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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-govern
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ISO 14835-
Subcommit

ISO 14835
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Part 1:

Part 2:

mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
hsk of technical committees is to prepare International Standards. Draft Interriational Stand
the technical committees are circulated to the member bodies for voting, ‘Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

P was prepared by Technical Committee ISO/TC 108,-“Mechanical vibration and sh
ee SC 4, Human exposure to mechanical vibration and shock.

consists of the following parts, under the general title ‘Mechanical vibration and shock —
tests for the assessment of peripheral vascular fungtion:

Measurement and evaluation of finger skin temperature

Measurement and evaluation of finger systolic blood pressure
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Introduction

Assessing finger systolic blood pressure (FSBP) before and after local cooling can help to

identify the

presence and extent of vasoconstriction of the digital arteries in response to cold provocation produced by

appropriate finger cooling.

A Igw Tinger systolic blood pressure following local cooling compared 10 that measured before
indicate digital arterial vasoconstriction caused by an exaggerated response to cold. Thecam
chapge in FSBP following local cooling can reflect the degree of arterial vasoconstriction.

cooling can
bunt of any
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Mechanical vibration and shock — Cold provocation tests for
the assessment of peripheral vascular function —

Part 2:
Measurement and evaluation of finger systolic blood pressure
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3

Scope

part of ISO 14835 specifies

the methods for measuring finger systolic blood pressures (FSBP) with.16cal cold provocation,
the procedures for conducting the measurements, and

how to report the measurement results.

methods in this part of ISO 14835 are designed to,assist in the collection of data for a
uation of the vascular response to cold provocation,‘and to enable specification of normative d

measurement of FSBP with local cold provocation can be used for the assessment of periphe

tion. This part of ISO 14835 is applicable, to the assessment of vascular function in persons
d-transmitted vibration.

Normative references
following referenced decuments are indispensable for the application of this document,
rences, only the editien.Cited applies. For undated references, the latest edition of the
iment (including any-amendments) applies.

60601-1, Medical electrical equipment — Part 1: General requirements for safety

Measurement equipment

quantitative
bta.

ral vascular
exposed to

For dated
referenced

3.1

General

FSBP may be measured using plethysmography. A typical measurement consists of applying an occluding
pressure to a digit by means of a pressure cuff connected to a plethysmograph. The cuff may be perfused with
water at a controlled temperature for application of local cooling. Alternatively, an air-inflated cuff may be used
to apply an occluding pressure and a separate non-pressurized, water-perfused cuff may be used for the
application of local cooling. After a period of cooling, the pressure in the occluding cuff is continuously
released until a transducer situated distally to this cuff detects blood flow. The cuff pressure at which this
blood flow is detected is equivalent to the maximum digital arterial pressure (systolic pressure) and the cuff
pressure is noted as the FSBP.

The equipment consists of a device, or devices, for applying and controlling pressure around a digit whilst
applying controlled local cooling to the digit. The equipment is capable of controlling the release of a
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supra-systolic pressure around the digit whilst monitoring the blood flow distal to the occlusion so as to
determine at what pressure arterial blood flow recommences.

There are several types of transducer commonly available for the detection of blood flow in the measurement
of FSBP. Mercury-in-elastic strain gauges are sometimes used to detect volume changes; an increase in
finger volume during release of pressure indicates the return of arterial blood flow. Photocells utilize a change
in the intensity of light transmitted through or backscattered from the digital tissues to determine the return of
blood flow. Laser-doppler flowmetry detects the return of blood flow by means of a frequency shift in reflected
electromagnetic waves.

It is recommended that all equipment be maintained and calibrated according to the manufacturers'

specificatio
3.2 Pleth

3.21 Gen
The device
as a plethyg

3.2.2 Cuf

The choice
length shal
than the di
throughout
are suitablg

pressurized.

NS.
)ysmography

eral

(or collection of devices) used to measure finger systolic blood pressures is\commonly referrg
mograph and the measurement method is commonly referred to as plethysmography.

S

of cuff size should be determined by the finger size of the individual under examination. The
be sufficient to entirely surround the finger, while the cuff width should be at least 20 % gre
ameter of the finger. The cuff surface should maintain“\contiguity with the surface of the
the measurement. Cuffs made of a material with a high thermal conductivity and/or with a thin
for perfusion with water for thermal provocation.Cuffs should not inhibit blood flow when

3.2.3 Senjsors

The sensor
occlude dig
the environ
1sofits o
comparablg

5 used to detect the return of blood flow during release of cuff pressure should not, themsel

d to

cuff
ater
digit
wall

not

ves,

tal blood flow. They should neithef thermally influence the digit nor provide thermal insulation from

ment. A high sensitivity and accuracy is recommended and sensors able to detect blood flow wi
ccurrence are the most appropriate. Sensors with different response characteristics may no
; care should be taken when_¢comparing measurements made with different sensors.

thin
t be

3.2.4 Temperature of thermal provocation

The applicdtion of thermal provocation at controlled temperatures of between 35 °C and 10 °C is required.

