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aBsTRacT
INTRODUCTION: Basal cell carcinoma (BCC) is the most com-
mon malignant neoplasm with an annual incidence ap-
proaching 200/100,000 person-years. Mohs micrographic 
surgery (MMS) is widely used in North America and in  
Europe for treatment of BCC. This technique ensures radical 
tumour removal, sparing of the surrounding healthy skin, 
and it also offers higher cure rates than standard tumour 
excision with a predefined margin of healthy skin. The su-
periority of MMS relies on the fact that the entire (100%) 
margin of the excised tissue is examined microscopically for 
residual tumour in contrast to the traditional histopath-
ological examination, in which 2% of the margin is  
examined. 
METHODS: In Denmark, MMS was first introduced by us in 
2012. In the present study, we retrospectively included all 
patients who underwent MMS from May 2012 to June 
2015.
RESULTS: A total of 231 patients with 263 BCC were includ-
ed. The mean age was 66.1 years. The most common local-
isations were the forehead (31.3%), the nose (31.0%) and 
the cheek (14.7%). Primary BCC comprised 54.0%; the re-
maining cases were relapses, most frequently after curet-
tage (36.9%), radiotherapy (18.9%) and photodynamic ther-
apy (11.7%). MMS leads to 40% smaller skin defects than 
standard excisions with 4 or 6 mm margins. Closure of skin 
defects was achieved by side-to-side closure in 49% and by 
local flaps in 40%. There were no relapses during the obser-
vation time. The safety, cosmetic and functional outcome 
were excellent. 
CONCLUSIONS: We recommend that MMS be included in 
the Danish BCC treatment guidelines, especially for high-risk 
BCC in the face, in line with standard practice in Europe and 
the United States. 
FUNDING: none.
TRIAL REGISTRATION: not relevant.

 
Mohs surgery is a micrographic surgical technique in 
which skin tumours are excised in stages. The extent of 
surgery is guided by histological examination of the en-
tire lateral and deep margins [1, 2]. Due to very high 
cure rates (> 95%) and sparing of the surrounding 
healthy skin, Mohs micrographic surgery (MMS) is par-
ticularly useful for treatment of basal cell carcinoma 
(BCC) in the face. MMS is well-established in North 

America and in many European countries [3], but has 
only recently become available in Denmark. We intro-
duced this technique in 2012, and we here describe the 
feasibility, treatment outcomes and safety of MMS. 

mEThOds
All patients with a histologically verified BCC who under-
went MMS from May 2012 to June 2015 were included. 
We excluded one female patient with a recurrent BCC 
on the forehead who was referred to a plastic surgeon 
for resection and closure due to a very large subclinical 
lateral cancer invasion. Patient accrual is shown in Fig-
ure 1. We used the fresh tissue technique in which the 
tumour is excised with an approximate 2-mm margin of 
normal skin at a 45o incision angle [1] (Figure 2). The 
specimen was dye-marked and 12 consecutive 10-µm 
sections were obtained for staining with haematoxylin 
and eosin and with toluidine blue. To score the section 
as tumour-free, we required a minimum of two consecu-
tive, good-quality sections without visible BCC cells.  
The diameters of the tumours and the defect after ex-
cisions were measured with a sterile paper ruler in two  
dimensions, d1 and d2. The area (S) of the lesion was  
calculated by approximation to the elliptic shape:  
S = 0.25 × π × d1 × d2. 

Trial registration: not relevant.

