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ABSTRACT

Introduction: Epidermolysis bullosa (EB) is a rare disease involving the skin with the formation of synechiae
and cicatricial retractions, especially on the hands.

The objective of this study is the evaluation of the surgical technique of debridement of the amorphous hand
in patients suffering from EB.

Material and methods: All patients were treated according to the ethical principles of the Helsinki declara-
tion. Data collection was performed in terms of patient’s hospitalization time, healing time (healing for more
than 90% of the epidermis), possible recurrence and reoperation times, Visual Analogue Scale (VAS) for pain
evaluation, and Disability of Arm-Shoulder-Hand (DASH) score in preoperative time and after 60 days from
surgery. The clinical follow-up ranges from a minimum of 36 months up to 10 years.

Results: Complete reepithelialization of the hands (<90% of the bloody surface) occurred in 19.2 days, with
a range of 14-23 days. In our study, the improvement in the DASH score and pain evaluation with VAS scale
were statistically significant (P < 0.05), and the goal of this treatment was the functional recovery of the hands
with resumption of daily autonomy.

Conclusion: The surgical technique shown is safe, simple, and repeatable with a rapid learning curve, and
no complex instruments or large operating spaces are needed, which is why it should be easy to make it
repeatable in other plastic or hand surgery centers. Our data regarding discomfort and the DASH scale give us
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encouraging premises to continue in this direction.

Introduction

Epidermolysis bullosa (EB) is a group of rare and currently incurable
congenital genetic conditions that result in painful blistering of the skin
and mucous membranes, which occur with minor trauma or friction.

EB is due to mutation in a number of genes, some types are
autosomal dominant, while others are autosomal recessive. The
underlying mechanism of this disease is a defect in the attachment
between or within the epidermis and dermis of the skin. A broad
phenotypic spectrum has been described, with potentially severe
extracutaneous manifestations, morbidity, and mortality. Over 30
subtypes are recognized, grouped into four main categories, based
onthe plane of ultrastructural fragility and blister formation, reflecting
which protein abnormality is present. The management and
prognosis of each can vary significantly depending on the type, and
they are EB simplex, dystrophic epidermolysis bullosa (DEB),
junctional epidermolysis bullosa (JEB), and Kindler syndrome (KS).
The severity of disease varies within and between major subtypes
and reflects the extent of cutaneous disease and extracutaneous
complications as well as the risk of early mortality. For instance, severe
junctional EB has been associated with early mortality following
birth, whereas localized EB simplex does not affect longevity [1-3].

The incidence of EB is of 1.4-25.0 per million live births with a
prevalence of 2.82-54.0 per million population; there are approxi-
mately 500,000 people in the world living with EB.

Most forms of EB result from recessive or dominant mutations in
genes encoding structural proteins at or close to the dermal-
epidermal junction (DEJ).

Clinically, in some forms of EB, such as localized epidermolysis
bullosa simplex (EBS), there may only be a small number of seasonal
blisters, perhaps confined to the toes. In contrast, other forms of EB
may have more extensive blistering, often involving various mucosae
as well as extracutaneous involvement, such as muscle,
gastrointestinal tract, lung, and kidney [4].

Among the several secondary complications that are encountered
in EB, hand deformities are one of the most disabling conditions that
require treatment. Despite utmost protection, hands are exposed to
repetitive minor trauma in daily life, and this leads to blister formation
and ulceration. Repeated cycles of blisters, ulcers, and healing are
thought to be the cause of dystrophic scarring, yet the exact
mechanism remains unknown. The resultant deformity includes
progressive digital fusion (pseudosyndactyly), flexion contractures,
and adduction contracture of the thumb. Hand deformities in patients
with EB have a serious impact on psychomotor and social
development, leading to low self-esteem, social isolation, and an
overall poor quality of life [5]. The evidence as to whether surgery
improves hand function is not clear, due to the lack of large, controlled
studies; however, most data indicate surgery can improve hand
function in DEB with severe and moderate stages of deformity [6-13].
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For cases where the adduction is more proximal, an additional
incision over the carpal tunnel may be necessary to release the
carpometacarpal contracture. The surgery employs both sharp and
blunt dissection to carefully separate interdigitations while preserving
the neurovascular bundles, which may be displaced by scar tissue. In
the first web space, dissection extends down to the level of the
muscle fascia while ensuring neurovascular protection. If the fascia is
excessively tight, it may also be released. Longitudinal incisions in the
second to fourth web spaces are made as needed. Since the wounds
are left open to heal and therapy is initiated immediately, zig-zag
incisions are unnecessary. Remaining digital flexion contractures are
addressed with transverse palmar incisions at the affected joints.
Additionally, hyperextension of the metacarpophalangeal joints may
require dorsal-releasing incisions [8]. Epidermal degloving, which
involves removing the entire outer layer of epidermis from the hand,
has been performed prior to making releasing incisions. However, its
effectiveness and long-term outcomes remain uncertain. While some
opt for this approach, others prefer to retain the natural epidermis. In
general, older reports are more inclined to perform epidermal
degloving, whereas more recent cases describe preserving innate
epidermal tissue because sparing of the epidermis limits surface area
that requires healing after surgery [9].

