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IMPORTANCE Topical phenylephrine hydrochloride is routinely administered with few safety
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precautions, but evidence regarding its systemic safety to date is controversial. As even
short-term variations in 24-hour blood pressure (BP) and heart rate (HR) can adversely affect
cardiovascular health, better evidence on phenylephrine’s effects on HR and BP is required.
OBJECTIVE To perform a meta-analysis of available evidence regarding cardiovascular
adverse effects of topical phenylephrine.
DATA SOURCES PubMed, MEDLINE, and the Cochrane Database of Systematic Reviews and
Clinical Trials were searched for relevant literature from January 1, 1970, to January 1, 2014,
using a combination of the following search terms: topical, ocular, ophthalmic, phenylephrine,
tropicamide, cardiovascular effect, side effect, blood pressure, heart rate, mydriatic, and eye
drops. A total of 70 articles related to the topic were identified and all full texts were
retrieved.
STUDY SELECTION Randomized clinical trials reporting change in BP and HR for adults were
included in this review. All studies reporting results for neonates or infants, not reporting
standard deviations, or not specifying the time of measurement or the concentration of
phenylephrine used were excluded.
DATA EXTRACTION AND SYNTHESIS Data from randomized clinical trials that reported BP
and/or HR as well as the time following administration of topical phenylephrine at which
measurements were obtained by concentration of phenylephrine as a mean change and its
standard deviation were extracted. Data were synthesized by concentration of phenylephrine
and time of measurement following topical application using random-effects models with
inverse variance weighting to account for heterogeneity across studies.
MAIN OUTCOMES AND MEASURES Difference in BP and HR after topical administration of

phenylephrine.
RESULTS Eight RCTs with a total of 916 participants were included. Data were available for
phenylephrine, 2.5%, at 20 to 30 minutes and 60 minutes or longer after administration, and
neither BP nor HR changed at either time. Following application of phenylephrine, 10%, BP
increased at 5 and 10 minutes (mean difference for both, +15 mm Hg; 95% CI, 11.94-18.54;
P < .001) but decreased at 20 to 30 minutes and 60 minutes or longer with no changes
detected against baseline. A mean increase in HR by 4.48 beats/min (95% CI, 1.09-7.88;
P = .01) was present at 20 to 30 minutes following application of phenylephrine, 10%, and
HR decreased by 60 minutes or longer with no changes detected compared with baseline.
CONCLUSIONS AND RELEVANCE Phenylephrine, 2.5%, leads to no clinically relevant change in
BP or HR, and the changes in BP and HR seen with phenylephrine, 10%, are short lived. Thus,
phenylephrine, 2.5%, is safe to use in clinical routine.
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ost clinical ophthalmic examinations as well as lens,
retinal, and disc imaging involve the administration of
topical mydriatic eyedrops to allow for optimal visibility. To achieve good and rapid dilation, phenylephrine hydrochloride (an α-receptor agonist) and tropicamide (muscarinic receptor antagonist) are often combined. Phenylephrine can cause
pronounced cardiovascular adverse effects, including increases
in both systolic and diastolic blood pressure (BP) and change in
heart rate (HR), when given systemically.1,2 In contrast, topical
tropicamide is thought to be safe and not cause any cardiovascular adverse effects in adults.3
To date, there is no conclusive evidence regarding the cardiovascular adverse effects of phenylephrine, 2.5% or 10%, eyedrops alone or in combination with tropicamide. The largest randomized clinical trial (RCT) that compared phenylephrine, 10%
(n = 100) against tropicamide, 1% (n = 50) did not find an increase
in BP or HR up to 30 minutes after administration in either group.3
In contrast, a number of case series reported an increase in both
BP and HR following topical administration of phenylephrine,
2.5% and 10%, eyedrops.2,4 As mounting evidence has indicated
that not only both short- and long-term increases in BP but also
short-term BP variation in, for example, 24-hour ambulatory BP
measurement are associated with the development, progression,
and severity of cardiovascular events, target organ damage, and
mortality,5 it is important to assess the potential adverse effects
of topically administered phenylephrine on BP and HR. For example, carotid intima media thickness as well as left ventricular mass index, both measures of target organ damage related to
arterial hypertension, could be shown to be significantly elevated
in persons with increased systolic 24-hour BP variation.6 Thus,
it is important to know whether topical phenylephrine leads to
any increase in systolic BP, even if it is short lived. In ophthalmic
or optometric practice, neither BP nor HR is routinely monitored
Figure 1. Flow Diagram of the Systematic Literature Search
70 Articles from search
sorted by abstract
20 Excluded for age (infant
or perinatal studies)
50 Included for age (adult
studies)

before administration of topical phenylephrine, which further
increases the necessity for it to be safe.
Against this background, we conducted a systematic review and meta-analysis of the literature to synthesize available evidence on the extent of cardiovascular adverse effects
of topical phenylephrine in an effort to determine its safety.

