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Abstract

Mohs micrographic surgery is the technique of surgically removing skin tumors by gradually
excising thin layers and visualizing under a microscope till a tumor-free zone is obtained.
During the surgical procedure, visible tumors are surgically removed. During the second stage,
if tumor margins are clear with the positive specimen at depth, only depth cavitations need to
be done without altering the tumor diameter. Defining the depth during this procedure is a
major challenge due to the nonexistence of proper guidelines. Using the laser-induced
breakdown spectroscopy (LIBS) technique, depth profiling can be performed precisely,
preventing excessive tissue removal and reducing time consumption during the microscopic
examination.
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Introduction And Background

Mohs surgery is the technique of surgically removing skin tumors by gradually excising thin
layers and visualizing under a microscope till a tumor-free zone is obtained. For skin cancers, it
is the most accepted and efficient technique of removing tumors. The traditional treatment
approach involves removal of affected areas allowing for a safe margin around and below the
tumor. The removed specimen is sent to pathology for histopathological reporting, which
requires at least two weeks. Only after the report is available can it be finalized whether the
patient is clear of the tumor or a positive margin is still remaining. If a positive margin persists,
a further procedure is required to remove the remaining tumor. This overall process is tedious
for the patient and decreases patient compliance [1]. Here, Mohs surgery plays a critical role in
ensuring precise excision via microscopic examination during surgery, leading to the removal
of the last root eliminating the chance of missing any cancerous tissue. The algorithm approach
for the Mohs procedure is depicted in Figure I [2].
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FIGURE 1: Algorithm Approach for the Mohs Procedure

Review
Overview of laser-induced breakdown spectroscopy technique

Laser-induced breakdown spectroscopy (LIBS) is a novel spectroscopic technique for elemental
analysis based on optical emission following of a sample using laser pulse [3]. The spectra
release from the plasma contains information about the elemental constituents of the tissue [4].
Elemental line spectra generated in femto- to nano-seconds ablating nanograms of material
makes the whole procedure nearly minimally destructive [5-6]. Studies show that there occurs a
difference in the trace mineral milieu of normal cells when they become cancerous [6-8]. This
concept can be used to differentiate normal tissue from cancerous tissues. Such variations can
be detected using the LIBS technique even in the parts-per-million (PPM) concentration very
easily. Studies have suggested its various uses in biological material evaluation [6, 9-12]. LIBS'
depth profiling ability has been shown in various studies and can be used for in-situ analysis of
the samples [13]. The approach is used for studying gallstone samples that contain different
layers, providing valuable information regarding their nucleation. Exponential decreases in the
zinc concentration in human tissues have been used to detect tissues via the LIBS technique
[14]. Studies have shown the varying concentration ratios of elements in cancerous and normal
tissues, thus showing that LIBS may be used as a tool for cancer detection [15]. They established
the real-time in-situ characterization of the normal and abnormal tissues without performing
the traditional biopsy [16]. Certain studies have explored the possibility of using LIBS in in-vivo
cancer detection [6-7, 17-18].
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The postulation

Laser pulse will be administered in the center of the lesion on the skin. Vaporization of a
nanogram or microgram of the sample will generate the plasma plum in a non-traumatic
fashion in fractions of seconds. Optionally, the procedure may be carried out on the patient in
real-time with local anesthesia [6, 17]. This plasma plum will be recorded by a photo
spectrometer. Computer software using artificial neural network (ANN) techniques will be used
to analyse the emitted spectral line based on the intensity and ratios of different trace
elemental constituents of the tissue cell [6, 17]. After the depth profiling, tumors up to the
certain depth will be removed and margins' positivity will be assessed using Mohs procedure.
Now, the margin identified as positive will be targeted and the depth of that cancerous root will
be defined by the LIBS procedure.

Use of LIBS during various steps of Mohs micrography

During the surgical procedure, visible tumors are surgically removed. During the second stage,
if tumor margins are clear with the positive specimen at depth, only depth cavitations need be
done without altering the tumor diameter. Defining the depth during this procedure is a major
challenge due to the nonexistence of proper guidelines. This depth ranges from deep fascia /
periosteum / subcutaneous fat at different sites [19-21]. Using LIBS technique, depth profiling
can be done precisely, reducing excessive tissue removal and time consumption during the
microscopic examination. During the second stage, margins need to be examined via
microscopy and positive margins should be again analyzed by LIBS for the precise depth in the
direction of possible growth. Tumors in challenging areas like the nose and face could involve
multiple rounds, requiring a whole day. LIBS could conserve some time by demarcating the
exact depth of the lesion to an extent.

