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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-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the

International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Starndards
adopted by the technical committees are circulated to the member bodies for voting>yPublication pgs an

International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is d

rights. 1ISO shgll not be held responsible for identifying any or all such patent rights.

awn to the possibility that some of the elements of this document may be the subject of patent

ISO 8612 wap prepared by Technical Committee ISO/TC 172, Optics_and photonics, Subcommittee [SC 7,

Ophthalmic optics and instruments.

This second ¢

dition cancels and replaces the first edition (ISO 8612:2001), which has been technically re¢vised.
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Ophthalmic instruments — Tonometers

1 Scope

This
compl
(10P),

This |

NOTE
true 1Q
Annex

2 N

The f
refere

nternational Standard, together with 1SO 15004-1, specifies minimum requirements ‘ar
ance procedure for tonometers intended for routine clinical use in the estimation of intraoc
hternational Standard takes precedence over ISO 15004-1, if differences exisf.

The true intraocular pressure is seldom directly measured since it would require invasion of the
P cannot be clinically measured, alternative methods are specified for determining a reference 10H
B).

ormative references

bllowing referenced documents are indispensable for the application of this docume
hces, only the edition cited applies. For undatéd references, the latest edition of th

document (including any amendments) applies.

ISO 1
requin

IEC 6
essern

3 T
For th
3.1

intrag
IOP

5004-1, Ophthalmic instruments — Fundamental requirements and test methods — P
bments applicable to all ophthalmic instruments

D601-1:2005, Medical electrical €quipment— Part 1: General requirements for basi
tial performance

erms and definitions

b purposes of this7document, the following terms and definitions apply.

cular pressure

pressyire within the eye

NOTE

d the design
ular pressure

eye. Since the
P (Annex A and

ht. For dated
e referenced

art 1: General

c safety and

3.2

[T ol HTH 4 £ L [ DY lo 4 1l A4 2 1.0
LTS TAPITOSTU T TTHNTTITCU TS UT'THCTuury (Imnrry 7, Whcic T1mtnmity = U, 1Too o RiFd.

reference tonometer
tonometer as described in Annex A

3.3

test tonometer

verifie

34

d tonometer used in design compliance testing

reference IOP
IOP that is measured with a reference tonometer, as specified in Annex A, in accordance with the procedures

given

in Annex B
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3.5
measured 10

P

IOP reading provided by the test tonometer when used in accordance with the manufacturer's instructions

4 Requirements

The test tonometer shall conform to the general requirements specified in ISO 15004-1.

4.1 General
411
41.2 Thet

4.2 Design compliance testing (certification)

421 The
Clause 5, tha
meet the requ

A tonometer
compliance tg

The requirem
reading and t
in Table 1.

NOTE Th
measurement,
associated with

pst tonometer shall conform to the specific requirements specified in 4.2 to 4.4.

the test tonometer measurements, when compared to the reference tonometer measurer
irements as given in Table 1.

sting.

ents are met if not more than 5 % of the paired differences. between the reference tong
ne test tonometer reading for each pressure range are @reater than the tolerance for that

b tolerances given in Table 1 represent 1,96 times.\the standard deviation allowable for the
and so account for not only the allowable error of/the tonometer under test but also unavoidabl
the reference tonometer.

Table 1 — Requirements for tonometers

IOP range Tolerance Minimum number of eyes
mmHg mmHg
7 to16 5,0 40
>16to< 23 15,0 40
> 23 15,0 40

422 The

manufactUrer shall analyse the data, taken in the course of design compliance testi

specified in C

in Clause 7, tllve slope, the offset and the standard deviation of the regression line.

ause 5;.Using the total least squares method for the regression, and make available, as re

manufacturer shall demonstrate, on the basis of design compliance testing as specified in

nents,

that meets the requirements of Annex A for a reference tonometer need not undergo gesign

meter
range

paired
e error

ng as
uired

4.3 \Verific

4.31

ation (instrument compliance)

The manufacturer shall develop a method and test apparatus to confirm that the design requirements

of 4.2 are met by each manufactured tonometer. Each tonometer shall be verified with this method and
apparatus. This method and test apparatus shall be the same as those used to measure and verify the test
tonometer in 4.2.

