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Lowering of Intraocular Pressure After Phacoemulsification in
Primary Open-Angle and Angle-Closure Glaucoma:

A Bayesian Analysis
Ravi Thomas, MD, FRANZCO,*† Mark Walland, FRANZCO,‡

Aleysha Thomas, BSc,§ and Kerrie Mengersen, PhD§

Abstract: Phacoemulsification as treatment for primary open-angle glau-
coma (POAG) remains more controversial than for primary angle-closure
glaucoma (PACG). If the objective of glaucoma surgery is an additional
greater than or equal to 5 to 6 mm Hg reduction of intraocular pressure
(IOP), the role of phacoemulsification should be based on the probability
of achieving this. A Bayesian analysis of available data was performed
to calculate the change in IOP after phacoemulsification in POAG and
PACG. Standard meta-analysis formulation with prephacoemulsification
and postphacoemulsification IOP—assumed to have normal distributions,
with study-specific means and SDs—was used. Absolute and relative
change in IOP was calculated using different priors, and sensitivity analy-
ses were performed. The prior that just included a decrease of greater than
or equal to 6 mm Hg in the 95% credible interval was identified. The
probability of achieving greater than or equal to 5 to 6 mm Hg decrease
in IOP (and other levels) was calculated. Depending on the prior, the prob-
ability of achieving a greater than or equal to 5 mmHg reduction in IOP in
POAG varied from 0.1% to 3%. Confidence in a greater than or equal to
6 mm Hg decrease required a prior belief that phacoemulsification pro-
duces a mean decrease of 7 mm Hg. The probability of a decrease in
IOP was greater in PACG: approximately 50% probability of a greater than
or equal to 5 mm Hg decrease in PACG uncontrolled on medications.
Phacoemulsification in POAG has a high probability of producing a
small decrease in IOP that may be useful in early, well-controlled disease.
The probability of a clinically significant decrease of greater than or equal
to 5 to 6 mm Hg—required for advanced/uncontrolled disease—is low.
Results support the role of phacoemulsification in PACG.

Key Words: intraocular pressure, phacoemulsification,
primary open-angle glaucoma, primary angle-closure glaucoma,
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M odern cataract surgery is widely believed to produce a decrease
in intraocular pressure (IOP) in the primary glaucomas.1–7

In the management of primary angle-closure disease (PACD),
data from a few small, randomized trials provide preliminary evi-
dence for the role of phacoemulsification.4–7 Such data, however
limited, are available for the spectrum of PACD and are supported
by biological plausibility.8–10

The role of phacoemulsification for primary open-angle
glaucoma (POAG) is more controversial. Unlike PACD, there are

no data from dedicated randomized trials: the existing data have
been drawn from studies performed for other purposes and have
been variably interpreted.2,3,11–17

Surgery specifically to treat established POAG is usually un-
dertaken in the setting of progression after medical treatment and
laser have failed, generally with the objective of producing at least
an additional greater than or equal to 5 to 6 mm Hg (or ≥25%)
reduction from existing IOP levels. An important factor in glau-
coma surgery decision making is therefore the probability of the
operation—in this case phacoemulsification—achieving this clin-
ically significant reduction in IOP and identifying the type of pa-
tients in whom such a response is likely. If data to show that
phacoemulsification can achieve this goal were available, the pro-
cedure would clearly play a greater and dedicated role in the man-
agement of established POAG.

Most articles and reviews on the subject base their interpreta-
tion on P value–based statistically significant reduction of IOP:
statistical significance is not synonymous with clinical signifi-
cance, and the associated confidence intervals (CIs) cannot be
interpreted as a direct probability statement of the quantum of
IOP lowering.18

In this article, we report a Bayesian analysis of available data
to calculate the change (and credible intervals) in IOP after
phacoemulsification in POAG. We also report the probability of
achieving a greater than or equal to 5 to 6 mm Hg (and other
levels) decrease in IOP.

