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1  | INTRODUCTION

Contact dermatitis is a common skin problem which accounts for 
nearly 5.7 million physician visits annually.1,2 Patch testing is the 
gold standard for evaluating patients with suspected allergic con-
tact dermatitis (ACD).3 Dermatologists routinely evaluate patch 
tests by means of visual inspection and palpatory findings. Precise 

reading and interpretation of patch test reactions are challenging 
and require an experienced clinician.4 The International Contact 
Dermatitis Research Group developed a scoring system for as-
sessing patch test reactions that were accepted by the North 
American Contact Dermatitis Group. However, this method 
is limited by its subjectivity and possible variability between 
observers.5,6
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Abstract
Introduction: Patch testing is the gold standard for evaluating allergic contact derma-
titis (ACD), yet current interpretation methods are limited by their subjectivity and 
possible variability between observers. Optical coherence tomography (OCT) imag-
ing enables noninvasive in vivo skin visualization and holds promise as an objective 
method of patch test interpretation.
Objective: To evaluate the micromorphological changes of patch test reactions and 
identify objective, quantitative OCT markers that correlate with clinically graded 
patch test reactions.
Results: A total of 25 patch test reactions (7 grade-0, 4 grade-1+, 14 grade-2+) from 
7 patients underwent OCT evaluation. Increased epidermal thickness and density 
was qualitatively observed in grade 1+ and grade 2+ allergic reactions while well-
demarcated, signal-free cavities were observed in all grade 2+ reactions. Attenuation 
coefficients significantly increased across the three reaction grades (2.58 ± 0.092, 
2.96 ± 0.121, 3.05 ± 0.065; P < 0.01). Cutaneous blood flow at 0.35 mm monotoni-
cally increased with reaction grade severity and blood measurements significantly 
differed across the three reaction grades (0.053 ± 0.011 mm/s, 0.078 ± 0.015 mm/s, 
and 0.121 ± 0.008 mm/s; P < 0.01).
Conclusions and Relevance: Attenuation coefficient and cutaneous blood flow at 
0.35 mm correlate with clinically graded patch test reactions and hold promise as 
objective, quantitative markers. OCT may help dermatologists differentiate clinical 
scoring of allergic reactions in patch test and thereby improve their diagnostic accu-
racy and interpretation of patch test reactions.
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Different noninvasive modalities have been explored in attempts 
to find a more objective method of evaluating patch test reactions 
including bioengineering methods, laser Doppler flowmetry (LDF, 
measurement of cutaneous blood flow), colorimetry (assessment 
of erythema), IR thermography, and 20-MHz ultrasound A-scans.7 
However, these methods were unable to gain significant traction in 
clinical practice and have yet to be established as appropriate objec-
tive methods for patch test reading.8

Optical coherence tomography (OCT) is an advanced imaging 
method which enables noninvasive in vivo visualization of skin lay-
ers such as the stratum corneum, the epidermis, the upper dermis, 
skin appendages, and blood vessels. In comparison with other non-
invasive methods, OCT provides additional information on micro-
morphological changes in ACD and holds promise as an objective 
method of grading patch test reactions.9,10

Hence, in this pilot study we aim to investigate the micromor-
phological changes of ACD reactions and identify objective, quanti-
tative in vivo OCT markers that correlate with clinically graded patch 
test reactions.

2  | METHODS

2.1 | Patients and patch testing

Patients with a clinical history of ACD underwent patch testing at the 
University of Miami Hospital, Dermatology outpatient clinic. Patch 
tests were placed on the upper back according to the International 
Contact Dermatitis Research Group and the North American 
Contact Dermatitis Group Guidelines and removed after 48 hours. 
Reaction sites were clinically graded 72 hours after patch place-
ment (Table 1).11 After obtaining written informed consent, areas 
with positive reactions were photographed and marked for OCT 

evaluation. This study was approved by the Institutional Review 
Board at the University of Miami.

