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A single-blind randomised trial comparing adrenaline
1O0% with dipivalyl epinephrine (Propine) 0 1% in the
treatment of open-angle glaucoma and ocular
hypertension
K B MILLS AND N A JACOBS

From Manchester Royal Eye Hospital and Charing Cross Hospital, London

SUMMARY The results of this single-blind randomised trial comparing adrenaline 1% with
dipivalyl epinephrine (Propine) 0.1% confirm that both have a significant effect in lowering the
intraocular pressure in patients with open-angle glaucoma and ocular hypertension, but it is
generally insufficient to warrant their use as the first line medical treatment of these two conditions.
There was no significant difference between the intraocular lowering effect of the two prepara-
tions, and 60% of patients receiving Propine and 66% of those receiving adrenaline noted side
effects.

Dipivalyl epinephrine (DPE, Propine) has recently
become available in Britain for the treatment of
open-angle glaucoma. It is an analogue of epine-
phrine (EPI). By the addition of two pivalic acid
groups to the EPI molecules' hydroxyl sites DPE is
rendered lipophilic and is absorbed into the eye up to
17 times more effectively.'2 When it penetrates the
eye, corneal and aqueous esterases apparently 2
hydrolyse this analogue, converting it to the original
EPI form. Because of this, DPE is referred to as a
prodrug form of EPI.

Theoretically the advantage of improving penetra-
tion by whatever means is the lower concentration of
drug required to achieve an equivalent therapeutic
effect. The desirability of reducing the systemic and
external ocular side effects of EPI is considerable.
Many patients must discontinue EPI owing to orbital
pain, allergic blepharoconjunctivitis, irritation, con-
junctival hyperaemia, blurred vision, and corneal
oedema.3 Melanin related breakdown products of
adrenaline may be deposited in the lower con-
junctival sac. Cardiac arrhythmias and systemic
hypertension are other hazards.4 Aphakic cystoid
maculopathy resulting from application of EPI would
also be expected with the prodrug, as concentrations
within the eye are equivalent.5
Correspondence to K B Mills, FRCS, 13 St John Street, Manchester
M3 4DQ.

This trial was designed to compare the commonly
used strengths of EPI (1%) and DPE (0-1%) with
reference to both their ocular hypotensive and side
effects.

Materials and methods

Patients with open-angle glaucoma controlled on
topical therapy or selected at initial presentation, in
addition to some with ocular hypertension, were
included in this study. Patients with previous ocular
surgery or who were taking any systemic therapy that
may have an effect on intraocular pressure, such
as systemic ,-blockers or monoamine oxidase
inhibitors, were excluded from the study.

After giving informed consent, 30 patients were
randomly allocated to two groups. After a two-week
washout period baseline intraocular pressure (1OP)
recordings were taken (by Goldmann applanation
tonometry). The resting blood pressure, pulse, and
pupil size were also measured. The first group (mean
age 70 years, 10 females and five males) received
DPE 0-1% twice daily to each eye, while the second
group (mean age 66 years, eight females and seven
males) were given EPI 1% to be used similarly. At
one month a full record of previously examined
parameters was made, and at three and six months
the IOP only was evaluated. These examinations
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were carried out between 1400 and 1500 h. Side
effects were noted on all occasions. If the IOP
exceeded 25 mmHg, the trial therapy was continued
with the addition of pilocarpine 2% thrice daily.
These patients were then observed for side effects.
Trial therapy was discontinued in the event of severe
side effects. Loss of control was defined as an IOP
exceeding 22 mmHg. The pharmacy held the code,
which was broken when all the patients had con-
cluded this single-blind trial. The doctors were
unaware of the code, hence unaware of the topical
formulation, but the patients were aware of different
eyedrops because the two sets of bottles of drops
were not masked in any way.
At each follow-up visit individual patients were

routinely asked whether they had experienced any
redness of their eyes (conjunctival hyperaemia),
ocular discomfort, blurred vision, or headache. They
were also asked if there had been any other untoward
reactions that they were concerned about. In
addition any abnormal external eye findings on
examination at each visit, including such findings as
conjunctival hyperaemia, pigment deposition, and
follicular reaction, were noted.

Results

The first group of 15 patients (DPE) included three
ocular hypertensives. Their mean baseline IOP

Table 1 Baseline IOP values andIOP reductions atfollow-
up

lOP (mmHg) DPE EPI

Mean (n) SDp Mean (n) SDp

Baseline 28-6(15) 4-7- 29-8(15) 4-9-
One month 19.5(14) 47 <0-0005 22-9(15) 2-7 <0-0005
Three months 21-9 (11) 5-0 <0-005 22-8 (13) 3-0 <0-0005
Six months 22-7(7) 3-8 <0-01 25-9 (10) 2-9 <0-025
Baselineforthose 27-7(7) 3-8 27-5(10) 3-2

completing six
months

n=Number of patients.
SD=standard deviation with Bessel's correction for small numbers.
p=Significance by unpaired one-tail Student's t test.