In contrast, as the role of phacoemulsification for primary
angle-closure glaucoma (PACG) has been discussed extensively
in the literature, we calculate only the probability of a clinically
significant decrease in IOP after phacoemulsification in medi-
cally controlled or uncontrolled PACG with, and—in the latter
instance—without cataract.

MATERIALS AND METHODS
Thirteen studies between 2009 and 2014 (selected and ana-

lyzed by R.T. andM.W.) that provide details of change in IOP after
phacoemulsification—notionally in the setting of POAG—are
shown in Table 1.15,16,19–29 To maximize available data, 3 reports
that compared phacoemulsification alone with phacoemulsification
with a stent placed in the Schlemm canal are included; 1 study that
reported the findings in ocular hypertension rather than glaucoma
was also included.15,24,26,28 We have, with some reticence, also
recognized the “real-world” setting of glaucoma care in the non–
glaucoma-specialist environment and, despite our published reser-
vations about the lack of gonioscopy findings, have included
such articles.

In brief, a Bayesian analysis requires 2 ingredients. The first
is a statistical model that relates phacoemulsification to corre-
sponding changes in IOP. The second is a “prior,” which is an ex-
pression representing current beliefs about the possible values for
the change in IOP produced by phacoemulsification and the prob-
ability of each of these values. The analysis then incorporates this
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prior with the model and the data and reallocates probability
across the various possible values for change in IOP.18

The decrease in IOP after phacoemulsification (data from
Table 1) was measured in 2 ways: as an absolute change (ie, pre-
operative IOP − postoperative IOP) and as a relative change [ie,
(preoperative IOP − postoperative IOP) / preoperative IOP]. The
latter measure reflects the possibility that the magnitude of the
decrease depends on the preoperative value.

The model was a standard meta-analysis formulation. For
each study the prephacoemulsification and postphacoemulsi-
fication values were assumed to have normal distributions with
study-specific means and SDs; the study-specific change was cal-
culated as the difference between these means. These differences
were also assumed to be normally distributed around an overall
mean decrease with a between-study variance.

Analysis of Absolute Change in IOP
The prior for the overall effect of phacoemulsification was

specified as a normal distribution parameterized in terms of mean
decrease in IOP and associated SD.

Three different priors for the absolute difference were con-
sidered. A larger SD indicates greater uncertainty in the expected
effect.
1. Intermediate prior: mean decrease of 0 mm Hg (no effect)

with an SD of 5;
2. Strong prior: mean decrease of 0 mm Hg (no effect) with an

SD of 2;
3. Optimistic prior: mean decrease of 5 mmHg (clinically signif-

icant decrease) with an SD of 1.

As a sensitivity analysis, we determined the (enthusiastic)
prior for which a decrease in IOP of 6 mm Hg would just be in-
cluded in the 95% credible interval.

As a second sensitivity analysis, we allowed for potential out-
liers in the observed study-specific differences in preoperative
and postoperative IOP. This was achieved by replacing the nor-
mal distribution for these values with a t distribution with a large
SD (df = 3).

The probability of an increase or decrease in IOP for each
of the 3 priors was calculated from the corresponding overall pos-
terior distribution.

Analysis of Relative Change in IOP
In this analysis, the magnitude of the decrease depends on

the preoperative value. Three priors were used to analyze the
change in IOP after phacoemulsification relative to the preop-
erative pressure. The mean relative values were calculated with
respect to the average of the available preoperative observations
of 18.3.
1. Vague prior: mean relative change of 0 mm Hg and a large

SD of 0.16 (absolute SD of 3 ÷ 18.3);
2. Optimistic prior I: mean relative decrease of 0.16 mm Hg

with a smaller SD of 0.05 (absolute mean decrease of approx-
imately 3 ÷ 18.3 and absolute SD of 1);

3. Optimistic prior II: mean relative decrease of 0.22 mm Hg
(absolute decrease of approximately 4) with an SD of 0.05.

Analysis of PACG
For PACG, the 2 trials in uncontrolled PACG had similar

results and were combined.5,7 The report for controlled PACG
was treated separately6 (Table 2).

