous diseases, with atherosclerotic vessels,
amputation with prolonged hot ischemia (> 6h in
a major segment or > 12h in a finger), amputation
in mentally ill patients [2], [3], [5], [7]. [9], [13],
[14], [20].

The fingers amputated could be regarded at 4°C
for 24 hours before reimplantation or 6h with hot
ischemia. According to the level of amputation,
specialized material must be used for the
reimplantation. The success of reimplantation is
related to the age of patients, comorbidities,
trauma mechanism, surgeon skills, postoperative
management [2], [5], [18].

The Ishiwaka classification localize the level of
amputation of the distal phalanx as follows: zone
1, distal to the distal phalanx; zone 2, across the
ungueal plate, retaining 50% of this plate; zone 3,
across the ungueal plate with less than 50% of the
plate; zone 4 is proximal to the distal phalanx
[16].

Initial surgical treatment must have a
multidisciplinary team with experience and the
required equipment for maximum quality. It
begins with the administration of antibiotics,
antitetanic vaccination, x rays for the amputated
segments; while a team is preparing the
amputated segment for reimplantation with
amplification equipment, with debridement,
location of nerves and vessels; molding and
shortening the bone, the Kirschner spike or plates
are placed; the second team prepare the patient
for surgical intervention, ideally  with
microscopes of high power [2], [5], [7], [15].

The regional anesthesia is preferred by the
vasodilator  effect. = The  sequence  of
reimplantation is influenced by the amount of
muscle in the amputated segment and the time of
ischemia, kind of lesion and the surgeon
preference [2], [7], [13].

Post-surgical treatment includes anticoagulation
and there no exist a determined protocol for all
cases and centers by the lack of superiority of one
protocol among the others. The first 2 days the
risk of thrombosis is very high (80%) and
decrease to 10% after the third day. Conrad and
Adams recommend the trans surgical use of a
heparinized solution, a dose of heparin of 50-100
U/Kg after the release of the clamps, and Dextran
40 at 0.4 mL/kg/hr to the 5th day. Pederson
recommends the application of Bupivacaine form
an axillary catheter for 5 days to produce a
chemical  sympathectomy, the use of
Chlorpromazine 25mg orally every 8 hours as a
peripheral vasodilator for 3-5 days, and the use of
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acetylsalicylic acid 325 mg orally each 24h for
the platelet antiaggregant effect for 3 weeks.
Sabanpathy reports the use of a solution for
irrigation during surgery prepared with 2000
heparin units, 20cc of lidocaine in 200cc of saline
solution; 50U/Kg of heparin intravenous dose
after release of clamps and 5000 units of heparin
in 500cc of saline solution for 24 hours and 5
days; avoiding the use of anticoagulation post-
surgically in patients with proximal reimplant of
elbow. Veravuthipakorn reports 40 patients
without anticoagulation intra or post-surgical,
with success in free flaps of 95% and 91% in
reimplants [5], [7], [11], [15], [20]. There are no
probes of the superiority of any anticoagulation
scheme, and this fact supports that the surgical
technique is the critic factor for survival [5], [7],
[11].

The monitoring of perfusion is very important,
many methods have been introduced but most of
them are technically difficult and the continuous
clinical evaluation is the standard reference for
monitoring [7], [5], [13].

The reported mortality in some series is 0.4%
without a difference in age, the related morbidity
is about 0.6%, complicating the course with
pathologies like Deep venous thrombosis and

pulmonary thromboembolism as the most
common [9].
The only way to alleviate the vascular

complications is the review of the anastomosis;
the decision of surgical exploration is based on
the lesion that produces the amputation and the
surgical findings, with a successful index of 9-
89% [5-14].

The serious complications are rare in reimplanted
patients, the more frequent common include
bleeding, infection and segment loss, the most
common is venous insufficiency follow by
arterial thrombosis in the first 24 hours. Those
complications could be greater according to
ischemia time, including ischemia-reperfusion
phenomenon, leading to metabolic problems and
sepsis [5], [11].