Table 2 Breakdown oftrial outcome

Subgroup Total No Loss Side Both Other
problems control effects (see

text)

DPE six months 7 3 2 - 2
completed

DPE not completed 8 - 3 3 2
EPI six months 10 1 3 5 1
completed

EPI not completed 5 - 2 1 2

(Table 1) was 28-6 mmHg. For the second group
(EPI), which included two ocular hypertensives, the
mean baseline TOP was 29-8 mmHg. Thus the groups
were comparable. The minimum 1OP was 22 mmHg,
and the maximum IOP asymmetry was 8 mmHg.
Of the DPE group, only seven patients completed

the trial. As four of these were not controlled on DPE
alone, with two experiencing unacceptable side
effects in addition (Table 2), a mere three patients
were effectively managed on DPE. However, two of
the eight patients not completing the trial were
controlled at three months but were lost to follow-up,
as one had a cataract extraction and another failed to
continue the treatment. Significant side effects
accounted for the other six, of whom three were also
uncontrolled.

In the EPI group 10 patients completed the trial.
With five patients experiencing unpleasant side
effects, three more being uncontrolled, and another
in both categories, one patient alone was satis-
factorily managed on EPI. Of the five who failed to
complete this trial two were uncontrolled, one
experienced side effects, and a further two fell into
both groups.
Table 1 shows the mean baseline TOP values and

mean pressure reductions from baseline in each
group at the study intervals. Further baseline values
were calculated retrospectively for the patients who
completed six months in each group, showing that
these subgroups were still comparable. Statistical
analysis of IOP reductions within the groups by the
unpaired one-tail Student's t test revealed a highly
significant fall for both groups at one month and three
months, and a less marked but still significant lower-
ing at six months. Comparing IOP reductions
between the groups at each interval failed to demon-
strate any significant difference by the unpaired two-
tail Student's t test.

In Table 3 each group was divided into those with a
baseline IOP of 30 mmHg or above and those with a
baseline IOP of under 30 mmHg. As subgroup
numbers were very low at six months, comparisons
were made only for the first two intervals. At one
month the fall ofTOP in the high baseline DPE group
was significantly greater (p<0-01) than in the low
baseline DPE group, but at three months the differ-
ence was not significant (p<O- 10). On the other hand
no difference between EPI subgroups was seen at
either interval. This is mirrored in the finding that the
high DPE subgroup showed a significantly greater
fall than the high EPI subgroup at one month
(p<001), but by three months there was no
significant difference (p<0-10).

Analysis of changes in pupil size, resting pulse, and
blood pressure revealed no significant change from
baseline within either group at one month. However,
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Table 3 Outcome ofhigh and low baseline intraocularpressure subgroups

IOPmmHg DPE 30mmHg vs DPE<30mmHg EPI¢30mmHg vs EPI <30 mmHg

Mean (n) SD Mean (n) SD p Mean (n) SD Mean (n) SD p

Subgroupbaseline 33-3 (6) 3-4 25-5 (9) 2-2 34 9 (6) 3 5 26-4 (9) 1-6
Changeatonemonth -13-3 (6) 2-8 -5.9 (8) 3-1 <0-01 -7-2 (6) 2-1 -6-8 (9) 3-0 NS
Change at three months -10-4 (4) 2-6 -3-6 (6) 4-5 NS -7-6 (4) 3-4 -6-7 (9) 2-7 NS

n=Number of patients.
SD=standard deviation.
p=Significance by Student's t test.

differences between groups showed a significantly
higher resting pulse rate in the DPE group at one
month (p<0.005). Other comparisons did not reach
significant values.
Although nine patients in the DPE group (60%)

and 10 patients in the EPI group (66%) noted side
effects, they have been recorded in descriptive
categories (Table 4). Thus, if a patient complained of
three effects, they would have been noted as three
separate points. On average each DPE patient who
complained had 1-44 side effects, and each EPI
patient who complained had 1-8 side effects.
Conjunctival hyperaemia was the most common
problem, being more prominent in the EPI group,
followed by ocular discomfort and blurred vision,
more marked in the DPE group. Two patients in the
EPI group noted severe episodes of shaking within 15
minutes of drop instillation.

