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Abstract
Background Mohs micrographic surgery (MMS) is a precise, tissue-sparing surgical technique that offers superior cure

rates compared to traditional surgical excision. However, the degree of difficulty of MMS depends on many variables,

and consequently, the number of surgical stages required for each case is quite unpredictable.

Objectives To identify risk factors for complicated MMS, defined as MMS requiring ≥3 stages.

Methods In a cohort study design, data were prospectively collected from 612 patients that underwent MMS for basal

cell carcinoma (BCC) at the Department of Dermatology, Sk�ane University Hospital, Lund, between 2009 and 2020. Uni-

variate and multivariate logistic regression were used to estimate the risk of MMS requiring ≥3 stages. Due to the risk of

multicollinearity between recurrent or incompletely excised BCC and previous treatments, a partially and a fully adjusted

multivariate logistic regression model were constructed.

Results In fully adjusted multivariate analyses, age (odds ratio (OR) 1.02; confidence interval (CI) 95% 1.00–1.04), pre-

vious cryotherapy (OR 2.3; CI 95% 1.1–4.8), and >1 previous surgery (OR 3.4; CI 95% 1.5–7.7) were significantly associ-

ated with risk of complicated MMS. Recurrent BCC was associated with the risk of complicated MMS in partially

adjusted multivariate analyses, but not in the fully adjusted analyses. In this highly selected cohort, histopathological

subtype, and tumour localization were not associated with the risk of complicated MMS.

Conclusions Older age and tumours previously treated with cryotherapy or multiple prior surgeries increased the risk

of MMS requiring ≥3 stages. Whether recurrent BCC is an independent risk factor for complicated MMS needs further

evaluation. Knowledge of these risk factors may ameliorate the planning of Mohs surgeries.
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Introduction
Basal cell carcinoma (BCC) is the most common type of skin

cancer, and the worldwide incidence is increasing.1,2 In Sweden,

the incidence of BCC has also increased and, in 2017, approxi-

mately 54 000 histopathologically verified BCCs were registered

in the Swedish Basal Cell Cancer Registry.3 Although BCC rarely

causes death, the tumours may cause significant morbidity due

to local tissue destruction.1,4 Moreover, BCC poses an economic

burden on society given its high incidence rates.5

Surgery is considered the gold standard treatment for BCC.

Mohs micrographic surgery (MMS) is a precise, tissue-sparing

surgical technique characterized by intraoperative microscopic

examination of all margins of the excised specimen.6,7 Through

complete microscopic control of the margins, MMS offers supe-

rior cure rates compared to traditional surgical excision.8

On the downside, MMS is resource-intensive and adequate

planning and scheduling are therefore desirable to maintain a

high availability and manage costs. The degree of difficulty of

MMS depends on many variables and, consequently, the number

of surgical stages and the time required for the surgery are quite

unpredictable.9,10

To facilitate and ameliorate the planning and scheduling of

MMS surgeries we aimed to identify risk factors for complicated

surgery. This is important to preserve the limited resources for

MMS and to provide patients with accurate information about

the expected procedure and surgical outcome.
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Patients and methods

Cohort
This cohort study was conducted at the Department of Derma-

tology, Sk�ane University Hospital, Lund, Sweden. Regional ethi-

cal review board approval (2013–482) was acquired before the

start of the study. Data were prospectively collected on all

patients undergoing MMS between January 2009 and October

2020. Written informed consent was obtained. No patients

declined to participate. Indications for MMS were morpheaform

primary (including incompletely excised) BCC in the face, infil-

trative primary BCC in the face with ill-defined margins or at

critical locations, and morpheaform or infiltrative recurrent

BCC in the face. Complicated Mohs surgery was defined as

MMS requiring 3 or more stages, without attributing weight to

the location of the tumour or the reconstructive technique.

Data were collected using questionnaires, including informa-

tion on age, gender, date of surgery, histopathological subtype,

location, previous treatments, type of BCC (primary, recurrent,

or incompletely excised), length and width of the tumour and

final defect, reconstructive technique, and number of surgical

stages. In mixed-type tumours, the most aggressive histopatho-

logical subtype was registered.

