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The lag (latency) time (LT) is known in dermatology clinic as an asymptomatic period till the
development of skin eruptions. In the laboratory, the LT might determine the interval from
\zero" point until the peak(s) of changes in measured laboratory parameter during the performed
test. This paper discusses methodological and technical aspects of precise measurement of the LT
in the living healthy and pathological skin by laser and optical technologies through clinical and
experimental applications in dermatology. Based on a dynamics approach to measure, calculate
and interpret the LT in blood and in interstitial °uid compartments of the skin tissue, this
method has a potential to promote deeper understanding of the role of complex dynamic pro-
cesses in the skin at a level of a molecule, and/or an organ in a whole organism. The method of the
LT measurement in vivo also promotes new understanding of (patho)physiological, diagnostic
and pharmacological aspects of certain dynamic skin lesions and dynamic complex processes that
happen in the skin. Utilized laser and optical techniques showed high reliability and objectivity in
collecting data from rapidly changed skin lesions and processes, demonstrating the LT
measurement as a very easy-to-use calculation procedure with high informativity, which is
extremely important for the clinical and laboratory environment.

Keywords: Lag/latency time; in vivo skin; laser and optical technologies.

1. Introduction

Many decades literature describes much quantitat-
ive work that has been done to ascertain how far
any biological action runs in parallel with the
amount of given physical stimulus, but this has
been mostly done on plants, histological sections,
cultures, samples, etc., and using methods for
in vitro evaluation.1 In clinical and experimental
dermatology not only new methods to quantify
changeable biological phenomena in vivo are
much desired, but also the usage of appropriate
metrology in cutaneous noninvasive investigations

is very much wanted. The latter especially helps
impressions to be replaced by objective facts and
qualitative descriptions by quantitative assess-
ments, to unveil new situations. Even the most
simple phenomenon that starts from one fact could
become complex when measured, consequently dis-
covering possible variations to induce new hypoth-
eses and to open pathways for new knowledge.2

Laser and optical technologies for measuring the
skin tissue in vivo provide a possibility to evaluate
dynamic processes in the living skin as on the level
of a molecule, so as an organ in a whole organism.3
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This has been already demonstrated by laser Dop-
pler °owmetry (LDF) technique for measuring the
local microcirculatory dynamics underlying urti-
carial phenomenon in the patients with several
types of physical urticaria.3�6 Also the utility of
horizontally attenuated total re°ection Fourier
transform infrared (HATR-FTIR) spectroscopy for
measuring the dynamical changes of glucose levels
in interstitial °uid (IF) compartment in the upper-
most skin of the patients with prediabetes and
diabetes mellitus has been demonstrated.7,14�16

In dermatological clinic the lag (latency) time
(LT) is known as an asymptomatic period until the
development of symptoms in the skin, which can be
reproduced experimentally with cutaneous stimu-
lation in the clinical environment. So, the patients
with some forms of physical urticaria have been
involved in the studies demonstrating the utility of
LDF for measuring the LT in vivo during provoca-
tion testing on their skin.3,6

In the laboratory, LTmightmean the time interval
determining the peak(s) of changes in measured lab-
oratory parameter during the performed test. For LT
determination, calculation and interpretation of
dynamical changes of interstitial glucose values
measured in epidermis during di®erent metabolic
conditions/tests, HATR-FTIR spectroscopy has been
used in comparative studies on the skin of healthy,
prediabetes and diabetes subjects, in comparison to
the LT measured for glucose in capillary blood.

Utilized laser and optical techniques showed high
reliability in collecting data with objectivity from
rapidly changed skin lesions and complex processes
that happened in the skin tissue, based on a
dynamics approach to measure, calculate and
interpret the LT in blood and in IF compartments of
the skin tissue.6,7 Here, the article discusses meth-
odological and technical aspects of LT estimation in
the living healthy and pathological skin by these
laser and optical techniques through clinical and
experimental applications in dermatology.

2. Methods and Investigations

2.1. In vivo measurement of the

LT by LDF

LDF is a well-known laser technology in clinical and
experimental dermatology for measuring cutaneous
blood °ow (CBF) changes in the skin.8,9 A contact-

type (model ALF-2000), or a noncontact-type (model
ALF 21 N), laser Doppler °owmeter (Advance Co.,
Ltd., Tokyo, Japan) thatmeasuresCBF from the skin
surface of about 0.5 cm and the area of about 12mm3,
has been utilized for measuring the LT in the patients
with localized heat urticaria (LHU), solar urticaria
(SU) and pressure-induced urticaria (PIU).