4.3.2 The permissible error of the test apparatus shall be less than or equal to one-half of the permissible
tolerance as given in Table 1.

© 1SO 2009 - All rights reserved
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4.4 Construction and function
441 The surfaces of the tonometer that are intended to come into contact with the cornea shall be:

a) composed of non-toxic, stable and non-oxidative material which is inert to ocular tissue, tears and
appropriate pharmacological agents;

b) designed either to facilitate disinfection or for single patient use;

c) free of surface irregularities and imperfections when viewed with unmagnified corrected vision.

4.4.2 The tonometer shall pnrmﬁ the measurement of 1IOP +hrn||ghn| itthe range Z mml—lg io mmHg The

scale for display shall either provide a direct measurement of a value whose relationship to (QP is known or
give alnumerical reading corresponding to the I0OP value.

Readings of IOP less than 7 shall be displayed either by their numerical value or by a “low reading” indication.
Readings of IOP greater than 50 shall be displayed either by their numerical value ‘or by a ‘high reading”
indication.

5 Tlest methods

5.1 |This International Standard describes type testing (ce€rtification) and individual device testing
(verifigation).

5.2 |The reference IOP shall be determined as described.im’Annex A.

5.3 |Design compliance testing shall be performed as‘described in Annex B.

6 Accompanying documents

The tgnometer shall be accompanied by*documents containing instructions for use together with maintenance
proceflures and their frequency of application. In particular, this information shall contain:

a) npme and address of the manufacturer;

O
-

instructions for effective)disinfection of the tonometer where applicable;

bntra-indications.for the use of the tonometer;

(2]
-~
Q

d) allist of accessories suitable for use with the tonometer;

e

iffappropriate, any additional documents as specified in 7.9 of IEC 60601-1:2005;

f) a reference to this Infernational Standard, i.e. TSO 8612:2009, if the manufaciurer or supplier claims
compliance with it.

7 Additional information

Upon request, the manufacturer shall provide information on the operating principles of the certified tonometer.

© 1SO 2009 - All rights reserved 3
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8 Marking

The tonometer shall be permanently marked with at least the following information:
a) name of manufacturer or supplier;

b) name and model of tonometer;

c) if applicable, marking as required by IEC 60601-1.

4 © 1SO 2009 - All rights reserved
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Annex A
(normative)

612:2009(E)

Reference tonometer and method for determining reference IOP

A.1 Specifications of the reference applanation tonometer

A11

The 1
requir

A.1.2

The a
diame

A.1.3

The fi

General

eference tonometer shall be a mechanical-optical applanation tonometer that- measu
bd to produce a given area of applanation.

Area of applanation

rea of applanation shall be circular with a diameter of 3,06 mm. The"manufacturing tolg
ter of the applanation circle shall be 0,02 mm.

Surface of tonometer head

ont (contact) surface of the tonometer head shall have a diameter of at least 6,0 mm

SMoo
shall
Over

h to the touch. When examined by unmagnified corrected vision under direct illuminatio
e free from surface imperfections (free from fissures, cracks and dents) that could dan
central area of not less than 4 mm diameter;.the front surface shall be a plane structure

valley| deviation from a plane surface of less than'3,0 um. The outer edge of this tonometer

SMoo
altern

A.1.4
The 1
49,0 n
linearl

The c
of trar

A1.5

If line

hed. The front surface flatness requirement shall be verified using the method given in
bte equivalent method.

Measuring force
heasuring force shall be-continuously adjustable within a minimum range extending f
N, without the use of auxiliary weights. The measured value of the force shall be clearl
y divided scale or a digital indication.

nange of force required to move the tonometer head in the opposite direction (reverse spa
sition shall not-exceed 0,49 mN.