The traumatic lesions occupy the first places for
work accidents and consultation in the medical
services; it is estimated that 1,080, 000 workers
suffer at least one lesion per year. The incidence
is between 0.33 and 11 per 100 workers per year.
The accidents are more frequent in patients
younger than 40 years old, with wounds in
62.6%, mild traumatism in 13.1%, avulsions in
8%, fractures in 4.8% and amputations in 1.1%.
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In the USA between 2001,2004 and 2007 they
reported 9,407 cases, and in 1,361 the completed
reimplantation and between 1993 and 2002 a
total of 16,128 reimplants of superior extremity.
The majority of these procedures are performed
in school hospitals, 81 to 89% of the cases
according to statistics, and patients with health
insurance. This procedure prolonged hospital
stay with an average of 5.8 days (0-85 days)
compared to 3.5 days (0-251) in patients without
reimplantation. The total cost of those procedures
is $42,561 dollars in average, compared with
$27,541  dollars in  patients  without
reimplantation.

In the services of general consultation of the
Instituto Mexicano del Seguro Social (IMSS),
641,322 patients received consultation after
traumatic lesions in the hand during 2007. It is
estimated that the total cost of a traumatic lesion
is $6,162 American dollars. In 2010 the IMSS
reported 506,528 work risk accidents (3.5 per 100
workers) (332,538 in males and 163, 999 in
women); according to anatomic region a total of
104,432 were localized in hand (78,190 in men
and 26,242 in women), accounting for 25.89% of
the work accidents; with 2,961 amputations
(2,516 in males and 445 females), and from those
1,956 men and 346 women were creditors to
permanent disability.

According to the health cost of the IMSS
published in 2012, the cost of attendance in
patients with reimplantation after amputation of
the upper extremity is about $27,664 dollars.

For the previously exposed points, is very
important to know the clinical evolution of the
patients and consider the health cost of this
procedures, because this would help us to give
the patients the best management according to
our situation. Is important to know that according
to the literature, where the use of all the
specialized equipment is mandatory for this
procedures, the patient's opinion and the type of
traumatic lesion plays an important role in the
success of this procedure and the evolution after
surgery.

The objective of this study is to know the
effectivity of microsurgical procedures in
patients with trauma of the thoracic members in
V.F.N Trauma Hospital, IMSS, and the influence
of multiple factors above the results (age, sex,
mechanism of the lesion, amputation level,
associated lesions, ischemia time,
comorbidities).
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2. MATERIAL AND METHODS

This is a retrospective, transversal, observational,
descriptive study, that was developed in the
external consult of Plastic and reconstructive
surgery service and clinical file service of the
Hospital de traumatologia VFN. The period of
study was from March 1, 2010, to August 1,
2013. The patients included must have a
traumatic lesion in the thoracic member that
requires a microsurgical technique for
reconstruction. The data were collected from the
clinical files of the Hospital de Traumatologia
VFEN, from the Instituto Mexicano del Seguro
Social (IMSS).

2.1. Inclusion Criteria

a) Patients with traumatic thoracic member lesion
and complete file that underwent a microsurgical
procedure for reimplantation in the Hospital de
Traumatologia V.F.N. LLM.S.S. in the period
between March 1, 2010, to August 1, 2013.

2.2. Exclusion Criteria

a. Incomplete files

b. Lost of follow up after reimplantation
2.3.Sample size

The sample size considering a p= 0.05 for a
descriptive study with a continuous variable

The sample was obtained by a non-probabilistic
technique and convenience, selecting all the
cases with the inclusion criteria in the mentioned
period for the descriptive study of one variable,
with a confidence interval of 95% is N=62
patients. In this study and the period analyzed we
have a total sample of 10 patients.

The data collection was completed in the files
service where all the collection data sheets were
filled, the data was collected in an Excel file and
the statistical analysis was completed with
descriptive statistics, central tendency measures
and dispersion.

2.4.Evolution

After the microsurgical treatment, the viability of
the affected segment was considered a success
and the loss of those were considered
unfavorable. This variable was nominal.

2.5. Ethical Aspects

This was a retrospective study analyzing files,
without any risk for the patients included, totally
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confidential, without transgression of ethics rules
or the general law of health, the rules for research
in the hospital and according to the Helsinki
amendment, codes and international laws for the
good practices in research, and do not require
informed consent.

A total of 10 patients were included with a
background of thoracic member trauma and
microsurgical procedures for reimplantation in
the Hospital de Traumatologia Victorio de la
Fuente Narvéez, in the period between March 01
of 2010 to August 01 of 2013, fulfilling the
inclusion criteria (Table 1).

