
Notes

A Note on Signs in the Fundus Oculi and Arterial Hypertension:
Conventional Assessment and Significance

by AUBREY KAGAN, Medical Officer, Cardiovascular Diseases, World Health Organization, Geneva, Switzerland,
ELIZABETH AURELL, Ophthalmologist, Sahlgren's Hospital, Gothenburg, Sweden, JoHN DOBREE, Consultant
Ophthalmologist, St Bartholomew's Hospital, London, England, KYosHI HARA, Chairman, Ophthalmological
Clinic, Centerfor Adult Diseases, Osaka, Japan, CHARLES MCKENDRICK, Director, Liverpool Regional Cardiac
Centre, Liverpool, England, ISAAC MICHAELSON, Professor ofOphthalmology, Hadassah Medical Organization,
Jerusalem, Israel, GERALD SHAPER, Department of Medicine, Makerere University College Medical School,
Kampala, Uganda, THALANAYAR SUNDARESAN, Statistician, Health Statistical Methodology, World Health
Organization, Geneva, Switzerland, and GOSTA TIBBLrN, Medical Clinic, Sahlgren's Hospital, Gothenburg,
Sweden

The use of signs in the fundus oculi for determining
the prognosis and progress of hypertensive disease
has been advocated for many years, but, before such
signs are used, it is desirable to know with what
precision they are determined, how their assessment
varies between observers and what is their signifi-
cance in relation to hypertension. Three studies a

organized by the World Health Organization have
recently been carried out on these problems.
The studies were essentially comparisons of the

assessment of defined signs. By ensuring that each
observer examined some or all of the same material
inter-observer comparisons were made, and by en-
suring that each observer saw some or all of the same
material twice intra-observer comparisons were made.
The first study was on the direct ophthalmoscopic

examination of the fundi of 24 hospital patients
(Study 1A) and on inspection of 33 enlarged black
and white photographs study (study 1B).
The second study used definitions revised in the

light of the first study, and 44 observers from eight
laboratories were asked to examine 50 colour dia-
positives of the fundi of selected hospital cases; data
from 37 observers were received in time for analysis.

In the third study seven experts from Israel, Japan,
Sweden, Uganda and the United Kingdom consid-
ered the consensus and the differences of opinion
expressed in the second study, and attempted to
improve the definitions of signs so that assessment

a A full account of these studies (with further tables,
bibliography and annexes giving definition of signs used and
other data) is available on request to Cardiovascular Diseases,
World Health Organization, Geneva, Switzerland.

would be more precise. The use of the revised defi-
nitions and rules was then tested on a series of 630
colour diapositives of the fundi of a population
sample of men aged 50 years. The blood pressure
and clinical ophthalmologist's opinion on each of
these cases were recorded but not disclosed to the
investigators until the diapositives had been assessed.
For this third study, the diapositives were repli-

cated and divided by the statistician into three groups
according to the clinical information:

(a) Subjects with no clinical ophthalmological findings
or evidence of hypertension (casual diastolic blood pres-
sure > 100 mm Hg).

(b) Subjects with evidence of high blood pressure.
(c) Subjects with clinical ophthalmological findings

with or without high blood pressure.
The seven observers each examined the slides of

156 different fundi, made up of 89 from group (a),
28 from group (b) and 39 from group (c).

In addition, each observer examined 55 duplicates
of the 156 slides, made up of 24 from group (a), 16
from group (b) and 15 from group (c). This infor-
mation was used for intra-observer variation com-
parisons.

Altogether 111 of the slides in each set were re-
plicates of those seen by one or more of the observers.
They were made up as follows:

48 from group (a), giving 168 pairs for inter-observer
comparison,
24 from group (b), giving 84 pairs for inter-observer

comparison,
39 from group (c), giving 446 pairs for inter-observer

comparison.
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TABLE I
MEAN PREVALENCE (%) a OF SIGNS AMONG ALL OBSERVERS BY STUDY

Sign Study 1A b Study 1B Study 2 [ Study 3e

Generalized arteriole narrowing 35 (11) 40 (12) 22 (7.7) 9 f (2.6)

Irregularity in calibre or
localized narrowing 25 (8) 24 (10) 21 (7.4) 7 g (3)

Increased light reflex 70 (10) 62 (13) 18 (8.3) -

Changes at AV crossing 52 (8) 43 (18) 17 (3.7) 13 (6.1)

Haemorrhage 2 (1.7) 11.2 (4) 17 (3) 0.3 (0.4)

Exudate, hard 3 (3.3) 10 (2) 20 (-) 1 (0.9)

Exudate, soft 3 (1) 9 (6) 16 (3.1)

Papilloedema 8 (6) 7 (7) 10 (5.3) -

a Standard deviation in parentheses.
b Ophthalmoscope; 48 fundi each examined twice by 6 observers.
c Black and white photographs; 33 fundi each examined twice by 7 observers.
d1 50 colour diapositives each examined twice by 37 observers.
e 630 colour diapositives examined by 7 observers (see text).
f Primary sector narrowing (this sign differed somewhat from generalized arteriole narrowing;

the definition is given in the full account mentioned in the footnote to the text).
g Calibre variation (the definition is given in the full account mentioned in the footnote to the

text).