Display

5 @re'used as graduations on the measuring scale, they shall be straight, of equal width

res the force

rance for the

and shall be
h, the surface
nage the eye.
ith a “peak to
nead shall be
A.2.3.6 or an

rom 0 mN to
y legible on a

h) at the point

and shall be

engra

| 4l H Fa| | U N | L ball | el 4l 414 £ 4l aliat oot
veUu Ul ULITTTWIST PTTTTIATICTTIUY TTIAdTATUL. TNU TITTC STidIT DT WIUTT Uialt 175 UT UTC Ulotdlivt DTLW

If a digital display is used, the increments shall be < 1 mmHg.

en two lines.

One scale unit shall represent either 0,98 mN or 1,96 mN. The main scale graduations shall be numbered with
a value. The width of the reference mark shall be no greater than the smallest width of the graduation lines on
the measuring scale.

A.1.6

Tolerance for measurement of force

When the tonometer head is adjusted to the verification position, the tolerance for the measured value of the
force within the measuring range shall be £1,5 % of the nominal value or £0,49 mN, whichever is greater, over
a temperature range from 15 °C to 30 °C.

© 1SO 2009 - All rights reserved
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A.2 Verification of reference tonometer

A.2.1 General

The reference tonometer shall be verified using the apparatus given in A.2.2 or an alternative equivalent
method.

A.2.2 Apparatus

A.2.21 Optical limit gauge, consisting of a left line and two right vertical lines divided horizontally by a
dashed line, for testing the applanation circle diameter (see Figure A.1). The distance between the right lines
corresponds fo twice the value of the tolerances of the applanation circle diameter specified in A.1.2.

Dimensijons.in millimetres

3,08

A
Y

Figure|A.1 — Optical limit gauge for verifying diameter of the applanation circle of 3,06 mm

A.2.2.2 Balance, of 0,01 g/scale division sensitivity for a) testing the measuring force, b) testing the
reverse span [for transitional movement of the'tonometer head into the opposite direction, and c) for checking
the position of the measuring arm with reference to its freedom of movement at equilibrium of forces.

A.2.2.3 Hlatness tester, comprising a low pressure sodium lamp, a glass optical flat (flatness tolerance of

< 1/8 wave at 589 nm) and a 10x magnifier lens for determining the flatness of the central 4 mm pf the
reference tonpmeter head (see Figure A.2).

A.2.3 Verification procedures

A.2.3.1 General

The reference tTonometer shall be verified using the method given below or an equivalent method.

A.2.3.2 Diameter of the applanation circle

Substitute the optical limit gauge (A.2.2.1) for the examined eye. Orient the dividing line of the prisms so that it
coincides with the dashed line. The action of the doubling prisms is to displace the images of the lines above
and below the dividing line by a combined distance equal to the applanation circle diameter, so that they
appear to come into coincidence (see Figure A.3). For a tonometer head without doubling prisms, determine
the applanation circle diameter using a lined square that is verified by direct comparison with the optical gauge.

The tonometer shall comply with the tolerance requirements if the transposed lower half-line lies within the
lateral interval delineated by the upper right line pair (Figure A.3).

6 © 1SO 2009 — All rights reserved
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7o

589 nm
4
g

0//6
ﬂ\7
o
\5
/
Key
1 loy pressure sodium lamp, e.g. SOX18 (ANSI L69)
2 ragliation of wavelength 589 nm
3 observer
4 magnifier, 10x
5 topometer tip under test
6 glass optical flat, 1/8 wave
7 interference fringes

Figure A.2 — Optical apparatus for verifying 3 ym flatness of the reference tonometer head

Dimensiorns in millimetres

®3,04 $3,06 $3,08

Figure A.3 — Verification of tolerance limits for diameter of the applanation circle,
here for diameter values of 3,04 mm, 3,06 mm and 3,08 mm

© 1SO 2009 - All rights reserved 7
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A.2.3.3 Measuring force, reverse span and central position of the tonometer arm

The measuring force, reverse span and central position of the tonometer are verified by using the tonometer
balance system (see Figure A.4) as follows.

NOTE Nu

mbers in parentheses in the following instructions refer to Figure A.4.

