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Abstract
Background: The incidence of scalp neoplasms is continuously increasing as a consequence of the progressive aging of the population. The need to perform a correct
excision of scalp neoplasms often requires the removal of the entire skin, galeal and periosteum lining. The consequent complete uncovering of the thecal bone does
not allow any type of local grafting and, in the past, has always involved the need to carry out the recovering using local or free flaps. The preparation of the local flaps
generally involves large detachments of the scalp, which can cause severe complications of the haemorrhagic type, especially in elderly patients with anticoagulant
or antiplatelet treatments. The realization of free flaps, on the other hand, involves a greater anesthetic effort and the creation of a further sacrifice in the donor site.
Methods: The introduction of Dermal Regeneration Templates made it possible to undertake repairing techniques for full-thickness lesions of the scalp with the
simple aid of local anesthesia without the need to suspend antiplatelet treatments. The interventions based on the use of Dermal Regeneration Templates are not
complex, however they require particular and simple measures which, if not applied, lead to not entirely satisfactory results. This work describes a method of using
Dermal Regeneration Templates in the repair of full- thickness lesions of the scalp that follows a rigorous protocol as result of constant internal review.
In particular, we identified three details leading to better results:

•
•
•

continuous Ford interlocking suture with “double pass” in the DRT;
tie-over compression fixed by sutures anchored approximately 5-8 mm externally to the margins of the main suture (8 points);
antibacterial ointment sealing.

Conclusions: In our opinion, a correct protocol concerning surgical techniques and dressing management allows the shortening of Dermal Regeneration Templates
placing times from 6 to 4 weeks; better results in terms of percentage of area with good flourishness, less fluid collection under the Dermal Regeneration Templates
and consequently the formation of a more homogeneous and better quality neoderm.

Introduction
Skin tumors are more frequent in photo-exposed areas and the scalp
is the prevalent location for soft tissue malignancies. The scalp has always
represented a challenge for reconstructive plastic surgery because the
need of the tumor oncological removal often leads to the eradication of
the whole soft tissues and frequently also periosteum or cranial theca.
The reconstruction covering the resulting defect was entrusted to the
usage of graft, proximity flaps or pedunculated and free flaps.
The preparation of the local flaps generally involves large
detachments of the scalp, which can cause severe haemorragic
complications especially in elderly patients with anticoagulant or
antiplatelet treatments. The realization of pedunculated or free flaps, on
the other hand, involves the creation of a further sacrifice in the donor
site and require the use of general anesthesia. With the introduction
of Dermal Regeneration Templates (DRT) it has been possible to
perform minimally invasive and technically less complex reparative
interventions even for full thickness lesions with local anesthesia and
without the need to suspend antiplatelet treatments. Local anesthesia

Glob Surg, 2021

doi: 10.15761/GOS.1000235

and intravenous sedation allow outpatient management with discharge
to home.
One function of acellular dermal matrixes consists in the biologic
modulation, meaning the capacity of having impact on organic processes
such as the generation of neoderma and healing. The DRT used by
our service always consisted in a matrix composed of porous type I
collagen derived from bovine tendinous tissue, arranged in the form
of a crisscross network including glycosaminoglycans and one layer
of semipermeable polysiloxan (silicone). Likewise extracellular matrix
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After creating a database (Microsoft® Excel® 2016 MSO), we decided
to retrospectively analyze the aesthetic and functional result of the
reconstruction (primary end-point), focusing on those details of the
patient's surgical technique and dressing that may have influenced the
process of correct development of a homogeneous and well vascularized
neodermis, also identifying the factors that could be the cause of a
non-engraftment of the DRT or, on the opposite side, the excessive
development of hypergranulation tissue. We relied on operative reports,
outpatient letters and photo-documentation collected in all phases of
the pre-, intra- and post-operative management.
We have identified as secondary endpoints the reduction of the DRT
placing time from 6 to 4 weeks, better results in terms of percentage of
engraftment and less fluid collection under the DRT.
To reduce the confounding factors related to the operator, we
have selected all cases in which the same Plastic Reconstructive and
Aesthetic Surgeon (MDM) was the first operator or second operator in
teaching. Again, to reduce confounding factors, we only analyzed cases
treated with DRT Integra® bilayer.
Patient treatment was always provided for 3 operative sessions
(Figure 1):

− first operative step consisting of the removal of the lesion according
Figure 1. Time-lapse of the treatment protocol of neoplastic lesions of the scalp with DRT.

this three-dimensional array represents a form of scaffold: the controlled
microporosity consents the migration of fibroblasts, lymphocytes and
macrophages with the subsequent initiation of cellular growth at its core,
as well as concomitant production of endogenous collagen.

to oncologic criteria; the application of a temporary synthetic skin
substitute of polytetrafluorethylene/polyurethane (EpiGARD®) and
the histological examination for R staging of the margins.