3. RESULTS
Tablel. Patients with thoracic member trauma that under went microsurgical procedures in the el HT VFN
I.M.S.S.
Patient|l |2 3 4 5 6 7 8 9 10

Sex |Age Traumamecha |Amputatio |[Associate |Type of|lschemia|Comorbiditi [Magnificatio|Evolution

(year) [nism n level d Lesions (ischemia|time es n material
(hours)
1 1 23 3 3 2 2 4 2 2 2
2 2 |24 3 2 2 1 6 2 2 2
3 1 |50 2 2 2 1 9 2 2 2
4 1 40 2 3 2 1 4 2 2 1
5 1 12 2 6 1 1 5 2 1 1
6 1 |46 1 3 2 2 5 2 1 2
7 1 17 3 3 2 1 5 2 1 1
8 1 J20 3 3 2 2 2 1 2 1
9 1 22 3 4 2 1 6 2 1 1
10 1 50 3 3 2 1 9 2 1 2
From the patients in studied 9 were men (90%) Table4.Trauma mechanism with frequency and
percentages.

and 1 woman (10%) (Table 2).

By the range of age, the admissions vary form
patients with 12 years-old to 50 years old, with a
median of 30.4 years, an average of 23.5, mode
of 50, range of 38 and standard deviation of
14.51. In the first decade of life there were no
admissions, from the second decade 3 patients

Table2. The total number of cases and percentage of 'Sl'r:;xrl:)n;itmechanlsm Erequency Tgor/: entage
patients according to sex. Avulsion 3 30%

Sex Frequency Percentage Avulsion / tearing 6 60%
Women 1 10% . . .
Men 9 90% The level of amputation according to the Daniel

and Terzis classification, without any level 1; 2
patients with level 2, 6 patients in level 3, 1
patient in level 4, 0 patients in level 5 and 1
patient in level 6. Table 5.

Table5. Levels of amputation,
percentage.

frequency and

(30%), from the third decade 3 (30%); from the Amputation level | Frequency | Percentage
fourth decade 1 patient (10%); from the fifth Level 1 0 0%
decade 3 patients (30%). Table 3. Level 2 2 20%
S . . . Level 3 6 60%
Table3. Distribution by age in the studied patients. Level 4 1 10%
Age Frequency Percentage Level 5 0 0%
1 - 10 years 0 0.00% Level 6 1 10%
— 0,
;i — 58 ﬁz: g 28'8802 With respect to the associated lesions, there were
:31_40 years 1 10:00% found only in 10% of the patients, the other 90%
41— 50 years 3 30.00% have a unique lesion. (Table 6).

With respect to trauma mechanism we find a
sharp cut in 1 patient (10%); and avulsion in 3
patients (30%), avulsion/tearing in 6 patients
(60%). Table 4.
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Table6. Associated lesions, frequency and percentages.

Associated Lesions |Frequency| .Percentage
Yes 1 10%
No 9 90%
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The type of ischemia was cold in 7 cases (70%), and
warm ischemia in 3 patients (30%). Tabel 7.

Table7. Type of ischemia, frequency, and
percentages.
Type of ischemia | Frequency Percentage
Cold 7 70%
Warm 3 30%

The time of ischemia was of 2 hours minimum,
with a maximum of 9 hours, with a range of 7
hours, mode of 5. In the range of 0-2 hours the
frequency was 10%; between 3-4 hours the
frequency was 20%; 5 to 6 hours 50% and 9-10
hours 20% (Table 8).

Table8. Ischemia time

Ischemia time Frequency | _Percentage
0 - 2hrs 1 .10%
3-4hrs 2 20%
5-6Hrs 5 50%
7-8hrs 0 0%
9-10Hrs 2 20%

Only 10% of the cases present comorbidity
associated with the amputation and was smoking,
the other 90% does not present any comorbidity.
Table9. Comorbidities, frequency, and percentage

Comorbidities Frequency | Percentage
Yes 1 10%
No 9 90%

With respect to the magnification material, the
plastic surgeons work with magnification lenses
in 5 occasions and microscope in 5 patients
(50%) (Table 10).

