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Abstract

Background: Mohs micrographic surgery (MMS) offers extreme precision and effectiveness when excising skin cancer.
Careful reconstruction after Mohs surgery can minimize postoperative complications and determine the patient’s cosmetic
outcome. There are several methods of reconstruction that a surgeon may opt for based on the defect size, location, depth,
and the patient's skin laxity. The most common techniques for reconstruction after Mohs surgery are adjacent tissue transfer
(ATT), full-thickness skin grafts (FTSG), and secondary intention (SI). All of these surgical techniques have proven to be safe
and effective methods of reconstruction after Mohs surgery, however there is a long standing debate of which reconstructive
technique produces the most desirable cosmetic outcomes.

Methods: We report the case of a 78 year old female patient who underwent Mohs surgery and reconstruction at our practice,
for three separate cases of basal cell carcinoma on the face. The first reconstruction was performed through ATT, the second
through SI with the use of topical bovine collagen powder, and the third was closed through secondary intention with three
applications of an amniotic graft. The outcomes were compared to assess if the reconstructive method after Mohs surgery has
a significant impact on cosmesis. Verbal and written consent from the patient was obtained for publication.

Results: The cosmetic results after reconstruction were graded as excellent, good, moderate, hypertrophied, or keloid, based
on a modified Vancouver Scar Scale. Our findings showed that ATT produced a superior result compared to secondary intention
with the use of collagen powder. The defect treated with the amniotic graft showed a faster wound healing rate compared to
the defect closed by SI and collagen powder. Based on the wound closure rate and findings in related literature, we expect that
the defect treated with the amniotic membrane will produce a more appealing cosmetic result than the defect treated with
collagen powder.

Keywords: Mohs Micrographic Surgery; Adjacent Tissue Transfer; Secondary Intention; Amniotic Membrane

Abbreviations: BCC: Basal Cell Carcinoma; NMSC: Non- Growth Factor; IL-1: Interleukin-1; TGF: Transforming
Melanoma Skin Cancers; MMS: Mohs Micrographic Surgery; Growth Factor; EGF: Epidermal Growth Factor; IGF: Insulin
ATT: Adjacent Tissue Transfer; FTSG: Full-Thickness Skin Growth Factor; EMT: Epithelial-Mesenchymal Transition;
Grafts; SI: Secondary Intention; PDGF: Platelet Derived ATDA: Amniotic Tissue Derived Allografts.

Is There a Superior Method of Reconstruction After Mohs Surgery in Terms of Cosmesis?: A Case Int ] Transplant & Plastic Surg

Report and Review of Literature


https://medwinpublishers.com/
https://medwinpublishers.com/IJTPS/
https://portal.issn.org/resource/ISSN/2639-2127#
https://doi.org/10.23880/ijtps-16000185

International Journal of Transplantation & Plastic Surgery

Introduction

Skin cancer is the most common type of malignancy in
the United States, a statistic that is expected to continue to
rise [1]. Basal cell carcinoma (BCC) is the most common skin
cancer across all races and ethnicities, closely followed by
squamous cell carcinoma (SCC) [2,3]. BCC and SCC make up
99% of all non-melanoma skin cancers (NMSC) [4].

Cutaneous malignancies are most often found on the
face due to consistent sun exposure, in fact, about 80% of
all cases of basal cell carcinoma are found on the face [5].
Skin cancer can be treated with radiation, topical treatments,
or surgically, depending on the size of the lesion, as well as
the patient’s and provider’s preference. Standard surgical
excision of skin cancer uses predetermined margins and is
most often used for tumors on the trunk or extremities [6].
When performed on small (<1cm) facial malignancies with
smaller margins, the percent of positive margins can be as
high as 24% [7]. When operating on facial tumors, surgeons
typically want to spare tissue in order to minimize the
cosmetic defects, however this can lead to positive margins
and recurrence of cancerous cells.

