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Abstract
Purpose—To examine whether automated visual field (VF) testing may exert a short-term
influence on subsequent intraocular pressure (IOP) measurement during the same visit.

Methods—We reviewed patients with primary open-angle glaucoma whose most recent visit
occurred at a major academic institution from July to December 2009 and who had 3 visits
without intervening changes in glaucoma management within the previous 5 years. Exclusion
criteria were patient admittance of nonadherence with medical therapy and documented difficulty
of IOP measurement. One hundred nine right eyes from 109 patients were included. IOP obtained
within 30 minutes after VF testing was compared with IOP from the previous and next visits
without VF testing. Subgroup analyses included the role of reliability of VF test performance,
surgical versus medical IOP control, and different topical medications.

Results—The average IOP measured after VF testing was 14.9± 4.7 mm Hg, higher than both
the previous (13.7±4.4 mm Hg, P<0.001) and next visits without VF examination (13.8±4.4 mm
Hg, P<0.001). A total of 22.9% of patients experienced a more than 20% increase of IOP. Eyes
with surgical control had less IOP elevation than eyes with medical control (3.1%±15.9% vs.
11.7%±17.4%, P=0.009). Users of β-blockers or α-2-agonists had less IOP elevation than eyes
controlled with prostaglandins or carbonic anhydrase inhibitors (0.9%±15.1% vs. 9.0%±12.3%,
P=0.030).

Conclusions—This retrospective study suggests that patients with primary open-angle
glaucoma experience a small and transient increase in IOP after VF testing and that this effect may
be lower after surgical pressure control.
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In our practice, intraocular pressure (IOP) is measured after automated visual field (VF)
testing to have results available for better decision making should therapy have to be
advanced and to avoid tear film disruption that may lead to interference with VF testing. We
were concerned that we may have detected a pattern of increased IOP after VF analysis in
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some glaucomatous eyes with previously within-target pressures, suggesting that treatment
may need to be intensified, only to measure at the next visit pressures that were similar to
before VF testing without having changed management. We hypothesized that VF testing
may cause a transient elevation in IOP through an unidentified mechanism that could
unnecessarily prompt the treating physician to adjust treatment.

Currently, there is no consensus in the literature about the effects of VF testing on IOP, with
1 prospective study of 49 primary open-angle glaucoma (POAG) patients suggesting a
transient 1-hour increase in IOP of 2.38±3.49 mm Hg,1 and other smaller studies reporting
no difference.2,3 Proposed factors include the stress of the testing conditions,4,5 personal
tolerance of environmental stressors,6 and decrease in visual accommodation during VF
testing.7,8

To examine whether our observation of IOP increase after VF testing was truly present, we
conducted a retrospective study of patients with POAG. We compared IOP measured
directly after VF testing with IOP measured at 1 preceding and 1 subsequent visit and tested
for correlating factors.

METHODS
This study adhered to the tenets of the Declaration of Helsinki and was approved by the
Institutional Review Board. A retrospective chart review was performed of all patients with
POAG treated by 2 glaucoma specialists J.C.T. and M.B.S. at the Yale Eye Center at the
Yale University Medical School whose most recent clinic visit took place from July to
December 2009. Patients selected for inclusion were those who exhibited unchanged
glaucoma management during a period spanning at least 3 consecutive office visits within
the previous 5 years. VF testing visit took place during the second of the 3 visits for each
patient, whereas the first and third visits did not include this examination. Exclusion criteria
were changes in disease management during the data collection period, patient admittance of
nonadherence with medical therapy, documented difficulty taking pressure measurements
and IOP measured after dilation. All patients followed the same algorithm of VF testing
followed by IOP measurement within 30 minutes and discussion with the responsible
physician. The VF analysis was performed with a Humphrey 630 VF analyzer (HFA II
model 750 operating system 12.6; Carl Zeiss Meditec, Jena, Germany) and the 24-2 or 10-2
Swedish Interactive Threshold Algorithm standard program on undilated eyes. All were
examined using the same VF machines, examination rooms, and tonometers operated by the
same personnel; no specific technicians performed a larger proportion of measurements
during perimetry visits. IOP was measured with the same standard Goldmann tonometers
that were within 4 months of calibration by 1 of 2 technicians or 2 attendings, all of whom
have worked in a glaucoma clinic for more than 15 years and assumed to have accurate,
repeatable techniques. Measurements of IOP had all been taken from the right eyes first.
Only data from 1 eye in each individual were used for analysis of IOP change from visit to
visit to reduce the effect of confounding. Left eye data were used only when right eye data
were not available or incomplete.