3.2.5 Pressure control

and
icer

The device fis requiired to control pressure between a supra-systolic value (> 250 mmHg is recommended)
the minimym-measurable FSBP (0 mmHg is recommended). For pressure measurements, a transd
accuracy of TrmmHg IS acceptabie:

NOTE The pressure of 1 mmHg is equal to 133,322 Pa.

When measuring the pressure in cuffs perfused with water, there are effects of hydrostatic pressure in the
system. The hydrostatic pressure effects may be avoided by ensuring the water level in the system is at the
same height as the cuff. If the sensor used to measure cuff pressure is submersed in the water, placing it at
the height of the cuffs eliminates the hydrostatic pressure effect. Alternatively, a correction for the effects of
hydrostatic pressure in the system shall be made. If the hydrostatic pressure is positive and the measured
FSBP is zero, the true FSBP can lie anywhere between zero and the hydrostatic pressure, and it is not
possible to apply a correction.
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The duration of pressure application is defined for measurements of FSBP and should be controlled with an
accuracy of £ 5 s.

The rate of release of pressure can affect the measurement. Rates of pressure reduction between 1 mmHg/s
and 3 mmHg/s are appropriate if sensors are capable of the rapid detection of the return of blood flow (< 1 s).

3.2.6 Data recording

Finger systolic blood pressure (FSBP) is the quantity to be measured. It is expressed in millimetres of mercury
(mmHg). The cuff pressure at which the return of blood flow is detected, which represents the FSBP, shall be
recqrded

NOTE For strain-gauge plethysmography, the volume-pressure plot is the recording~of interest. For
photoplethysmography, the light intensity-pressure plot is the recording of interest. For laser-déppler flpwmetry, the
frequiency-pressure plot is the recording of interest.
A gé¢neral example of a signal-pressure plot is shown in Figure 1.
3.2 Calibration
The| calibration of all equipment shall be traceable to a recognized standard.
Y i
a
b
C d
X
Key
X Pressure\(mmHg)
Y [Transducer signal
a Ighal mrom transdaucer.
b Cuff pressure.
¢ Supra-systolic pressure.
d FSBP
NOTE The transducer signal shown is for a strain gauge; the transducer signal will differ with different transducer
types.

Figure 1 — Example of signal-pressure plot showing how the cuff pressure at which a change in the
transducer signal occurs corresponds to the FSBP

© 1SO 2005 - All rights reserved 3
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4 Meas

4.1

411

urement procedure

Conditions of examination

General

To obtain reproducible data, the test conditions and procedures shall be controlled. Environmental conditions

influencing the measurements shall also be controlled.

4.1.2 Examination room

The room t¢mperature should be maintained at (21 + 1) °C over the whole length of the body, for the'durgtion
of the test.|Warmer room temperatures may result in normal FSBP in persons with mild vibration-indyced
white finger] (VWF).

The envirorjment shall be controlled to prevent extraneous conditions that might influence examination results.
Atmospheric temperature during the test should be strictly controlled. It is neeessary to control rpom
temperaturg at different vertical levels to prevent temperature differences at different parts of the bpdy.
Atmospherip temperature around the entire body should be maintained within the allowable range by mild air
circulation. Btronger air circulation can increase skin cooling and alter the effective ambient room temperature.
41.3 Timg

4.1.3.1 Time of year

Because the season can affect the measurement, it is desirable’to make measurements in the cold seasqgn. If
periodic examination at two or more times per year is required for follow-up in addition to the examinatign in
the cold sedson, a test may be conducted in the autumn-or summer.

4.1.3.2 Time of day

It is not knqwn if daily variations have a significant effect on the FSBP. However, to avoid potential effects of
circadian biprhythm, examination between'9:00 and 18:00 is recommended.