2.2 | OCT measurements

Optical coherence tomography measurements were obtained on 
both skin sites with positive reactions and control sites without posi-
tive reactions. A commercial OCT machine, VivoSight® (Michelson 
Diagnostics, Kent, UK), was used in this study with a central wave-
length of 1305 nm; an optical resolution of <7.5 μm lateral and <5 μm 
axial; a scan area of 6 × 6 mm; and a penetration depth around 
1-2 mm. The settings for all scans were 120 frames and 6 mm width 
and each scan took 30-90 seconds.

2.3 | Quantitative dynamic OCT scan analysis

Measurements of the dynamic or speckle variance signal were ob-
tained using a software tool provided by the Michelson Diagnostics 
Ltd. Dynamic OCT signals were measured at depths of 0.1 and 
0.35 mm from the skin surface. Any local movement, such as that 
produced by cutaneous capillary blood flow, is quantified by a dy-
namic OCT signal. By calculating the signal intensity of speckle vari-
ance across at frames at different depths, the software indirectly 
measured cutaneous capillary blood flow beneath the ACD and con-
trol reaction sites.12

2.4 | Quantitative OCT optical attenuation analysis

Optical attenuation analysis was performed using a software tool 
provided by Michelson Diagnostics Ltd. The software extracted the 
average OCT signal vs. depth profile across all data points in the 
6 mm × 6 mm scan to generate an attenuation coefficient for a given 

Score/code Interpretation Advice

0 Negative reaction

± Doubtful reaction, faint 
erythema

Caution with interpretation, especially with less 
common allergens. Consider repeat testing or 
follow-up with ROAT testing.

1+ Weak (nonvesicular) 
positive reaction; 
erythema, infiltration 
and possibly papules, 
slight infiltration

Erythema should be palpable and occupy > 50 
percent of patch test site.

2+ Strong (vesicular) positive 
reaction; erythema, 
infiltration, papules, and 
vesicles

Look for microvesicles to occupy at least 50 
percent of the patch test site.

3+ Extreme positive reaction, 
bullous reaction, 
ulcerative

Confluent vesicles.

IR Irritant reactions There is a broad range. Mild irritant reactions 
have a glazed appearance. Moderate reactions 
are follicular (pustular in atopics). Extreme 
reactions can be ulcerative.

TABLE  1  International contact 
dermatitis research group scoring system
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F IGURE  1  (A) Original cross-sectional 
OCT slice of cutaneous allergic reactions 
(0-2 + ). (B) D-OCT en face images of the 
back of a subject with 2 positive allergic 
cutaneous reactions grades. 1 to 2 +
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sample. The attenuation coefficient is a quantitative marker for en-
trance signal disruption.

2.5 | Statistical analysis

Continuous variables were calculated and listed by mean, stand-
ard deviation, and 95% confidence interval by total sample and by 
reaction grade. Blood flow at 0.1 mm, blood flow at 0.35 mm, and 
attenuation coefficients were compared across the three reaction 
grades using one-way ANOVA tests. Statistical significance was de-
termined at the level of α < 0.05. All statistical analyses were com-
pleted using JMP® Pro version 14.0.0 (SAS Institute Inc., Cary, NC).

3  | RESULTS

In total, 7 individuals (5 females, 2 males) with a positive patch test 
reaction to at least one allergen underwent OCT evaluation. Mean 
age of study participants was 54.4 ± 16.2 years. OCT measurements 
from 18 positive (grade 1+ and 2+) and 7 negative (grade 0) patch 
test reaction sites were obtained and analyzed.

Under OCT, we qualitatively observed an increase in epidermal 
thickness and density in grade 1+ and 2+ patch test allergic reac-
tions. Moreover, well-demarcated signal-free cavities were visual-
ized in all grade 2+ reactions (Figure 1).