Attach the applanation tonometer to the balance system by means of a holding device. Align one of the
contact wheels to the tonometer head (1) using a three-coordinate fine adjustment, so that the contact wheel
touches the centre of the tonometer head applanation surface and presses against it with enough force such
that the balance pointer (3) is aligned to the zero index mark. The tonometer pressure setting for this step
shall be in the centre of the measuring range, midway between the front and back overloading stops. Check

the balance s
the pointer s
remove the O
pressure setti

The tonometq
values of the
tolerance vallies, and if the change of force required to move the tonometer head in the reverse dir
(reverse span

Key
1
2

adjust the applanation tonometer to a value that corresponds to an IOP of 10 mmHg;

symmetr

move theg

adjust th¢ applanation tonometer to a value that corresponds to an IORef 0 mmHg;

successi
Increase
again coi
carry out

adjustme

yStem for freedom of movement by foading the batance with a 0,5 g weight {2y and ensurt
vings to the lower balance stop. After ensuring freedom of movement of the balance:s

ng as follows:

cally align the tonometer head with the contact wheel without touching it;

tonometer head towards the contact wheel until the balance swings clearly over its zero p

hcides with the zero index mark;
the test starting with the maximum weight and decreasing the tonometer measuring force;
nt and checking of the applanation tonométer shall be carried out using a low-vibration dev

r shall comply with the requirements:specified in A.1.4 and A.1.6 if the deviations of the V|
measuring force from nominal values, as displayed by the tonometer scale, do not exce

) does not exceed the value-specified in A.1.4.

g that
stem,

5 g weight. Next, ensure that the balance system responds freely to changes in the tongmeter

Dint;

ely place weights in increments of 1 g on the balance;*from 1 g up to the maximum| load.
the measuring force of the tonometer as the weights are added to the balance, until the gointer

ice.

arious
bd the
ection

1
I-u

contact wheels and pressure bodies at the different measuring positions
balance weight

3 pointer and zero index

Figure A.4 — Arrangement for verifying the measuring force

© 1SO 2009 - All rights reserved
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A.2.3.4 Width of lines on the measuring drum

612:2009(E)

The tonometer shall comply with the requirements specified in A.1.5, if the measured width is less than or

equal to the width of the standard line.

A.2.3.5 Variation of measuring-force scale reading between 15 °C and 30 °C

The test should, in general, be carried out only once for each reference tonometer.

Place the tonometer, mounted on the tonometer balance, in a room in which the temperature can be adjusted.

M 't 4l 1 PUH £, ' £ 4 4
Onl Pl UI1IC oLdlT 1T AuUll IuD do d TUurictlurt ur icriiperaturc.

The tgnometer shall comply with the requirements specified in A.1.6 if, throughout the temiperat
scale feadings do not vary by more than the permitted limits.

A.2.3/6 Flatness over central 4 mm diameter of tonometer head

Clean|the front and back surfaces of the tonometer head per manufacturer!s-instructions. The g
the tohometer as shown in Figure A.2 shall be free of any dust or dirt that would affect the co
the flgt and the tonometer head. Place the tonometer head on a clean surface and place the opt
of the|tip under the sodium lamp illumination. Allow the sodium lamp,to warm up for at least 5
lens of not less than 10x magnification observe the fringe pattern @ppearing at the optical flat-to
tip inte¢rface. There shall be ten or less fringes at the interface over the 4 mm central diameter.

A.2.4| Test certificate

ire range, the

ptical flat and
ntact between
cal flat on top
min. Using a
hometer head

The re¢sults of verification testing, carried out in accordance with this International Standard, shall be recorded

in a tegst certificate provided by the manufacturer in the countries where no legal verification is
example of a test certificate is illustrated in Figure’A.5.

A.3 Protocol for using the reference tonometer

The following procedure shall be. carried out when using the reference tonometer in the desig
testing specified in Annex B.

a) aesthetize the selected eye of the subject.
b) ain with sodiam*fluorescein.

NOTE Steps.a) and b) can be combined by using an anaesthetic to which sodium fluorescein ha
added

available. An

n compliance

5 already been

c) tthe tonometer drum to a force corresponding to an IOP of 10 mmHg.