Statistical methods
Analyses were performed using Stata version 16.1 (StataCorp

LLC, College Station, TX, USA). The primary outcome was

number of MMS stages. For the purpose of analysis, the number

of MMS stages was categorized as 1–2 or ≥3 stages.
Multivariate logistic regression models were constructed, using

all exposure variables that were significantly associated with the

outcome in univariate analyses, or that have previously been

shown to be associated with the outcome (histopathological sub-

type and tumour localization).11–15 Due to the risk of multicolli-

nearity between recurrent or incompletely excised BCC and

previous treatments we used 2 different models. Both models were

adjusted for age, histopathological subtype (nodular/superficial,

infiltrative, and morpheaform), tumour localization (cheek, nose,

periorbital/ear, forehead/chin, and other), and tumour diameter

(<10, 10–20, and >20 mm). In the partially adjusted model, type

of BCC (primary, recurrent, or incompletely excised), any (unspe-

cified) previous treatment, and specified previous treatments

(cryotherapy (yes/no), number of previous surgeries (0, 1, and

>1)) were separately analysed. In the fully adjusted model, all

exposure variables were analysed simultaneously. P-values <.05
were considered statistically significant.

Results

Patient and tumour characteristics
Patient demographics are outlined in Table 1. Between 2009 and

2020, MMS was performed on 612 patients. The mean age was

67 years (range 24–94), and the majority were women (63%).

Out of 610 patients (two missing values), 297 (48.7%) had a pri-

mary BCC and 223 (36.6%) had a recurrent BCC. The remaining

90 (14.8%) tumours were incompletely excised BCC. The distri-

bution of histopathological subtypes was: morpheaform 72.6%,

infiltrative 24.8%, and nodular or superficial 2.6%. The most

Table 1 Demographic data and tumour characteristics in the
Mohs micrographic surgery cohort at the Department of Dermatol-
ogy, Sk�ane University Hospital

Characteristics Count
n = 612

Age, years, mean (range) 67 (24–94)

Gender, n (%)

Men 229 (37.4)

Women 383 (62.6)

Type of BCC*

Primary, n (%) 297 (48.7)

Recurrent, n (%) 223 (36.6)

Incompletely excised, n (%) 90 (14.8)

Histopathological subtype, n (%)†

Morpheaform 444 (72.6)

Infiltrative 152 (24.8)

Nodular or superficial 16 (2.6)

Tumour localization, n (%)

Nose 386 (63.1)

Cheek 65 (10.6)

Forehead 49 (8.0)

Periorbital 35 (5.7)

Ear 12 (2.0)

Chin 5 (0.8)

Other (temple, perioral, and scalp) 60 (9.8)

Number of surgical stages, n (%)

1 136 (22.2)

2 316 (51.6)

3 125 (20.4)

4 24 (3.9)

5 10 (1.6)

6 1 (0.16)

Tumour diameter, mm, mean (range) 17.8 (3–75)

Final defect diameter, mm, mean (range) 26.7 (8–95)

Reconstructive technique, n (%)

Full-thickness skin graft 219 (36.7)

Primary closure 97 (16.3)

Transposition flap 89 (14.9)

Advancement flap 66 (11.1)

Rotation flap 47 (7.9)

Combination 45 (7.6)

Healing by secondary intention 33 (5.5)

Missing information 16 (2.6)

BCC, basal cell carcinoma; MMS, Mohs micrographic surgery.
*Data on primary, recurrent, or incompletely excised BCC missing for 2
patients.
†In mixed-type tumours, the most aggressive histopathological subtype was
registered.
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common number of MMS stages required to clear the tumour

was 2 (52%, n = 316), 26% (n = 160) required 3 or more stages

while only 5.7% (n = 35) required 4 or more stages. The mean

tumour and final defect diameter were 17.8 and 26.7 mm,

respectively.

Number of MMS stages
The results of the multivariate logistic regression analyses are

presented in Table 2. The risk of ≥3 MMS stages increased by

2% for every year of increased age. In the partially adjusted

model, recurrent and incompletely excised BCC significantly

increased the risk of complicated surgery compared to primary

BCC (odds ratio (OR) 2.5 and 2.2, respectively). Having received

any previous treatment or previous cryotherapy both increased

the risk of undergoing MMS in ≥3 stages about 2 times (OR 2.3;

confidence interval (CI) 95% 1.5–3.5 and OR 2.2; CI 95% 1.4–

3.9) while having had >1 previous surgery increased the risk 3.5

times (CI 95% 2.1–5.8). In the fully adjusted model, only previ-

ous treatment with cryotherapy (OR 2.3; CI 95% 1.1–4.8) and

>1 previous surgery (OR 3.4; CI 95% 1.5–7.7) remained signifi-

cantly associated with the risk of MMS in ≥3 stages. There were

no associations between the number of surgical stages and histo-

pathological subtype or tumour localization.