Mean cutaneous blood flow rates at depths of 0.1 mm 
were 0.029 ± 0.033 mm/s, 0.039 ± 0.044 mm/s, and 0.068 ± 
0.024 mm/s for reaction grades 0, 1+, and 2+, respectively 
(Table 2.). Reaction sites graded 1+ and 2+ had the highest mea-
sured flow, yet there was no significant difference across the three 
reaction grades (P = 0.28) at a depth of 0.1 mm. For cutaneous 
blood flow at 0.35 mm, mean flow rates were 0.053 ± 0.011 mm/s, 
0.078 ± 0.015 mm/s, and 0.121 ± 0.008 mm/s for reaction grades 
0, 1+, and 2+, respectively (Table 2). At a depth of 0.35 mm, 

cutaneous blood flow monotonically increased with reaction 
grade severity and blood flow measurements significantly dif-
fered across the three reaction grades (P < 0.01). Moreover, at-
tenuation coefficients significantly increased across the three 
reaction grades (2.58 ± 0.092, 2.96 ± 0.121, 3.05 ± 0.065; 
P < 0.01). (Table 2, Figures 2 and 3)

4  | DISCUSSION

Patch testing is the gold standard for evaluating suspected ACD 
and performing the test has been demonstrated to reduce the 
costs of treatment and improve quality of life.13,14 However, 

TABLE  2 Mean and standard deviation of blood flows and attenuation Coefficient in different clinical scoring of allergic patch test 
reactions. Correlation between clinical scoring of allergic patch test reactions and OCT measurements

Grade Count OCT measurements Mean ± SD

0 7 Blood flow 0.1 mm 
Blood flow 0.35 mm 
Attenuation

0.029 ± 0.033 
0.053 ± 0.011 
2.58 ± 0.092

1+ 4 Blood flow 0.1 mm 
Blood flow 0.35 mm 
Attenuation

0.039 ± 0.044 
0.078 ± 0.015 
2.96 ± 0.121

2+ 14 Blood flow 0.1 mm 
Blood flow 0.35 mm 
Attenuation

0.068 ± 0.024 
0.121 ± 0.008 
3.05 ± 0.065

OCT measurements P-value

Blood flow 0.1 mm 0.6106

Blood flow 0.35 mm 0.0002

Attenuation coefficient 0.0016

bold values shows the  statistically significant differences

F IGURE  2 Correlation between clinical scoring of allergic patch 
test reactions and attenuation coefficient
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current methods to interpret patch tests are limited by the use 
of subjective techniques that may be inaccurate or insensitive.4 
Moreover, noninvasive imaging technologies such as ultrasound 
may provide fairly undifferentiated information and be susceptible 
to the same limitations as clinical grading.6,15,16 OCT is a promising 
new modality for visualizing the micromorphological details of an 
ACD lesion and may offer an objective assessment of patch test 
reactions.

Gambichler et al previously evaluated ACD by using OCT and 
correlated the clinical grading of patch test reactions with OCT's 
findings. When compared to negative controls, they observed 
marked skin folds, disrupted entrance signals, and an increase in 
epidermal thickness.5 However, cutaneous blood flow changes over 
different clinical patch test grades were not studied.

In our study utilizing OCT, we confirmed that ACD tended to pro-
duce larger skin folds and increase epidermal thickness, particularly 

in grade 2+ reactions. We theorize the marked skin folds observed 
in ACD may be attributed to intercellular edema and the hyperpro-
liferative processes induced by locally released inflammatory cyto-
kines.5,11 Additionally, under OCT we visualized well-demarcated 
signal-free cavities in grade 2+ ACD reactions. This finding likely 
corresponds to vesicle formation and coalescing spongiosis, a typi-
cal feature of grade 2+ and 3+ patch test reactions that distinguishes 
grade 2+ and 3+ reactions from less severe patch test grades (0 and 
1+).17 However, micromorphological features such as cutaneous 
thickness and density can vary across people of different ethnici-
ties and genders. Therefore, skin thickness and echogenicity of the 
upper dermis may be unreliable for differentiating patch test reac-
tion grades.