The Mohs Micrographic Surgery (MMS) is an excellent
choice for removing skin cancer from the face because it
maximizes the amount of healthy tissue left intact, while
also consistently leaving clean margins [8]. MMS is the most
precise and effective method of removing skin cancer, with a
99% cure rate for primary BCC [6]. Mohs surgery is performed
by a Mohs micrographic surgeon and involves removing thin
layers of tissue from the affected area. The tissue is prepared
by a histotechnician and is evaluated by the surgeon under a
microscope to determine if the surgical margins are clear. If it
is determined that cancerous cells are persisting, the patient
is returned to the operating room for a second stage of Mohs
surgery [9]. This method leaves as much healthy tissue as
possible and has shown to be incredibly effective.

After removing several layers of skin and tissue, the
patient is left with a rather large open wound that needs
to be properly closed to avoid infection and minimize
scarring. This is where reconstructive surgery plays a role.
Malignancies on the face present an anatomical challenge
during reconstruction. Not only is it crucial to retain original
function, but it is also important to consider the cosmetic
outcome for patients during reconstruction of facial defects.
Reconstruction after Mohs surgery requires careful and
deliberate technique, and it is up to the surgeon to choose
the proper method of reconstruction for the patient’s needs.
Many factors play a role in the surgeon’s decision, such as
the defect size, location, depth, the surgeon’s experience,
and the patient’s skin laxity [10]. There are several different
methods of reconstruction, such as a linear direct closure,
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adjacent tissue transfer, skin grafts, and secondary intention.
Despite there being a long standing debate of which method
of reconstruction produces superior cosmetic results, there
is not much data published on the topic. This can be a
difficult topic to study when comparing results from multiple
patients because individuals have different rates of wound
healing based on age, genetics, medical conditions, and
lifestyle. It is also challenging to compare results produced
from different reconstructive surgeons because they may
differ in skillset or expertise. We present a unique case in
which a single patient underwent three Mohs surgeries with
the same Mohs micrographic surgeon, and three different
methods of reconstructive surgery with the same plastic
surgeon. This allows us to compare the results of ATT, SI
with collagen powder, and SI with an amniotic graft, while
controlling for the patient’s individual rate of wound healing
and the surgeon’s skill.

Case Presentation

Case Report and Surgical Technique

We report the case of a 78 year old female who was
diagnosed with basal cell carcinoma three separate
times at our practice. The patient has a history of breast
cancer, chronic obstructive pulmonary disease (COPD),
hypertension, and was a former smoker. In 2020, the patient
came into the office with a growth on the right lateral nasal
sidewall, as shown in Figure 1, and had a biopsy performed.
The results of the biopsy confirmed that the growth was
basal cell carcinoma. The lesion required tissue conservation
for optimal results, therefore Dr. Michael Messina, a board
certified dermatologist and Mohs micrographic surgeon,
elected Mohs surgery as the best option for the patient. The
risks of bleeding, infection, discomfort, recurrence, and scar
formation were explained to the patient in lay terms. The
growth was outlined with a sterile surgical marker, and was
excised using a 45 degree bevel excision. The tissue was
divided and prepared by a histotechnician and observed
under a microscope. It was determined that there were
cancerous cells persisting, so the patient was returned to the
operating room for a second stage of surgery. The tissue was
again oriented, mapped, dyed, and submitted for Mohs frozen
sections. The specimens were once again inspected under a
microscope and it was determined that the margins were
clear. The resultant defect, shown in Figure 2, measured 1.3
x 1.7 cm. The patient was referred to board certified plastic
surgeon, Dr. Natalie Driessen, for reconstruction. Considering
the defect size and location, the patient’s skin laxity, and the
objective of achieving maximal preservation of function and
appearance, it was elected to create an advancement flap
as the closure method. The proposed lines of the flap were
marked with a sterile marking pen in the lateral positions.
Incisions were made along the marked lines and the flap
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was elevated. After achieving appropriate undermining and cuticular margins were then approximated with 6-0 Prolene
complete hemostasis, the flap was advanced into position sutures. The results immediately after the reconstruction
and secured with 3-0 Monocryl sutures. The superficial can be seen in Figure 3.

Figure 1: Biopsy proven basal cell carcinoma on right lateral sidewall.

