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Summary

The intraocular pressure pulse has been measured and used to evaluate the ophthal-
mic arterial pressure and the ocular pulsatile blood flow in 13 retinitis pigmentosa
patients and ten similar aged healthy volunteers. The light sensitivity thresholds of
the central fields of all persons were recorded using the Heijl-Krakau automated
perimeter. The mean pulse amplitudes of 1.2 + 0.2 (26) and 2.3 *+ 0.25 (20) mmHg
in the affected and in the control groups respectively differed significantly
(p<0.001). The corresponding pulsatile blood flows were 310 + 24 (26) and 628 + 40
(20) wl min"'. The mean ophthalmic arterial pressures in the two groups were equal.
The light sensitivities in pairs of eyes of four of the patients differed substantially and
in all cases the eye with the better visual performance had the higher ocular pulsatile
blood flow. It is concluded that relative choroidal ischaemia is closely associated with

visual loss and pigment cell degeneration in patients with retinitis pigmentosa.

Retinitis pigmentosa (RP) is a degenerative
disease of the retinal neuroepithelium,
characterised by progressive loss of photo-
receptors. Clinically, it is frequently associ-
ated with a narrowing of the retinal vessels,
atrophy of the optic nerve, and pigmentary
changes in the retina.

Circulatory changes have been observed to
occur in the retina and choroid of RP patients
but it has remained unclear whether these
play a role in the pathogenesis of this disease
(for review see Merin and Auerbach 1977).
Attenuation of retinal vessels has been
observed and a sclerosis and atrophy of
the chorio-capillaris documented in RP
patients."*? In vivo, the results of fluorescein
angiography have indicated choroidal vessel
pathology both in the early and late stages of
the disease.**® However, Verhoef® and

Cogan’ reported minimal choroidal sclerosis
and questionable deterioration of the chor-
iocapillaris in eight cases of severe RP. Best,
Toyofuka and Galin' reported that some
patients with long-term disease had normal
fluorescein retinal transit times and appar-
ently normal fluorescein filling of the choroid;
they concluded that ocular haemodynamics
plays no role in the pathogenesis of the
disease.

The aim of the present study has been to
determine whether the ocular haemo-
dynamics in the RP patient is abnormal and if
so whether the changes occur in the early or in
the late stages of the disease. Specifically, the
ophthalmic arterial pressure (OAP), the
ocular pulsatile blood flow (PBF) and the
total blood flow have been evaluated. The
OAP has been derived from the relation
between the intraocular pressure (IOP) and
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Table I The visual acuities and the inheritance patterns in the patients with pigmentary retinal degeneration

Patient Visual Acuities Retinitis Pigmentosa
RacelSex Age O.D. 0.S. Inheritance Pattern
1 BM 38 20/60 20/50 Simplex
2 WF 63 20/60 20/60 Simplex
3 WM 23 20/50 20/40 Simplex
4 WF 18 20/25 20/25 Simplex
5 WM 56 20/50 20/60 Autosomal recessive
. or X-linked
6 WM 36 20/20 20720 Probable autosomal
dominant
7 WM 34 20/80 20/80 Autosomal recessive
or X-linked
8 WF 38 Hand Hand Autosomal recessive
motions motions
9 BF 37 20/16 20/16 Simplex
10 WM 21 20/16 20/25 Simplex
11 WM 30 20/16 20/30 Simplex
12 WF 31 20/16 20/30 Simplex
13 WF 47 20/25 20/16 Simplex

the pulse amplitude (PA)."">"* The PBF has
been evaluated from analysis of the IOP pulse
as described by Silver et al.**

Materials and Methods

Thirteen patients diagnosed as typical RP
were referred from the Retinitis Pigmentosa
Center of The Wilmer Eye Institute. The
clinical findings on these patients are summar-
ised in Table I. The diagnosis of RP was based
on the presence of night blindness, visual
acuity exceeding 20/30 until late in the
disease, intra-retinal mid-peripheral ‘bone
corpuscular’ pigmentation, narrowed retinal
arteries, ring scotoma and/or visual field con-
striction, vitreous degeneration with pigment
dusting and diminished or abolished electro-
retinograms. The group comprised seven men
(34 + 4.4 years; range 21-56 years) and six
females (39 £ 5.7 years; range 1863 years).
The 10 control subjects were volunteers with
no history of ocular or chronic systemic
disease. All control subjects received an
ocular examination prior to the study. The
group comprised four females (37.5%5
years; range 20-56 years) and six males
(39 =+ 4 years; range 20-61 years).