Methods
PubMed, MEDLINE, and the Cochrane Database of Systematic Reviews and Clinical Trials were searched from January
1, 1970, to January 1, 2014, using a combination of the following search terms: topical, ocular, ophthalmic, phenylephrine,
tropicamide, cardiovascular effect, side effect, blood pressure,
heart rate, mydriatic, and eye drops. The searches yielded 2498
articles of which the abstracts were screened. Full texts were
obtained for abstracts related to the topic of interest, and their
reference lists were cross-checked for additional publications. A total of 70 articles related to the topic were identified
and all full texts were retrieved (Figure 1).

Article Selection and Outcomes
Only articles reporting results for adults were included in this review, and all studies reporting results for neonates or infants were
excluded. Obtained studies were categorized by study type (retrospective or prospective case series or RCT) and by assessed
outcomes (BP, HR, or other). Data from RCTs that reported BP
and/or HR as well as the time following administration of topical phenylephrine at which measurements were obtained by concentration of phenylephrine were extracted. Articles that did not
report standard deviations and those that did not specify the time
of measurement or the concentration of phenylephrine used were
excluded (Figure 1). Only data on systolic BP were used for this
meta-analysis because systolic BP was consistently reported
across studies, with a number of studies not reporting diastolic
BP, and has been shown to be a better marker of cardiovascular
risk than diastolic BP.7 Publication bias in studies was assessed
using funnel plots, and selection, ascertainment, and attrition
biases were assessed based on study design.

Statistical Analysis
29 Excluded for study type
(intervention case series
and case reports)

21 Included for study type
(randomized clinical trials)
7 Excluded for data type
(no numerical blood pressure
or heart rate given)
14 Included for data type
(numerical blood pressure
or heart rate given)

Meta-analysis was performed using Stata version 12.1 statistical
software (StataCorp LP), entering HR and BP before topical application of phenylephrine and HR and BP at different times after application as continuous data. The main outcome was mean
difference in BP and HR at 20 to 30 minutes and at 60 minutes
after topical administration of phenylephrine. Random-effects
models with inverse variance weighting were used to account for
high degrees of heterogeneity across studies as calculated by I2,
indicating the percentage of variance in a meta-analysis that is
attributable to study heterogeneity.8

6 Studies excluded for missing
data (no time or standard
deviation provided)

Results

8 Studies with data used in
analysis (time and standard
deviation provided)

648

A total of 8 RCTs that provided data for both phenylephrine,
2.5%, and phenylephrine, 10%, at both 20 to 30 minutes and
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Table. Characteristics of Included Studies
Recruitment
Method

Medications
Given

Experimental
Setup

Mean, 50.59 for
normotensive
and 55.66 for
hypertensive

Patients
undergoing
mydriasis in
Oman Sultanate
hospital

Phenylephrine
hydrochloride,
10%

1 Drop of
phenylephrine
hydrochloride,
10%,instilled twice,
10-min interval
between

Chawdhary et al,10 40
1984

Range, 20-40 y;
mean not given

Healthy
patients

Phenylephrine
hydrochloride,
10%, 5%, 2.5%,
and 1.25%

4 Groups of 10
patients; drugs
were coded and
application was
randomized; 1 drop
was applied
once per 1 min,
3 times in total

Kumar et al,11
1985

24 (11 for 10%
viscous solution,
13 for 2.5%
aqueous solution)

Mean, 42.6
(range, 26-60)
for 10% viscous
solution; mean,
46.8 (range,
23-81) for 2.5%
aqueous solution

Patients
undergoing
vitreoretinal
surgery

All had 1 drop
each of
cyclopentolate
hydrochloride,
1%, and
scopolamine
hydrobromide,
0.25%, topically;
topical viscous
phenylephrine
hydrochloride,
10%, vs aqueous
phenylephrine,
2.5%

Phenylephrine
hydrochloride
eyedrops were
applied during
surgery to 1 eye;
other eyedrops were
applied before
surgery, twice