For each patient and each time period included, the most recent visit during which VF
examination was performed was identified. IOP from the VF visit was compared with IOP
from the visit immediately preceding and immediately after VF testing using analysis of
variance (ANOVA) for repeated measures and 2-tailed paired t tests for repeat
measurements in the same patients. The IOP measurements of the first and the last visit,
both without VF examination, were used to compute the baseline average IOP. VF testing-
associated IOP change was expressed as a percent change in IOP measured during the VF
visit compared with this baseline average IOP. A simple linear regression of IOP change
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with respect to age was performed to analyze whether IOP change varies predictably with
the age of the patient. Subanalyses were performed to examine the impact of unreliable VF
test performance, medical versus surgical IOP control, and different topical glaucoma
medications on IOP after VF testing. When the subanalysis of medication groups showed a
clinically significant difference in mean IOP but an insufficient number of patients, both
right and left eyes were included. A nested ANOVA analysis was used to account for
intereye correlation in multieye data. IOP change in unreliable VF test takers was compared
with that of reliable VF test takers using a 2-tailed t test. Reliability is a binary categorical
indicator reported by the Humphrey analyzer’s SITA statistical software.9 Similarly, IOP
change in eyes that were only treated with topical glaucoma medications (medical group)
were compared with those that had undergone successful glaucoma surgery in the form of
trabeculectomy (surgical group). Successful surgical control was defined as achieving the
individually set target pressure at which disease was not expected to progress, with or
without additional medications. VF examination effect on IOP of different topical glaucoma
medications was analyzed the same way by dividing them into 2 groups: eyes using β-
blockers (BB) or α-2-agonists (AA) only, and eyes using neither BB nor AA. These 2 drug
classes were combined, as they are both mediators of the sympathetic response with
identical intracellular mechanisms that result in reduced activity of membrane-bound
adenylyl cyclase.10-15

RESULTS
Four hundred twenty-seven patient records were reviewed, and 109 patients (109 eyes) were
included based on the predetermined criteria. Thirty patients were from the first glaucoma
specialist’s clinic and 79 patients were from the second clinic. Forty patients were male and
69 were female, with an average age of 72.0±9.5 years and 77.0±9.3 years, respectively. The
average time span between the first and third visits was 229±79 days. All IOPs were
obtained within 1.3±1.4 hours of the same time of day for each patient. Patients (84.4%) had
measurements obtained within 3 hours of the same time of day. In 21% of patients, all 3
measurements were taken before 10 AM; in 43% of patients, all measurements were taken
after 10 AM. Across all patients, the clock hour of IOP measurement spanned between 8:00 AM

and 4:45 PM. There was no preferential time for VF visits and glaucoma clinics were equally
distributed to AM and PM slots. There were no substantial time-of-day differences in IOP
measurement on VF testing days versus non-VF testing days; across all patients, 80% of IOP
measurements on VF testing days occurred within 2 hours of IOP measurements on non-VF
testing days (Fig. 1). VF testing results exhibited low reliability in 27 patients (24.8%). At
the time of data collection, all patients were controlled medically with an average of 2
glaucoma drugs. Patients with trabeculectomy required an average of 1 glaucoma drug.
Patients (67%) were taking a prostaglandin drug, 46% of patients were taking a carbonic
anhydrase inhibitor, 59% of patients were taking a BB, and 30% of patients were taking an
α-2 adrenergic agonist (Table 1).