Analytical Methods
The Heijl-Krakau automated flat screen peri-

meter was used for all visual threshold
measurements.'>'¢ The test field comprised 64
light emitting diodes forming a circular pat-
tern covering the central 20° of vision (Fig. 1).
Sixteen light intensity levels ranging from a
zero level (the highest intensity 10000 asb, i.e.
318 cd/m?) to the 16th level (the lowest inten-
sity 0.03 asb). The exposure time of the light
stimulus was 0.25 sec unless otherwise stated.
The intra-stimulus time was two sec when the
patient did not respond, but when the patient
responded the following light stimulus was
initiated 0.5 sec later. Visual fixation was
checked by random exposures on the blind
spot at an approximate frequency of one in
nine threshold determinations. Background
illumination comprised eight low-voltage
lamps to give a screen luminance of 1 cd/m’.
The IOP was recorded with the Langham
pneumatic tonometer using a modified Bio-
Rad OCVM system .(Digilab Medical Div-
ision, Cambridge, MA). The system was
calibrated for the steady state IOP and for the
dynamic pulse response by manometric stud-
ies on enucleated eyes. Analogue recordings
of the IOP were made using a pen writer with
a sensitivity of 5 mm displacement for a pres-
sure of 1 mmHg. Evaluation of the PBF was
made from the pulse recording using the
mathematical method described by Silver et
al.'* The OAP was evaluated using the pro-
cedure of Langham and To’mey."! In brief, the
IOP and the IOP pulse were recorded at a
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Fig. 1. Therecordings of thelightsensitivity thresholds in the left (upper figure) and the right (lower figure) eyes of
a white male aged 34 with RP (patient No 7 Table I). The firstcolumn on the left records the 16 levels of light intensity
and the second column records the number of retinal points having the same light sensitivity thresholds. The number
of times the blind spot was illuminated and the number of times the patient responded are given above column 1. Q is
the modal value of the light sensitivity thresholds. The circular pattern shows the 64 retinal points tested. Points with
light sensitivities equal to the modal value are shown as zeros. Points with thresholds below or above the modal
value are given negative or positive values respectively according to the number of steps from the modal value.
Zeros are added to the negative values to underscore the areas of relative visual loss. The visual performance is the
sum of the product of the number of responses at each intensity level.
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Fig. 2. The relation between the visual performance and PBF in pairs of eyes of individual RP patients. The

corresponding values for the control subjects were 734+ 25 (20) and 628 + 40 (20) u/ min” for the visual
performance and the PBF respectively. The lines connect results in pairs of eyes of individual patients.

series of increasing pressures until the pulse
approached close to or equalled zero ampli-
tude. The individual values were then plotted
to give the IOP/PA relation; the ophthalmic
systolic pressure is the IOP at which the PA
becomes zero. The ophthalmic diastolic pres-
sure in individual eyes was taken to be equal
to a factor E times the brachial arterial dias-
tolic pressure, where E is the ratio of the sys-
tolic OAP to the brachial arterial systolic
pressure. This calculation is based on data of
Galin, Baras, Cavero and Best!” that the
ratios of the diastolic and systolic OAPs to the
corresponding brachial pressures were identi-
calin human subjects. The outflow facility was
measured by the pneumatonographic proce-
dure using the Digilab OCVM.'® The rate of
aqueous humour formation was calculated
from the flow equation F = C (P, - P,), where
C is the outflow facility, P, is the IOP and P, is
the recipient venous pressure. The coefficient

of ocular rigidity was evaluated from the val-
ues of P, and P,, where P, is the IOP induced
by the addition of a 10 g weight to the tono-
metric sensor.'® No significant difference was
found between the coefficients of ocular rigid-
ity between the RP (0.0190 + 0002 ul™") and
control subjects (0.020 = 0.0002 ul'™").