In all of its features, the urticarial reaction is
analogous amongst all these forms of physical urti-
caria; however, LHU is sharply limited to heat-
exposed areas, SU to light-exposed areas and PIU to
pressure-exposed areas,6,11,12 which appears very
quickly on the skin after an exposure or after a LT
by symptoms of itching, erythema, burning and
whealing. To study the utility of LDF technique for
measuring the LT in vivo, the patients with LHU,
SU and PIU were accordingly exposed with heat,
light source and pressure during variably designed
provocative tests on their skin. Usually the patients
with the above-mentioned forms of physical urti-
caria show various urticarial reactions by means
of the severity of the appeared skin symptoms,
dependent upon the length of exposure time and the
intensity/degree of the physical stimulus, therefore
the LT measurement by LDF has been thoroughly
investigated in the relationship with those.

Technical preconditions for accurate measur-
ing of the LT by LDF in the patients with
physical urticaria during skin provocation tests
have been the following: (1) CBF measurement
only in the supine position; (2) CBF measurement
after resting for at least 15min in the supine
position; (3) CBF measurement after resting in a
temperature� humidity controlled room (19�21�C,
55�60%), according to the international guidelines
for measurement of CBF by LDF.8�10

2.1.1. Tests on the patients with physical

urticaria

In the patients with three above-mentioned forms of
physical urticaria, the LT measurements by LDF
have been performed during the following provo-
cation tests: (1) exposure challenge tests by physical
stimuli with di®erently ranged degrees/intensities
and constant time of exposure in order to study the
relationship between the degree of exposed physical
stimulus and changes in the LT; (2) exposure
challenge tests by physical stimuli with constant
degrees and di®erent stimulation/exposure time in
order to study the relationship between the length
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of exposure and changes in the LT; (3) re-exposure
challenge tests by physical stimuli in order to study
the e®ect of repeated exposure onto duration of the
LT; (4) exposure challenge tests by physical stimuli
after topical application of antihistamine cream(s)
to study its e®ect on the duration of the LT;
(5) exposure challenge tests by physical stimuli
after application of topical anesthesia cream to
assess changes in the LT; (6) exposure challenge
tests by physical stimuli after administration of
systemic antihistamines by prolongation in the LT.
Details are provided in Refs. 4�6.

2.1.2. Schematic demonstration of

the LT by LDF

Figure 1 schematically demonstrates the record of
CBF changes by LDF during skin provocation test
by a physical stimulus (temperature/pressure/light
irradiation), dependent on the cause of certain type
of physical urticaria (LHU/cold urticaria, PIU, SU).
LDF precisely measures asymptomatic time interval
registered immediately after the cessation of the
physical stimulus on the skin until the start of the
development of the urticarial reaction (various
intensity erythema, itching, whealing) in the pro-
voked skin area. This asymptomatic time interval
measured in seconds is equivalent to una®ected
CBF recorded as a plateau interval by LDF, and
accordingly named as the LT. In other words,
the LT measured by LDF is the interval from
the cessation of the physical stimulus until the point
of initiation of CBF changes.

2.2. In vivo measurement of the LT
by HATR-FTIR spectroscopy

ATR-FTIR spectroscopy is a well-known technique
in clinical and experimental dermatology for mole-
cular characterization and measurement of mole-
cular pro¯les in the upper skin in vivo.13 The utility
of HATR-FTIR spectroscopy for measuring in vivo
glucose-speci¯c pro¯les at about 1030, 1041, 1080,
1118 and 1153 cm�1 has been already demonstrated
on healthy, prediabetes and diabetes subjects.7,14,15

With the help of the °at-plated prism of the
PIKE Technologies Horizontal ATR (ATR-8200
HA, USA) accessory designed for a Shimadzu FTIR
spectrometer (Shimadzu IRPrestige-21/8400S, Japan),
it was possible to achieve a tight contact with the
skin surface of the inner wrists of the measured
subjects. This horizontal accessory with a mounted
ATR crystal is of a trapezoid shape with carefully
chosen dimensions (80� 10� 4 cm) by the manu-
facturer to maximize the signal-to-noise in the
resulting spectra.