Prevalence ofsigns
Table 1 summarizes the mean prevalence of signs

in the three studies.
Advanced signs (haemorrhage, exudates, papil-

loedema) were too infrequently recorded for further
analysis except in Study 2. Increased light reflex was
not sought in Study 3.
The standard deviations shown in parentheses in

the table indicate that the different observers found
very different prevalences; e.g., in Study IA the pre-
valence of increased light reflex ranged from 50% to
90% among the six observers.
Table 2 shows the percentage of cases in which the

observer was unable to make up his mind on the pre-
sence or absence of each sign in each study. It is to
be noted that, generally speaking, " unknowns " were
least frequent in the colour diapositives of hospital
cases. The frequency was very high in diapositives
of the " population sample ", especially for " primary
sector narrowing ".

Precision of observations

As there are no standards against which to judge
the precision of observations, each observer was
used as his own standard. By comparing each ob-
server's first assessment of each sign in each case

with his second assessment of the same sign in the
same case, his case-imprecision can be computed for
each sign; this is the number of times he disagrees
with himself, expressed as a percentage of the number
of comparisons made.
Table 3 shows the mean intra-observer disagree-

ment by sign in each study. Case-imprecision was
high for generalized narrowing, irregularity in
calibre, increased light reflex and changes at AV
crossings.

In Study 2 case-imprecision was relatively low for
haemorrhage and exudates.
Although definitions were modified from Study 1

to Study 3, there is no evidence that this gave rise to
improved precision.
The variation in case-imprecision by sign between

the observers is summarized in Table 3 by the
standard deviation. Thus, for example, in Study 3,
imprecision among the seven observers for changes
at AV crossings was on average 22% with a standard
deviation of 10, or a range of 2%40 %.

In Study 2, there were 37 observers; seven of these
were ophthalmologists, four were cardiologists and
26 were experienced in looking at fundi either as
experts in renal disease or in diabetes mellitus or as
general physicians or senior medical registrars.
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ARTERIAL HYPERTENSION: ASSESSMENT OF SIGNS IN FUNDUS OCULI

TABLE 2

PERCENTAGE " UNKOWN " BY SIGN ACCORDING TO TYPE OF EXAMINATION
(AVERAGE FOR ALL OBSERVERS)

Sign

Generalized arteriole narrowing

Irregularity in calibre or
localized narrowing

Increased light reflex

Changes at AV crossing

Haemorrhage

Exudate, hard

Exudate, soft

Papilloedema

Study 1 A a

4

5

5

4

4

4

6

.I I

Study 1 B b

7

2

2

11

0.4

3

14

Study 2 c

3

4

3

5

2

2

4

a Ophthalmoscope; 48 fundi each examined twice by 6 observers.
b Black and white photographs; 33 fundi each examined twice by 7 observers.
c 50 colour diapositives each examined twice by 37 observers.
d 630 colour diapositives examined by 7 observers (see text).
e Primary sector narrowing.
f Calibre variation.

TABLE 3
MEAN INTRA-OBSERVER DISAGREEMENT (%) a BY SIGN

Sign Study 1 A Study 1 B c Study 2 d Study 3 e

Generalized arteriole narrowing 21 (6) 15 (6) 22 (9) 33f (12)

Irregularity in calibre or
localized narrowing 25 (12) 14 (6) 27 (11) 19 g (8)

Increased light reflex 14 (9) 10 (7) 21 (9) -

Changes at AV crossing 26 (10) 23 (13) 21 (8) 22 (10)

Haemorrhage - - 9 (5) -

Exudate, hard - - 8 (6)

Exudate, soft - - 10 (5)

Papilloedema - - 13 (8)

Hypertensive retina _ _ - 27 (14)

a Standard deviation in parentheses.
b Ophthalmoscope; 48 fundi each examined twice by 6 observers.
c Black and white photographs; 33 fundi each examined twice by 7 observers.
d 50 colour diapositives each examined twice by 37 observers.
e 630 colour diapositives examined by 7 observers (see text).
f Primary sector narrowing.
g Calibre variation.
h Not defined.
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TABLE 4
MEAN INTRA-OBSERVER DISAGREEMENT (%) a BY SIGN IN STUDY 2 ACCORDING TO

TYPE OF OBSERVER

Sign

Generalized arteriole narrowing

Irregularity in calibre or
localized narrowing

Increased light reflex

Changes at AV crossing

Haemorrhage

Exudate, hard

Exudate, soft

Papilloedema

ophthal-o Cardiologists
(7) (4)

20 (6)

27 (8)

21 (7)

18 (6)

7 (3)
9 (3)
8 (3)

13 (7)

16 (8)

19 (9)

17 (10)

17 (12)

9 (7)

10 (11)

14 (7)

9 (1)

a Standard deviation in parentheses.