Patients experienced a significant increase in IOP from the previous visit when Humphrey
VF analysis was performed before tonometry; this elevation reversed upon the next visit: the
average IOP measured after VF testing was 14.9±4.7, compared with 13.7±4.4 during the
previous visit, and 13.8±4.4 during the next visit (Table 2, Fig. 2). The IOP measured during
the VF visit was higher than both the previous and the next visit (P<0.001, P<0.001). The
IOP of the first and the third visits were not significantly different (P=0.846). The average
change in IOP during the visit with VF testing compared with the first visit was 10.6%
±20.1%, whereas the change during the third visit compared with the first visit was 1.9%
±19.8% (Table 2). There was no IOP difference between the 2 different glaucoma clinics at
the day of VF analysis (15.4±5.2 vs. 14.8±4.6, P=0.560).

Nina et al. Page 3

J Glaucoma. Author manuscript; available in PMC 2013 September 05.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



As there was no difference in IOP between the first and third visits, the average of these 2
measurements was taken as the baseline IOP. IOP change was then calculated as the percent
change of the VF test visit IOP compared with this baseline average. The average IOP
change after VF testing was 10.6%±20.1%, with 22.9% of all patients experiencing more
than 20% increase and 8.3% experiencing more than 30% increase (Fig. 3). A simple linear
regression with IOP change as the dependent variable and age as the independent variable
showed no significant relationship between the 2 parameters. Patients whose test
performance was reliable did not exhibit different IOP change when compared with patients
whose tests were not reliable (9.3%±17.1% vs. 10.2%±15.4%, P=0.805). Eyes with
surgically controlled glaucoma experienced lower IOP after VF testing compared with
medically managed eyes (3.1%±15.9% vs. 11.7%±17.4%, P=0.009; Table 3). Within the
medically managed group, eyes using BB or AA were compared with eyes using neither BB
nor AA. There was no difference in IOP change between these 2 groups. In the pooled
analysis of both eyes using nested ANOVA, eyes treated with BB or AA exhibited lower
IOP change than eyes managed with neither BB nor AA (P=0.030, Table 4).

DISCUSSION
We performed tonometry after VF examination because both IOP and VF results can be
discussed with the patient and treatment may be readily adjusted. Tear film disruption and a
decreased blinking frequency could also potentially reduce the quality of VF testing if
pressure is measured before.

Before this study, we observed that in some patients IOP repeatedly exceeded their usual
range if IOP was measured after VFs were obtained. We wanted to further clarify whether
this was a true effect from VF examination, which may convince the treating physicians to
advance treatment. In this retrospective study applying conservative statistical methods, we
found that patients with POAG indeed had a higher IOP after VF examination that was not
detectable at the subsequent visit. Although this IOP increase was small on average (10.6%),
22.9% of patients experienced a change of >20%, and 8.3% experienced a change of >30%.
Twenty percent to 30% lowering of IOP may be regarded as a treatment goal to prevent
glaucoma progression or development16,17; conversely, an increase in IOP of the same
magnitude may lead the physician to advance treatment.

Several earlier studies have examined the effect of VF testing on IOP, but with contradictory
results. Recupero et al1 first reported a transient 1-hour increase in IOP of 2.38 mm Hg after
VF testing in 94 POAG eyes. We report the first confirmatory study of these results.
Recupero et al1 hypothesize that decreased accommodation with age may be a factor that
reduces outflow facility. In our study, regression analysis shows no significant relationship
between age and IOP variation after VF testing. Two other studies failed to show increased
IOP after VF testing. However, patient numbers were low, 27 and 21, respectively.2,3

Successful surgical treatment of glaucoma has been shown to decrease diurnal and 24-hour
variation in IOP.18,19 A recent prospective study of 30 patients treated by trabeculectomy
and 30 medically treated patients showed that the medical group had a higher 24-hour IOP
range than the surgical group (4.8±2.3 mm Hg vs. 2.3± 0.8 mm Hg, P<0.0001).18 Our
subgroup analysis similarly showed that eyes with surgically controlled glaucoma exhibited
lower IOP variation after VF testing than did eyes with medical management alone.

