Errorsin theinterpretation of Mohs
histopathology sections over a one-year fellowship.

Michael E. Murphy MD, David G. Brodland MD, John ZAitelli MD
Pittsburgh, Pennsylvania

Correspondence:

Michael E. Murphy
Shadyside Hospital Suite 303
5200 Centre Ave
Pittsburgh, PA 15232
(412)-681-9400
murphymdl@gmail.com

No funding sources were obtained for this work
The authors have no conflict of interest to diselos

Presented at the American College of Mohs Surgenmyual Meeting in the Tromovitch
award abstract session. Naples, Florida May 37200

Reprint requests:

Michael E. Murphy
Shadyside Hospital Suite 303
5200 Centre Ave
Pittsburgh, PA 15232
(412)-681-9400
murphymdl@gmail.com

Word count: 1592
Number of references: 4
Number of tables: 1
Number of figures: 5



Errorsin theinter pretation of Mohs histopathology sections
over aone-year fellowship.

ABSTRACT

Background: Errors can occur in the interpretation of Mohsdpstthology sections.
Errors in the interpretation of Mohs histology daad to incomplete removal of cancer
and cancer persistence or the unnecessary remiovainvolved tissue. Extensive
proctored training is required to reduce thesersiiman absolute minimum level.

Objective: To analyze and quantify the number of cases amadnmount of time required
to obtain expertise in the reading and interpretatif Mohs histopathology.

Methods: A single institution pilot study was designed to kracrors in the

interpretation and mapping of Mohs histopathologgti®ns. Mohs cases were
independently pre-read by the Mohs surgery fellatih &n interpretation rendered on the
Mohs map. Subsequently, all cases were gradededyltiihs program director. Errors
were scored on a graded scale and tracked oventhgear fellowship to determine the
number of cases and amount of time necessary tweeetrors to a baseline minimal
level.

Results: 1491 Mohs surgery cases were required to geneBdfé dathology specimens
for review and grading over 6 months of Mohs swydellowship in order to reduce
errors to a minimal acceptable level.

Limitations: This is a single-institution pilot study. The fugudirection of this study is
to expand it to a multi-institutional scope in artie control for individual bias.

Conclusions:. The number of cases and time required to reducerserin the
interpretation of Mohs histology is significanthdse results can act as a guide for Mohs
surgery training programs to help determine theimmim number of directly proctored
cases required to obtain expertise in this cruicmatponent of Mohs surgery.



INTRODUCTION

Mohs surgery achieves the highest cure rate fot ce®amon cutaneous cancers.
However, to be effective, this highly specializedgscal technique requires expertise in
cutaneous oncology, Mohs surgical technique andomgpMohs histopathology, and
cutaneous reconstruction. Proficiency in Mohgsuy is requires time, teaching, and a
sufficient quantity of cases from which to learn.

Errors in the interpretation and mapping of Molstdpathology sections can lead to
cancer persistence and local recurrence. In amy stechnical and interpretation errors
accounted for 77% of cases with local recurrénégrors of any kind have a direct and
deleterious effect on the cure rate of Mohs surgefpe goal of all Mohs surgeons is to
minimize potential errors in order to achieve tighkst cure rate possible.

This study is a single institution pilot study exaimg the number of cases and the
amount of time needed to become proficient in titerpretation and mapping of Mohs
histopathology sections.



METHODS

This was a prospective single institution studyneixeng the frequency of errors
occurring in the interpretation and mapping of Mbistopathology sections. The study
was designed to track errors involving the readihlylohs pathology sections based on a
graded scale. The study did not start until tte®sd month of fellowship when the
concept was developed. The study proceeded ifollogving fashion.

The Mohs histopathology sections were initiallyependently read by the Mohs fellow-
in-training and a commitment to his interpretatvesis made on the Mohs map in pencil.
Subsequently, all cases were reviewed by the Matgram director and fellow-in-
training together at a dual headed microscope. Mdles program director marked all
maps definitively in red ink. All cases were grd@and scored based on the scale shown
in Table 1.

Serious errors wererrors in reading Mohs sections or mapping resitiuabr which

could potentially lead to a recurrence of the came®re scored as 3 points. Examples of
a serious error included when tumor was missedamrrectly mapped by the fellow-in-
training.

Errors in reading and mapping of Mohs sections Wwicmuld lead to taking additional
layers when it was not necessary were scored aggsp Examples of an error included
when the fellow felt tumor was still present bug irogram director determined that it
had cleared.

The fellow’s judgment vs. Program director’s judgrnen issues where there was no
clear cut right or wrong answer were consideredvegal errors. These were scored as
1 point. A classic example in this category wasgieacal cases of follicular basaloid
proliferation vs. basal cell carcinoma.

A score of 0 points was given for every case inclwlthe program director and the fellow
concurred in the reading and mapping of the Mobt@e

Grades were tallied daily at the microscope. Dada @ntered into an Excel spread sheet
to calculate all types of errors and the frequerfayeir occurrence over time. Serious
errors committed per 100 cases graded were alsolatdd. This statistic was important
to control for the month to month variability inetmumber of cases graded.



RESULTS

The number of serious errors per one hundred caasded was the critical statistic of the
study. During the first month of the study (the@®d month of fellowship) 6.78 serious
errors/100 cases graded were committed. Erroredsed in a logarithmic fashion over
the year long fellowship to a minimal and consisteaseline. (See figure 1)

We chose to monitor when the serious error rateperhundred cases read dropped
below 1. We chose this threshold because of th®9% cure rate of Mohs surgery for

most common primary tumar$™® December was the first month in which serious
errors/100cases dropped below the 1 serious d@0rtases graded threshold. That was
6 months into the Mohs surgery fellowship.