In 1997, Campiglio et al. described a new protocol for the
treatment of hand deformities in recessive DEB based on the
association of various internationally developed techniques: brachial
plexus anesthesia with ketamine sedation, dynamic splinting, and
coverage of the wounds with allogenic keratinocytes sheets [10].
Several studies have demonstrated the safety of general, neuraxial,
and regional anesthetics in patients with EB [11].

Itis important to note that perioperative aspiration has been reported
in EB patients with esophageal disease despite preoperative fasting. This
may be due to abnormal esophageal peristalsis and stiffening of the
lower esophageal sphincter due to recurrent scarring [12].

In this paper, we present our 20-year experience in the treatment
of mitten hand in patients suffering from EB using a surgical
technique, and we also propose a surgical treatment protocol in
patients with pseudosyndactyly and EB.

Materials and methods
Population study

Forty-two EB patients were operated for varying degrees of hand
deformities in the Burn Center Unit of Cannizzaro Hospital, Catania,
Italy, between 2001 and 2023. All patients suffered by severe pseudo-
syndactylies or mitten hands, with the functional impairment.
Exclusion criteria were as follows: hemoglobin <8 g/dl and suspected
infection or neoplasms in the hand. Inclusion criteria were as follows:
hemoglobin >8 g/dl and Birmingham score > 3. The group included
18 males and 24 females, with a median age of 12.4 years (range 8-37
years old). The population under study was divided according to the
four canonical forms of EB: JEB, EBS, DEB, and KS. The population is
homogeneous for continuous variables (Table 1).

Written informed consent was provided by all patients or to their
legal tutors, and medical information and charts along with
photographic data were cumulated throughout each patient’s
treatment period. All patients were treated according to the ethical
principles of the Helsinki declaration. Data collection was performed
in terms of patient’s hospitalization time, healing time (healing for
more than 90% of the epidermis), possible recurrence and reoperation
times, Visual Analogue Scales (VAS) scale for pain evaluation, and
Disability of Arm-Shoulder-Hand (DASH) score in preoperative time
and after 60 days from surgery. The clinical follow-up ranges from a
minimum of 36 months up to 10 years.

Table 1. Patients’demographics.

N Patients 42 18 Male 24 Female
N Hand 61
Subtype EB EB junctional 2
EB simplex 2
EB dystrophic 37
Kindler S. 1
Age 12,4y mean value 8-37 yrange
Birmingham score | 0
1] 0
1 5
[\ 14
\ 23
Follow-up 36 mounts
Our protocol

The management of these patients is as follows: (1) preoperative
evaluation, (2) surgical treatment, and (3) follow-up.

Preoperative evaluation and preparation

Routine preoperative blood tests were performed, and a multidisci-
plinary team including plastic-hand surgeons, anesthesiologists, and
pediatricians evaluated the patients before the surgery. Hand deform-
ities were evaluated by hand surgeons through physical examination
to determine the level of pseudosyndactyly and joint contracture.
The deformities of each digit in EB patients were categorized accord-
ing to Birmingham Epidermolysis Bulls Severity Score [5] for guidance
during the surgical treatment. Depending on the severity of each dig-
ital deformity, the pseudosyndactyly was categorized into five
groups: | milia and/or atrophic scar; Il just detectable contracture or
webbing; lll obvious contracture or proximal webbing; IV between ll|
and V; V mitten hand with finger all fused. Pseudosyndactyly involv-
ing less than 50% of the interdigital space and/or proximal inter-
phalangeal (PIP) joint contracture up to 15° was considered mild (Il
group), and pseudosyndactyly involving more than 50% of the inter-
digital space and PIP joint contracture between 15° and 60° was con-
sidered moderate (IV group). Finally, pseudosyndactyly of the digit
involving more than 50% of the interdigital space and PIP joint con-
tracture more than 60° was considered severe (V group) (Figure 1).