It is possible that VF testing is perceived by some patients as stressful, leading to a
sympathetic response that transiently elevates IOP. IOP is highly influenced by sympathetic
input. When cervical sympathetic nerves are directly stimulated, norepinephrine (NE) is
released into the aqueous humor and a significant IOP elevation can be observed. Gallar et
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al20 found that a 1.5 mm Hg increase may occur as early as within 15 minutes in laboratory
rabbits, approximating the IOP increase seen in our study.21 Serum cortisol, a sensitizer to
β-adrenergic stimulation of structures including the eye,22-25 is further correlated with the
diurnal pattern of IOP variation observed in both normal and glaucomatous eyes.26

Our observation that patients using topical BB or AA do not experience the same IOP
elevation after VF testing may represent a clinical correlate to these animal studies. We
grouped these 2 classes of drugs together because they have the same intracellular
mechanism of action on the ciliary body and in blunting the NE-mediated sympathetic
response. NE is postulated to act on both postsynaptic β-receptors and presynaptic α-2
receptors to increase aqueous flow.10 Both agents are modulators of this response, which
may explain the observed lack of IOP elevation after VF examination if indeed this test
represents a stress to patients. Both decrease cyclic adenosine monophosphate by acting on
G-protein-linked receptors to decrease the activity of adenylyl cyclase.10 There is evidence
of β-receptor-linked Gs proteins within the ciliary body cell membrane which activate
adenylyl cyclase.12 There also exist presynaptic α-2 receptor-linked Gi protein in ciliary
body, which inhibit the activity of adenylyl cyclase.11,14,15

There is some evidence in the literature to suggest that environmental stressors may be
associated with increased IOP in POAG patients.27 Prospective studies of healthy controls
demonstrated that exposure to a 5 to 10 minutes psychological stressor of performing mental
arithmetic can lead to a 1.3 to 1.6 mm Hg increase in IOP.4,5,28 The effect was not attributed
to eye muscle tension and declined with repeated testing and relaxation training. A small
prospective study of 15 healthy controls exposed to both physical stress and a computer-
game psychological stress showed that only the mental stressor resulted in an increase in
IOP; moreover, computer game performance correlated with IOP change.29 The process of
VF testing may present a similar achievement-based stressor in which poor performance
corresponds with experiencing a higher level of achievement-based stress. However, in our
analysis, patients with reliable test results exhibited as similar level of IOP fluctuation as
patients whose tests were not reliable. The reliability of VF results may not be a good proxy
for performance-induced stress levels during the test.

A limitation of this study is its retrospective nature that makes sources of error due to
confounding and bias more common when compared with prospective studies. This was
necessary to increase number of participants and the power of the study. As we required 3
consecutive visits without change in management, many patients had to be excluded leaving
only few for the subgroup analyses. In addition, different providers may have obtained IOP
measurements at the 3 clinic visits. However, there was no systematic bias in who would
obtain IOP measurements during VF examination visits. Another potential concern is that
patients with high IOP are invited back to the glaucoma clinic sooner, and regression to the
mean may account for their lower IOP on the third (non-VF) visit. However, all patients
regardless of IOP are invited back to the glaucoma clinic for the next visit instead of referred
back to their general ophthalmologists, therefore selection bias is likely to be low. More
importantly, regression to the mean cannot explain the statistically higher IOP on the second
(VF) visit compared with the preceding visit, as the time interval between non-VF visits
(visit 1) and VF visits (visit 2) is independent of IOP. Nonetheless, patients could also have
changed their behavior between visits by increasing short-term adherence to therapy upon
being informed that their pressures are higher than on previous visits. Although we do not
recommend patients in our practice withhold their drops, there could also be a subset of
patients with selective nonadherence to drops on VF testing days, therefore increasing their
IOP measurement.
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The size of the IOP effect attributed to VF-testing seems to be small (+1.1 to 1.2 mm Hg)
and transient in average. This study did not determine the length of this elevation. The
clinical significance of this study is that VF examination seems to be associated with
significant IOP increase in some patients. This highlights the need to obtain further pressure
measurements before treatment is changed in these individuals. Only a prospective and
ideally randomized study can test the hypothesis that VF examination truly increases IOP.
The effect of BB before VF examination could be tested in a double-blinded manner to
evaluate the idea that an adrenergic pathway may be responsible for this.