4.1.3.3 Time lag between previous test(s)/examination(s)

A delay of 3 h between any celd provocation test and a subsequent FSBP test is recommended so as to ayoid
the effects |of prior cold exposure. This includes a cold provocation test that has been aborted after old
provocation has begun. {f’a*test is repeated, this shall be noted. If cold provocation has been applied on|y to
one hand dpring the 3.-h/period, the FSBP test may be conducted on the other. When an FSBP test consisis of

multiple measurements, these should be conducted consecutively without a recovery period.

414 Sul1iect preparation

4141 Recommendations to subject prior to examination

Strenuous physical exercise and smoking and other stimulants such as caffeine shall be avoided for 3 h prior
to examination. Drinking of alcohol and intake of vasoactive medical drugs, such as calcium channel blockers
and beta-blockers, shall be avoided for 12 h prior to examination. Intake of prescribed vasoactive drugs that
cannot be avoided shall be reported. Vibration exposure should be avoided for at least 12 h prior to
examination. This helps to minimize their effects on measurements.

It is desirable that white finger attacks prior to examination on the examination day are avoided. In winter,

wearing gloves during transport to the examination room is recommended if the outdoor temperature is below
15 °C, and reporting of white finger attacks during the transport is also recommended.

© I1SO 2005 — All rights reserved
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41.4.2 Time lag between food intake and time of test

Food intake increases the metabolic rate and can induce circulatory changes. The intake of food prior to
measurements can possibly change the response of the peripheral circulation to cold provocation. Therefore,
the cold test should be avoided at time points of less than 1 h after a meal and more than 4 h of fasting. If this
is not possible, the time between eating and the cold provocation test should be reported.

4143 Clothing

Appropriate clothing to maintain thermal comfort, with only the hands and head uncovered, is recommended.
Fouritems of rlnthing (fwn each for upper and lower hndy) fngpthpr with socks is quggpetpd

NOTE The approximate clo value of the above clothing of 0,7 to 0,8 is suggested.

41.4.4 Adaptation of subject
At least 30 min in the environment of the examination room without physiological(or psychologig¢al stress is

neefed for thermal adaptation. A longer period may be required for older subjéects or in colder climates.
Warming of the limbs is not recommended.

41.4.5 Subject posture

Keeping the hands at approximately heart height during the test)avoids the potential effects oan FSBP of
hydfostatic variations within the body.

A s¢ated or supine relaxed posture is appropriate during the test.
4.2| Cold provocation

4211 Finger cooling

Finger cooling shall be performed so as:{o’ obtain the prescribed quantity of cold provocation. Finger cooling
withlout body cooling is preferred but body cooling may be used. If body cooling is used, the methad of cooling,
duration of cooling, extent of body surface area cooled, and temperature of cooling shall be reportgd.

4.2.p Cooling cuff

Thel cooling cuff may either be the pressure cuff or a separate cuff placed distal to the pressure cuff. The cuffs
are placed so as to thesmally provoke only one phalanx of a test digit. Tubes used to transport water shall not
thermally influence other parts of the hand.

4.2.3 Control of water temperature

Cirqulation of water is required so as to maintain a constant temperature throughout the boqy of water.
A maximum temperature variance of + 0,5 °C from the set temperature is unlikely to adversely influence the
measurement.

The diagnostic value of the change in FSBP at water temperatures of 6 °C, 10 °C or 15 °C compared to the
FSBP at water temperatures of 30 °C or 35 °C have been reported.

4.2.4 Duration of cold provocation

The duration of cold provocation during ischemia is recommended to be 5 min. Longer cooling times may not
be beneficial. Cooling periods of less than 5 min may be too short to obtain sufficient severity of cold-stress.
A cooling period of 5 min duration during ischemia of a digit has been suggested as being sufficient to cool the
digital arterial walls to the water temperature.

© 1SO 2005 - All rights reserved 5
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4.3 Conduct of the test

4.31

General

The higher water temperature inhibits vasoconstriction and provides a basal reading. For standardization,
30 °C is recommended for a basal reading.

The lower water temperature is used to provoke vasoconstriction and provides information about the extent of
vasoconstriction in response to cold. Discomfort during the test is more severe when using low water
temperatures. Although the clinical utility of measurements at 6 °C has been reported, a minimum water

temperatur

of 10.°C is cllggnefnr‘l; this h:\mrl_\nrnhlrn rr\rn\/irinc sufficient rlingnnefir\ ACCUEacY. without cau

ing

added disc
not elicit va
and 15 °C.