The skin of the inner wrist area of the subjects
was not pretreated prior to in vivo spectral acqui-
sition by HATR-FTIR spectrometer. In vivo infra-
red ATR spectra have been recorded in the
wavenumber region between 700 and 4000 cm�1 at
a resolution of 4 cm�1. Each measured in vivo
absorbance spectrum was treated by applied tech-
niques in the following sequence: (1) normalization to
amide I (approximately 1645 cm�1Þ; (2) multiple
baseline correction; (3) assignment of glucose-speci¯c
peaks in the 1000�1160 cm�1 region. Since the
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Fig. 1. The LT (s) by LDF schematically. Schematic record of the LT monitored by LDF in the patients with physical urticaria
(localized heat urticaria, cold urticaria, solar urticaria, pressure-induced urticaria) during skin provocation test.
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peaks at about 1030 and 1041 cm�1 have been always
found bounded with the prominence of each of
them, it needs further clari¯cation (unpublished
data), here in the presented data they were used as
1030�1041 cm�1.

2.2.1. Performed screening tests in healthy,

prediabetes and diabetes subjects

Measurement, calculation and interpretation of the
LT of all obtained glucose levels in the upper skin
by HATR-FTIR spectroscopy were performed
during the following tests: (1) during post-prandial
glucose monitoring, in comparison to pre-prandial
levels; (2) during oral glucose tolerance tests
(OGTT) with 75 g (clinical dose).

Performance of tests and their interpretation was
similar to those used in the clinic worldwide.14

2.2.2. Schematic demonstration of the LT
and the LT changes between CBG

and upper skin interstitial glucose

levels measured by HATR-FTIR
spectroscopy

Figure 2 schematically demonstrates measurement
of the LT and the LT changes between capillary
blood glucose (CBG) and upper skin interstitial
glucose levels obtained in epidermis at about 1030,
1041, 1080, 1118 and 1153 cm�1.

During performed screening tests the LT has
been measured, calculated and interpreted for each
glucose-detected signal in epidermis, strictly in
comparison to glucose levels in capillary blood
obtained by a portable glucose meter (SKK Glu-
TestS, Sanwa Chemical Institute, Nagoya, Japan).
Then, the LT changes between the LT measured
epidermally for each glucose-related signal and the
LT for CBG was calculated by using the following
equation [Eq. (1)]:

LTchanges ¼ LTCBG peak level

� LTHATR-FTIR peak levelðsÞ
ð1030=1041=1080=1118=1153 cm�1Þ:

ð1Þ

3. Results

3.1. Results by LDF

The whealing reaction has been analogous amongst
all forms of physical urticaria, that appeared very
quickly on the skin after an exposure or after a LT
by various intensity itching, erythema, burning and
whealing. An example of the clinical records on the
development of urticarial symptoms during skin
provocation test can be seen in Table 1.6

By LDF it was possible to precisely determine
the LT in seconds in each measured subject in all
performed tests, that was in°uenced by the degree/
intensity of exposed physical stimulus on the skin
(Table 2), the duration/time of exposure (Table 3),
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Fig. 2. Schematic measurement, determination and calculation of the LT and the LT changes between CBG and uppermost skin
interstitial glucose levels obtained in vivo by HATR-FTIR spectroscopy post-prandially or during OGTT.
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re-exposure (Fig. 3), by the e®ect of topically applied
antihistamine cream (Table 4), by the e®ect of systemic
administration of antihistamines (H1-, and/or H2-
antihistamines and/or H1- and H2-antihistamines).

After administration of systemic antihistamines
in all patients, there were observable LT changes,
dependent on the type of antihistamines, dosage
and therapy duration (unpublished data). Based on
achieved results, it was possible to evaluate thera-
peutic e®ect individually, comparing the patient's
LT before, during and after cessation of treatment.
For example, administration of mequitadine and
cimetidine prolonged the LT from 210 to 320 s
(43�C, 2min) after a two-day therapy in one
patient with LHU, and from 320 to 426 s (43�C,

4min) after a four-day therapy in two patients with
LHU.6 In the patient with SU a 5-min exposure
with UVA light, irradiated at a distance of 30 cm,
LT was prolonged from 144 to 276 s after one week
of therapy, and was already 312 s after 2.5 weeks
with medication. In a patient with severe symptoms
of pressure-induced urticaria, who underwent a 5-s
pressure challenge test at 1.0, 1.5, 2.0 and 2.5 kg/
cm2, the LT was not detectable before daily ad-
ministration of oral antihistamine. However, it
became measurable by the third day of therapy,
being thrice lengthier after 2.5 months of treatment.