REsUlTs 
Patients
We included 231 patients (111 men, 120 women) with 
263 BCC (Figure 1). The mean age was 66.1 years (range: 
23-95 years). The most common localisations were the 
forehead (31.3%) and the nose (31.0%), followed by the 
cheek (14.7% of tumours) (Figure 3). BCC was slightly 
more frequent on the right side of the face (40.3% ver-
sus 35.7% on the left side, and 24.0% in the midline). Pri-
mary BCC comprised 54.0%; the remainder of the cases 
were relapses, most frequently after curettage (36.9%), 
radiotherapy (18.9%), photodynamic therapy (11.7%) or 
multiple treatment modalities (16.2%). A total of 63 tu-
mours were in the “low-risk zones” (cheek, n = 37; scalp, 
n = 15; neck, n = 4, trunk or extremities, n = 7). In all, 34 
tumours had a diameter exceeding 20 mm in one of the 
axes (T2); 14 of these were primary tumours and 20 
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were relapsing tumours. There was no difference in the 
anatomic localisation between primary and recurrent  
tumours. 

micrographic excision
Complete removal of BCC was achieved with one round 
of excision in 36.5% of cases; 45.2% required two rounds 

of surgery, whereas three or more rounds were required 
in 12.5% and 5.8% of tumours, respectively. As expect-
ed, relapsing tumours required more rounds of surgery 
than primary tumours before histologically free margins 
were achieved. 90.2% of primary tumours could be 
eradicated with one or two rounds of surgery, whereas 
28.6% of patients with relapsing tumours required 3-6 
rounds (significant difference p = 0.002; chi-squared 
test). This reflects the asymmetric, clinically impercept-
ible growth of recurrent facial BCC. This difference was 
also reflected in the size of the final defects. Whereas 
the estimated size of recurrent tumours was only slightly 
larger than the size of primary tumours, 83.2 mm2 (me-
dian) (range: 7.1-518.1)) versus 70.7 mm2 (range: 7.1-
1,371.8), the final defect after Mohs procedure was sig-
nificantly larger than after removal of the primary 
tumour (193.1 mm2 (range: 12.6-1,884.0) versus 127.2 
mm2 (range: 7.1-1,695.6), p = 0.0009, Mann-Whitney 
test) (Figure 4).

MMS was tissue-sparing comparing with a standard 
excision with pre-determined margins. After Mohs pro-
cedure, the size of the final defect was 1.34-fold the size 
of the tumour (95% confidence interval (CI): 1.10-1.59). 
In comparison, an excision with a 4-mm margin (which  
is an accepted value for excision of primary BCC in 
Denmark) [4] will increase the size of the defects 3.0-
fold (95% CI: 2.77-3.24, p < 0.0001, Mann-Whitney test). 
Thus, MMS reduced the final size of skin defect by 43% 
(95% CI: 38-47%) in primary tumours using a 4-mm exci-
sion margin as reference. In high-risk, recurrent tumours 
where a 6-mm excision margin should be employed, the 
final defect after MMS is reduced by 45% (95% CI: 35-
54%) compared with conventional surgery.

closure of skin defect
Most (49%) of the defects were closed by side-to-side 
closure after enlarging the circular defect to an elliptic 
(fusiform) shape, aided, if needed, by M-plasties to re-
duce the length of the scar. Local advancement of rota-
tional flaps accounted for 26.2% of closures, whereas 
transposition flaps were used in 14.4% of cases. The re-
mainder of the cases were repaired by a variety of other 
techniques including island flaps or full-thickness skin 
grafts or were left for second intention healing. The pat-
tern of skin closures did not differ significantly between 
the primary and relapsing tumours, but depended on 
the localisation of the lesion (Figure 3). The cosmetic 
outcome was excellent; there were no cases of wound 
dehiscence, hypertrophic scaring or keloid. In six cases in 
which transposition flaps were used, the flap developed 
trap door deformity (swelling of the central portion of 
the flap), which is a well-known phenomenon. In five 
cases, the deformity resolved after intralesional injec-
tion of 10 mg/ml triamcinolone. I one case with use of 

FigURE 1

Accrual of patients for Mohs micrographic surgery.
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FigURE 2

Mohs micrographic surgery technique for basal cell carcinoma: a. Tu-
mour excised with narrow margins (1-2 mm) at a 45o incision angle. 
B. Second round excision of the residual tumour mapped to the marked 
area, based on histological examination.
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the nasolabial transposition flap to the ala nasi, a sur-
gical revision of the flap was performed. 