The model used to determine the probability of change in
IOP with phacoemulsification in PACG was similar to that used
for the same purpose in POAG.

Computation
Bayesian analysis was performed using R and the open

software JAGS.18

TABLE 1. Summary of Publications Used in POAG Analysis

Author Type No. Patients Follow-Up Preoperative IOP, mm Hg Postoperative IOP, mm Hg Change, mm Hg

Kim et al19 Retrospective 31 16.4 mo 18.1 ± 3.1 15.2 ± 2.9 −2.9 ± NA
Shingleton et al20 Retrospective 61 12 mo 17.0 ± 4.9 15.9 ± 4.0 −1.1 ± NA
Hayashi et al21 Prospective 68 24.1 mo 20.7 ± 5.4 15.2 ± 3.8 −5.3 ± 4.8
Mathalone15 Prospective 58 24 mo 17.0 ± 4.6 15.1 ± 3.2 −1.9 ± 4.9
Shingleton et al22 Retrospective 55 5 y 18.4 ± 3.4 16.6 ± 3.5 −1.8 ± 3.5
Poley et al16 Retrospective 124 0–10 y 17.8 ± 0.9 15.1 ± 2.9 −2.7 ± 4.3
Shoji23 Retrospective 35 36 mo 16.7 ± 1.1 15.6 ± 3.4 −1.1 ± NA
Fea24 Prospective 21 15 mo 17.3 ± 3.0 15.7 ± 1.1 −1.6 ± 3.2
Radcliffe et al25 Prospective 32 3–60 mo NA NA −0.45 ± 2.5
Samuelson26 Prospective 117 12 mo 18.4 ± 3.2 17.4 ± NA −1 ± 3.3
Iancu and Corbu27 Prospective 38 12 mo 23.8 ± 2.32 21.6 ± 2.4 −1.79 ± 3.9
Pfeiffer et al28 Prospective 100 24 mo 18.6 16 −2.6
Slabaugh et al29 Retrospective 157 12 mo 16.27 ± 3.54 14.47 ± 3.37 −1.79 ± 3.08

NA indicates not applicable.

TABLE 2. Change in Intraocular Pressure in PACG

Preoperative
IOP, mm Hg

Final Postoperative
IOP, mm Hg

Medically uncontrolled
PACG with cataract7

24.4 ± 6.1 16.1 ± 4.1

Medically uncontrolled
PACG without cataract5

24.1 ± 4.1 15.9 ± 3.9

Medically controlled
PACG with cataract6

16.3 ± 3.0 14.5 ± 3.1
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For each of the prior formulations, 100,000 sets of parame-
ters were simulated using Markov Chain Monte Carlo iterations
to obtain a posterior distribution. The first 50,000 iterations were
used to check for convergence, and the next 50,000 iterationswere
used to obtain the desired effect estimates, namely, posterior
means and 95% credible intervals for change in IOP.

The probability of no change or any increase (differ-
ence ≥ 0 mm Hg) or an absolute decrease in IOP of greater than
or equal to 1, 2, 3, and 5 mm Hg was determined. The probabil-
ity of a 6 mm Hg absolute decrease in IOP was also calculated
for the enthusiastic prior that just included 6 mm Hg within the
credible interval.

The code used for analysis is available from the authors
on request.

RESULTS

Absolute Change in IOP
Themean decrease in IOPwith 95% credible intervals for the

3 priors are shown in Table 3 and illustrated in Figure 1. The mean
decrease using the intermediate and strong priors was 1.59 mm Hg
with similar credible intervals that crossed 0. The optimistic prior
resulted in a mean decrease of 3.51 mm Hg with a credible inter-
val that did not cross 0 (−5.19 to −1.97).