− second operative session consisting in the application of DRT after
the histological confirmation of R=0

The array made of bovine collagen is biodegradable and can
therefore be progressively substitued by an autogenous genereated derma.
Contemporaneously we can observe a migration of endothelial cells
within the reticular collagen master and thus the generation of a neovascularisation on its inside. Within a time span of 3-4 weeks a complete
reabsorption of the placed DRT and its renewal with a autogenously
produced and well vascularized neoderma, can be noted. This newly formed
dermal basis allows the subsequent implantation of a thin epidermal graft
and adds mechanic stability. Furthermore it’s not submitted to fibrosis
and retraction of the graft and guarantees a satisfying cosmetic outcome,
especially considering the low local and donor site morbidity.
This paper describes the rigorous surgical and management
protocol, developed at the surgical department of the Regional Hospital
in Mendrisio (Switzerland), for 26 patients with skin cancer of the scalp,
subjected to full-thickness resectioning, exposure of the cranial theca
and subsequent two-stage reconstruction with DRT.

Materials and methods
We performed a review of all treated cases with DRT between
01/2016 and 12/2019 (4 years) within our department and we collected
82 patients. Among these cases we consequently identified 26 patients
operated on the scalp for oncological pathologies.
Our sample has an M / F ratio of 5.5 and the average age consists in
85 years. Among the comorbidity we found hypertension in 12 patients
(46%), diabetes in 6 patients (23%) and chronic renal insufficiency in
10 cases (38,4%).
The histological examination revealed 10 cases of Basal Cell
Carcinoma (BCC), 14 cases of Squamous Cell Carcinoma (SCC), one
case of Lentigo Maligna Melanoma and one case of Melanoma.
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Figure 2. Ford interlocking suture.
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Another scale from 0-3 to describe the final end-point (Second
reconstructive time):

− 0: Therapeutic failure (non-healing / re-intervention / healing with
another method)

− 1: Partial closure of the defect (Figure 4)
− 2: Total functionally healing but with poor aesthetic result
− 3: Total functionally healing with a satisfactory aesthetic result
Descriptive analyzes were performed using the IBM SPSS (version
26) statistical package for Apple. Values are shown as mean plus
standard error of mean (s.e.m.).

Results
We created a graph by inserting the moving average of the results
obtained after the placement of the DRT (first reconstructive time) and
the moving average of the final results based on the primary end-points
(Figure 5).
From the graph it’s possible to observe a good and stable improvement
of the final result especially in the last 10 patients. It is possible to correlate
the constant improvement with better surgical performance and or better
clinical management throughout the therapeutic process.
In particular, we identified the details of the patient's surgical and
dressing techniques leading to better results, and in particular the
following factors:

− continuous Ford interlocking suture with “double pass” in the DRT;
− tie-over compression fixed by sutures anchored approximately 5-8
mm externally to the margins of the main suture (8 points);

Figure 3. Tie over.

− third operative step by performing a thin skin graft
Extreme attention was paid to the following details of the operative
technique:

− antibacterial ointment sealing.
The analysis of cases with unsatisfactory results made it possible
to verify that the measures mentioned above had not been adequately
adopted in these patients (Figure 4).

− accurate fixation of the template with continuous Ford interlocking
suture using a monofilament suture with “double pass” in the DRT
(Figure 2)

− strong compression of the DRT to ensure complete contact with the
wound bed using a tie-over fixed by sutures anchored approximately
5-8 mm externally to the margins of the main suture (8 points)
(Figure 3)

Figure 4. Partial healing defect. Continuous suture but not continuous Ford interlocking
suture and incomplete adhesion of the DRT to the inferior pole wound bed identified as
failure factors.

− careful positioning of dressing and its sealing with an antibacterial
fusidic acid ointment to be renewed every two days by experienced
nursing staff.

We have therefore created a 0-3 rating scale to describe the success
after the placing of the DRT (First Reconstructive Time):

− 0: Therapeutic failure (infection or absence of neodermis or

hypergranulation tissue with consequent inability to perform
grafting)

− 1: complete or partial granulation tissue
− 2: almost complete coverage with good quality neodermis (> 80%)
− 3: complete coverage with vital neodermis, homogeneous and
bleeding to the touch
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Figure 5. Moving Average of the results after the first reconstruction time and at the end of
the reconstruction process.
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Discussion

2) in case of wide local excision (>4cm) [19-21]

Skin cancer is the most common form of neoplasm [1]. Studies also
show that the global incidence of BCCs increased by 145% between 19761984 along to 2000-2010, and that the global incidence of SCC increased
by 263% over the same period [2]. The survival rate of BCC and SCC,
the two most common forms of skin cancer, is very high if diagnosed
appropriately and early [3]. Invasive melanoma is expected to become the
5th most prevalent cancer in both men and women in 2020. Caucasian
men over 50 years old have a higher risk of developing melanoma than
the general population and the incidence of melanoma in men over 80
years old is three times higher than in women in the same age group.
The 5-year survival rate in patients diagnosed and treated for melanoma
before it has spread to the lymph nodes is 99% [4].