CONCLUSIONS
We performed a retrospective study to examine the effect of VF testing on IOP measured
during the same visit. We found a 10.6% increase from the previous visit that reversed upon
the subsequent visit. However, 22.9% of patients experienced a change in IOP of >20%, and
8.3% experienced a change of >30% during the VF visit, which may lead physicians to
advance treatment. The magnitude of this change was not correlated with patient age or the
reliability of the VF test. Although the hypothesis that VF testing increases IOP requires a
prospective study, physicians are cautioned to obtain further measurements before changing
treatment for increased IOP after VF examination.
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FIGURE 1.
Cumulative distribution of time-of-day difference between intraocular pressure (IOP)
measurements on visual field (VF) testing days compared with non-VF testing days.
Cumulative percentages shown. Time-of-day difference was calculated as time of IOP
measurement on VF testing day minus the average time of IOP measurement on non-VF
testing days.
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FIGURE 2.
Intraocular pressure (IOP) during 3 consecutive visits with standard error of the mean
(SEM). Square points represent average IOP for each visit; error bars indicate SEM for each
visit. IOP measured during the second visit (with visual field testing) was higher than both
the first and third visits. IOP measured during the first and third visits were not different.
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FIGURE 3.
Distribution of intraocular pressure (IOP) change after visual field (VF) testing. VF testing-
associated IOP change was expressed as a percent change in IOP measured during the VF
visit compared with the baseline average IOP measured during the previous and next visits.
The mean IOP change was 10.6% ± 20.1%; 22.9% of all patients experienced >20%
increase, 8.3% of all patients experienced >30% increase.
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TABLE 1

Patient Characteristics

Average SD

Age 75.2 9.6

 Male 72.0 9.5

 Female 77.0 9.3

Male:female ratio 40:69

Average no. glaucoma drugs taken 2

 Patients taking prostaglandin (%) 67.0

 Patients taking carbonic anhydrase
  inhibitor (%)

45.9

 Patients taking β-blocker (%) 58.7

 Patients taking α-2-agonist (%) 30.3

Average SD

Days between first and third visit 229 79

Range in time of IOP measurement (h) 1.33 1.37

Percent with low reliability on VF testing 24.8%

IOP indicates intraocular pressure; VF, visual field.
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TABLE 2

IOP Measurements During 3 Consecutive Visits

Average
IOP SD

% Change
Compared
With First

Visit SD

First visit IOP 13.7 4.4 — —

Second visit (VF
 testing visit) IOP

14.9 4.7 10.6% 20.1%

Third visit IOP 13.8 4.4 1.9% 19.8%

ANOVA for
 repeated
 measures

P = 0.042

Paired t tests:

 First and second
  visit

P< 0.001

 Third and
  Second visit

P< 0.001

 First and Third
  visit

P = 0.846

ANOVA indicates analysis of variance; IOP, intraocular pressure; VF, visual field.
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TABLE 3

IOP Change Associated With VF Testing in Patients With Medical Versus Successful Surgical Glaucoma
Treatment

IOP Change, OD Only N Average mm Hg SD Average % SD

Medically treated eyes 81 1.5 1.8 11.7% 17.4%

Surgically treated eyes 28 0.3 2.3 3.1% 15.9%

T test P = 0.009

VF testing-associated IOP change was expressed as a percent change in IOP measured during the VF visit compared with the baseline average IOP
measured during the previous and next visits.

IOP indicates intraocular pressure; OD, oculus dexter; VF, visual field.
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TABLE 4

IOP Chanae Associated With VF Testina in Patients With Different Medical Treatments. OD Only and Pooled
OD+OS

N Average mm Hg SD Average % SD

IOP Change, OD Only

 Medically treated eyes without BB or AA 22 1.0 2.2 7.4% 14.2%

 Medically treated eyes with BB or AA only 8 −0.4 2.7 −0.4% 12.7%

 T test P = 0.155

IOP Change, Pooled OD+OS

 Medically treated eyes without BB or AA 44 1.3 1.9 9.0% 12.3%

 Medically treated eyes with BB or AA only 16 −0.2 2.3 0.9% 15.1%

 Nested ANOVA P = 0.030

VF testing-associated IOP change was expressed as a percent change in IOP measured during the VF visit compared with the baseline average IOP
measured during the previous and next visits.

AA indicates α-2-agonist; ANOVA, analysis of variance; BB, β-blocker; IOP, intraocular pressure; OD, oculus dexter; OS, oculus siniter; VF,
visual field.
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