The probabilities for the various quantums of decrease in
IOP in POAG for the 3 priors and the sensitivity analyses are
shown in Table 4. The probability of a greater than or equal to

5 mm Hg decrease in IOP using the intermediate, strong, or opti-
mistic prior was 0.12%, 0.13%, and 3.9%, respectively.

The sensitivity analysis using the t distribution provided re-
sults similar to the intermediate and strong priors with a wider
credible interval that also crossed 0.

The second sensitivity analysis using the enthusiastic prior
resulted in a mean decrease of 4 mm Hg. The probability of a
decrease of greater than or equal to 6 mm Hg was 17.6%. This
required a belief that the mean decrease in IOP after phaco-
emulsification is 7 mm Hg with an SD of 1.

Relative Change in IOP
The relative decrease in IOP per milliliter of mercury higher

preoperative value is shown in Table 5. The mean decrease and
slope were different for the 3 priors. The credible interval for the
vague prior crossed 0; that for the 2 optimistic priors did not and
would be considered significant.

Probabilities for PACG
The probability of different values of decrease in IOP in con-

trolled and uncontrolled PACG are shown in Table 6. The proba-
bility of a clinically significant decrease in IOP (approximately
50%) is higher for uncontrolled as compared with controlled
PACG (1%). The probability of no change or a clinically signifi-
cant increase in IOP is also higher in uncontrolled cases.

DISCUSSION

Primary Open-Angle Glaucoma
Phacoemulsification performed in the presence of POAG

is reported to produce a small decrease in IOP—perhaps 2 to
3 mm Hg—but the effect is not predictable: IOP reduction may be
more significant, or IOP may remain the same or increase.2,3,11,30

It has also been reported that the quantum of IOP lowering after
surgery is related to preoperative IOP.15–17 This has resulted in
the claim that the reduction of IOP after phacoemulsification is
sufficient and consistent enough for it to be considered a surgical
procedure for POAG.12,13

It is not merely pedantic to note that gonioscopy—which is
mandatory for the diagnosis of POAG—was not reported in sev-
eral of the “supportive” publications that have been widely cited

TABLE 3. Primary Open-Angle Glaucoma: Absolute Decrease
in IOP (95% Credible Interval)

Prior
Mean,
mm Hg

Credible Interval
(Lower, Upper)

Intermediate −2 −3.60, 0.38
Strong −2 −3.62, 0.38
Optimistic −4 −5.19, −1.97
Enthusiastic (sensitivity analysis) −4 −6.06, −2.61
Student t distribution
(sensitivity analysis)

−2 −3.75, 0.35

FIGURE 1. Primary open-angle glaucoma: mean absolute decrease in IOP with 95% credible intervals.
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(and which might therefore mask the inclusion of occult PACD
cases). Angle findings are a critical component of the biological
plausibility of lens surgery efficacy in PACD: biological plausibil-
ity in POAG is less convincing.11 The wide discussion in our con-
text in the articles lacking gonioscopy findings has, however, left
us feeling ultimately compelled not only to include them but also
to speculate that this inclusion might potentially exaggerate the
apparent IOP-lowering benefits of lens surgery.

Any reduction in IOP should reduce the rate of glaucoma
progression, and any such decrease that arises en passant from cat-
aract surgery undertaken for visual reasons is naturally to be grate-
fully accepted. In contrast, surgery to specifically treat established
POAG is usually undertaken in the setting of progression after
failure of maximally tolerated medication and/or laser.