Surgical technique

For this type of technique, we do not use limb ischemia, and we pro-
ceed with chemical hemostasis using saline solution with adrenaline,
hemostasis using bipolar forceps. All treatments were conducted
under local regional anesthesia using 2% mepivacaine, with anal-
gosedation to avoid orotracheal intubation. The technique begins
with an incision with the 15 blade of the epidermis at the proximal
side of the hand and then continues with degloving of the hand. The
initial phase of degloving begins with the use of blunt curved scissors
in order to detach the proximal portion of the palm and then proceed
with manual traction to deglove all the rays (Figure 2). We then pro-
ceed with the traction of the digital rays through the use of hooks in
order to allow debridement of the rays through transverse incisions
at the level of the interphalangeal joints first and then the metacar-
pophalangeal joints, if necessary also at the palmar level. The fingers
are then immobilized in extension using Kirshner wires or cannula
needles (Figure 3). We have rarely employed the use of skin grafts or
dermal substitutes in areas of tissue deficiency, especially at the palm
level. Then, we proceed with the dressing with non-stick gauze and
antibiotic ointments, which will be left in place for approximately 7
days. Postoperative medications will be performed under sedation
with the removal of the K-wires on the 15th day.
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Figure 1. Pseudosyndactyly of the digit involving more than 50% of the interdigi-
tal space and PIP joint contracture more than 60° was considered severe (V group).

Follow-up

It is essential to evaluate the DASH questionnaire, which is an out-
comes’ data collection instrument that has been developed by the
‘American Academy of Orthopaedic Surgeons, the Council of the
‘Musculoskeletal Specialty Societies, and the ‘Institute for Work and
Health, in order to assess outcomes among patient groups with mus-
culoskeletal disorders. Using a self-report system, patients attribute
scores on 1to 5 on 30 items relating to functional activities and symp-
toms; a further optional module contains four items relating to disa-
bility levels among musicians and athletes. Patients answer to the
DASH score before surgery and after 60 days [14] (Figure 4).

In our study, the VAS was used to assess patients’ discomfort after
surgery (1 week) and after outpatients procedures (2 week) (VAS =1
minor discomfort; VAS = 10 max discomfort). VAS scales of sensory
intensity and affective magnitude are validated as ratio scale
measures for both chronic and experimental pain [15].

The rate of recurrence was calculated during follow-up as a
condition in which the patient showed cicatricial contractures again
and returned to the previous group according to the Birmingham
classification. Then, we evaluated the reoperation rate.

Figure 3. Immobilization of long fingers with cannula needles after surgical
debridement.

Data record and statistical analyses

Patients’ demographics, DASH questionnaire results, and VAS records
were collected with Microsoft Excel for Mac OS, Ver.16.45 (© 2021
Microsoft). Statistical analyses were provided by SPSS’ Statistics for
Mac OS, Ver.25 (© IBM Corporation). Descriptive statistics were
obtained. Kolmogorov-Smirnov and Shapiro-Wilks tests evaluated
the distribution of the values obtained via DASH and VAS. Since DASH
values presented a normal distribution and VAS values had a non-nor-
mal distribution, a two tailed paired samples t-test and the Wilcoxon
signed-rank test were used to obtain inferential statistics, investigat-
ing differences between preoperative and postoperative DASH and
VAS result at 1 week and 2 weeks and considering a statistically signif-
icant difference if p < 0.05 (o = 0.05 as a threshold value).

Results

The average hospitalization time was 2.2 days, with a range of 2-4
days as patients were admitted on the morning of the procedure and
discharged after approximately 48 h.

Figure 2. Degloving of the hand.

Figure 4. 60 dd post operative evaluation.
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Table 2. Results.

Healing time 19.2dd
Hospitalization time 2.2dd
DASH score prepor 90.2%
DASH score 60 dd 46.7%
VAS 1 week 3.8
VAS 2 weeks 2.8
Recurrence rate 22.6 months

Reoperation 1.72 procedures for pt

14-23 dd
2-4dd
68.3% - 94.2%
34.2% - 60%

2-7 p =0.001 (Wilcoxon Signed-Rank Test)
1-5
14-28 months

P < 0.001 (two tailed Paired Samples T Test)

Complete reepithelialization of the hands (<90% of the bloody
surface) occurred in 19.2 days, with a range of 14-23 days. The
average value of the DASH scale before surgery was 90.2%, while
60 days after scar debridement, we recorded an average value of
46.7%. The procedures were all conducted under regional
anesthesia and analgosedation with VAS scale values for discomfort
at 1 week of 3.8 and at 2 weeks of 2.8. The recurrence rate was 22.6
months in all patients with reoperation in the majority of them
(Table 2).