Outcome and safety
None of the patients developed relapse after Mohs ex-
cision. However, the observation time was limited since 
only 117 tumours (44.8%) have been followed for one 
year or more after surgery (Figure 1). 

One patient experienced a severe adverse event: 
After excision of an extensive BCC on the cheek repaired 
with a rotation flap, a large haematoma developed re-
quiring hospitalisation and surgical intervention. Fur-
thermore, seven minor adverse events were observed: 
four patients had superficial infection of the surgical 
wound requiring antibiotic therapy (in all cases after ex-
cision on the nose), three patients had minor haema-
tomas, which resorbed spontaneously without any inter-
vention, one patient developed ischaemia of the distal 
portion of the flap, and one patient had a partial necro-
sis of the full thickness transplant. The last-mentioned 
patient was treated conservatively with an excellent cos-
metic and functional outcome. No patients experienced 
functional nerve damage.

discUssiOn
MMS is an effective and safe treatment of facial BCC. 
MMS is the treatment of choice for high-risk tumours and 
recurrent BCC in several countries [5-7]. Unfortunately, 
MMS is underused in Scandinavia despite the high inci-
dence of BCC and an increasing incidence of BCC in 
younger individuals. This study documents that Mohs sur-
gery is a feasible and valuable treatment option for BCC 
in a dermatological setting in Denmark. Currently, our 
centre performs 5-7 Mohs procedures weekly, complying 
with international guidelines for volume requirements, 
and the centre is accredited by the European Society of 
Mohs Surgery. Patient profiles, surgical techniques and 
outcomes are comparable to those reported from other 
established Mohs surgery centres [8, 9].

Dermatologic surgeons performing excisions of BCC 
in the face are limited in their choice of closure tech-
niques for skin defects. We have been particularly cau-
tious regarding the use of asymmetric flaps, such as 
transposition, island and rotational flaps. These types of 
closures distort the geometry of the initial defect and 
make it very difficult to trace residual tumours in case of 
incomplete excision and relapse. MMS obviates this 
problem because microscopically free margins are en-
sured before closure. In the rare cases of tumour re-
growth after MMS, relapses can be re-excised with 
MMS, which allows tracing of residual cancer indepen-
dently of the depth of invasion and shape. 

MMS also shows superiority for tumours in difficult 
locations of the face such as the eyelid, ala nasi or the 

ear, where closures of larger defects are technically 
challenging. In the past, narrowed excision margins for 

FigURE 3

Distribution of facial basal cell carcinoma treated with Mohs micrographic surgery. Each red circle shows 
an individual tumour. The pie diagrams show frequencies of different types of wound closures in differ-
ent anatomical areas of the face.
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FigURE 4

Relationship between the area of the tumour and the area of Moh’s defect for primary facial basal cell 
carcinoma (a) and for the recurrent tumours (B). For comparative purposes we also show the predicted 
area of the surgical defect after excision with predetermined 4-mm margins (primary tumours) and 
6-mm margins (recurrent, high-risk tumours). 
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these tumours were used involving  a compromise be-
tween the size of the surgical defect and the achieved 
cure rate. With the advent of MMS, such compromises 
are no longer necessary since MMS ensures that only  
tumourous tissue is excised  leaving the surrounding 
healthy skin intact. Our results show that the area of the 
excision can be reduced by > 40% by using the micro-
graphic approach rather than excision with predeter-
mined margins. This increases the chance of direct clo-
sure (side-to-side) of the scar and yields a better 
cosmetic and functional outcome.

The per-tumour cost of treatment with MMS is al-
most comparable to that of conventional surgery [5] and 
may prove more cost-effective in recurrent, high-risk tu-
mours [5, 10]. Furthermore, the intraoperative histo-
logical evaluation reduces the use of standard histo-
logical examination in pathology departments and 
should be taken into account when considering the cost-
effectiveness of MMS. As a safe, highly efficacious and 
tissue-sparing technique, MMS is an excellent alterna-
tive to radiotherapy and standard surgical excision and 
should be considered as first choice for high-risk facial 
BCC, in particular for recurrent tumours [11, 12].
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