Morgado et al,12
2010

30 (20 female)

Mean, 77.3

Patients
undergoing
senile cataract
surgery

Tropicamide, 1%,
and
phenylephrine
hydrochloride,
10%, eyedrops

1 Drop of each
solution, applied
3 times with 5-min
intervals, initiated
60 min before
surgery

Mouly et al,13
2006

18 (12 female)

Mean (SD),
26 (5)

Healthy
volunteers

Phenylephrine
hydrochloride,
10%, plus
tropicamide,
0.5%

Mydriatic insert vs
6 drops of topical
solution

Symons et al,14
1997

126 (76 female)

Mean, 73.1

Phenylephrine,
Patients
10%, plus
undergoing
cataract surgery cyclopentolate
hydrochloride,
1%

3 Drops
administered
to eye

Torrón et al,15
2013

35 (20 female)

Mean, 75.53

Tropicamide, 1%,
Patients
phenylephrine
undergoing
cataract surgery hydrochloride,
10%, and
cyclopentolate
hydrochloride,
1%

1 Drop of each
solution instilled at
15-min intervals for
1 h preoperatively

Mean (SD),
51.1 (16.79);
range, 56-87

Patients at
general eye
clinic

Source
Bhatia et al,9
2009

Participants,
No.

Age, y

89 (Normotensive,
31 male and
24 female;
hypertensive,
10 male and
24 female)

Yospaiboon et al,16 564 (316 female)
2004

60 minutes or longer were included in the meta-analysis
(eTable in the Supplement). Three studies tested phenylephrine in combination with tropicamide. All studies are described in detail in the Table. For the 8 RCTs, a total of 916 participants were included; the mean age was 56 years (range,
20-87 years), the sex proportions were approximately equal
(54% female), and 3% had known cardiovascular comorbidities such as hypertension. Almost all studies recruited participants at routine eye clinics, either patients prior to ocular surgery or volunteers who most often were patients’ escorts. All
studies excluded persons with a known history of cerebrovascular or cardiovascular events. Using funnel plots, no evidence of any publication bias was detected (eFigure 1 and eFigure 2 in the Supplement). Selection bias and ascertainment bias
have been addressed in most of the included studies by either
jamaophthalmology.com

Tropicamide and
phenylephrine
hydrochloride,
2.5% or 10%

1 Drop of
tropicamide; 30 min
later, 1 drop of
phenylephrine
hydrochloride

randomization or masking (4 of 8 and 5 of 8, respectively), and
attrition bias is very unlikely owing to the very short follow-up with all measurements taken within 1 to 3 hours. Thus,
all studies were included in the analysis.

Effect on BP
Studies were divided by concentration (2.5% vs 10%), and results were split by time of measurement following topical application (Figure 2 and Figure 3). Phenylephrine, 2.5%, did not
cause an increase in BP at either 20 to 30 minutes or 60 minutes or longer after application; in fact, there was a slight decrease in BP at the second time (mean difference, −4.65 mm
Hg; 95% CI, −8.54 to −0.76; P = .02) (Figure 2).
As the effect of phenylephrine, 10%, may vary over time
following application, data were analyzed across all different
(Reprinted) JAMA Ophthalmology June 2015 Volume 133, Number 6
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Figure 2. Forest Plot of Blood Pressure Changes at 20 to 30 Minutes and at 60 Minutes or Longer After
Topical Ocular Application of Phenylephrine Hydrochloride, 2.5%
Mean Difference,
mm Hg (95% CI)

Source

Weight,
%

20-30 min after application
Chawdhary et al,10 1984 −3.60 (−7.71 to 0.51)
Kumar et al,11 1985

45.45

−4.00 (−27.56 to 19.56)

2.70

1.31 (−2.26 to 4.88)

51.85

−1.06 (−4.99 to 2.86)

100.00

−4.40 (−8.34 to −0.46)
−14.80 (−39.84 to 10.24)

97.58

−4.65 (−8.54 to −0.76)

100.00

Yospaiboon et al,16 2004
Subtotal
≥60 min after application
Chawdhary et al,10 1984
Kumar et al,11 1985
Subtotal

2.42

−40 −35 −30 −25 −20 −15 −10 −5

0

5

I2 = 37% at 20 to 30 minutes
(z = 0.53; P = .60) and I2 = 0% at
60 minutes or longer (z = 2.34;
P = .02) (raw data are shown in the
eTable in the Supplement).