Discussion
Our findings suggest that older age and previous treatment

with cryotherapy or >1 previous surgery are risk factors for

complicated Mohs surgery. Recurrent BCC may convey an

increased risk of MMS in ≥3 stages. However, the importance of

a recurrence might be subordinate to the association between

specified previous treatments and the risk of complicated MMS.

Histopathological subtype and tumour localization were not

Table 2 Multivariate logistic regression analyses assessing the risk of ≥3 Mohs micrographic surgery stages

Exposure variables Number of surgical stages*
Partially adjusted model†
OR (95% CI)

Number of surgical stages*
Fully adjusted model‡
OR (95% CI)

Age§ 1.02 (1.00–1.04) 1.02 (1.00–1.04)

Histopathological subtype§

Morpheaform Reference Reference

Infiltrative 1.0 (0.7–1.6) 1.0 (0.6–1.5)

Nodular or superficial 0.8 (0.2–2.9) 0.8 (0.2–3.2)

Tumour localization§

Cheek Reference Reference

Nose 1.4 (0.7–2.7) 1.4 (0.7–2.7)

Periorbital or ear 0.9 (0.4–2.4) 0.8 (0.3–2.1)

Forehead or chin 0.7 (0.3–1.7) 0.6 (0.2–1.5)

Other (temple, perioral, and scalp) 0.9 (0.4–2.1) 0.8 (0.3–2.0)

Tumour diameter (mm) §

<10 Reference Reference

10–20 1.1 (0.6–1.9) 1.1 (0.6–1.9)

>20 1.8 (1.0–3.3) 1.6 (0.8–3.0)

Type of BCC

Primary BCC Reference Reference

Recurrent BCC 2.5 (1.6–4.0) 1.1 (0.4–2.5)

Incompletely excised 2.2 (1.2–4.0) 1.1 (0.4–2.7)

Previously treated, unspecified 2.3 (1.5–3.5) -

Specified previous treatments

Cryotherapy 2.2 (1.4–3.9) 2.3 (1.1–4.8)

Number of previous surgeries

0 Reference Reference

1 1.5 (0.9–2.5) 1.5 (0.6–3.3)

>1 3.5 (2.1–5.8) 3.4 (1.5–7.7)

OR (95% CI) = odds ratio (95% confidence interval); BCC = basal cell carcinoma.
Note bold letters are used for statistically significant (p=<.05) results.
*Categorized as 1–2 (reference) or ≥3 surgical stages.
†Partially adjusted model due to risk of multicollinearity between recurrent or incompletely excised BCC and previous treatments. These results are adjusted
for age, histopathologic subtype, tumour localization, and tumour diameter.
‡Including all variables in the table except for unspecified previous treatment that was omitted due to multicollinearity with specified previous treatments.
§Adjusted for the type of BCC.
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found to be associated with complicated surgery in the Lund

Mohs cohort.

In accordance with several previous studies, we defined com-

plicated surgery as requiring ≥3 MMS stages, without attributing

weight to the tumour location.13–16 Complicated surgery was

associated with older age in this study, which is supported by

some previous studies. In a study from 2018, Camarero-Mulas

et al. compared MMS in patients younger and older than

80 years.16 They showed that the elderly more often required a

higher number of MMS stages.16 Accordingly, Hoorens et al.

showed that age >80 years is a strong predictor of MMS in ≥2
stages, but did not find it a significant predictor of ≥3 MMS

stages.15 In 2002, Batra et al. found that the mean number of

stages required tended to increase by age, but the trend was not

significant.14 However, a significantly decreased risk of ≥3 MMS

stages in patients younger than 35 years was detected.14 Part of

the explanation for the association between older age and many

MMS stages could be that younger individuals often present

with smaller tumours compared to the elderly.16,17 It has also

been found that the time to diagnosis is delayed in patients over

65 years.18 This could result in larger and more complex BCCs

at the time of diagnosis. Moreover, photodamaged skin is more

common in the older patient group.17 Thus, it might be difficult

to outline the macroscopically visible tumour, possibly leading

to additional surgical stages.

Recurrent BCC increased the risk of complicated surgery

about 2 times compared to primary BCC in the partially

adjusted model, which is consistent with several previous stud-

ies.12,13,15 A possible explanation is that recurrent tumours

growing in fibrosis result in an unpredictable growth pattern.19

Interestingly, the effect of recurrent BCC disappeared when

the results were adjusted for specified previous treatments.