A recent technology assessment summarized the findings
and provided guidelines for the use of phacoemulsification in
POAG, normal-tension glaucoma, pseudoexfoliation, and PACG.30

This assessment concluded that phacoemulsification alone is a
reasonable approach for POAG that is well controlled on 1 or 2
medications, where it is expected to produce a 13% reduction in
IOP. Up to 26% of patients are expected to have an increase in
IOP requiring additional treatment. The authors highlighted the
fact that the data are not available for more advanced POAG con-
trolled on 3 or more medications, and they called for better evi-
dence in this area.30

The use of phacoemulsification in the management of
POAG should be determined by its ability to produce a clini-
cally significant decrease in IOP and the probability of such a de-
crease. Such information cannot be provided by conventional
statistics, summaries, or meta-analyses that rely on P values but
is naturally generated by the kind of Bayesian analysis that has
been presented.18

From a Bayesian perspective, prior beliefs (by “belief ” we
mean not what an individual surgeon thinks as an article of faith,
but what is based on the evidence base to date, plausibility,
existing data, etc) should dictate how we interpret current data.18

With the use of priors centered on 0 with large and small SDs—
priors that we feel reflect present data including the conclusions
of the technology assessment—the expected mean decrease in
IOP after phacoemulsification in POAG is 2 mm Hg with a cred-
ible interval of −3.6 to +0.40 mm Hg.

The probability of a greater than or equal to 2 or 3 mm Hg
decrease is 32% and 7%, respectively. If the patient is well con-
trolled and the surgeon feels that stability can be achieved by a
2mmHg decrease in IOP, phacoemulsification has a 1 in 3 chance
of achieving the objective. A sensitivity analysis using the t dis-
tribution to accommodate outliers did not change the results.
The 95% credible interval means that—given the prior noted
earlier—there is a 95% probability that the true change in IOP
lies between −3.6 and +0.4 mm Hg.

The probability that phacoemulsification can produce a
greater than or equal to 5 mm Hg decrease in IOP is 0.12%. Ac-
cordingly, if the surgeon felt that the patient required this quan-
tum of decrease, phacoemulsification alone would be unlikely to
achieve the objective. The analysis also calculates that the proba-
bility of IOP remaining the same or increasing after surgery is, in
comparison, approximately 5%.

A credible interval around the mean is different from and
has a more intuitive interpretation than a conventional CI. A CI
needs a more convoluted interpretation: if the experiment were re-
peated several times, 95% of the CIs would contain the true value.
It has no distributional value and cannot be (but usually is) inter-
preted as the direct probability of a value lying within the CI.18

Interpretation of the data depends on prior beliefs. If the prior
belief were that phacoemulsification produces a mean decrease
of 5 mm Hg with an SD of 1 mm Hg (a range of 2–8 mm Hg)
as expressed in the optimistic prior, then current data would be
interpreted as consistent with a mean decrease of 4 mm Hg and
a credible interval from −5 to −2 mm Hg. This credible interval

TABLE 4. Probability of Change in IOP in POAG Using Different Priors

Probability (Pr) Intermediate Strong Optimistic
Enthusiastic

(Sensitivity Analysis)
Student t Distribution
(Sensitivity Analysis)

Pr (difference ≥ 0 mm Hg) 0.0509 0.0514 0.0000 0.0000 0.0478
Pr (difference ≥ 1 mm Hg decrease) 0.7406 0.7409 0.9996 1.0000 0.7542
Pr (difference ≥ 2 mm Hg decrease) 0.3191 0.3217 0.9727 0.9968 0.3451
Pr (difference ≥ 3 mm Hg decrease) 0.0776 0.0785 0.7271 0.9255 0.0934
Pr (difference ≥ 5 mm Hg decrease) 0.0012 0.0013 0.0393 0.1913 0.0023
Pr (difference ≥ 6 mm Hg decrease) — — — 0.1766 —

TABLE 5. Primary Open-Angle Glaucoma: Mean Relative
Decrease in IOP (95% Credible Interval)

Prior Mean, mm Hg Credible Interval (Lower, Upper)

Vague −0.090 −0.198, 0.013
Optimistic I −0.134 −0.214, −0.056
Optimistic II −0.165 −0.248, −0.079

TABLE 6. Probability of Change in IOP in Controlled and
Uncontrolled PACG

Probability
Uncontrolled
PACG, mm Hg

Controlled
PACG, mm Hg

Pr (difference ≥ 5 mm Hg
increase)