Defining the margin before making the cut is crucial

Defining the depth and the size of the lesion are the two most important factors governing the
prognosis. Tumors with a depth of more than 4 mm bear higher metastatic and recurrence
probability. LIBS can improve diagnostic sensitivity for deep tumors which may be missed on
microscopy. Defining the margin is a crucial step in skin tumor management, as studies have
reported an increased rate of recurrence with incomplete excision [19-20]. Wider margins have
better prognosis but are cosmetically unacceptable. The advisable excision margin is debatable,
and it ranges from 2 to 15 mm in non-melanotic tumors and 15 mm to 26 mm for melanotic
tumors [22]. There is one more challenge - margin distortion during tissue processing may
prevent the pathologist from confidently defining the positive margin [23]. Such situations
could lead to higher chances of missing positive tissue margins and creates the diagnostic
dilemma of whether further surgical clearance should be done. Here, LIBS can be proven to be a
beneficial tool in deciding the margin positivity of the doubtful lesions [24].

Advantages of LIBS combined with Mohs surgery

1. LIBS can provide Mohs surgeons a quick approach as it requires just a few seconds to ablate
the site and provide the analysis in the spectral form.

2. Tumors extending deep into the vessels and nerves will require a baseline depth profiling
before they could be removed, because if approached directly there might be a chance to injure
the vessel or nerve blindly. LIBS will give a baseline depth up to which cancer is extending and
then we could have a defined map up to what area or depth we need to cut the tumor [25].

3. Melanotic atypia sometimes requires special stains and permanent sections to avoid missing
any malignant cells, prolonging the whole procedure. LIBS could be fruitful in such situations
delineating the normal from abnormal cells [26].
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4. In certain situations, inflammation obscures the tumor requiring an LIBS approach to
scrutinize the tissue properly [27].

5. It can precisely predict the optimal margins consuming less time if combined with MOHS
procedure [28-29].

Conclusions

The review explores the use of LIBS as a potential technique for the depth profiling of tumors
during Mohs micrographic surgery. The potential of real-time diagnosis of tumor margins and
defining the extent of tumors could be a time-saving approach when used with the
conventional Mohs micrographic surgery. However, it is not limitations free. The major
limitation is the requirement of a LIBS probe which could go deep inside, as it would be difficult
to assess samples with thickness more than 20 mm. There will also be the requirement for

a probe which could collect spectral data in the horizontal plane, as these tumors don’t strictly
go deep inside but also have side branches in the horizontal plane.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships:
All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or
activities that could appear to have influenced the submitted work.

References

1. Mahmoud BH: Overview of Mohs micrographic surgery for the treatment of skin cancers . |
Egypt Womens Dermatol Soc. 2016, 13:51-54. 10.1097/01. EWX.0000480716.45342.f9

2. Dim-jamora KC, Perone JB: Management of cutaneous tumors with Mohs micrographic
surgery. Semin Plast Surg. 2008, 22:247-256. 10.1055/5-0028-1095884

3. Bilmes GM, Freisztav C, Schinca D, Orsetti A: Cleaning and characterization of objects of
cultural value by laser ablation. Proceedings of SPIE. 2005, 5857:585704.

4. Pathak AK, Kumar R, Singh VK, Agrawal R, Rai S, Rai AK: Assessment of LIBS for
spectrochemical analysis: a review. Appl Spectrosc Rev. 2012, 47:14-40.
10.1080/05704928.2011.622327

5. Yueh FY, Zheng H, Singh JP, Burgess S: Preliminary evaluation of laser-induced breakdown
spectroscopy for tissue classification. Spectrochimica Acta B. 2009, 64:1059-1067.
10.1016/j.sab.2009.07.025

6. Singh S, Badaya S: Laser induced breakdown spectroscopy (LIBS) for cervical cancer
screening: the desired destination for the protracted hunt. ] Cancer Policy. 2015, 5:23-24.
10.1016/j.jcpo0.2015.06.002

7.  Kumar A, Yueh FY, Singh JP, Burgess S: Characterization of malignant tissue cells by laser-
induced breakdown spectroscopy. Appl Opt. 2004, 43:5399-5403. 10.1364/A0.43.005399

8. Yaman M, Kaya G, Simsek M: Comparison of trace element concentrations in cancerous and
noncancerous human endometrial and ovary tissues. Int ] Gynecol Cancer. 2007, 17:220-228.
10.1111/§.1525-1438.2006.00742.x

9. Adamson MD, Rehse SJ: Detection of trace Al in model biological tissue with laser-induced
breakdown spectroscopy. Appl Opt. 2007, 46:5844—-5852.