10 15 20

Decreased
Increased
Blood Pressure Change, mm Hg

Figure 3. Forest Plot of Blood Pressure Changes at 5, 10, 20 to 30, 40 to 45, and 60 or More Minutes After
Topical Ocular Application of Phenylephrine Hydrochloride, 10%

Source
5 min after application
Chawdhary et al,10 1984
Subtotal
10 min after application
Chawdhary et al,10 1984

Mean Difference,
mm Hg (95% CI)

Weight,
%

15.20 (12.77 to 17.63)

100.00

15.20 (12.77 to 17.63)

100.00

15.20 (11.84 to 18.56)

96.32

Kumar et al,11 1985

16.30 (−0.91 to 33.51)

3.68

Subtotal

15.24 (11.94 to 18.54)

100.00

20-30 min after application
Chawdhary et al,10 1984
Kumar et al,11 1985

9.60 (5.73 to 13.47)
1.30 (−27.86 to 30.46)

46.28
6.63

Yospaiboon et al,16 2004
Subtotal

0.63 (−2.91 to 4.17)
4.83 (−3.21 to 12.87)

47.09
100.00

40-45 min after application
Symons et al,14 1997

−3.00 (−9.11 to 3.11)

Torrón et al,15 2013

−8.21 (−18.63 to 2.21)

25.61

Subtotal

−4.33 (−9.61 to 0.94)

100.00

Bhatia et al,9 2009

2.53 (−2.16 to 7.22)

27.91

Bhatia et al,9 2009

3.95 (−5.49 to 13.39)

12.54

Chawdhary et al,10 1984

4.40 (1.06 to 7.74)

34.79

74.39

≥60 min after application

Kumar et al,11 1985

−5.50 (−21.98 to 10.98)

Morgado et al,12 2010

17.00 (4.83 to 29.17)

8.45

Mouly et al,13 2006

−4.00 (−14.13 to 6.13)

11.28

3.44 (−0.47 to 7.35)

100.00

Subtotal

5.02

−30 −25 −20 −15 −10 −5 0

5 10 15 20 25 30

Decreased
Increased
Blood Pressure Change, mm Hg

times for which information was available (Figure 3). Topical
ocular application of phenylephrine, 10%, led to an increase
in BP at 5 and 10 minutes after application (mean difference,
+15 mm Hg from a weighted baseline BP of 130 mm Hg; 95%
CI, 127-133; P < .001), which decreased again to baseline BP at
20 to 30 minutes and remained at this level at 40 to 45 min650

utes and at 60 minutes and longer (changes between −4.3 and
+4.8 mm Hg; all P > .08) (Figure 3). For both concentrations
and times, no studies except that by Kumar et al11 reported any
extreme outliers. In the study by Kumar et al, a viscous solution of phenylephrine, 10%, was used, which likely led to
greater systemic absorption (Table). As this study provided only
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Figure 4. Forest Plot of Changes in Heart Rate After Topical Ocular Application of Phenylephrine Hydrochloride, 2.5% and 10%,
at 20 to 30 Minutes and at 60 Minutes or Longer

Source
Phenylephrine, 2.5%, at 20-30 min after application
Chawdhary et al,10 1984
Yospaiboon et al,16 2004

Mean Difference,
Beats/min (95% CI)

Weight, %

−3.20 (−5.45 to −0.95)

49.82

1.21 (−0.98 to 3.40)

50.18

−0.99 (−5.31 to 3.33)

100.00

Chawdhary et al,10 1984

−0.80 (−3.51 to 1.91)

100.00

Subtotal

−0.80 (−3.51 to 1.91)

100.00

Chawdhary et al,10 1984
Yospaiboon et al,16 2004

6.32 (3.28 to 9.36)
2.85 (0.31 to 5.39)

47.00
53.00

Subtotal

4.48 (1.09 to 7.88)

100.00

Chawdhary et al,10 1984

2.00 (−0.85 to 4.85)

38.31

Morgado et al,12 2010

7.30 (3.72 to 10.88)

35.77

Subtotal
Phenylephrine, 2.5%, at ≥60 min after application

Phenylephrine, 10%, at 20-30 min after application

Phenylephrine, 10%, at ≥60 min after application

Mouly et al,13 2006
Subtotal

−3.00 (−9.28 to 3.28)

25.92

2.60 (−2.41 to 7.61)

100.00
−15

−10

−5

0

Decreased

5

10

15

Increased

Heart Rate Change, Beats/min

No heterogeneity detected (raw data are shown in the eTable in the Supplement).