Results are expressed as the arithmetic
mean * the standard of the mean. The
number of eyes studied are given in parenth-
esis. Comparison of the means were made
using the Student t test.

Results

In the eyes of the RP patients the mean PA
and the mean diastolic IOP were 1.2 + 0.6
(26) mmHg and 14.1 +0.15 (26) mmHg
respectively. In the control group the PA was
2.6 = 0.5 (20) mmHg and the diastolic IOP
15.4+0.2 (20) mmHg; the difference
between the two PA means was significant
(p<0.001).
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Fig. 3. The relation between PA and IOP. The upper fig is the result on the left (0—0) and right (8—®) eyes of
patient No 6 (Table 1) The lower fig is the result on the left (0—0) and the right (®—e) eyes of patient No 10 (Table I).

The PBF in the eyes of the RP patients was 628 + 40 (20) ul min”'. The corresponding
310 * 24 (26) Wl min™ and in the control group  visual performances in the RP and control



DECREASED CHOROIDAL BLOOD FLOW ASSOCIATED WITH RETINITIS PIGMENTOSA

groups were 125 + 50 (26) and 734 + 25 (20)
respectively.

Figure 2 summarises the relation between
the PBF and the visual performance in indi-
vidual eyes of the RP patients. The central
vision in 11 eyes was very poor and the corre-
sponding visual performances were zero.
These 11 eyes had a mean PBF of 265 + 22 u
min’ which was significantly below the mean
PBF in the control group of 628 + 40 (20) n
min’ p<0.001). The remaining 15 eyes had
positive visual performances (435 + 20) and a
mean PBF of 385 + 50 ul min which was also
significantly below the mean PBF of the con-
trol group (p<<0.001). The mean PBFs in the
two RP groups differed significantly
(p<0.01). The PBF in the individual eyes of
the 15 eyes with positive visual performances
were all less than the mean of the control
group. Five patients had asymmetry of light
sensitivity thresholds and the eyes with the
higher visual performances also had the
greater PBFs; in the fifth case the PBFs in the
two eyes were equal. Fundus examination in
these subjects revealed symmetrical findings.

The low PA values in the eyes of RP
patients relative to eyes of healthy subjects
persisted when the IOP was increased. Figure
3 shows representative results of the PAs at
increased IOPs in two of the RP patients.
Figure 3a shows the results on a male patient
aged 36 years (Table I No 6). He has visual
performances of 154 and 177 in the left and
right eyes respectively and PBFs of 333 ul
min’ in the two eyes. The symmetry of the
PA/IOP relations in the eyes of this patient
was present in 10 of the 13 patients. In the
three remaining cases the PAs differed
between the two eyes of individual patients
and the asymmetry persisted as the IOP was
increased. A representative example of this
asymmetry in a male of 21 years is shown in
Fig 3b (Table I No 10). His visual perform-
ances were 464 and 385 in the left and right
eyes respectively. Both values are well below
the mean of 734 in the control eyes. The PAs
remained asymmetric as the IOP was
increased but the OAPs in pairs of eyes were
equal. The PBFs in the undisturbed eyes were
710 and 325 ul min respectively.

The mean OAP in the RP patients was
82.8 + 3.7 (26) mmHg and the brachial artery
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systolic blood pressure (BrAP) 115 + 4 (13)
mmHg. The ratio OAP/BrAP in individual
RP eyes was 0.69 = 0.04 (26). This value is
almost identical to the mean OAP/BrAP ratio
of 0.67 = 0.03 in the control group and to the
value of 0.69 + 0.01 reported previously in a
series of 20 healthy young adults.! The mean
OAP and the corresponding BrAP in the con-
trol subjects were 83.4 + 3 (20) mmHg and
123 + 5 (10) mmHg respectively.

The PBF at the diastolic OAP was 123 + 20
(26) wl min™ in the RP patients and 264 + 18
(20) ul min™ in the control group.

The possibility that the abnormally low
PBF in the RP patients was associated with a
decreased rate of aqueous humour formation
(F) was evaluated from the coefficient of out-
flow facility (C) and the IOP. The mean values
of C and F in the eyes of the RP patients was
024 +0.04(26) plmin'mmHg' and
1.1 £ 0.2 (26) pl min’ respectively. In the con-
trol subjects the mean values of C and F were
0.28+0.03 (200 wl min? mmHg' and
2.3 + 0.2 (20) pl min respectively.

