ﬁl‘ International Ophthalmology23: 25-30, 1999. 25
i~ © 2000Kluwer Academic Publishers. Printed in the Netherlands.

Fludrocortisone in the treatment of systemic hypotension in primary
open-angle glaucoma patients

Konstantin Gugleta, Selim Orgul, Daniela Stimpfig, Barbara Dubler & Josef Flammer
University Eye Clinic Basel, Switzerland

Received 15 April 1999; accepted 6 March 2000

Key words:glaucoma, fludrocortisone, systemic hypotension

Abstract

Backgroundfludrocortisone is a potent mineralocorticoid, which has no known direct vasoactive properties, and is
the first-line drug for treatment of orthostatic hypotension. The present study evaluated the systemic hemodynamic
effects of fludrocortisone treatment in glaucoma patieRtdients and method# retrospective analysis of the

charts of glaucoma patients of the University Eye-Clinic Basel was performed. Twenty-two patients with open-
angle glaucoma under treatment with fludrocortisone were selected. The selected patients had one 24-h blood
pressure recording immediately prior to treatment with fludrocortisone and one recording at least 2 months after
starting the treatment. Parallel to blood pressure recordings, diurnal intraocular tension curve recordings and visual
field testings were carried out. In addition, twelve patients also had nail-fold video-capillaroResujts:IOP

and visual fields remained stable. The average values for all systemic blood-pressure readings showed an improve-
ment in the follow-up compared to primary examination. Mea$D) night-to-day ratio (‘hocturnal dips’) of
systolic, diastolic and mean arterial blood pressure decreased fromt1 B0, 16.94+ 5.2% and 15.9t 3.5%,
respectively, to 9.9 5.9% (p=0.01), 13.2- 4.3% (p = 0.044) and 11.Z 3.9% (p = 0.0004). Baseline capillary
blood-flow velocity increased and capillary blood-flow standstill time after cold provocation decreased significantly
under fludrocortisone therap@onclusion:Hemodynamic parameters show a tendency towards improvementin a
magnitude which might be of clinical relevance.

Introduction turnal arterial hypotension occurs more often in pa-
tients with glaucomatous optic neuropathy [10].

Microcirculatory alterations have been suggested as ~ Therapeutic modalities in glaucoma patients are
potential risk factors in glaucomatous optic neuro- limited to decreasing intraocular pressure. Although
pathy [1]. Intraocular pressure still remains the major calcium-channel blockers might be helpful in treat-

predictor of future glaucomatous damage [2], and ing ocular vasospastic syndrome [1], treatment of
also contributes to glaucomatous damage in normal- glaucoma with calcium-channel blockers has shown
tension glaucoma patients [3—-6]. Nevertheless, a variable success, including the most recent studies
higher propensity for microvascular dysregulation has [11-20]. Even less is known about the treatment of
been found in glaucoma patients without increased in- Iow blood pressure in glaucoma. Indeed, no stud-
traocular pressure [7]. Low systemic blood pressure ies have evaluated possible treatment modalities in
has been suggested to be a risk factor for glaucomat-glaucoma patients with low blood pressure. Find-