Table10. Magnification material, frequency and
percentage

Magnification Frequency | Percentage
material

Magnification lenses | 5 50%
Mycroscope 5 50%

The follow up during hospitalization and
evolution was qualified as favorable in 5 patients
(50%), and unfavorable in 5 more (50%). Table
11.

Tablell. Patients evolution

Evolution Frequency Percentage
Favourable 5 50%
Unfavorable 5 50%

4. DISCUSSION

There is limited evidence for the best indications
in the decision of reimplantation after the trauma
of thoracic member. The management and
publications of reimplantation are originated
from case series and recommendations based
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only in surgeon's experience. Some articles
suggest that reimplantation must be treated in
childhood and when the level of amputation is in
the wrist or forearm. Contraindications include
any lesion that compromises the patient life,
important chronic disease, psychiatric major
disease, prolonged warm ischemia or the
possibility of worsening the function.

In our retrospective and observational study, the
patients treated after thoracic member
amputation with microsurgical techniques in the
Trauma Hospital “Victorio de la Fuente
Narvaez”, the lesions were more frequent in
males, with a male: female ratio 9:1, percentage
of 90%, corresponding with the higher frequency
of workers and operators of heavy machinery in
the male sex. In the age we found that lesions
were more frequent in patients from 11 to 50
years, corresponding with similar previous
reports. This population corresponds with
economically active population, meaning an
important social and economic impact for this
patient treatment. The international reports
mention the age as a prognostic factor, ad our
study confirm that the patients under 22 years
presented a more favorable evolution, considering
too that the level of amputation in those patients were
proximal, with more level 3 lesions, and according
to the literature the proximal amputations corrected
by microsurgery obtain better results, for the bigger
diameter of vessels and the inflammation of the
intimate layer is not obstructive, with an easier to
perform surgery for surgeons maybe with less
specialization compared with the required
abilities for a more distal amputation.

Other older patients presented less favorable
evolution, with some factors that could be
involved in those results like other comorbidities
associated, atherosclerosis, more intense
response to trauma from the intima layer, and
worse quality of tissues.

In relation with the mechanism and type of
lesion, the avulsions and tearing lesions have
negative factors for success of the reimplantation
procedure with microsurgery, and sometimes
inclusive are considered contraindications, but in
our study 5 of the patients presented this kind of
lesions and good evolution; for this reason, more
studies are needed to evaluate other factors that
can influence the results.

One of the main factors influencing the favorable
evolution of the patients is the transfer of
amputated segments (cold ischemia), and
analyzing the results, 20% of the patients with
favorable evolution did not have cold ischemia,
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for this we can suspect that this is an important
factor in the evolution, and the time of evolution
of less than 4.4 hours according with our results.

The previous is similar to the international
literature that mentions that with less time of
transfer the intervention, evolution, and
prognosis are better. Since 1920 when the
microscope was introduced by Nylen and
Holmgren the microsurgery born, and actually
there exist many different instruments with
different potency and specifications. These
instruments are vital for the management,
preparation and results in these patients, being a
gold standard, but in expert hands the use of
comfortable magnifiers could be useful
depending of the anatomic site to treat; in our
study the patients with favorable evolution were
treated with magnifiers in 3 cases and microscope
in 2 cases.

We found that in the 10 cases presented, only
50% have a favorable evolution, with younger
patients, proximal level of amputation, cold
ischemia during transfer, and only one with
associated lesions, and lower time from accident
to surgery in those patients with good results as
reported in the literature, but with lower rate of
success compared with other centers of
microsurgery. Special focus must be maintained
in the mechanism of trauma, that was not the
ideal form reconstruction in many of the
presented cases and the use of magnification
devices instead of the microscope for the
presented results.

5. CONCLUSIONS

In the present study, the effectivity of
microsurgical reimplantation in patients with
trauma of the thoracic member was 50%,
between March 1 of 2010 and August 1 of 2013,
this is inferior to international reports, with a
success in 85 to 95% of the cases.

The associated factors with good evolution were
similar to previous reported, including age,
proximal amputation level, cold ischemia, less
time since the accident and surgical repair. The
age is a positive factor by fewer comorbidities,
better tissue quality and better response to
trauma.

The type of magnification didn't show influence
in the results significantly, but other studies with
bigger sample size are needed to clarify this
point.
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