10. Singh VK, Singh V, Rai AK, Thakur SN, Rai PK, Singh JP: Quantitative analysis of gallstones
using laser-induced breakdown spectroscopy. Appl Optic. 2008, 47:38-47.
10.1364/A0.47.000G38

2017 Singh et al. Cureus 9(11): e1842. DOI 10.7759/cureus.1842 40of5


https://dx.doi.org/10.1097/01.EWX.0000480716.45342.f9
https://dx.doi.org/10.1097/01.EWX.0000480716.45342.f9
https://dx.doi.org/10.1055/s-0028-1095884
https://dx.doi.org/10.1055/s-0028-1095884
http://sedici.unlp.edu.ar/bitstream/handle/10915/44492/Documento_completo.pdf?sequence=1
https://dx.doi.org/10.1080/05704928.2011.622327
https://dx.doi.org/10.1080/05704928.2011.622327
https://dx.doi.org/10.1016/j.sab.2009.07.025
https://dx.doi.org/10.1016/j.sab.2009.07.025
https://dx.doi.org/10.1016/j.jcpo.2015.06.002
https://dx.doi.org/10.1016/j.jcpo.2015.06.002
https://dx.doi.org/10.1364/AO.43.005399
https://dx.doi.org/10.1364/AO.43.005399
https://dx.doi.org/10.1111/j.1525-1438.2006.00742.x
https://dx.doi.org/10.1111/j.1525-1438.2006.00742.x
https://www.ncbi.nlm.nih.gov/pubmed/17694134
https://dx.doi.org/10.1364/AO.47.000G38
https://dx.doi.org/10.1364/AO.47.000G38

Cureus

11.  Munson CA, Gottfried JL, Snyder EG, De Lucia Jr FC, Gullett B, Miziolek AW: Detection of
indoor biological hazards using the man-portable laser induced breakdown spectrometer.
Appl Opt. 2008, 47:48-57. 10.1364/A0.47.000G48

12.  Singh JP, Thakur SN (eds): Laser induced breakdown spectroscopy. Elsevier Science,
Amsterdam, The Netherlands; 2006.

13.  Hofmann R, Hartung R, Schmidt-Kloiber H, Reichel E: First clinical experience with a Q-
switched Nd: YAG laser for urinary calculi. ] Urol. 1989, 141:275-279. 10.1016/S0022-
5347(17)40739-7

14.  Sun Q, Tran M, Smith BW, Winefordner JD: Zinc analysis in human skin by laser-induced
breakdown spectroscopy. Talanta. 2000, 52:293-300. 10.1016/5S0039-9140(00)00340-4

15.  Kumar A, Yueh FY, Singh JP, and Burgess S: Characterization of malignant tissue cells by
laser-induced breakdown spectroscopy. Appl. Optic. 2004, 43:5399-5403.
10.1364/A0.43.005399

16. Myers M], Myers JD, Guo BP et al.: Non-invasive in-situ detection of malignant skin tissue and
other abnormalities using portable LIBS system with fiber spectrometer and eye-safe erbium
glass laser. Proc SPIE. 2008, 8:68630W. 10.1117/12.764685

17.  Kumar et al. U.S patent 7,092,087 B2 . (2006). Accessed: November 2, 2017:
https://www.google.co.in/patents/US7092087.

18. El-Hussein A, Kassem AK, Ismail H, Harith MA: Exploiting LIBS as a spectrochemical
analytical technique in diagnosis of some types of human malignancies. Talanta. 2010,
82:495-501. 10.1016/j.talanta.2010.04.064

19. Schell AE, Russell MA, Park SS: Suggested excisional margins for cutaneous malignant lesions
based on Mohs micrographic surgery. JAMA Facial Plast Surg. 2013, 15:337-343.
10.1001/jamafacial.2013.1011

20. Bordea C, Wojnarowska F, Millard PR, Doll H, Welsh K, Morris PJ: Skin cancers in renal-
transplant recipients occur more frequently than previously recognized in a temperate
climate. Transplantation. 2004, 77:574-579. 10.1097/01.TP.0000108491.62935.DF

21.  Parker TL, Zitelli JA: Surgical margins for excision of dermatofibrosarcoma protuberans. ] Am
Acad Dermatol. 1995, 32:233-236.