Discussion

The mean PA in the eyes of the RP patients
was significantly less than in the control eyes
and provides evidence of a corresponding
abnormally low PBF.

The mean decrease of approximately 400 ul
min" PBF in the RP patients far exceeds the
total retinal blood flow and therefore must
have occurred predominantly in the ciliary
choroidal vessels which receive 90-95% of the
total ocular blood flow. In healthy human eyes
the total volumetric blood flow in the retina
has been reported to be 33 9.6 ul min™"
and 80 + 12 pl min™* based on laser doppler
velocimetry.”"”? The total ocular blood flow in
man remains uncertain. Using an indirect
method van Beuningen and Fischer®
reported a mean value of 1000 pl min’. A
similar value of 1000 ul min for conscious
rabbits was reported by Bill* using a radio-
actively labelled microsphere entrapment
technique. The same technology has estab-
lished the choroidal blood flow in the primate
to be 20-25 times that of the retina.”*%’

The possibility that the decreased PBF
reflected a similar decrease in total ocular
blood flow is supported by the persistence of
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abnormally low PBF at IOPs equal to and
exceeding the ophthalmic diastolic pressure.
At this pressure, entry of blood into the eye
can occur only during the systolic phase of the
cardiac cycle. This means that the non-pulsa-
tile component is zero at this pressure and the
remaining PBF is the total blood flow. The
PBF at the diastolic OAP in the RP patients
was approximately one half of that in the eyes
of normal subjects.

The loss of PBF in the eyes of the RP
patients could not have been due to decreased
OPP as the OAP in all patients were normal.
However, the possibility that loss of PBF was
partly due to an increase in the non-pulsatile
blood flow cannot be excluded.

The presence of relative choroidal ischae-
mia is in keeping with the frequently reported
sclerosis of the choroidal vessels in RP
patients. It may also explain the pattern of
visual loss in this disease. Historically, the
concept of a defective blood supply was pro-
posed to account for the initial visual loss that
frequently causes a ring scotoma in the equa-
torial region of RP patients.'” This is the same
area of the retina that vision is first lost in
normal eyes when the blood flow is reduced
by raising the IOP (see Ref. 11). Parri passu,
the last stages of visual loss in the RP eye
occurs in the macular, which is adjacent to a
dense network of retinal capillaries® and to
the region of the choriocapillaris fed by
arterial blood at maximal perfusion pressure
from the short posterior ciliary arteries.

The extent to which the decrease in PBF
contributes to the degenerative changes in the
pigment epithelium and the photoreceptors
remains to be resolved. Feke, Zuckerman,
Green and Weiter” calculated that in normal
subjects the retinal blood flow could supply
30% of the oxygen utilised by the retina, leav-
ing the remaining 70% to be supplied by the
ciliary choroidal vessels. The same investi-
gators also observed that the retinal blood
flow increased by 40-70% in the dark, thereby
providing extra oxygen needed by the photo-
receptors to regenerate visual pigments. Loss
of ocular blood flow decreases the oxygen
tension in the retina,* and this will be more
severe in the region immediately adjacent to
the segment of the photoreceptors densely
packed with mitochondria.*!

MAURICE E. LANGHAM AND THERESA KRAMER

In view of the observations that substantial
loss of PBF was found in eyes of RP patients
with partial visual loss, it would be logical to
evaluate the therapeutic action of increased
ocular blood flow on the course of retinal
degeneration in RP patients that have not yet
suffered severe visual loss. This rationale is
supported by the observation that in individ-
ual patients the loss of blood flow was greatest
in the eye with the poorer visual performance.
The therapy of increased ocular blood flow
was investigated in the past with little long
term success (see Ref. 3). However, at the
time these circulatory studies were made
there were few, if any, therapeutic methods
for sustaining increased ocular blood flow. A
re-evaluation of this therapeutic possibility
would appear to be timely in view of availabil-
ity in recent years of drugs that increase ocular
blood flow.

We are indebted to the Retinitis Center of The Wilmer
Ophthalmological Institute for referring the patients
presented in this study and for their encouragement to
undertake the investigation.
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