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

The main task of technical committees is to prepare International Standards. Draft Internationpl Standards
adopfed by the technical committees are circulated to the member bodies for voting. Publigation as an
Intermational Standard requires approval by at least 75 % of the member bodies casting a'vote.

Attenttion is drawn to the possibility that some of the elements of this document may'be the sublect of patent
rightg. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 22665 was prepared by Technical Committee ISO/TC 172, Optics and. photonics, Subcommittee SC 7,
Ophthalmic optics and instruments.
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Introduction

The measurement of the axial length of the human eye is one of the pre-requisites for the calculation of the
necessary power of an artificial lens that is to be implanted in the eye during cataract and/or refractive surgery.

Since the 1950s ultrasound biometry instruments have been used for ocular distance measurements.
Depending on how the sound waves are coupled into the eye, two different measurement methods are applied
in ultrasound biometry: immersion and contact techniques. In recent years, optical biometry instruments based
on partial coherence interferometry have established themselves as an alternative to echometry.

Neither instrument is calibrated against a common standard. As a result, there are systematic differences between
measuremerts taken with different biometers. The resulting errors can affect surgical outcomes for patienfs.
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INTERNATIONAL STANDARD

ISO 22665:2012(E)

Ophthalmic optics and instruments — Instruments to measure
axial distances in the eye

1 Scope

This International Standard is applicable to instruments and methods used for measuring the axial length of

the h

It def]
to ve

man . gve
J

nes minimum requirements for such instruments and systems and defines test methods an
rify that a system or instrument qualifies as an axial length measuring device in a¢corda

Intermational Standard.

2

ormative references

The following referenced documents are indispensable for the application of this documen
refergnces, only the edition cited applies. For undated references, the latest edition of the referenc
(including any amendments) applies.

IEC 6/0601-1, Medical electrical equipment — Part 1: General requirements for basic safety and essentia

3
For t

31

axial
dista
mem

NOTH
centrg
and r
length

3.2

erms and definitions

e purposes of this document, the following terms' and definitions apply.

length
nce along the axis of a human eye\between the anterior corneal surface to either the
brane (ILM) of the retina or the retinal pigment epithelium (RPE) of the retina

The separation betweep-the ILM (anterior retina) and RPE (posterior retina) is approximately
 of the fovea and 300 uym immediately outside the fovea. Different methods exist to assess axial ler
sing edge detection of fundus echoes in ultrasound instruments (using ILM) or determination of th
to the RPE in optical biemetry.

aphakic mode

meas
meas

3.3

urement made and/or instrument setting for an axial length measuring device which is to be
urement.ef’an aphakic eye (eye without lens)

I procedures
hce with this

t. For dated
ed document

performance

nner limiting

100 um at the
gth, e.g. peak
e optical path

used for the

contactultrasound

contact mode
coupling technique in echo biometry by which the measuring transducer probe is in direct contact with the cornea

3.4
echo

biometry

method to determine the axial length of a human eye by measuring the time of flight of an ultrasound pulse
between two echo-generating structures in the eye

3.5
grou

p refractive index

ratio colcg between the speed of light in vacuum (co) and the group velocity of light propagation (cg) through a
medium or a biological tissue
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3.6

immersion ultrasound
immersion mode

coupling technique in echo biometry by which the measuring transducer probe is separated from the cornea
by a water or liquid standoff

3.7

optical biometry
optical method to measure the axial length of a human eye

3.8

phakic mod
measuremer
measuremer

3.9
acoustical i
VA

material prog

Z=VXp

where
v isth

p s th

4 Requir|

The axial len
as described

The radial a
determined U
shall lie withi

5 Testm

5.1 Genel
The measure

All test bodig

t mode and/or instrument setting for an axial length measuring device which is to be used|fi
t of a phakic eye (eye with a crystalline lens)

mpedance

erty defined as the product of the velocity of sound in that material with jts\density:

e velocity of sound in the material;

e density of the material.

ements
gth measuring device shall conform to therequirements given below. Conformity shall be vg

in Clause 5.

sing the instrument under test.and shall be compared to the true dimensions. All measured v
n £ 100 pm of the true dimensions.

pthods

al
ments.ait’at comparing axial and radial dimensions of the test cylinders.

s,shall be placed in a position relative to the measuring instrument or sensor (transducer)

is comparabl

br the

rified

hd axial dimensions of three test bodies conforming to the requirements of Annex A shall be

alues

vhich

e 40 the patient’s eve position during clinical measurements. Axial measurements are

o be

performed along the cylinder axis, radial measurements along a diameter. In each orientation, 10 independent
measurements shall be carried out and averaged to give the respective test cylinder dimension.

To perform independent measurements it is necessary to adjust the measuring device anew for each new
single measurement.

5.2 True parameters of the test bodies

The true dimensions of the test bodies shall be determined using a mechanical calliper with an accuracy of at
least or better than 10 ym, preferably at the same temperature at which the measurements with the axial length
measuring devices were performed. Test results shall be evaluated according to the general rules of statistics.

The group refractive index and the velocity of sound and their temperature dependences, as well as the
acoustical impedance of the material, are to be specified.

2
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Measurements with ultrasound biometry instruments

Measurements using ultrasound instruments shall be performed in contact mode as well as in immersion
mode. For immersion measurements, the test cylinders are to be immersed in distilled water in a suitable
cuvette and oriented according to the desired dimension to be measured.

To prevent excessive uptake of water, the test bodies shall only be immersed in water for the duration of the
measurements.

The

ultrasound instrument has to be set up to operate in the aphakic mode.