There might be several explanations for this finding; firstly,

the analyses might be affected by multicollinearity between

recurrent BCC and having received previous treatment. Sec-

ondly, the local practise at our department during MMS is to

remove all fibrotic tissue, even if there is no visible tumour

(due to the possible tumour growth beneath the fibrosis in

incompletely excised BCC) in the removed specimen.20 This

procedure might lead to an increased number of stages in the

incompletely excised but not clinically recurrent BCC. How-

ever, the results might also indicate that previously received

treatment is a more important risk factor for complicated sur-

gery than having had a diagnosed recurrence. The impact of

previous treatment modalities on the risk for complicated sur-

gery has not been well studied previously, and future research

should further investigate the association between different

treatment modalities, recurrent BCC, and the risk of compli-

cated Mohs surgery.

Intriguingly, we neither found histopathological subtype nor

tumour localization to be significantly associated with the num-

ber of MMS stages. These results contrast with those of previous

studies that have shown that aggressive histopathological sub-

type and tumour localization in the H-zone convey an increased

risk of complicated surgery.11–15 The contradictive result of our

study could be explained by the strict recommendations for

MMS in Sweden where MMS is only available at three university

hospital centres. The Swedish indications for MMS are mor-

pheaform primary BCC in the face, infiltrative primary BCC in

the face with ill-defined margins or at critical locations, and

morpheaform or infiltrative recurrent BCC in the face.21 Conse-

quently, very few BCCs with nodular or superficial histopatho-

logical subtype are treated with MMS (only 2.6% of the tumours

in our cohort), of which the majority are expected to be of

unusual complexity, such as multiple recurrences or previous

unsuccessful treatments.

Strengths and limitations
The main strength of this study is the prospectively collected

comprehensive data on all patients that have undergone MMS in

South Sweden between 2009 and 2020. The main limitation is

that this is a single-centre study with a limited number of obser-

vations affecting the statistical power to more closely explore risk

factors. The low number of and highly selected non-aggressive

BCC subtypes in this study are likely not representative of the

common behaviour of these tumours, and the results might

therefore not be generalizable.

Conclusion
Older age and previous treatments, or by further specification,

treatment with cryotherapy and >1 previous surgery are risk fac-

tors for complicated Mohs surgery. The risk of ≥3 MMS stages

with recurrent BCC and specified previous treatments should be

further investigated to entangle the separate contributions of

these intertwined risk factors. Knowledge of risk factors may be

useful to facilitate and ameliorate the planning of MMS surgeries

and help to provide patients with more precise information

about the planned procedure.

Acknowledgements
Many thanks for help with establishing the database to Christina

Persson and Ove B€ack.

Data availability statement
The data that support the findings of this study are available on

request from the corresponding author. The data are not pub-

licly available due to privacy or ethical restrictions.

References
1 Thomson J, Hogan S, Leonardi-Bee J, Williams HC, Bath-Hextall FJ.

Interventions for basal cell carcinoma of the skin. Cochrane Database Syst

Rev 2020; 11: Cd003412.

2 Lomas A, Leonardi-Bee J, Bath-Hextall F. A systematic review of world-

wide incidence of nonmelanoma skin cancer. Br J Dermatol 2012; 166:

1069–1080.

© 2022 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & Sons Ltd
on behalf of European Academy of Dermatology and Venereology.

JEADV 2022, 36, 1113–1117

1116 N€atterdahl et al.



3 Kappelin J, Green AC, Ingvar�A, Ahnlide I, Nielsen K. Incidence and

trends of basal cell carcinoma in Sweden: a population-based registry

study. Br J Dermatol 2022; 186: 963–969.
4 Marzuka AG, Book SE. Basal cell carcinoma: pathogenesis, epidemiology,

clinical features, diagnosis, histopathology, and management. Yale J Biol

Med 2015; 88: 167–179.
5 Tran DA, Coronado AC, Sarker S, Alvi R. Estimating the health care costs

of non-melanoma skin cancer in Saskatchewan using physician billing

data. Curr Oncol 2019; 26: 114–118.
6 Murray C, Sivajohanathan D, Hanna TP et al. Patient indications for

mohs micrographic surgery: a systematic review. J Cutan Med Surg 2019;

23: 75–90.
7 Clark CM, Furniss M, Mackay-Wiggan JM. Basal cell carcinoma: an

evidence-based treatment update. Am J Clin Dermatol 2014; 15: 197–216.
8 Muller FM, Dawe RS, Moseley H, Fleming CJ. Randomized comparison of

Mohs micrographic surgery and surgical excision for small nodular basal cell

carcinoma: tissue-sparing outcome. Dermatol Surg 2009; 35: 1349–1354.
9 Mansouri B, Bicknell LM, Hill D, Walker GD, Fiala K, Housewright C.