Discussion

The outcome of this six-month trial using either
topical DPE or EPI as first-line therapy in chronic
glaucoma was disappointing. A residue of three DPE
patients and one EPI patient with both good control
and tolerable side effects from a total of 30 is difficult
to defend. Two DPE patients were lost during the
trial through no fault of the drug. Podos and Ritch,5
however, advocate the use of EPI as initial treatment
in open angle glaucoma. In the event of unpleasant
side effects they recommend the substitution ofDPE.
As DPE is superior to EPI in corneal penetration,

Table 4 Incidence score ofside effectsforDPEand EPI

Side effect DPEscore EPI score

Conjunctival hyperaemia 3 7
Ocular discomfort 4 2
Blurred vision 4 2
Headache 1 2
Severe follicular reaction 1 1
Marked pigment deposition 0 1
Periorbital blanching 0 1
Shaking reaction 0 2
Total 13 18

a lower concentration should be required.
Krieglstein and Leydhecker6 found that, of various
DPE concentrations, 0.1% was equivalent to 1%
EPI. This strength of EPI was chosen, as 2% EPI
offers no more in the long term.7 In agreement with
this, Bischoff also noted that 01% DPE was com-
parable to 5% phenylephrine. A similar IOP reduc-
tion using 0 025% to 0 5% DPE was noted in ocular
hypertensives,3 without mydriasis at the lowest con-
centration. But a considerable loss of effect was
apparent at one month. Two clinical studies com-
pared DPE and EPI over three months9 and over six
months with a crossover midway.' They found DPE
to be equally effective in IOP reduction,9 and slightly
less so particularly later on.'0 Different drugs were
simultaneously applied to the fellow eyes of patients,
and we consider that the humoral action of such a
drug on the fellow eye following systemic absorption
must compromise the significance of these results.
Our results show a similar efficacy of the two drugs,
with a trend towards reduced control by six months.
Baseline IOP does not appear to be a useful predictor
of therapeutic effect (Table 3), in spite of DPE's
causing a significantly greater fall from high baseline
IOPs at one month. A limitation on the clinical
situation is introduced when patients with unaccept-
ably poor IOP control are withdrawn from a trial.
This necessarily leads to an overoptimistic value
being quoted at later stages.

Mydriasis tends to be mild and similar for the two
drugs,9 0 except that in one normal volunteer study it
was less for DPE."I Pupil size in our investigation did
not deviate significantly from baseline. Laboratory
studies of cardiovascular effects following intra-
venous injection have shown a reduced and delayed
response of catecholamines when in the dipivalyl
form.'2 A sustet release action by enzyme conversion
of DPE is proposed'3 for this delay. Other experi-
mental work' has revealed that around 60% of both
drugs are systemically absorbed after topical instilla-
tion, probably via the gastrointestinal tract. One
clinical study4 found an idiosyncratic rise in mean
blood pressure for 25% of those patients on EPI, and
increased ventricular ectopic beats in one case.
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During the 'simultaneous drug' studies9' mentioned
earlier there was no pulse or blood pressure altera-
tion from baseline. While in agreement with this, we
detected a significantly higher (p<0-005) resting
pulse in DPE patients than in the EPI group rather
than the baseline. Also two patients (Table 4)
described an unpleasant shaking reaction 15 minutes
after taking EPI.
Because there is little to choose between EPI and

DPE as regards the ocular hypotensive and systemic
effects, the main justification of DPE's higher cost
must depend on improved ocular tolerance. Shorter
assessments comparing uninterrupted use of the
drugs for up to 3*6 months9 10 15 have concurred that
patients show a significantly greater ocular tolerance
to DPE. Theodore and Leibowitz"6 noted that long-
term exposure to DPE resulted in six of 26 patients
becoming intolerant at between five and 22 months.
Apart from the patients with conjunctival pigment
staining, periorbital skin blanching, and a shaking
reaction, ocular intolerance scores in our trial (Table
4) were 13 for DPE against 14 for EPI. We con-
sidered that five patients from each group were
unable to tolerate their therapy owing to side effects
in the long term. As these included the two EPI
patients with a shaking reaction, DPE was actually
less well tolerated locally. Our findings suggest that
DPE may be indicated only in those patients showing
idiosyncratic side effects with EPI.

Several short-term investigations" of timolol and
DPE in combination confirm an additive effect. It
would seem'" that adding timolol to DPE has a
greater effect than the converse. Thomas and
Epstein2" confirmed this with their work on timolol
and EPI in combination. They also confirmed that
this additive effect is short lived, due in all probability
to changes in B receptor population mediated by the
treatment drugs themselves.2 Their findings agree
with those of others,23 24 and they proposed a 'pulsed'
combination regimen, adding timolol episodically to
an EPI baseline. It is perhaps unfortunate that the
baseline should be EPI rather than timolol because of
the former's higher incidence of side effects. Never-
theless, this suggestion merits further consideration,
particularly as our results do not favour the adoption
of either DPE or EPI as first-line drugs for open-
angle glaucoma.
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