Figure 2: Defect on right lateral nasal sidewall after Mohs surgery.
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Figure 3: Defect on right lateral nasal sidewall after adjacent tissue transfer reconstruction.

The patient returned in 2021 for a spot on the left
nasal sidewall, seen in Figure 4, which was again confirmed
through biopsy to be basal cell carcinoma. Dr. Messina
recommended MMS in order to retain maximum function
and cosmetic appearance. The risks of the procedure were
once again explained to the patient and any questions were
answered. The region was outlined with a sterile surgical
marker and was excised with a 45 degree bevel excision. The

surgery was performed as described above, again requiring
2 stages in order to achieve clean margins. The full-thickness
defect after Mohs surgery is shown in Figure 5, and measured
1.5 x 1.3 cm. The patient was referred to Dr. Driessen for
reconstruction. The different alternatives of closure methods
were discussed with the patient, and based on the defect size
and location it was decided that the best closure method for
the patient would be secondary intention.

-

Figure 4: Biopsy proven basal cell carcinoma on left nasal sidewall.
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Figure 5: Left nasal sidewall defect after Mohs surgery.

The patient was instructed to keep the wound clean and
dry and to apply topical bovine collagen powder and 2%
mupirocin ointment daily to increase the rate of healing and
avoid infection.

Figure 6: Biopsy proven basal cell carcinoma on left medial
cheek.

Lastly, in 2023 the patient returned to our office for a
small growth on the left medial cheek, shown in Figure 6,
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which was confirmed through biopsy as BCC. The patient
underwent Mohs surgery a third time with Dr. Messina in
early 2024. The margins were clear after 2 stages of the
procedure and the patient was referred to Dr. Driessen
for reconstruction. The defect measured 0.8 x 0.5 x 0.2
cm and is shown in Figure 7. After thoroughly discussing
the alternatives, it was decided to use an amniotic graft to
help increase the rate of wound closure through secondary
intention. The graft was applied, along with 2% mupirocin
ointment, adaptic, telfa, tegaderm, and brown tape in order
to secure the graft. The patient was instructed to keep the
dressing dry and to leave in place for 7 days until follow up.

Figure 7: Resulting defect on left medial cheek after Mohs
surgery.

Post-Operative Outcomes

Six days after the adjacent tissue transfer on the right
lateral nasal sidewall in 2020, the patient returned to
the office for a follow up and suture removal. The wound
appeared to be healing nicely with no signs of postoperative
complications. The reconstruction is considered a success
due to the preservation of function, overall appearance, and
minimal scarring. The patients’ result from one year post-
op is shown in Figure 8. After the second Mohs surgery on
the left lateral nasal sidewall in 2021, the patient allowed
the wound to close through secondary intention and applied
collagen powder to assist in the healing process. By 12 weeks,
the wound had completely closed. The patient experienced
no complications, and the result from the 17 month follow
up is shown in Figure 9.
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through secondary intention without any more applications
of the amniotic graft. The results from the one week, three
week, five week, and eight week follow up appointments are
shown in Figures 10-13.

4 Y

Figure 8: One year postoperative result from adjacent
tissue transfer on right lateral nasal sidewall.

o J

4 Y

Figure 10: One week follow up after initial application of
amniotic graft.

4 Y

Figure 9: Seventeen month postoperative result healed
through secondary intention and collagen powder.

o J

Following the third Mohs surgery on the left medial
cheek, an amniotic graft was applied to the wound and
secured with dressings. The patient was instructed to keep
the dressings dry for one week and return to the office for a
follow up. At the one week follow up appointment, the wound
appeared to be healing well, however it was still open, which
is expected at only one week post-op. An amniotic graft was
applied again and the patient returned one week later. At the
two week follow up, the granulating wound appeared to be
smaller in size and looked to be healing nicely. An amniotic
graft was applied a third and final time to increase the rate

of wound closure. By the three week follow-up, the wound Figure 11: Three week follow up after initial application
was assessed and it was decided to allow the wound to close of amniotic graft.