Table 4 compares imprecision in these three groups.
The cardiologists on the whole were the least im-
precise but there were big variations among them.
The most precise observer for one sign was not

necessarily the most precise observer for another.

Systematic variation in the assessment ofsigns
In addition to the lack of precision in assessing

signs there is a difference in the frequency with which
observers assess a particular sign. For example, in
Study 2 one observer found generalized narrowing
present in four of the 50 cases and another observer
found it present in 36 of the same 50 cases. Clearly,
the latter observer had a greater tendency to diagnose
generalized narrowing than the former.

Table 5 shows the large inter-observer difference
by case for each sign in each study.

It was hoped that with the opinion of 44 observers
on 50 slides from Study 2 it would be possible to
sharpen definitions and obtain better agreement. At
the commencement of Study 3 three days were spent
in discussing the definitions of signs, using the
material from Study 2. Most of this time was spent
in discussing the definitions of arteriole narrowing.
AV crossing phenomena were discussed in some

detail; haemorrhage and exudates were discussed
briefly; papilloedema was not discussed at all,
and increased light reflex was excluded from the
study.

Difficulties in assessing all these signs were due to
the subjective nature of the observations. Borderline

cases often occurred. In the case of generalized ar-

teriole narrowing or primary sector narrowing the
arteriole width was compared with an accompanying
venule. The diversity of pattern and the inequality
of branching of venules and arterioles made it difficult
to establish simple rules as to when such comparison
could or could not be made- e.g., if the venule had
branched and the arteriole had not, the arteriolar
width tended to be exaggerated, etc.
The definitions finally agreed on for primary sector

narrowing represented an attempt to overcome these
difficulties. The net result was that the sign could not
be used in 30% of cases (Table 2) and that the
precision when it could be used was not increased
(Table 3).

In Study 3 the observers were asked to state whether
"hypertensive retina " was present. Each used his
own definition or impression. No attempt was made
to define the sign for the group.
The defined signs showed no less variation within

and between observers than the undefined obser-
vations on " hypertensive retina " (Tables 3 and 5).
The gross variation in these observations preclude

their use for comparing small groups, individuals or

changes in individuals with time. Nevertheless, it is
of interest to know if the signs were recorded with
different frequency in subjects with and without
systemic arterial hypertension.

In Study 3 it was possible to compare the fre-
quency of signs in three groups of subjects described
earlier. Table 6 summarizes the prevalence of signs

Others
(26)

24 (9)

28 (12)

21 (9)

23 (8)

10 (5)

7 (5)
10 (5)

13 (8)

Total
(37)

22 (9)

27 (11)

21 (9)

21 (8)

9 (5)
8 (6)

10 (5)

13 (8)

I
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TABLE 5
MEAN INTER-OBSERVER DISAGREEMENT (%) a BY SIGN

Sign Study 1Ab Study 1 B c Study 2 d Stud,

Generalized arteriole narrowing

Irregularity in calibre or
localized narrowing

Increased light reflex

Changes at AV crossing

Haemorrhage

Exudate, hard

Exudate, soft

Papilloedema

Hypertensive retina 4

29 (7)

31 (7)

24 (11)

33 (5)

_

33 (8)

24 (6)

21 (8)

43 (10)

34 (14)

37 (17)

31 (18)

24 (15)

12 (17)

13 (18)

16 (17)

17 (16)

y 3 e

42f (17)

20 g (15)

23 (16)

25 (17)

a The standard deviations (in parentheses) represent the dispersion of slides and not the
dispersion of the pairs of observers.

b Ophthalmoscope; 48 fundi each examined twice by 6 observers.
c Black and white photographs; 33 fundi each examined twice by 7 observers.
d 50 colour diapositives each examined twice by 37 observers.
e 630 colour diapositives examined by 7 observers (see text).
f Primary sector narrowing.
9 Calibre variation.
h Not defined.

TABLE 6
VARIATIONS IN THE PREVALENCE (%) OF SIGNS IN STUDY 3 ACCORDING TO CLINICAL FINDINGS a

(7 OBSERVERS READING A SAMPLE OF 156 SLIDES OUT OF 630)

Sign
(and significant differenc

Primary sector narrowing
**F, *F*.)