As ACD reaction grades worsened in severity, attenuation coeffi-
cients and visualization depths significantly increased and decreased, 
respectively. This is an expected finding, given higher attenuation co-
efficients indicate a reduced penetration depth by the interrogating 
laser beam. As the cutaneous response to allergens includes intersti-
tial edema, cellular infiltrates, and blood vessel dilatation, this edem-
atous inflammation likely decreases the image penetration depth of 
OCT scans due to water's chromophoric properties in the infrared 
spectrum.18 Because attenuation coefficients significantly differed 
across patch test grades, this quantitative parameter may be of clini-
cal value as an objective measure of ACD reaction grade.

Lastly, quantitative blood flow was analyzed among clinical re-
sponders at two predetermined depths. While mean differences 
in blood flow from baseline were statistically significant in grade 
2+ reactions at both depths, superficial blood flow alterations at 
0.1 mm did not statistically change across the clinical grades studied. 
Meanwhile, the greatest changes in blood flow were demonstrated 
at the depth of 0.35 mm and blood flow significantly increased with 
worsening reaction severity. Thus, in vivo OCT measurements of 
cutaneous blood flow at 0.35 mm may help differentiate between 
clinical patch test grades of 0, 1+, and 2+.

Altogether, these data suggest that attenuation coefficients and 
cutaneous blood flow at 0.35 mm may potentially serve as quanti-
tative parameters for objective patch test grading. Incorporating 
OCT evaluation into patch test interpretation algorithms may offer 
more consistent and accurate allergic reaction grading. Furthermore, 
it may also improve the accessibility of patch testing. According to 
2014 Centers for Medicare & Medicaid Services data, patch test-
ing is nationally underutilized based on the estimated prevalence of 
ACD.19 The use of objective measures may reduce the learning curve 
for patch test interpretation and remove a barrier for clinics to offer 
the test in their practice. Overall, OCT evaluation in patch testing 
has the potential to improve diagnostic accuracy and better inform 
treatment recommendations.

4.1 | Study limitations

This study has inherent limitations that need to be considered. First, 
this pilot study is inherently limited by a small sample size and would 
benefit from additional patch test reactions. Second, our study 

F IGURE  3 Correlation between clinical scoring of allergic patch 
test reactions and blood flow at depth of 0.1 mm and 0.35 mm
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patients did not present with any grade 3+ patch test reactions, and 
thus, OCT variables were unable to be evaluated in the setting of all 
clinical reaction grades. Larger studies are needed to corroborate 
these findings and further define standard value ranges for attenua-
tion coefficient and cutaneous blood flow across all clinical reaction 
grades.

5 | CONCLUSION

OCT findings in ACD include noticeable skin folding, entrance signal 
disruption (increased attenuation coefficient), the presence of de-
marcated signal-free cavities, and an increase in quantitative blood 
flow. Statistically significant changes in cutaneous blood flow were 
measured at the depth of 0.35 mm across the spectrum of clinical 
reaction grades observed. OCT may help dermatologists differen-
tiate clinical scoring of ACD and thereby improve their diagnostic 
accuracy and interpretation of patch test reactions.

ORCID

Ali Rajabi-Estarabadi   https://orcid.org/0000-0002-3631-9844

Darren C. Tsang   https://orcid.org/0000-0002-6409-7070 

REFERENCES

	 1.	 Clark SC, Zirwas MJ. Management of occupational dermatitis. 
Dermatol Clin 2009;27(3):365‐383, vii-viii.

	 2.	 Lushniak BD. Occupational skin diseases. Prim Care. 
2000;27(4):895‐916.

	 3.	 Bernstein IL, Li JT, Bernstein DI, et  al. Allergy diagnostic test-
ing: an updated practice parameter. Ann Allergy Asthma Immunol. 
2008;100(3 Suppl 3):S1‐S148.