J
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Figure 12: Five week follow up after initial application
amniotic graft.

Figure 13: Eight week follow up after initial application of

amniotic graft.

Discussion

The most common methods of reconstruction after Mohs
surgery includes adjacenttissue transfer (ATT), full-thickness
skin grafts (FTSG), direct linear closure, and secondary
intention (SI). Adjacent tissue transfer, also referred to
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as a skin flap closure, involves moving the adjacent skin to
cover a neighboring defect. There are several different types
of flaps that can be created depending on the size, shape, and
location of the defect. For defects on the nasal tip, a horizontal
advancement flap, also called an East-West flap, is often used
[11]. This is a fairly simple surgical technique that can repair
larger, full-thickness defects. The bilobed transposition flap is
also commonly used for nasal defects [12]. Since this approach
creates two lobes, it produces a more even distribution of
tension, resulting in a more appealing cosmetic result, and can
increase the speed of wound healing [13,14]. Skin flaps are
the most common type of closure after Mohs surgery because
they consistently produce excellent cosmetic results and low
postoperative complications [15,16].

Autografts, a type of skin graft in which the patient
is both the donor and recipient, are also a common choice
for post-Mohs reconstruction. Skin grafts, which can either
be full-thickness or split-thickness, are pieces of healthy
skin that are removed from a donor site on the patient
and reattached on the affected area. A full-thickness skin
graft (FTSG) includes the full thickness of the dermis and
epidermis, while a split-thickness graft includes the full
epidermis and a variable thickness of the dermis [17]. Due
to the depth of a typical Mohs surgery, full-thickness skin
grafts are more commonly used in reconstruction. Unlike
skin flaps, skin grafts are completely detached from the
blood supply until they are reattached at the recipient site.
Angiogenesis must occur in order to revascularize the skin
graft, which typically occurs around 48 hours after surgery
[18]. Revascularization is critical for the survival of the skin
graft and without it the patient is at risk for complications
such as necrosis, infection, or contracture [19]. Skin grafts
can also be more time consuming than other methods due
to the creation of a second surgical site [20]. There are some
instances where skin grafts must be used instead of ATT,
for example, if the defect is so large that creating a flap will
pull on the surrounding skin and cause visual deformities.
However, studies have shown that in cases where both ATT
or FTSG can be used, ATT should be preferred due to better
cosmetic results [15,16]. Since skin grafts are taken from a
different part of the body, typically the abdomen or behind
the ear, there can be a mismatch in skin color and texture.
This mismatch can cause the final cosmetic result to be not
as appealing as those produced from ATT.

Direct linear closures are also a common reconstructive
technique after Mohs surgery. This method is less complex
and time-consuming compared to flap closures and skin
grafts, and consistently produces acceptable clinical results.
In order to perform a direct linear close without distorting
surrounding tissue, the patient must have enough skin laxity,
and the lesion should not be greater than 10mm [21].
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For more superficial defects or in concave regions such
as the nasal sidewall or ala, secondary intention has shown
to produce superior cosmetic results [22]. This method
allows the wound to close on its own, eventually being filled
with granulation tissue [23]. Healing through secondary
intention occurs in four stages: Hemostasis, an inflammatory
stage, a proliferative stage, and a remodeling stage [22].
The hemostasis stage mainly consists of vasoconstriction
of smooth muscle cells in order to stop further blood loss.
Platelets then coagulate at the wound site and release
cytokines, which begin the first signaling cascade in wound
healing. Platelet derived growth factor (PDGF), interleukin-1
(IL-1), transforming growth factor (TGF)-a and TGF-f,
epidermal growth factor (EGF), and insulin growth factor
(IGF) are all released and begin to attract neutrophils and
macrophages to the site [24]. These immune cells help
clear bacteria from the wound, which is critical in the
wound healing process. The inflammatory stage involves
the amplification of this signal that is recruiting immune
cells to the area. Hydrogen peroxide is released, which
further attracts neutrophils, activates angiogenesis, and
regenerates keratinocytes [25]. Macrophages then begin
to phagocytose cellular debris and release molecules that
activate endothelial cells, keratinocytes, and fibroblasts.
The proliferative stage, also called the granulation stage,
occurs when activated fibroblasts begin to release a new
extracellular matrix and stroma, and new blood vessels are
formed. This is the beginning of tissue repair and wound
contraction. Eventually, the wound closes through a type II
epithelial-mesenchymal transition (EMT), which explains
how Kkeratinocytes loosen their cell-cell connections and
begin to cover the wound site. Finally, in the remodeling stage,
the granulation tissue is remodeled and degraded by tissue
inhibitors of metalloproteinases released by myofibroblasts
[26]. Part of this process includes replacing collagen type
III which is present in the granulation tissue with collagen
type |, a stronger type of collagen fiber. Disturbances in the
remodeling stage can cause chronic wounds, hypertrophic
scars, and keloid scarring [27-29]. Wound healing occurs
in an upward and inward direction, often resulting in a
scar that is much smaller than the original wound. Healing
through SI after Mohs-surgery is often overlooked, however
it can be preferred in specific situations depending on the
wound characteristics. Healing through secondary intention
typically takes longer and can cause more discomfort to the
patient compared to other methods of closure [21]. This has
sparked research focused on developing tools that increase
the rate of wound healing through SI. Amniotic tissue
derived allografts (ATDA), have shown to increase the speed
of wound healing in diabetic and refractory wounds, and are
now being used on post-Mohs surgery wounds [30].