Distal sector narrowing, cc
pared with venule (***)

DIstal sector narrowing, cc
pared with parent (**,

Calibre variation

Changes at AV crossing

Haemorrhage

Exudate, hard

Hypertensive retina (***)

Clinical group (a)
(89 slides)

b)
Mean SD

prevalence S

6.2 2.7

)m-
6.9 5.6

)m-
**) 0.2 0.4

5.1 2.6

12.2 5.8

0.2 0.4

1.1 0.9

7.4 5.2

Clinical group (b)
(28 slides)

Mean SD
prevalence SD

12.2 7.4

11.7 9.6

1.5 4.1

6.1 4.9

12.8 8.2

0.5 1.3

0.5 1.3

12.2 6.5

Clinical group (c) Estimates for all
(39 slides) 630 slides

Mean SD Mean SDprevalence prevalence

22.3 9.6 8.7 2.6

18.0 11.7 8.7 6.2

1.5 2.5 0.5 1.2

18.0

17.6

0.7

1.5

24.9

12.1

8.9

0.7

1.4

16.6

6.5

12.6

0.3

1.0

9.9

3.0

6.1

0.4

0.9

5.9

a See text for details of clin'cal groups.
b SIgnificant difference (P < 0.05) indicated by * between group (a) and group (b), by ** between group (b) and group (c), and

by .** between group (a) and group (c).
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found by the seven observers as a whole in each of
the three groups, and shows which differences are
statistically significant at the 5% level.
The signs that discriminated between the clinically

normal group and the others were primary sector
narrowing, distal sector narrowing, calibre variation
and hypertensive retina (undefined). This confirms
the clinical experience that the fundus of hyper-
tensives does often differ in some way from that of
non-hypertensives, but, although the observers were
of the opinion that this had " something to do with
diminished vasculature ", it was not possible to define
it further to their satisfaction.

It is concluded that signs such as arteriole nar-
rowing, calibre variation and AV crossing pheno-
mena, although carefully defined, were observed with
poor precision and with much difference between
observers whether they were observed ophthalmo-
scopically or from black and white photographs or
from colour diapositives. Observations on the pre-

sence or absence of undefined " hypertensive retina "
were made with the same precision and inter-
observer variation as the more carefully defined signs
from colour diapositives.
While the difference of opinion on the presence or

absence of these signs excluded their use in many
types of population study, there was evidence that
certain of these signs-namely, primary sector nar-
rowing, distal sector narrowing, calibre variation and
hypertensive retina-were observed more frequently
in hypertensives than in non-hypertensives.

It seemed to the writers that there was some factor
that they could not define, probably connected with
diminished vasculature, that was related to hyper-
tension.
More accurate and less biased ways of assessing

this factor are required and these would probably
have to be less conventional than those so far at-
tempted. Some work in this direction has been car-
ried out and will be reported later.

Insecticide Susceptibility and Resistance in Populations of
Anopheles gambiae, Culex fatigans and Aedes aegypti in Southern Nigeria

by L. S. SELF, Entomologist, and C. P. PAN, Project Leader, WHO Insecticide Testing Unit, Lagos, Nigeria

For the susceptibility tests the results of which are
reported here larvae of Anopheles gambiae and Culex
fatigans were collected from Surulere, a suburb of
Lagos, and larvae of Aedes aegypti from Igbogila,
15 miles (24 km) north-west of Lagos.
The "wild-caught" adults of C. fatigans and

Aedes aegypti used in the tests were derived from the
wild-caught larvae-unfed, one-day-old specimens
being used. Tests on Anopheles gambiae adults were
on unfed and gravid females collected from the Agege
district, north-west of Lagos.
Comparative tests were also carried out on larvae

and adults of all three species from the laboratory
colonies at Yaba-Lagos.

Results with larvae
For these tests the insecticides used were DDT,

dieldrin, lindane, parathion, fenthion, fenitrothion,
bromophos, OMS-786 (p-p'(O-O-dimethyl thio-
phosphoro)diphenyl sulfide), OMS-711 (2-chloro-1-
(2,5-dichlorophenyl)vinyl dimethyl phosphate),
and OMS-437 (toluene-a,a-dithiol-bis(O,O-dimethyl
phosphorodithioate).

Wild-caught and colony fourth-instar larvae were
exposed for 24 hours to concentrations ranging from
0.0008 ppm to 2.5 ppm; the results are given in
Table 1.
OMS-786 was easily the most effective larvicide

against all three species. The next best were para-
thion, fenthion and bromophos against Anopheles
gambiae and C. fatigans, and fenthion, fenitrothion
and OMS-437 against Aedes aegypti.
The wild-caught larvae of all species were highly

resistant to dieldrin; Anopheles gambiae and C. fati-
1767B