While time may be a significant factor in learnitogread Mohs surgery pathology
sections correctly, the quantity of cases revieamd graded may be of even greater
importance. The cumulative number of Mohs casefopeed and Mohs histopathology
sections graded over the one year fellowship caseba in Figure 2. In December, the
first month when the threshold of 1 serious ermrgne-hundred cases read was crossed,
the fellow-in-training had either performed or agsd in 1491 Mohs surgery cases which
generated 1347 Mohs histopathology sections whieteweviewed and graded by the
fellow before review by the program director. Té@simbers differ slightly because not
all cases were able to be pre-read by the fellow.

All other error types were similarly graded anddaled. The average error score per
case read is noted in Figure 5. This include®ssrerrors, errors, equivocal errors and
cases which were concordant based on the gradkedsswhaveraged. (See figure 3)
The average error score also decreased in a lbgacifashion settling to a minimal
baseline around thé"3o 6 month of fellowship.

Several landmark events in the learning curve oh§/leistopathology were noted during
the year long fellowship. The first day of felldws with no recorded errors of any type
was August 2%, approximately 7 weeks into fellowship trainindt that point in time
466 Mohs surgery cases had been completed and dh6 pathology specimens were
graded. The week ending Novembel as the first week with no serious errors
recorded. This was 4 ¥2 months into fellowship anthat point 1157 Mohs surgery
cases had been completed and 948 Mohs pathologisses graded. The first month
with less than 1 serious error noted per 100 Mplesisnens graded was in December
which was 6 months into fellowship with 1491 Molases completed and 1347 Mohs
specimens graded.



DISCUSSION

We conclude that the time and number of cases daededuce errors in reading Mohs
pathology sections is significant. Most importanthe fellow interpreted pathology
slides on nearly 1500 Mohs cases and was theliretteewer of 1347 pathology
specimens over 6 months before decreasing err@ns &wceptable level. Currently the
minimum number of cases required for the Americalie€ge of Mohs Surgery and
ACGME credentialed one year Mohs surgery fellowshg500. When the current
fellow in training involved in this study reachddat minimum number of 500 cases, the
error rate was still unacceptably high.

The one potential sources of bias within this stisdyat it involves only one individual’s
errors. This will be addressed in the future byaeding this study to a multi-
institutional basis. However, it is worth addregsihe prior dermatopathology training
of the fellow involved in the study. The fellow-training who participated in this study
was a board certified dermatologist. The fellowesrdatopathology training from
residency included weekly unknown sessions, guartemulative timed glass
dermatopathology exams over all 3 years of resigleantnual completion of an entire
dermatopathology text, and 2 months of concentrdégthatopathology training at the
Armed Forces Institute of Pathology. The fellowtiaining scored in the top 5% on the
dermatology inservice examination during all thyears of residency. So while
individual bias is a potential confounder, thedallin question was prepared to interpret
Mohs histopathology.

The key components for improvement in the integireh of Mohs histopathology are
independent interpretation of Mohs histology sextiand mentored correction of errors.
Without an experienced program director correciathology errors with the Mohs
surgery fellow there is no reason to believe thasé errors would be noticed and

corrected over time If the fellows in training are not required to impdmdently interpret
the Mohs histopathology and then be graded, theg thie opportunity to learn from
mistakes and have a false sense of proficiencyngtb&rom the program director’'s
abilities.

Previous studies have shown that technical andorgtation errors are the most
important factor affecting the recurrence rateafaer after Mohs surgery. Similarly

in this study, one can calculate the proportiopatential recurrence rate after different
lengths of fellowship training and after differentmber of cases performed and graded.
For example, after 2 months of training, 565 Moases performed and 436 Mohs
histology cases graded the fellow-in-training hagaous error/100 cases rate of 6.78.
This is more than six times the eventual baselfriess than 1 serious error/100 cases
rate that was achieved by months 6-10. If traimg stopped at the end of 2 months
and no further mentored correction of errors oalithe recurrence rate would mostly
likely remain at this elevated level.



This study is timely because of the recent incré@ephasis on the reduction of medical
errors. All medical specialties including Mohsgeny have some minimal baseline of
errors which occur. The goal is to make that basedrror rate as small as possible.

In conclusion, proficiency in interpretation of M®histopathology cannot be achieved in
a matter of a few months, weeks or days. Nor the achieved by looking a few cases,
10’s of cases and not even a few hundred casestokéel correction of errors is
essential to improvement. All Mohs surgery fellovgstraining programs should institute
mandatory independent interpretation of Mohs histioplogy sections by the fellow
followed by grading by the program director. Wdidaee this study gives objective
validity to the current Mohs College and ACGME regqment that 500 cases is the
minimum number required in a Mohs surgery felloystund believe that a higher
number of cases will help reduce errors to the &tyessible level.



Figurel

Serious Errors/100 cases read
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FigurelLegend

Serious errors/100 cases read over time. Decewdrethe first month that errors
dropped below the threshold of 1 serious erroridd¥es read. That was six months into
Mohs surgery fellowship.



Figure2

Cumulative Mohs Cases Performed and Histology
Cases Graded
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Figure2 Legend

Cumulative mohs cases include cases in which tlewfevas the primary surgeon or the
assistant. The number of cumulative mohs histok&gptions graded are slightly less
than the number of mohs cases performed becausy@gt case was able to be pre-read
by the fellow.



Figure3

Error score per case read
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Figure 3 Legend

This graph depicts the average error score perrease This included all types of errors



Tablel

Typeof error Score
Serious error 3
Error 2
Equivocal error 1
Concordance 0
Table 1 Legend

The grading scale used for the interpretation ohbistopathology sections
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