If time cons
elicit a pos
a measurery

There may

bmfort. A temperature of 15 °C can elicit vasoconstriction in more severe cases of VWF but
soconstriction in mild cases of VWF. It is recommended that measurements be made at both 1

traints prevent measurements at both 10 °C and 15 °C, a measurement at 10 °€Yis most like
tive result in subjects with mild VWF. If a measurement at 15 °C elicits a {positive test re
hent at 10 °C may not be necessary.

be cumulative effects of multiple cold provocations. To prevent excéssive carry-over effect

cooling, performing more than two cold-water measurements is not recommendéd.

4.3.2 Chao

4321 1
Wherever g
the hand wi
digits. If on
suitable.

43.2.2 R
A referencsq
for change
measuremse
recommend
the thumb 1
of measure

4.3.3 Plac

When the ¢
location (pr
cooling cuff

ice of test hands and fingers

est hands and fingers

ossible, both hands shall be tested. If only one hand.is selected for measurements, this shoul
th the greatest reported symptoms. It is recommended that measurements be made on all poss
y one measurement can be made, the fingerimost affected or the middle or ring finger is n

Reference fingers

measurement (one without cooling) may be made simultaneously with measurements to co
5 in systemic systolic blood-pressure. The thumb is the most appropriate location for
nt. If this is not possible,_the selection of a finger not affected with symptoms of VW
ed. If no finger is asymptomatic, the thumb may be used as the reference and the symptom
eported. The brachial blood pressure may be used as an alternative reference location; its me
ment and timing relative to the FSBP measurement shall be reported.

ement of cuffs-and sensors

ooling «cuff'and pressure cuff are combined, the middle phalanx of the digit is the suggested
bximalphalanx of the little finger to take account of its smaller circumference) (see Figure 2). I{
and pressure cuff are separate, the pressure cuff may be placed on the proximal phalanx with

may
D °C

y to
sult,

s of

1l be
ible
nost

rect
this
F is
5 on
hod

cuff
the
the

cooling cufflp

rrerrerr e

The pressure cuff for reference measurements is placed on the proximal phalanx of the thumb or, if the thumb

is not used

as the reference, the middle phalanx of the reference finger.

Sensors are placed to detect blood flow in the distal phalanx.
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fdouble-inlet water cuffs

connecting pipes

fransducers for detecting return of blood flow
water in

water out

fape to hold transducers

single-inlet air cuff

air in
E Water, air and electrical connections are to the plethysmograph. Measurement on fewer fing
r water-perfused cuffs.

gure 2 — Example of the set-up for measurement of FSBPs showing the positioning of ¢
transducers‘for measurements on four fingers using strain-gauge plethysmograph

ers will have

tuffs and
y
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Key
double-iplet water cuffs

connectihg pipes

transdugers for detecting return of blood flow
water in
water out
tape to Hold transducers
air cuff

0 NOoO OO WON -~

airin
NOTE Vater, air and electrical connections, are to the plethysmograph. Measurement on fewer fingers will have

fewer water-perfused cuffs.

Figure 3 — Example of a set-up for measurement of FSBPs showing the positioning of cuffs and
transdugers for measurements on four fingers using strain-gauge plethysmography with separafe
cooling and pressure cuffs

4.3.4 Medsurement-sequence

Inflate the | pressure cuffs to 50 mmHg above arm systolic pressure. Circulate water at a contrglled
temperature L 2 coolingcuff (or pressure cuff if the cooling cuff and pressure cuff are combinec
the cooling period of 5 min has elapsed, reduce the pressure in the pressure cuff at a rate of (2 + 1) mmHg/s.

The order in which measurements are made can affect the results. It is recommended that the measurement
of FSBP is first made at the warmer temperature of 30 °C followed by the measurement at a temperature of
15 °C. A final measurement, at a temperature of 10 °C, is then made. If a zero pressure is detected at 15 °C,
the measurement at 10 °C need not be performed for diagnostic purposes.

NOTE To remove blood from the digits so that stronger signals are elicited on return of blood flow during pressure
reduction, the tips of each instrumented finger can be squeezed while the pressure cuffs are being inflated to the full
pressure.

8 © I1SO 2005 — All rights reserved
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Safety aspects

General

A few sensitive subjects may experience elevated arterial pressure due to excessive response to cold stress.
Persons affected with hypertensive vascular disease should have their blood pressure monitored during the

cold

test.

The cold provocation test shall be stopped if requested by the subject or if finger blanching is observed.

5.2

Effg

app
of th

5.3
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5.4
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exa
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5.5

As
the
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by &

6

Electrical satety

ctive procedures are needed to prevent electric shock, especially since water is used‘as a
bratus shall meet the requirements of IEC 60601-1 concerning electrical hazards to the sUbject
e apparatus.