ous damage [8]. Glaucoma patients without increased ings demonstrating a strong association between low-
intraocular pressure as well as glaucoma patients whoperfusion pressure and the prevalence of primary
show progressive damage despite therapeutically nor-open-angle glaucoma suggest, however, that in addi-
malized intraocular pressure have been demonstratedtion to decreasing intraocular pressure, glaucomatolo-
to have a lower average and nocturnal systemic blood gists would be well advised to increase blood pressure
pressure compared to normals [9]. Furthermore, noc- in patients with systemic hypotension [21]. This can
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be achieved in some patients by increased physical cluded. Tenets of the Declaration of Helsinki were
activity or increased salt intake. In more difficult followed.
cases, it has been suggested that fludrocortisone might A total of 22 (15 females, 7 males) glaucoma pa-
be helpful [22]. Because glaucoma patients often tients were included in this analysis. The me&i$D)
demonstrate vascular dysregulation, and because suclage of these patients was 61710 9 years and the
phenomena are statistically associated with systemicfollow-up period ranged from 2 months to 28 months.
hypotension [23], directly vasoconstrictive substances During this observation period, neither topical nor
should be avoided in the treatment of systemic hy- systemic medications were altered.
potension in glaucoma patients [22, 24, 25]. Fludro- The selected patients had to have one 24-h
cortisone is the firstline drug for treatment of ortho- blood pressure recording, diurnal tension curve meas-
static hypotension [26—28]. This drug has no known urement and visual field testing immediately prior
direct vasoactive properties. It is a potent mineralocor- to treatment with fludrocortisone and the matching
ticoid with a mechanism of action which is believed follow-up examinations at least 2 months after starting
to be sodium retention; this in turn leads to fluid re- the treatment.
tention and plasma expansion. A full pressor action Diurnal tension curves were obtained by means of
usually develops within two weeks [26—28]. The pur- Goldmann applanation tonometry, with five readings
pose of the present study was to evaluate the systemicover 24 h (at 6h, 8h, 11h, 16h and 21h) which were
hemodynamic effects of fludrocortisone treatment in used to calculate the mean values for the baseline and
glaucoma patients. the follow-up examination. Visual field testing was
performed by means of Octopus program G1, and
visual field mean defects prior to treatment and after
Materials and methods the follow-up period were compared. Both IOP and
visual field mean defects were calculated as the means

A retrospective analysis was performed of the charts of for the right and left eyes, and both eye values entered
glaucoma patients attending the University Eye-Clinic the further analysis.

Basel. Patients with open-angle glaucoma under treat-  Blood pressure was monitored for 24 h with a
ment with fludrocortisone were selected. These were Profilomat (Roche, Basel, Switzerland). This device
patients with progressive high-tension glaucoma des- measures the blood pressure automatically, on the
pite medically well-controlled intraocular pressure Same principle as the conventional mercury sphygmo-
(peak IOP readings below 21 mmHg on the last two Mmanometer, with a cuff and a microphone. The interval
diurnal IOP curve obtained prior to baseline meas- between individual measurements can be preselected,
urement) or normal-tension glaucoma patients without and blood-pressure readings are recorded on a data
increased intraocular pressure on at least 2 last di- Processor. Measurements were performed every 30
urnal intraocular pressure curves but with character- min during the day (from 8 a.m. to 10 p.m.), and
istic glaucomatous optic neuropathy and visual field €very 60 min during the night (from 10 p.m. to 8 a.m.).
defects. The visual field progression was defined as In both baseline and follow-up examinations the indi-
the increase in visual field mean defect (MD) of at Vvidual means of systolic and diastolic blood pressure
least 3 dB during the pre-study period, namely, from were computed for day and night time, and for the en-
the stabilization of IOP below 20 mmHg under top- tire 24-h period. In addition, the single lowest systolic
ical therapy until the introduction of fludrocortisone, and diastolic blood-pressure readings were identified.
when the present study started. In all selected patients,Mean arterial blood pressure (MABP) was calculated
fludrocortisone, 0.1 mg orally twice a week, had been using the formula: MABP = DBP + 1/3(SBP-DBP),
prescribed because physical activity and increased saltwhere DBP is diastolic blood pressure and SBP is
intake alone had failed to improve systemic hypoten- Systolic blood pressure. Night-to-day ratios (‘dips’) of
sion Satisfactor"y_ Systemic hypotension was origin- the SyStO”C, diastolic and mean arterial blood pressure
ally defined by at least two successive systolic blood Were calculated using the general formula: 2001 —
pressure recordings under 110 mmHg for men (100 hight mean/day mean).

mmHg for women) and/or diastolic under 60 mmHg Twelve patients (8 females and 4 males), out
(both genders) using the 24h-blood pressure monit- of total of 22, also had video nail-fold capillaro-
oring results. Patients with systemic hypotension due scopy in parallel with other examinations. In these
to over-treatment of systemic hypertension were ex- patients, video nail-fold capillaroscopy had been per-
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formed prior to and after initiation of fludrocortisone %
treatment. Furthermore, in these patients, the 24-h
systemic blood-pressure recordings and capillary mi-
croscopy were always performed on the same days.
The methodology of video nail-fold capillaroscopy A
has been described previously [7]. Briefly, after de-
termination of baseline blood-cell velocity, the skin
area was cooled by blowing decompressed carbon di-
oxide at approximately-15 °C over the nail-fold.