The temperature of the test bodies shall be determined in order to allow a temperature correction for the

The

mear)s of the temperature-corrected velocity of sound for the test body material. For details, see

5.4

The

the tgst body to be obtained.

The temperature of the test bodies shall be determined in order to allow a temperature correction

refra

The
grou

6 Accompanying documents

propr]ation speed of sound through the test body material.

easured values are transformed into times of flight and then reconverted into geometrical

Measurements with optical biometry instruments

optical biometry instrument has to be set up to operate in a mode which-altows the optical (g

tive index of the test body material.

measured values are then reconverted into geometrical distances by means of the temperatd
p refractive index for the test body material. For details; see Annex A.

distances by
Annex A.

ath length of

for the group

re-corrected

y necessary
ation;

ce which are
rer for repair

pplier claims

The |nstrument shall be accompanied by deguments containing instructions for use and an

precgutions. In particular, these documents:shall contain the following information:

a) mame and address of the manufacturer or his authorized representative as required by legisl

b) ipstructions as to effective disinfection of the components of the axial length measuring dev
in contact with the patientrwith particular reference to instruments returned to the manufacty
Ind maintenance;

c) any additional documents as specified in IEC 60601-1;

d) a reference tgithis International Standard, i.e. ISO 22665:2012, if the manufacturer or su
¢ompliance with it;

e) ipstructions for use, if not already specified by IEC 60601-1.

7 Marking

The instrument shall be permanently marked with at least the following information:

a) name and address of manufacturer or supplier;

b) name, model, serial number;

c) additional marking as required by IEC 60601-1.
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A.1

A11

The test bod
long eyes; th

PMMA has
PMMA lenssd
Therefore, A
bodies mad¢g

Other suitabl

not be sensitive enough to display echoes with a long travel time throughhPMMA.

When select
cause chang

NOTE1 O
negligible imp

NOTE2 C

If a material
follow along

and the calclilations made based on them.

A1.2

The following

Gelneral

Material properties

2012(E)

Annex A
(normative)

Test bodies and evaluation of measurements

Test bodies

es are cylinders made of a suitable material that represent the distances of small,: mediun|
ey shall be manufactured with a tolerance < 0,01 mm.

been used in a variety of ultrasound applications as an echo-generating material; millio
s have been implanted in human eyes, the axial length of which is measured by ultras
1.2 gives the specification of a test body on the basis of the relevant mxaterial parameters fg
from PMMA.

e materials may be used and will be necessary, e. g. for ultraseund biometry instruments tha

ng an appropriate material, it is recommended to considerthe material’s acoustical impedar
es similar to those at the tissue margins to be detectedin the human eye.

herwise, the detection mechanism will be different ffom that of the human eye, thereby causing 3
bct on the measured axial lengths.

nsideration may be given to selecting a combination of more than one material.

pther than PMMA is to be used, the.specification of the test body and evaluation of results
he lines of the approach with PMM#A,, but with the appropriate parameters of the selected mz

material properties-are used for the measurement evaluation:

h and

ns of
bund.
r test

[ may

ceto

non-

shall
terial

terial

T temperature of the\test body (in °C);
c(T) temperature-dependent velocity of sound at working frequency for the test body mg
(in m/s);

ng(T) temperature-dependent group refractive index at laser wavelength for the test body material.
For PMMA:
The temperature-dependence of the ultrasound velocity is assumed to be the same as given by Asay et all'l
for 6 MHz:

oT)= 2751,9—2,647(T—25)—8,631~10‘3(T—25)2

(A1)

The temperature-dependence of the group refractive index is assumed to be the same as the respective
relation for the phase refractive index[2] and can be expressed as:

ng(T)=ng-8-107° (T -Tp)

with ng = 1,498 at Tp = 20 °CI3l.

4

(A.2)
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For materials other than PMMA, the relations given in Equations (A.1) and (A.2) will need to be replaced with
the respective relations for the selected material.

A13

Geometry of test cylinders

The lengths / of the test cylinders shall be equal to their diameters d (see Figure A.1).

Diffe

4

2

Figure A.1 — Test cylinders with axial length / and diameter d (/ = d)

ent cylinder dimensions are required for ultrasound and, ogtical biometry to represent srpall, medium
and Ipng eyes.

The felation between cylinder lengths /iyaT and correspondifg eye lengths /gyg is given by:
[ ] .
MAT = M and IMAT = nEi respect|ve|y_
leve  cEvE leye  nmaT
wherg
dMAT is the temperature-depéndent velocity of sound of the test cylinders;
MAT is the temperaturesdependent group refractive index of the test cylinders;
dEYE is the temperature-dependent velocity of sound of the eye;
HEYE is the group refractive index of the eye.
EXANIPLE Table‘A.1 provides a set of test cylinder dimensions allowing short, medium and long eyes to he represented
by 5 RMMA cylinders, Their lengths are 15 mm, 20 mm, 30 mm, 40 mm and 60 mm. The values were calculated using an
average ultrasound{velocity of 1550 m/sl4] for the phakic eye at body temperature (37 °C) and an average gfoup refractive
index|of 1,35745Vapart from the PMMA material properties given in Equations (A.1) and (A.2). The dimgnsions of the
test cylindefs~actually used, especially of those representing short and long eyes, may deviate from those in Table A1
according to'the measurement range of the instrument under test.
Table A.1 — Test cylinder dimensions / = d made from PMMA
and representing small, medium and long axial eye lengths
Ultrasound biometry Optical biometry
PMMA cylinder / Eye length PMMA cylinder / Eye length
mm mm mm mm
30,0 17,04 15,0 16,55
40,0 22,72 20,0 22,07
60,0 34,08 30,0 33,11
5
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