Contraindications

bme subjects, disease symptoms can be affected by cold provocation Cwhich would intensify t
brse reaction to cold-stress.

contraindications for the cold provocation test are an age of-over 70 years, heart disease, h
cular disease, central circulatory diseases, and peripheral vascular disorders other than
mined. They are relative contraindications that should be:¢hecked out and, if necessary, cong
ical doctor who should to make a decision as to whether the subject should be examined
ocation test or whether any precautions should be taken.

Informed consent
rmed consent should be obtained from subjects in accordance with any legislation enforced

erning bodies. The subject shall be instfucted as to the purpose and risk of the cold provocati
miner shall obtain confirmation of the:subject's consent after replying to any questions the ¢

Examiner and medical supervision
litably qualified examiner should undertake the preparation and instruction of subject and thg
fechnical aspects 6f the measurement. The procedure for testing should be approved by a me

, if the subjects have diseases other than peripheral vascular disorders to be examined, an
medical doctor should be required.

Data reporting

b, The subject shall be told that the.cold provocation test will be stopped at any time on request.

coolant. All
or operator

he subject's

ypertensive
that to be
idered by a
by the cold

by national
bn test. The
ubject may

conduct of

FSBP test. The examiner shall have sufficient knowledge about the risks inherent in the test, tpgether with

dical doctor.
pxamination

6.1

General

For interpreting the data, and for evaluating the validity of measurements, it is recommended that information

on

test conditions, subject conditions, measurement devices, measurement paramete

rs, subject

characteristics, and symptoms and signs observed during examination be reported with the results, as
described below.
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6.2 Examination conditions

6.2.1

Time of vyear,

Test conditions

time of day, room temperature, adaptation period and

time period between

test(s)/examination(s) affecting circulatory function of the test hands, if tests are performed on the same day,
should be reported.

6.2.2 Subject conditions

The posturg

6.2.3 Med

Identificatio
system sha

6.2.4 Med

The test fin

and clothingof thesubjectsduring thetestshouldbeTeported:
surement devices

n of apparatus used, or the characteristics of sensors, cuffs, plethysmograph and-data recor
| be reported.

surement parameters

jer(s) and reference finger(s), the position of the cuffs on the fingersi.the temperature and durg

of the cold provocation shall be reported.

6.3 Subj

ect characteristics

General characteristics such as age, sex, body mass index (or body'mass and height), nicotine intake, alc

consumptio
reported.

In the cass
estimated p
reported.

It is recom

therapy be
Workshop

6.4 Sym

If subjects
severe pain

6.5 Rest

h, medications and health conditions influencing\circulatory function of the hands should

of subjects exposed to hand-transmitted -vibration, their occupation, tools or machines u
arameters of exposure (such as vibrationsmagnitude, daily hours, days per week, years) shoul

ding

tion

bhol
be

mended that the stages of vascular and neurological disturbances, and prior/current medlical

reported, if applicable. For the‘staging of the hand-arm vibration syndrome, the Stockh
bcales [22] may be used.

ptoms and signs during examination

bxperience extraofdinary symptoms or signs during examination (such as pale colour of fing
| palpitation),.these should be reported.

Its

The calculz
pressure (S

tion ‘and rep

olm

ers,

ood

orting

Ftest,t %100 %

F, =

t
F test,s

F test,30

10

Ftest,SO °C — (Sref,SO °C — Sref,t)

is the percentage FSBP at 10 °C or 15 °C;
is the FSBP of the test finger after thermal provocation at 10 °C or 15 °C;

.c isthe FSBP measured on the test finger after thermal provocation at 30 °C;

(1)
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Sref30°c  is the systolic blood pressure measured at the reference site after thermal provocation of the
test finger at 30 °C;

Sref ¢ is the systolic blood pressure measured at the reference site after thermal provocation of the
test finger at 10 °C or 15 °C.

The percentage FSBP is the preferred result. If a different method is used to correct for changes in systemic
systolic pressure than that given by Equation (1), reporting the SBP at test sites and reference sites for each
measurement temperature allows interpretation of results with respect to the preferred result. If comparable
data for a vibration-exposed group and a control group are available, it is useful to report the diagnostic value
of the measurement, such as sensitivity, specificity, predictive value, receiver operating characteristic (ROC)
curye.

7 |Assessment of normative values and limits

Thel normative values for percentage FSBP vary with the influence of various conditions. Normative values
shopld be based on epidemiological data, considering the sensitivity, specificityvand predictive yalue of the
testimethods employed.
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