10 cases for each of the concentrations and times (overall
weighting <5%) and as viscous phenylephrine is not commonly used in clinical practice, the study’s results are not representative of BP and HR changes following phenylephrine
application in clinical routine and are only retained as a worstcase scenario. No differences were found between studies that
used phenylephrine alone and those that combined it with
tropicamide, suggesting that concurrent application of tropicamide has no additional effect on BP.

Effect on HR
Fewer data were available for changes in HR at either time. No
change was seen with phenylephrine, 2.5%, at 20 to 30 minutes
or at 60 minutes or longer after topical application (Figure 4).
At 20 to 30 minutes, mean HR was elevated by 4.48 beats/min
(from a weighted baseline of 80 beats/min; 95% CI, 73-87;
P = .01) following application of phenylephrine, 10%, and it
decreased at 60 minutes or longer and was no different from
baseline (mean difference, +2.6 beats/min; P = .31) (Figure 4).
No differences were found between studies that used phenylephrine alone and those that combined it with tropicamide,
suggesting that concurrent application of tropicamide has no
additional effect on HR.

Discussion
Collating all high-quality data available on the cardiovascular
adverse effects of topical ocular phenylephrine, we found no
effect of phenylephrine, 2.5%, on BP or HR and only a very
short-lived effect of phenylephrine, 10%, which was present
jamaophthalmology.com

at 5 and 10 minutes after application for BP and up to 20 to 30
minutes for HR. This confirms that phenylephrine, 2.5%, is a
safe drug if applied topically. Available data for phenylephrine, 2.5%, are heterogeneous; however, any effect is likely to
not be clinically meaningful. As phenylephrine, 2.5%, is very
effective in dilating most irises, there is little need to revert to
phenylephrine, 10%, in clinical routine.
Previous studies have reported conflicting results, with the
only RCT specifically set up to investigate the effect of phenylephrine, 10%, on HR and BP reporting no effect.3 Based on
our results, the hazardous effect of phenylephrine, 10%, reported in the literature may have been overstated. The mean
change in BP is transient and reverted fully in a short interval
of less than 20 minutes. This change also is within a normal
physiological range such as changes experienced with circadian or postural BP changes.5,17 Almost all systolic BP changes
observed were of a magnitude less than 5 mm Hg. A mean systolic BP variation of 12 to 17 mm Hg while awake during the
day has been shown to be associated with increased carotid
intima media thickness and left ventricular mass index compared with a mean BP variation of 9 mm Hg or less.6 In a sample
of persons with hypertension with a baseline BP variability of
10 mm Hg per half hour, BP variability at baseline was shown
to be associated with target organ damage assessed by presence of arrhythmia, left ventricular mass index, cardiac volume on chest radiography, and retinal hypertensive changes
7 years later, independent of the existing hypertension.18 In
another study, systolic BP variability of 15 mm Hg or less was
defined as normal, and an increase more than this was associated with an increased prevalence of ischemic heart disease, severe carotid artery stenosis, and carotid intima media
(Reprinted) JAMA Ophthalmology June 2015 Volume 133, Number 6
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thickness increases.19 Thus, a very short-term BP change of less
than 5 mm Hg is not likely to be of any clinical relevance.
Similarly, the observed change in HR following topical application of phenylephrine is likely not clinically relevant. The
HR increases by 15 beats/min in untrained, healthy individuals 1 minute after standing from a sitting position.20 The
changes in HR following topical application of phenylephrine were all less than 10 beats/min for either concentration.
Studies that reported BP and HR changes following application of a combination of topical phenylephrine and tropicamide did not differ from those that applied topical phenylephrine only, which is in keeping with a previously reported
lack of effect of topical tropicamide on BP or HR in adults.2
Strengths of this review include the systematic search of
literature and meta-analysis. Limitations are the dearth of highquality evidence, particularly regarding cardiovascular adverse effects of phenylephrine, 2.5%, eyedrops, and the broad
range of study designs, small sample sizes, heterogeneous
samples, and concurrent application of tropicamide in some

Conclusions
Phenylephrine, 2.5%, leads to no clinically meaningful change
in BP or HR and can be considered safe to use in clinical routine. The changes in BP and HR seen with phenylephrine, 10%,
are short lived and of uncertain clinical relevance.
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