3.2. Results by HATR-FTIR
spectroscopy

Tables 5 and 6 show the LT changes between
the LTs for interstitially measured glucose values
in epidermis at about 1030�1041, 1080, 1118 and
1153 cm�1 and the LTs measured in CBG among
healthy, prediabetes and diabetes subjects.

In subjects with type 2 diabetes, the resulting LT
changes ranged within 0�60min, being in agree-
ment between post-prandial and OGTT (75 g)
monitoring. The time required for glucose to di®use
from the capillary to epidermal tissue was longer in
healthy and prediabetes subjects, in comparison to
diabetes patients. Two-phase LT changes were
observed in a healthy subject and one subject with
type 2 diabetes, being on a diet control. The LT
changes showed characteristic multi-level appear-
ances at 1030, 1041, 1080, 1118 and 1153 cm�1.

4. Discussion

LDF has demonstrated its technical advantage to
noninvasively measure and precisely determine the
LT of the urticarial response in the provoked skin
by di®erent physical stimuli in the patients with
several forms of physical urticaria. LDF could pre-
cisely and quantitatively register the LT changes
in relationship with the degree/intensity of the
exposed physical stimulus on the skin and the time/
duration of exposure in the chosen ranges, even at a
di®erence of one unit. The lower the degree/inten-
sity of the exposed stimulus, the longer the LT, and
vice versa. Such an objective assessment of the LT
of the urticarial response showed an outstanding
advantage over subjective clinical assessment of
the severity of the urticarial symptoms during skin

Table 1. An example of clinical record of the developed urti-
carial symptoms in relationship with exposed temperatures
(42�46�C) and exposure times (3�6min) during heat-provo-
cation testing in a patient with localized heat urticaria.6 Heat
test results with di®erent challenge times and temperatures in
one patient with heat urticaria (Case 2).a

Challenge
temperature, �C

Challenge time, min

3 4 5 6

42 � þ þþ þþ
43 � þþ þþ þþþ
44 þ=þþ þþþ þþþ þþþ
45 þþ þþþ þþþ þþþ
46 þþþ þþþ þþþ þþþ

a�no reaction; � faint erythema; þ distinguished localized
erythema; þþ intense erythema, urticaria; þþþ intense ery-
thema with a °are, urticaria.

Table 2. An example of the LT measured and determined by
LDF in relationship with UVA exposure (305�365 nm, mW/
cm2) at di®erent distances (cm) from the skin at constant
exposure time (5min) during light provocation testing in a
patient with solar urticaria.

Irradiation distance 10 cm 20 cm 30 cm 40 cm

LT 48 s 84 s 144 s 174 s

Table 3. An example of the LT measured and determined by
LDF in relationship with di®erent time (4�6min) of UVA
exposure (305�365 nm, mW/cm2) at constant distance (30 cm)
from the skin during light provocation testing in a patient with
solar urticaria.

Exposure time 4min 5min 6min

LT 276 s 162 s 132 s

In Vivo Latent-Time Estimation by Laser and Optical Techniques 425
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provocation testing, especially in the cases when
there was no possibility to detect any di®erences of
those on the skin by eye. As a result of that, it was
technically possible to detect maximum and mini-
mum threshold of the urticarial reaction and that
might explain the rate of released chemical me-
diator(s) in relationship with that. Literature states
that the pathophysiology of LHU, SU and PIU has
not been delineated.4 Hopefully, the method of
measuring the LT by LDF could further answer to
many unsolved questions in connection to physi-
ology and pathophysiology of these dynamic skin
lesions.

Though LHU, SU and PIU are very easy to
recognize and con¯rm by provocative testing in the

clinic, treatment management of these patients is
very di±cult because of the long duration and re-
sistance to treatment conditions. Therefore, optimal
treatment options have not been established yet.4,11

Presented results on measuring the LT by LDF
after application of a variety of topical and systemic
antihistamines have proved the utility of this
method to evaluate the e±cacy of tried treatment
regimes directly on the patients with physical urti-
caria. In all cases it was possible to objectively
assess the LT changes by means of the observation
of the dynamics of the LT when compared before
and after treatment, with the change of treatment
scheme during administration of one type of drug
and/or a combination of drugs.