22.  Chan FM, O'donnell BA, Whitehead K, Ryman W, Sullivan TJ: Treatment and outcomes of
malignant melanoma of the eyelid: a review of 29 cases in Australia. Ophthalmology. 2007,
114:187-192. 10.1016/j.0phtha.2006.08.043

23.  Sarma DP, Griffing CC, Weilbaecher TG: Observations on the inadequately excised basal cell
carcinomas. J Surg Oncol. 1984, 25:79-80. 10.1002/j50.2930250204

24. Hamada S, Kersey T, Thaller VT: Eyelid basal cell carcinoma: Non-Mohs excision, repair, and
outcome. Br ] Ophthalmol. 2005, 89:992-994. 10.1136/bjo.2004.058834

25. GullethY, Goldberg N, Silverman RP, Gastman BR: What is the best surgical margin for a
Basal cell carcinoma: a meta-analysis of the literature. Plast Reconstr Surg. 2010:1222-1231.
10.1097/PRS.0b013e3181ea450d

26. Smith V, Walton S: Treatment of facial Basal cell carcinoma: a review . ] Skin Cancer. 2011,
380371. 10.1155/2011/380371

27. Lang PG, Osguthorpe JD: Indications and limitations of Mohs micrographic surgery . Dermatol
Clin. 1989, 7:627-644.

28. Lang PG: The role of Mohs micrographic surgery in the management of skin cancer and a
perspective on the management of the surgical defect. Clin Plast Surg. 2004, 31:5-31.

29. Touma DJ: Mohs surgery to reduce the size of facial defects and necessity for complex repairs .
Plast Reconstr Surg. 2002, 110:1601.

2017 Singh et al. Cureus 9(11): €1842. DOI 10.7759/cureus.1842 50f5


https://dx.doi.org/10.1364/AO.47.000G48
https://dx.doi.org/10.1364/AO.47.000G48
https://www.elsevier.com/books/laser-induced-breakdown-spectroscopy/singh/978-0-444-51734-0
https://dx.doi.org/10.1016/S0022-5347(17)40739-7
https://dx.doi.org/10.1016/S0022-5347(17)40739-7
https://dx.doi.org/10.1016/S0039-9140(00)00340-4
https://dx.doi.org/10.1016/S0039-9140(00)00340-4
https://dx.doi.org/10.1364/AO.43.005399
https://dx.doi.org/10.1364/AO.43.005399
https://dx.doi.org/10.1117/12.764685
https://dx.doi.org/10.1117/12.764685
https://www.google.co.in/patents/US7092087
https://www.google.co.in/patents/US7092087
https://dx.doi.org/10.1016/j.talanta.2010.04.064
https://dx.doi.org/10.1016/j.talanta.2010.04.064
https://dx.doi.org/10.1001/jamafacial.2013.1011
https://dx.doi.org/10.1001/jamafacial.2013.1011
https://dx.doi.org/10.1097/01.TP.0000108491.62935.DF
https://dx.doi.org/10.1097/01.TP.0000108491.62935.DF
https://www.ncbi.nlm.nih.gov/pubmed/7829708
https://dx.doi.org/10.1016/j.ophtha.2006.08.043
https://dx.doi.org/10.1016/j.ophtha.2006.08.043
https://dx.doi.org/10.1002/jso.2930250204
https://dx.doi.org/10.1002/jso.2930250204
https://dx.doi.org/10.1136/bjo.2004.058834
https://dx.doi.org/10.1136/bjo.2004.058834
https://dx.doi.org/10.1097/PRS.0b013e3181ea450d
https://dx.doi.org/10.1097/PRS.0b013e3181ea450d
https://dx.doi.org/10.1155/2011/380371
https://dx.doi.org/10.1155/2011/380371
https://www.ncbi.nlm.nih.gov/pubmed/2676282
https://www.ncbi.nlm.nih.gov/pubmed/15022790
https://www.ncbi.nlm.nih.gov/pubmed/12409793

	Exploring Laser-Induced Breakdown Spectroscopy as a Potential Tool in Mohs Micrography: A Mini Review
	Abstract
	Introduction And Background
	FIGURE 1: Algorithm Approach for the Mohs Procedure

	Review
	Overview of laser-induced breakdown spectroscopy technique
	The postulation
	Use of LIBS during various steps of Mohs micrography
	Defining the margin before making the cut is crucial
	Advantages of LIBS combined with Mohs surgery

	Conclusions
	Additional Information
	Disclosures

	References