In cases where the blood flow ceased during local
cooling, the duration of the blood flow standstill was
measured for each capillary in seconds. The mean
flow arrest time of all the capillaries measured was
calculated.

The potential systemic side-effects of fludro-
cortisone therapy were analyzed using the history and
data from the general physical and laboratory exam-
inations (edema, headache, congestive heart failure,
electrolyte perturbations — especially hypokalemia).
Results of serum potassium level laboratory measure-
ments were available for 11 out of 22 patients.

The changes in IOP, visual field mean defect
and systemic blood-pressure parameters, namely 24-h
mean and the lowest systolic and diastolic pressures,
and night-to-day ratios of systolic, diastolic and mean
arterial blood pressures, were assessed by means of
paired t-test among the 22 patients. The changes
in video nail-fold capillaroscopy were analyzed by
means of paired t-test among the 12 patients who had
undergone two examinations of their vasoreactivity.
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Figure 1. (A) The night-to-day ratios [10& (1 — night mean/day
mean) %] of systolic, diastolic and mean arterial pressure decreased
significantly under fludrocortisone treatment (p-values 0.010, 0.044
and 0.0004, respectively). (B) Baseline capillary blood-flow ve-
locity increased significantly under fludrocortisone treatment (p
= 0.023). (C) Capillary blood-flow standstill time was decreased
significantly under fludrocortisone treatment (p = 0.0078).

Results

The overall mean IOP increased from 16.1 mmHg to
16.7 mmHg, and visual field mean defect slightly de-
creased, from 7.2 dB to 7.1 dB. These changes were
not statistically significant (p-values 0.12 and 0.79,
respectively). a mean £SD) capillary blood-flow velocity of 0.49
The average values for systemic blood-pressure + 0.35 mm/second. In the follow-up examination, the
parameters on baseline and follow-up examinations mean &SD) capillary blood-flow velocity was 0.79
are given in Table 1. Night-to-day ratios (‘dips’) of =+ 0.36 mm/second. The difference between these two
systolic, diastolic and mean arterial blood pressure all examinations was statistically significant (Figure 1B;
decreased significantly (Figure 1A). The average val- p = 0.023). The mean{SD) capillary blood-flow
ues for all systolic and diastolic blood-pressure read- standstill time was 51.54 48.58 seconds on primary
ings showed an increase in the follow-up compared to examination. The meantSD) capillary blood-flow
baseline examination. Changes in mean and the loweststandstill at the follow-up visit was 13.3& 20.46
systolic blood pressure over a 24-h recording period seconds. This difference was also statistically signi-

reached statistical significance.
Twelve patients had video nail-fold capillaroscopy

ficant (Figure 1C; p = 0.0078).
Serum potassium levels were 4.320.53 mMol

under cold provocation. Baseline examination showed at baseline, and 4.8 0.12 mMol at follow-up ex-
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Table 1. Blood pressure parameters prior to and under treatment with fludrocortisone

Baseline examination ~ Follow-up examination  t-test (p-value)

(£SD) (£SD)
Mean systolic BP 108.% 8.9 mmHg 111.4 8.1 mmHg 0.032
Mean diastolic BP 73.Z2 7.4 mmHg 74. 4 9.3 mmHg 0.271
Lowest systolic BP 79.6- 10.1 mmHg 86.H1 11.7 mmHg 0.019
Lowest diastolic BP 55.% 9.2 mmHg 55. 7 10.2 mmHg 0.738
Night-to-day SBP 13.6: 4.3% 9.9+ 5.9% 0.010
Night-to-day DBP 16.9t 5.2% 13.2+ 4.3% 0.044
Night-to-day MABP 15.9% 3.5% 11.74+ 3.9% 0.0004

