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our patients demonstrated a variable profile to the larger
ERIVANCE trial,2 the AEs in our study were not standardized
and were patient reported. Our study had limitations. This
was a retrospective medical record review and used a rela-
tively small sample size and patient-reported AEs and
assessed improvement based on clinical photos rather than
measurement. Most importantly, none of our 7 patients ter-
minated the medication owing to AEs.

Conclusions | To our knowledge, this is the first study to dem-
onstrate efficacy with 1- to 3-week drug holidays. An inter-
mittent dosing schedule of vismodegib should be considered
when treatment-related AEs would cause discontinuation of
treatment. Dosing regimens as low as 1 week with and 3
weeks without medication continued to demonstrate clini-
cal improvement in patients with BCCs in this cohort. Phar-
macokinetic and prospective randomized clinical trials are
needed to determine the ideal intermittent regimen without
causing resistance.
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Analysis of Trends in Geographic Distribution
and Density of US Dermatologists
The distribution of dermatologists in the United States varies
substantially based on geographic location. In a survey of der-
matologists by the American Academy of Dermatology (AAD)
Association, 38% (and 51% in rural areas) reported believing
that the supply of dermatologists in their community was less
than required.1 In 2009 we last reported on the density of der-
matologists in the United States, which revealed a material geo-
graphic maldistribution with some areas being underserved.2

The purpose of this study was to provide updated informa-
tion on US dermatologist density to identify areas of the coun-
try that continue to be underserved while examining for
changes in maldistribution.

Figure. Patient With Large Periorbital Basal Cell Carcinoma Before and After Treatment
With Intermittent Vismodegib

PretreatmentA PosttreatmentB

A, Patient 5 demonstrating a large
periorbital basal cell carcinoma prior
to treatment. B, Patient 5 eight
months after treatment with
intermittent vismodegib (1 week
receiving and 1 week without
receiving medication for 6 cycles,
followed by 1 week with and 2 weeks
without medication for 5 cycles).
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Methods | Data on the number of practicing American derma-
tologists including fellows, osteopathic fellows, and associ-
ates were obtained from the AAD membership database. The
AAD database included deidentified geographic information
consisting of zip codes, cities, and states. Dermatologist-
to-population ratios were calculated using the AAD data and
population data obtained from the US Census Bureau for 3-digit
zip code locations (section codes). Adjacent section codes were
combined when appropriate. Compound annual growth rates
(CAGR) for dermatologists and density were determined to as-
sess the annual percentage growth over the 7-year period since

the prior study.2 Institutional review board approval was not
applicable because this study did not report on data involv-
ing human participants.

Results | The 2016 AAD database contained 10 845 practicing
American dermatologists compared with 9598 in 2009, a
1.76% CAGR. There are now almost 3.4 dermatologists per
100 000 persons, increased from 3.2 in 2009. Of the 712
section codes containing at least 1 dermatologist, 515
(72.3%) had fewer than 4 dermatologists per 100 000
persons. The 10 highest and lowest dermatologist density

Table. Most and Least Dermatologist-Dense Areas in the United States

Rank

2016 2009
3-Digit
Zip Code
(Section Code) Location

No. of
Dermatologists

Dermatologists
per 100 000

3-Digit
Zip Code
(Section Code) Location

No. of
Dermatologists

Dermatologists
per 100 000

Most Dermatologist-Dense Areas in the United States

1 101 Manhattan,
New York
(upper east side)

26 41.8 022 Boston,
Massachusetts
(downtown)

9 46.9

2 943 Palo Alto,
California

39 36.6 943 Palo Alto,
California

37 36.7

3 904 Santa Monica,
California

33 35.9 101 Manhattan,
New York
(upper east side)

19 33.5

4 022 Boston,
Massachusetts
(downtown)

9 31.9 904 Santa Monica,
California

24 26.2

5 024 Middlesex
County,
Massachusetts

114 27.9 024 Middlesex
County,
Massachusetts

82 20.6

6 100 Manhattan,
New York
(central and
lower)