Algorithm: based on our experience and the data extrapolated
from our study, we can formulate a therapeutic algorithm. The first
step is the evaluation of the patient and the classification according
to the Birmimgham scale. If the patient belongs to grades I-Il, we do
not use surgical treatment, while it is indicated for patients in grade
llI-IV-V and with hemoglobin > 8 g/dI.

The patient then begins a follow-up, and if he presents a
recurrence, understood as a return to a Birmimgham class of Il or
greater after 12 months from the previous surgery, he can undergo
surgical treatment again (Figure 5).

Discussion

Optimizing nutritional status may be one excellent method of
improving the morbidity and mortality associated with EB and ulti-
mately improving the overall quality of life [16, 17].

Chronic Anemia represents one of the most important complica-
tions of EB patients; therefore, regular serum iron dosing could be
particularly useful in these patients as well as blood transfusions in
case hemoglobin is <8 g/dl. To date, there are no guidelines outlining
best clinical practices to manage anemia in the EB population [18, 19].

In our series, patients with hemoglobin values less than 8 g/dI
were excluded for surgery and referred after adequate therapy with
intravenous iron.

EB is characterized not only by a difficult systemic management
but also by an anesthesiologic one. It is essential to be as invasive as
possible, to maintain a spontaneous breath and to use appropriate
venous accesses. Our anesthetic management of these patients
involved the use of local, loco-regional anesthesia and never
orotracheal intubation.

The multidisciplinary approach to these patients is crucial as it
allows us to quickly provide pediatric, hematological, nutritional, and
anesthetic assessments with greater comfort for the patient.

From a reconstructive point of view, grafts are generally non-
implied in EB patients’ surgeries. In a study of 2021, Dr. Lembo et al.
proposed the following options for EB patients: they divided patients
into two groups: those who underwent surgical release of the digital
rays and dressing with Vaseline gauze (group A) and those who
underwent surgical release of the web spaces, finger, and wrist
contractions, followed by reconstruction with gloves of INTEGRA
dermal regeneration template. In their protocol, Integra-gloves were
used as an advanced wound dressing, avoiding the second phase of
skin graft and obtaining an almost complete and spontaneous
re-epithelization.

Surgical treatment of these patients represents a great challenge for
the hand surgeon. The process involves degloving and separating the
digits, followed by the incision of interphalangeal joints to release the
contractures. Obtaining successful results and avoiding recurrences
are still major problems. In the literature, surgical approaches have
been described to correct hand malformations in EB [16-22].

In our study, the improvement in the DASH score was statistically
significant (P < 0.05), and the goal of this treatment was the functional
recovery of the hands with resumption of daily autonomy of basic
functions such as washing and eating. The quality of life of these
patients is very compromised due to the disease, and the decision to
carry out postoperative medications under analgosedation and pain
assessment with a VAS-scale allows us to state that our therapeutic
protocol is well accepted in our series.

NO SURGERY |

Patisnts:avaliation | Birmingham scale I-II { Hb <8 |
with Birmingham <
scale [Birmingham scale IlI-IV-v [ Hb > 8 [——| SURGERY |

RN

Recurrence in more Recurrence in less
than 12 months than 12 months

l l

[ SURGERY || nNosurgery |

Figure 5. Decision-making algorithm in patients with epidermolysis bullosa with mitten hand.



Conclusions

Our experience with EB is among the most important in terms of num-
ber of cases in the scientific literature. Few studies have such a large
and long-lasting database; however, these are small numbers to be
able to have absolute evidence so one of the limits is certainly repre-
sented by the small sample. Other multicenter studies should be con-
ducted for this clinical condition as the rarity of the disease makes it
difficult for a single center to have a representative sample. The surgical
technique shown is safe, simple, and repeatable with a rapid learning
curve, and no complex instruments or large operating spaces are
needed, which is why it should be easy to make it repeatable in other
plastic or hand surgery centers. Our data regarding discomfort and the
DASH scale give us encouraging premises to continue in this direction.
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