	 4.	 Uyesugi BA, Sheehan MP. Patch testing pearls. Clin Rev Allergy 
Immunol. 2019;56(1):110‐118.

	 5.	 Gambichler T, Moussa G, Sand M, et al. Correlation between clin-
ical scoring of allergic patch test reactions and optical coherence 
tomography. J Biomed Optics. 2005;10(6):064030.

	 6.	 Zuang V, Archer G, Rona C, Vignini M, Mosca M, Berardesca E. 
Predicting visual assessment of allergic patch test reactions by 
non-invasive measurements. Skin Pharmacol Appl Skin Physiol. 
2000;13(1):39‐51.

	 7.	 Boone MA, Jemec GB, Del Marmol V. Differentiating allergic and 
irritant contact dermatitis by high-definition optical coherence to-
mography: a pilot study. Arch Dermatol Res. 2015;307(1):11‐22.

	 8.	 Lindberg M, Matura M. Patch testing. In: Johansen JD, Frosch PJ, 
Lepoittevin J-P, eds. Contact Dermatitis. Berlin, Heidelberg: Springer 
Berlin Heidelberg; 2011:439‐464.

	 9.	 Gambichler T, Jaedicke V, Terras S. Optical coherence tomography 
in dermatology: technical and clinical aspects. Arch Dermatol Res. 
2011;303(7):457‐473.

	10.	 Welzel J. Optical coherence tomography in dermatology: a review. 
Skin Res Technol 2001;7(1):1‐9.

	11.	 Wahlberg JELM. Patch testing. In: Frosch JP, Menne′ TLJ, eds. 
Contact dermatitis, 4th edn. Berlin Heidelberg: Springer-Verlag; 
2006:366‐390.

	12.	 Olsen J, Birch-Johansen FH, Themstrup L, Holmes J, Jemec GBE. 
Dynamic optical coherence tomography of histamine induced 
wheals. Skin Res Technol 2018;24(4):592‐598.

	13.	 Basko-Plluska JL, Thyssen JP, Schalock PC. Cutaneous and sys-
temic hypersensitivity reactions to metallic implants. Dermatitis. 
2011;22(2):65‐79.

	14.	 James WD, Rosenthal LE, Brancaccio RR, Marks JG Jr. American 
Academy of Dermatology Patch Testing Survey: use and effective-
ness of this procedure. J Am Acad Dermatol. 1992;26(6):991‐994.

	15.	 Marks JG, Belsito DV, DeLeo VA, et  al. North American Contact 
Dermatitis Group patch test results for the detection of delayed-
type hypersensitivity to topical allergens. J Am Acad Dermatol. 
1998;38(6 Pt 1):911‐918.

	16.	 Agner T, Serup J. Individual and instrumental variations in irritant 
patch-test reactions–clinical evaluation and quantification by bio-
engineering methods. Clin Exp Dermatol. 1990;15(1):29‐33.

	17.	 Vestergaard L, Clemmensen OJ, Sorensen FB, Andersen KE. 
Histological distinction between early allergic and irritant patch 
test reactions: follicular spongiosis may be characteristic of early 
allergic contact dermatitis. Contact Dermatitis. 1999;41(4):207‐210.

	18.	 Jacques SL. Optical properties of biological tissues: a review. Phys 
Med Biol. 2013;58(11):R37‐R61.

	19.	 Meyer MD, McDonald H, Lott J, Watsky KL. Utilization and geo-
graphic variation of patch testing among medicare beneficiaries. 
Dermatitis. 2016;27(4):234‐236.

How to cite this article: Rajabi-Estarabadi A, Tsang DC, Nouri 
K, Tosti A. Evaluation of positive patch test reactions using 
optical coherence tomography: A pilot study. Skin Res 
Technol. 2019;00:1–6. https://doi.org/10.1111/srt.12695

https://orcid.org/0000-0002-9318-9863
https://orcid.org/0000-0002-3631-9844
https://orcid.org/0000-0002-9318-9863
https://orcid.org/0000-0002-6409-7070
https://doi.org/10.1111/srt.12695