361 24.0 100 Manhattan,
New York
(central and
lower)

292 18.9

7 037 Hanover,
New Hampshire

15 19.4 037 Hanover,
New Hampshire

14 18.0

8 208 Bethesda and
Rockville,
Maryland

109 16.2 911 Pasadena,
California

27 15.6

9 214 Annapolis,
Maryland

14 15.2 214 Annapolis,
Maryland

14 15.6

10 041 Portland, Maine 17 15.1 106 White Plains,
New York

12 14.9

Least Dermatologist-Dense Areas in the United Statesa

712 114 Jamaica,
New York

2 0.27 114 Jamaica,
New York

1 0.13

711 403 Lexington,
Kentucky

1 0.30 936 Fresno,
California

1 0.17

710 989 Yakima,
Washington

1 0.35 453 Dayton, Ohio 1 0.20

709 776 Beaumont, Texas 1 0.37 465 South Bend,
Indiana

1 0.21

708 935 Mojave,
California

2 0.38 486 Saginaw,
Michigan

1 0.23

707 453 Dayton, Ohio 2 0.41 707 Baton Rouge,
Louisiana

1 0.27

706 465 South Bend,
Indiana

2 0.42 307 Chattanooga,
Tennessee

1 0.28

705 484 Flint, Michigan 2 0.44 448 Mansfield, Ohio 1 0.28

704 790 Amarillo, Texas 1 0.44 403 Lexington,
Kentucky

1 0.31

703 304 Swainsboro,
Georgia

1 0.45 086 Trenton,
New Jersey

1 0.36

Comparison of the 10 most and least dermatologist-dense areas in the United States in 2016 vs 2009.
a For section codes containing at least 1 practicing dermatologist.
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locations found in 2016 are compared with 2009 in the
Table. The average density of dermatologists in the 10 high-
est section codes was 23.3 per 100 000, a decrease from 25
in 2009 (−1% CAGR). Overall, 38.6% of dermatologists in the
AAD database practice in the 100 densest section codes
compared with just 1.8% in the 100 least dense section
codes.

Discussion | Dermatologists are unevenly geographically dis-
tributed, with most practicing in dermatologist-dense areas,
typically in or near big cities or large academic centers
(Figure). There appears to have been only a minimal shift in
the dermatologic workforce distribution. This analysis is
consistent with literature demonstrating an undersupply of
dermatologic services in the US.3 Despite increases in over-
all density, over 70% of section codes with at least 1 practic-
ing dermatologist have less than 4 per 100 000 (the esti-
mated number needed to adequately care for a population),
with nearly 60% having less than 3 per 100 000.

The demand for dermatologic services is increasing
with an aging population and rising rates of skin cancer and
other skin diseases. A higher density of dermatologists in a
given geographic area has been associated with more effec-
tive diagnosis and improved patient outcomes including a
lower melanoma mortality rate.4,5 This provides an addi-

tional impetus to correct the current undersupply and
maldistribution. Initiatives may need to be developed to
incentivize dermatologists to practice in underserved areas.

There are almost 500 dermatologists that enter the
workforce postresidency each year with approximately 325
leaving, leading to a net CAGR of 1.76%. The US population
is increasing annually at 0.8%, suggesting that this shortage
may be slowly improving but will still be present for many
years. Part of this gap may be supplemented by the substan-
tial influx of nonphysician dermatology mid-level clini-
cians. Nonetheless, the supply of new dermatologists is lim-
ited by the number of residency training slots available.
Without increasing those positions, many regions will most
likely experience a continued supply shortage of formally
trained dermatologists over the upcoming years.
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Figure. US Dermatologist Density by 3-Digit Zip Code
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The number of dermatologists practicing per 100 000 people in each 3-digit postal section code is indicated by the colors on the map. Section codes without a
practicing dermatologist are included in white. Note that the Great Lakes are included in US section coding and do not appear on the map.
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Enhanced Removal of Phenol With Lidocaine
vs Alcohol: An In Vitro Study
Phenol cauterization is often the treatment of choice for some
types of ingrown toenails; however, there are conflicting re-
ports in the literature as to whether neutralization of the phe-
nol is required or merely effective removal of excess phenol is
needed. An intraoperative irrigation with isopropyl alcohol af-
ter the application of phenol to the skin does not neutralize the
phenol, but rather dilutes it.1,2 Owing to the solubility of phe-
nol in alcohol and water, we hypothesized that the intraopera-
tive irrigation with an aqueous solution, such as 0.9% sterile sa-
line, isopropyl alcohol, or 2% lidocaine3 would eliminate, rather
than neutralize any residual phenol. We performed an in vitro
study using the nail bed to test our hypothesis.