BP = blood pressure; night-to-day SBP, DBP, MABP = night-to-day ratios of systolic, diastolic,
mean arterial blood pressure calculated by the general formula:x1— night mean/day
mean) %.

amination (p = 0.61), based on the laboratory data of clinical relevance. It is particularly the nocturnal
from 11 patients. Furthermore, no adverse effects blood pressure ‘dips’ that have been implicated as the
were observed in anamnestic and general physicalrisk factor for glaucoma and the progressive glauc-
examination data in any of the 22 patients. omatous damage [8, 10]. In addition, it seems that
fludrocortisone might improve other aspects of micro-
circulatory disturbances such as capillary vasospastic
Discussion reactions. Albeit the follow-up period was in some
cases as short as 2 months, the observed overall stabil-

This retrospective analysis of patients treated with ity of visual fields and IOP is encouraging. However,
fludrocortisone at the University Eye-Clinic Basel, thisis a retrospective analysis, and the results need to
suggests that systemic hypotension can be improvedbe confirmed in a prospective study.

with fludrocortisone in glaucoma patients. In addi-  Vasospastic patients often show systemic hypoten-
tion to improvement in systemic hypotension, 12 pa- sion. Whether the relationship between vasospasm and
tients showed an improvement in microvascular blood systemic hypotension is incidental remains to be cla-
flow. This was demonstrated by an impro\/ed Capi]- rified. Several studies, however, suggest that these
lary baseline blood flow and, on average, a decreasePhenomena might be related [30, 31] and may in
in capillary blood-flow standstill time after cold pro- fact be due to same underlying vascular dysregulat-
vocation. No significant change was observed either in ive alteration [32]. The present finding of a parallel

IOP or in visual field mean defect during the follow-up improvementin systemic hypotension and in capillary
period. vasospastic reaction to cold provocation also suggests

Treatment modalities for vascular alterations in that, indeed, these two entities might well be related to
glaucoma patients are scarce. Especially for cases ofsome common pathogenesis. At this point, no further
systemic hypotension, no treatment has been evalu-€xplanation can be offered, i.e., as to whether fludro-
ated in a controlled study. Although fludrocortisone cortisone might also have the direct vascular effect on
has been suggested as a potential treatment modalitythe capillary bed, and would this effect take place only
in glaucoma patients [29], whether such a treatment in @ particular group of patients.

would in the long-run really be beneficial for glauc- Systemic hypotension in these patients is probably
oma patients remains to be confirmed in a prospective Not a transient phenomenon, but rather a perman-
study. ent, life-long problem. With the prolonged use of

The present results suggest that fludrocortisone im- fludrocortisone, adverse reactions may occur, such as
proves the hemodynamic status of glaucoma patientshypertension, edema, headache, weight gain, congest-
with systemic hypotension. Although the increase in ive heart failure, electrolyte perturbations, infection
mean systolic and diastolic blood pressure was of little masking, interaction with other drugs (oral anticoagu-
magnitude, the overall night blood pressure ‘dips’ re- lants, antidiabetic agents, aspirin, barbiturates etc.),
duction and the increase in the lowest systolic blood Posterior subcapsular cataract, increased intraocular
pressure reading were more substantial and possiblyPressure [26-28, 33, 34]. Noting again that the follow-
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up period was in some cases quite short for any valid long-run be of the same importance for withhold-
conclusion with regards to this issue, it is neverthe- ing the damage progression as the improvement in
less indicative that we observed no side-effects in any systemic blood pressure. Whether such positive tend-
of the patients. The average IOP increase from 16.1 encies might prove reliable with the larger number
mmHg to 16.7 mmHg is neither statistically signific- of patients in a prospective, placebo-controlled study,
ant nor of clinical relevance. A possible explanationis and whether such a treatment might also be relevant
that the usual initial dose of fludrocortisone in cases for the long-term preservation of the visual field, is an
of moderate and severe orthostatic hypotension is two aspect which needs to be assessed by further studies.
to three times higher than the dose applied in the

present cohort. Still, in spite of sub-dosing, fludro-

cortisone therapy did produce systemic hemodynamic References
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