The amniotic membrane (AM) is the inner lining of the
placenta, offering protection, transportation of essential
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molecules, growth factors, and cytokines to the fetus [31]. This
membrane has several beneficial properties that have made
it of interest to biomedical researchers for wound healing,
including, an antibacterial effect, anti-scarring, anti-adhesive,
anti-inflammatory, regulation of angiogenesis, promotion of
epithelization, and the support for cell adhesion and growth.
Native amniotic membrane is processed into an acellular,
lyophilized membrane that contains extracellular matrix
(ECM), growth factors, and cytokines, which as described in
the previous paragraph, support wound healing. These are
essential molecules in wound healing and help to avoid the
development of chronic wounds, hypertrophic scars, and
keloid scars [27-29]. There have been several clinical trials
studying the effects of using human amniotic membrane to
support healing in ophthalmic wounds, burns, dermatitis,
surgery, and diabetic ulcers [32]. The use of a lyophilized
amniotic membrane showed to enhance the healing process
and support the complete epithelialization of diabetic foot
ulcers [33]. In a study comparing the wound healing rates
of ulcers, it was found that zero out of the 11 control groups’
ulcers reduced in size over the study period, while 14 of the
experimental groups’ ulcers treated with the amniotic graft
completely healed within 14-60 days [34]. In a preliminary
study by Seaton, et al., the effects of ADTA on wound healing
after Mohs-surgery were studied [30]. Although there was
no significant difference in the rate of wound healing found
between the ADTA and the control group overall, when the
initial defect size was normalized, there was a significant
difference found. Suggesting that the use of ADTA does have
an effect on wound healing rate, but the size of the wounds
must be similar when comparing. Another study focused
on maxillofacial defects, found a significant difference in
scar pliability and pigmentation 3 months post-op between
wounds treated with an amniotic membrane and those
treated with a collagen membrane [35]. The results showed
better cosmetic results for the wounds treated with the
human amniotic membrane. Although larger studies are
needed to confirm the results, these studies suggest that the
use of ADTA may increase the speed of wound healing and
produce more appealing cosmetic outcomes. It is important
to remember that individual patients may differ in speed
of wound healing due to differences in medical history,
age, and lifestyle habits such as smoking, which may affect
their cosmetic outcomes as well. This is extremely difficult
to control for when studying wound healing on multiple
patients. Our report presents a unique case because three
different closure methods were used on the same patient,
therefore controlling for the potential differences in
individual wound healing rates.