Methods | Approval for this study was provided by the Re-
search Committee of the Universidad Rey Juan Carlos de

Madrid. Nine anatomical cadaveric fresh halluces (5 right, 4
left) from 5 cadaveric bodies were used to perform the in vitro
experiment.

An automated cell diffusion system (PermeGear) was used
as previously described.4 Briefly, phosphate buffered saline was
used as the receptor fluid and a 1-cm2 piece of human ca-
daver nail bed obtained by dissection from the dorsal side of
the foot was placed in each diffusion cell, oriented with the
stratum corneum facing upward. The mean (SD) thickness of
the skin samples were 1.65 (0.16) mm as measured by a digital
caliper with a resolution of 0.01 mm and an accuracy of
±0.04 mm. Irrigation solutions of isopropyl alcohol, 0.9% sa-
line, or 2% lidocaine were used after phenol application as pre-
viously described,4 each conducted in triplicate. An addi-
tional sample was taken from the receptor compartment to
determine the amount of phenol that passed through the nail
bed for each of the irrigation solutions.

Independent student t tests were performed to deter-
mine statistically significant differences in the quantities of
phenol recovered after each irrigation as well as quantities of
phenol that passed through the skin between the 3 different
irrigation solutions.

Results | No measurable amount of phenol was collected in the
receptor compartment for each experiment, suggesting that
phenol diffusion through the nail bed does not exist or is be-
low detection limits. Rather, phenol remained on the skin sur-
face for the full 3 minutes of the experiment, similar to the clini-
cal setting. The amount of phenol recovered from the 3 donor
compartments after 2 irrigations with each solution is shown
in the Table. After the first irrigation, the total phenol recov-
ered was significantly higher with lidocaine compared to al-
cohol; however, there was not a significant difference be-
tween the amount recovered with saline or alcohol. In addition,
there were no significant differences between the amounts of
phenol recovered after the second irrigation with any of the
solutions used.

Discussion | Phenol ablation is the most widely performed
method of matricectomy.5 The caustic nature of the phenol,
which allows it to destroy the lateral and subproximal nail
fold matrix, may cause significant tissue necrosis, pain, per-
sistent exudative drainage, and periostitis.6 In our study, we
recovered active phenol after irrigation with alcohol, saline,

Table. Mean (SD) of Phenol Recovered in Each Experiment Using 96% Ethanol, 0.9% Saline Solution,
or 2% Lidocaine Solutionsa

Phenol Recovery

Mean (SD), mg P Valueb

Experiment 1,
96% Ethanol

Experiment 2,
0.9% Saline

Experiment 3,
2% lidocaine 1 vs 2 1 vs 3

After first irrigation 30.43 (5.32) 34.48 (5.84) 38.84 (0.35) .21 .03

% (64.06) (72.59) (81.76)

After second irrigation 3.76 (1.34) 3.71 (2.02) 3.42 (0.62) .49 .35

% (7.92) (7.81) (7.20)

Total Phenol recovered 34.19 (5.55) 38.19 (4.12) 42.26 (0.85) .19 .03

% (71.98) (80.40) (88.96)

Abbreviation: mg, milligrams.
a A total of 47.5 mg (100%) of phenol

were used in each experiment.
b P < .05 (with a 95% confidence

interval) was considered statistically
significant.
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