Mohs micrographic surgery for the management of cutaneous malignan-

cies. Facial Plast Surg Clin North Am 2017; 25: 291–301.
10 Chen ELA, Srivastava D, Nijhawan RI. Mohs micrographic surgery: devel-

opment, technique, and applications in cutaneous malignancies. Semin

Plast Surg 2018; 32: 60–68.
11 Hendrix JD, Jr, Parlette HL. Micronodular basal cell carcinoma. A decep-

tive histologic subtype with frequent clinically undetected tumor exten-

sion. Arch Dermatol 1996; 132: 295–298.
12 Sahai S, Walling HW. Factors predictive of complex Mohs surgery cases. J

Dermatolog Treat 2012; 23: 421–427.
13 Flohil SC, van Dorst AM, Nijsten T, Martino Neumann HA, Munte K.

Mohs micrographic surgery for basal cell carcinomas: appropriateness of

’Rotterdam’ criteria and predictive factors for three or more stages. J Eur

Acad Dermatol Venereol 2013; 27: 1228–1235.
14 Batra RS, Kelley LC. Predictors of extensive subclinical spread in nonme-

lanoma skin cancer treated with Mohs micrographic surgery. Arch Der-

matol 2002; 138: 1043–1051.
15 Hoorens I, Batteauw A, Van Maele G, Lapiere K, Boone B, Ongenae K.

Mohs micrographic surgery for basal cell carcinoma: evaluation of the

indication criteria and predictive factors for extensive subclinical spread.

Br J Dermatol 2016; 174: 847–852.
16 Camarero-Mulas C, Delgado Jim�enez Y, Sanmart�ın-Jim�enez O et al.

Mohs micrographic surgery in the elderly: comparison of tumours, sur-

gery and first-year follow-up in patients younger and older than 80 years

old in REGESMOHS. J Eur Acad Dermatol Venereol 2018; 32: 108–112.
17 Dinehart SM, Dodge R, Stanley WE, Franks HH, Pollack SV. Basal cell

carcinoma treated with Mohs surgery. A comparison of 54 younger

patients with 1050 older patients. J Dermatol Surg Oncol 1992; 18: 560–
566.

18 Husein-Elahmed H, Gutierrez-Salmeron MT, Naranjo-Sintes R, Aneiros-

Cachaza J. Factors related to delay in the diagnosis of basal cell carci-

noma. J Cutan Med Surg 2013; 17: 27–32.
19 Wagner RF, Jr, Cottel WI. Multifocal recurrent basal cell carcinoma fol-

lowing primary tumor treatment by electrodesiccation and curettage. J

Am Acad Dermatol 1987; 17: 1047–1049.
20 Macdonald J, Sneath JR, Cowan B, Zloty D. Tumor detection after

inflammation or fibrosis on Mohs levels. Dermatol Surg 2013; 39(Pt 1):

64–66.
21 Swedish Society for Dermatological Surgery and Oncology. Indications

for Mohs surgery in Sweden. URL https://ssdv.se/images/lndikationer_

for_Mohs_kirurgi_i_Sverige_-_Godkanda_av_SSDV__SDKO.pdf (last

accessed: 10 October 2021). (in Swedish).

© 2022 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & Sons Ltd
on behalf of European Academy of Dermatology and Venereology.

JEADV 2022, 36, 1113–1117

Risk factors for complicated Mohs surgery 1117

https://ssdv.se/images/lndikationer_for_Mohs_kirurgi_i_Sverige_-_Godkanda_av_SSDV__SDKO.pdf
https://ssdv.se/images/lndikationer_for_Mohs_kirurgi_i_Sverige_-_Godkanda_av_SSDV__SDKO.pdf

	 Abstract
	 Introduction
	 Patients and methods
	 Cohort
	 Statistical methods

	 Results
	 Patient and tumour characteristics
	 Number of MMS stages

	 Discussion
	 Strengths and limitations

	 Conclusion
	 Acknowledgements
	 Data availability statement

	 References
	jdv18124-bib-0001
	jdv18124-bib-0002
	jdv18124-bib-0003
	jdv18124-bib-0004
	jdv18124-bib-0005
	jdv18124-bib-0006
	jdv18124-bib-0007
	jdv18124-bib-0008
	jdv18124-bib-0009
	jdv18124-bib-0010
	jdv18124-bib-0011
	jdv18124-bib-0012
	jdv18124-bib-0013
	jdv18124-bib-0014
	jdv18124-bib-0015
	jdv18124-bib-0016
	jdv18124-bib-0017
	jdv18124-bib-0018
	jdv18124-bib-0019
	jdv18124-bib-0020
	jdv18124-bib-0021