The patient’s first case of BCC on the right lateral nasal
sidewall was closed by creating an advancement flap and
suturing, shown in Figure 3. The twelve month follow up is
shown in Figure 8. The resulting scar is scored based off of a
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modified Vancouver Scar Scale (VSS), which assigns a score
for four categories: Pigmentation, pliability, vascularity, and
height. A total score of 0 means that the scar was normal
in all of these categories and represents the best possible
cosmetic outcome [36]. A score of 13 represents the worst
possible cosmetic outcome. The scar from the patient’s
first Mohs surgery scored 0 in all of these categories, which
is considered an “excellent” cosmetic outcome [36]. The
second case of BCC which occurred on the patient’s left nasal
sidewall, shown in Figure 4, was slightly smaller than the
first, and was inferior and medial on the nose. It was elected
to allow the wound to heal through secondary intention along
with the use of bovine collagen powder, which is thought
to increase the speed of epithelialization in wound healing
[37]. The result from 17 months post-op is shown in Figure
9. Using the criteria from the VSS, the patient appears to have
normal vascularity, pliability, and height on the area. The
scar does appear to have a slight difference in pigmentation,
scoring a 1 in this category. This qualifies the cosmetic result
to be considered a “good” outcome on the VSS. Although both
methods produced appealing cosmetic results, the outcome
from ATT is superior to the result from secondary intention.
The defect from the patient’s third Mohs surgery on the
left medial cheek was closed through secondary intention
with an amniotic graft. The progress of wound closure can
be seen in Figures 10-13. By five weeks post-op and three
applications of the amniotic graft, the wound was completely
closed and much smaller in size compared to the initial
defect. This is much sooner than the time it took the previous
defect to close through SI with collagen powder. Based on
the criteria in the VSS, the third defect shows normal height,
pliability, and vascularity. There is slight hyperpigmentation,
scoring 1 point in the category. This qualifies the third defect
to be considered a “good” outcome, similar to the previous
defect on the left lateral nasal sidewall. It is important to
point out that this outcome is only 8 weeks post-op, while
the other defects are over a year post-op. Based on how
quickly the wound from the third Mohs surgery healed, as
well as the findings in related literature, we expect that the
defect treated with the amniotic graft will produce a better
cosmetic outcome than the defect closed through secondary
intention with collagen powder, but that ATT will be superior
to both methods. Additional studies are needed to explore
this concept further.

Conclusion

In conclusion, we present a unique case in which an
individual patient underwent three different methods of
reconstruction after Mohs surgery. The defects were similar
in size and anatomical area, had the same Mohs surgeon for
excision, and the same plastic surgeon for reconstruction.
These controls allow the outcomes from the different
methods of reconstruction to be compared to determine

Biggs C, etal. Is There a Superior Method of Reconstruction After Mohs Surgery in Terms of Cosmesis?: A

if there is a superior method of reconstruction in terms of
cosmetic outcome. Our findings suggest that adjacent tissue
transfer produces superior results compared to secondary
intention with collagen powder based on the total score on a
modified Vancouver Scar Scale for postoperative scars.

Although both methods produced highly acceptable
results and had no postoperative complications, the scar
from ATT showed normal pigmentation, while the scar from
SI showed hypopigmentation. The results were comparable
because they were in similar anatomical regions, close in size,
and the images were taken around one year post-op. The third
case of reconstruction healed through secondary intention
with an amniotic graft and although the final result cannot be
compared due to the timing of the surgery, the rate of wound
closure was much faster than the previous defect that closed
through secondary intention with collagen powder. This scar
also scored well on the VSS despite only being 8 weeks post-
op. Based on the literature and the impressive healing time,
we expect that the defect treated with the amniotic graft
will have a better cosmetic outcome than the defect closed
by SI and collagen powder, however we believe that ATT
will be superior to both methods. This study is limited by
sample size and the results should be compared again once
the one year post-op results from the defect treated with the
amniotic graft become available. More studies are needed to
compare the methods of reconstruction further, however our
case report suggests that adjacent tissue transfer produces
superior cosmetic results on facial defects after Mohs surgery
when compared to SI with collagen powder and amniotic
grafts.

Consent

The consent for publication was obtained from the
patient.
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