If possible, do not touch the eyelid with the fingers in order to open the palpebral aperture. If the palpebral
aperture is not wide enough to allow the tonometer cone to make contact, instruct the subject to open

his/her eyes wider.

d) Direct the subject to view a distance fixation point. If distance fixation cannot be maintai
fixation is used, this fact should be recorded.

ned and near

e) Measure the intraocular pressure for the mean of the ocular pulse and remove the tonometer from the

eye.

© 1SO 2009 - All rights reserved
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f)

)]
h)

10

Repeat steps c), d) and e) if the measurement was not valid because:

1) the patient felt a sensation;

2) the eyelid was touched,;

3) the fluorescein ring was too broad or too thin;

4) any other circumstances suggest that the measurement may have been inaccurate.

If there is any evidence that the anaesthetic is no longer fully effective, re-administer the anaesthetic.

Repeat s$teps c), d), e) and f) if a series of multiple measurements is suggested. After Ghe first
measurement for a given subject has been taken, all valid subsequent measurements shall be.reqorded
when a $eries of multiple measurements are desired. If any interruption to the consecutive readings
occurs, then recommence the procedure.

© 1SO 2009 - All rights reserved
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Tonometer Test Certificate

Tonometer No.: Date:

Sender: Tester:

Manufacturer: Controller:

Diameter of applanation circle, nominal 3,06 mm or 40,02 mm

a) Topometer head No. 1 mm b) Tonometer head No. 2 mm

MEABURING FORCE

Initia] state: The tonometer arm shall be adjusted symmetrically in the free space available for movement
with reference to the verification position.

Nomjnal requirement Error
Horizontal Vertical

9,81 £ 0,49 mN mN mN
19,61 £ 0,49 mN mN mN
29,42 + 0,49 mN mN mN
39,23+ 0,59 mN mN mN
44,03 £ 0,74 mN mN mN
58,84 £ 0,88 mN mN mN
64,65+ 1,03 mN mN mN
78,45+ 1,18 mN miN mN

Reverse span at the transition of tonometer head movement into the opposite direction:

0,49 mN maximum mN

Position of measuring.arm relative to its free play at equilibrium of force:

Middle

Tip fTatness (10 fringes maximum) fringes
Remarks:

Result: Verified Not verified

Signature:

Figure A.5 — Example of a test certificate

© 1SO 2009 — All rights reserved 11
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Annex B
(normative)

Design compliance testing

B.1 General

The sponsor
monitor shall

B.2 Invest

B.2.1 The
measurement

B.2.2 Theq

the test tononpeter or the outcome of the test.

NOTE Thi
B.3 Trainii
B.3.1 The 1

test tonometg
instructions e

B.3.2 Durin
tonometers, n

B.4 Tonon

B.41 Comj
apparatus def

B.4.2 The
beginning ang

have no vested or commercial interest in the test tonometer or the outcome of the test.

gators

honitor shall recruit a minimum of two investigators per centre who will~be responsible f
s of the IOPs using both the reference tonometer and test tonometer,

ersons conducting the design compliance testing shall have novested or commercial inte

p test can be multi-centred.

g
honitor shall ensure that all investigators, ase fully trained in the use of both the refereng
rs. The investigators shall be made aware that they shall follow the protocol and manufac|
actly and at all times.

g the test, the investigators (shall not be given any further instruction on the use
or shall they be given any feedback on the results of the measurements.

neters

liance with the\specifications of the test tonometer(s) shall be verified using the method
cribed in 4.3,

monitof<shall ensure that calibration of the reference tonometer is verified at least
end of the test.

pf the test shall appoint a monitor to take overall responsibility for the conduct of the test. The

or the

rest in

e and
turer's

Df the

s and

ot the

B.4.3 The testtonometer(s) shall not be subject to non-routine adjustment of the calibration.

B.5 Subjects

B.5.1
a)
b)

c)

Subjects shall be selected according to the following exclusion criteria:
subjects with only one functional eye;

those with one eye having poor or eccentric fixation;

tonometer);

12

high corneal astigmatism (i.e. those eyes displaying an oval contact image with the Goldmann
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