HATR-FTIR spectroscopy technique has
demonstrated its outstanding advantage to study
dynamic complex processes of glucose metabolism
in the living epidermis of healthy, prediabetes
and diabetes subjects. Again this technique has
proved itself as a method for fast glucose spectral

Fig. 3. An example of the LT by LDF measured in re-exposed skin 18 h later in a patient with LHU during a 4-min heat
stimulation test at 44 and 45�C.4

Table 4. The dynamics of changes of the LT by LDF after
topical application of antihistamines during heat stimulation
tests at di®erent anatomical sites in two patients with localized
heat urticaria.6 Topical e®ect of antihistamines on the LT
period of urticarial response by LDF in relationship with the
degree of heat stimuli and anatomical sites.

The LTs

Anatomical
site

Heat
challenge Vehicle

Topical
antihistamine Di®erences

Patient 1
Forearm 43�C, 2min 240 552 312

Patient 2
Forearm 44�C, 5min 144 222 78
Back 45�C, 4min 114 150 36
Chest 45�C, 4min 96 132 36
Forearm 46�C, 5min 60 114 54

Table 5. Estimated LT changes (min) between epidermal
glucose values (1030, 1041, 1080, 1118, 1153 cm�1) and CBG
within a 120-min post-prandial monitoring in three subjects
(S1, S2, S3) with type 2 diabetes.7

Subjects

1030�1041

cm�1

1080

cm�1

1118

cm�1

1153

cm�1

S1 0 0 0 0 0 0 30 0

S2 0 0 [0 0 and 60 0] [0 0 and 60 0] 30 0

S3 (D1) 0 0 60 0 0 0 60 0

S3 (D2) 0 0 0 0 60 0 —
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investigations, technically achieved by using 20
frames of accumulation to collect interferogram
from the surface of the skin in the desired region.
Epidermally assessed glucose levels at about 1030,
1041, 1080, 1118 and 1153 cm�1 before and during a
variety of metabolic conditions/tests showed
dynamical changes of glucose levels, that have dif-
ferentiated not only between each measured glucose
biomolecule but also between measured subjects.
By means of calculating the peak level(s) for each
glucose molecule, in comparison to calculated peak
level for glucose in capillary blood before and
during performed screening tests, it was possible not
only to precisely determine the LT for interstitial
glucose and CBG but also to calculate the LT
changes between them. Such a method of the LT
measurement and calculation gives a possibility to
follow the dynamical changes in glucose levels,
providing insight into behavior of glucose between
the blood and IF compartment in the upper layers
of skin tissue during di®erent metabolic tests and
conditions (pre-prandial versus post-prandial,
OGTT).

Among three patients with type 2 diabetes
monitored post-prandially and during OGTT at
75 g estimated LT changes ranged from 0 to 60min
(see Tables 5 and 6), being stable for glucose levels
at about 1030�1041 cm�1 with the LT change of
0min. Also, in the same patients there were
noticeable similarities in the LT changes among all
glucose biomolecules that showed sharply the times
at 0, 30, and 60min, with exception to some LTs
with a bi-phasic determination of the LT changes of
0 and 60min for glucose biomolecules at about 1080
and 1118 cm�1 post-prandially.

Based on the above data and data from other
researchers, it is possible to conclude that sugars,
composing of the IF in the intercellular spaces in
epidermis, can be surely assessed by mid-IR

spectroscopy technique in vivo.18 As such, it might
serve dermatologists, physiologists, researchers in
medical science and engineers to assess the same
phenomenon in order to help answering their par-
ticular questions.

5. Conclusion

Utilized laser and optical techniques demonstrated
their technical advantage to noninvasively measure
and precisely determine the LT in the living healthy
and pathological skin tissue of the measured sub-
jects, with further interpretation as on the level of
a molecule, so as an organ in a whole organism.
Based on the obtained results by LDF from
dynamic urticarial lesions during provocation skin
testing in the patients with several types of physical
urticaria, the measurement of the LT has showed
to be highly informative to study issues of clinical
importance: noninvasive diagnosis with objective
assessment of the severity of skin symptoms, new
aspects of pathophysiology and objective compara-
tive evaluation of the e±cacy of therapy. Further,
the measurement of the LT has a potential to be
used for analytical interpretation of the dynamics of
skin glucose metabolism and di®usion from the
capillary to the epidermal tissue in vivo, which has
not been described before. The LT measurement
method is simple for analytical treatment and
easy for performance in the clinical and laboratory
environment.
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