3) in case of bone exposure resulting from the removal of the periosteum
[8,9,22]; in this case it is recommended to drill the outer table to
vascularize the DRT from the bone marrow [23]

A shared risk factor for all skin cancers consists in the exposure to
natural and artificial ultraviolet (UV) rays [5]. Likewise, most cases of
melanoma are attributed to exposure to UV rays [6]. The increasing
intermittent exposure to sunlight during youth, but in general
throughout life, is associated also with an increased risk of developing
BCC and SCC [7].
Skin tumors are more frequent in photo-exposed areas and the
scalp is the prevalent location for soft tissue malignancies [8].
The scalp reconstruction has always represented a difficult challenge
for reconstructive plastic surgery [9,10].
Following the ladder rule in reconstructive surgery, scalp
reconstruction has always involved surgical treatments using grafts
or local flaps for moderate partial thickness loss of substance, while
surgery using pedunculated flaps or free flaps was reserved for large
losses of substance or full-thickness lesions of the scalp [11,12].
These types of surgery always involved inpatient treatment, the
use of general anesthesia and has always represented a surgery not free
from complications, often creating permanent functional and aesthetic
damage in the donor site.
Surgical treatment with one-time reconstruction using grafts or
flaps was also burdened by a high risk of necrosis of the covering tissue,
especially in the case of bone exposure following a total thickness
demolition surgery [13].
In cases of melanoma or very advanced carcinomas, immediate
cover with flap can also be an obstacle to careful follow-up surveillance
as the neoplasm can regenerate again in the deeper layers covered by
the flap and escape periodic clinical control [12,14].
The DRT is composed of a layer of bovine collagen crossinked
with glycosaminoglycan and covered by a silastic membrane. The first
description of the use of the DRT dates back to the early 1980s, when
it was published by Burke et al. its use for the treatment of extensive
burns [15,16].
Currently, the use of DRT for skin and scalp reconstruction
after cancer surgery is widely accepted and allows the execution of
less complex operations in two steps with the aid of local anesthesia
associated with intravenous sedation in an outpatient setting with rapid
home discharge after a few hours [9].

4) in case of previous surgery with graft or flap failure or in case of
recurrence of the neoplasm [9,24,25]
5) in case of previous radiation therapy (pre or postoperative irradiation
at the surgical site) [26- 28]
6) in patients with very aggressive cancer in which close postoperative
clinical surveillance is deemed necessary. [17, 21, 24, 27, 29, 30]
There is also agreement among the authors that the use of the DRT
is more economically advantageous than the cover with flaps [31]
especially if the operated surface is greater than 120 square cm [23].
Some authors have proposed the use of the DRT with the one step
technique without subsequent thin skin grafting, thus favoring healing
by secondary intention [32]. Considering that healing by secondary
intention can take up to 13 weeks, we believe this is a procedure not
recommended. In addition, we usually precede the use of the DRT
by a histopathological report that certifies the health of the resection
margins and therefore at the end of the demolition operation we use a
temporary economic cover in polytetrafluorethylene / polyurethane. So,
our procedure consists of three outpatient steps under local anesthesia
with rapid discharge at home.
The use of compression by NPWT can be indicated in case of
large excisions even if it must be carefully monitored as it can cause
superinfection or better selection of resistant germs [9,33].
In the international literature, as mentioned, there is a common
agreement on the indications for the use of the DRT, however the
technical details relating to the positioning, fixation and dressing of the
DRT are never described with due precision, details that in our opinion
are fundamental for obtain quality and constant results. Some authors
[15] have reported infection as the only significant variable in relation
to the outcome of the application of DRT, however we consider that the
technical precision of positioning, compression and dressing can make
a significant difference in the primary end point. Our technique derives
from the application of a protocol refined over time that has proven to
be able to make a statistical difference between the first operated cases
and the last of the series.

Conclusion
This study represents a relevant case history regarding the problem
faced. Although our attention has focused on reconstruction of the
scalp after cancer surgery using DRTs, we believe neoplasms of the
scalp can become increasingly important. Based on the United Nations
Department of Economic and Social Affairs and the WHO World
Report on Aging and Health, we expect the demand for treating this
type of diseases to steadily increase in the upcoming years.

Regarding the reconstructive surgery of the scalp there is today
an agreement between the authors regarding the indications. The
treatment by DRT is recommended in the following cases:

The reconstructive technique with skin grafts is a less invasive
method in the comparison to other alternatives and thus allows to
treat more fragile patients with different comorbidities. The ability
to perform the surgery under local anesthesia, the low morbidity of
the donor site and the relatively simple surgical technique allow this
treatment modality to be performed even in the smallest hospitals.

1) elderly or extreme elderly patients which may present additional risk
factor related to comorbidity [9,17,18]

Our protocol proposes three operative sessions to be sure of having
performed an R0 removal of the tumor.
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The simplification of the surgical technique, the standardization of
the post-operative management protocol and the creation of a validated
treatment path are the basis for offering a good service in the treatment
of scalp cancer of any size.
Regarding the data we produced, it was not possible to perform
an inferential statistic, but only a descriptive one. By increasing the
number of cases, and following a systematic review of the literature,
it would be possible to perform a detailed analysis with Paerson-type
correlation indices.
The protocol we proposed has shown good results, with satisfaction
on the patients and we hope to contribute with this work to the
standardization of procedures using DRT as treatment modality within
treating neoplastic lesions of the scalp.
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