0.04 0.00

Pr (difference ≥ 2 mm Hg
increase)

0.11 0.0036

Pr (difference ≥ 0 mm Hg) 0.18 0.10
Pr (difference ≥ 1 mm Hg
decrease)

0.77 0.71

Pr (difference ≥ 2 mm Hg
decrease)

0.71 0.44

Pr (difference ≥ 3 mm Hg
decrease)

0.65 0.19

Pr (difference ≥ 5 mm Hg
decrease)

0.52 0.01

Pr (difference ≥ 6 mm Hg
decrease)

0.46 0.0014
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does not cross 0 and would traditionally be considered significant.
A surgeon who shares this prior belief would be more likely to un-
dertake the procedure but should be guided by the fact that the
probability of a decrease in IOP greater than or equal to 5 mm
Hg is approximately 4%.

In the conventional scenario of glaucoma surgery being un-
dertaken for failure of medical and laser treatment and/or progres-
sion, the objective, as noted earlier, would be to reduce the IOP
by greater than or equal to 5 to 6 mm Hg (or 25%–30%) from
the current level. As a second sensitivity analysis, we determined
the prior beliefs that would just include a reduction of 6 mm Hg
within the 95% credible interval. We determined that this “enthu-
siastic” prior requires a belief that the mean decrease in IOP after
phacoemulsification is 7 mm Hg with an SD of 1 mm Hg (range,
−4 to −10 mm Hg). A surgeon who holds such a prior belief
would undertake phacoemulsification—essentially regarding it
as being as efficacious as filtering surgery for IOP reduction—
to obtain this quantum of decrease in IOP and should expect to
obtain the desired effect approximately 18% of the time. Given
the existing data, such an enthusiastic prior ought to be considered
beyond expectation and unduly optimistic.

It has been reported that decreases in IOP after phacoemulsi-
fication are greater with higher preoperative IOP.15–17 Our rela-
tive change analysis (irrespective of the priors used) suggests a
0.1 to 0.17 mm Hg decrease with each 1 mm Hg increase in pre-
operative pressure. Even the lower end of the credible interval of
0.2 mm Hg would not change the interpretation that there is a
small negative relationship of decrease in IOP to preoperative
IOP. With both the stronger priors, the credible interval did not
cross 0 and would be interpreted as significant. The clinical value
of this small change is, however, debatable.

Primary Angle-Closure Glaucoma
The number of trials is few (and from only 1 region of

the world), but phacoemulsification for PACG has more data to
support it than for POAG.5–7 Examination of the data and of indi-
vidual mechanisms that may play a role in PACD does not sup-
port the blanket use of phacoemulsification but suggests that it
may frequently be indicated for selected individuals.8,9 The tech-
nology assessment supports a 30% reduction in IOP for PACG
controlled on 1 to 2 medications with a 4% to 9% chance of an
increase in IOP.30

In controlled PACG, the probability of any decrease and a
decrease of greater than or equal to 3 mm Hg is high (71% and
19%, respectively), but the probability of a decrease of greater
than or equal to 5 mm Hg is 1%. Phacoemulsification alone
should be undertaken if a 3 mm Hg reduction is considered suffi-
cient for the individual patient but not for someone who needs
a greater than or equal to 5 mm Hg decrease. The probability of
no change or an increase in IOP is 10%, perhaps low enough to
be considered acceptable.

In uncontrolled PACG, the probability of small decreases
was higher and, importantly, that of a greater than or equal to 5
and greater than or equal to 6 mm Hg decrease was approxi-
mately 50%. The probability of no change or an increase in IOP
was 18%; that of a clinically significantly greater than or equal
to 5 mm Hg increase was approximately 4%. For PACG uncon-
trolled on medications, phacoemulsification alone seems like a
good choice provided that we accept the 1-in-5 chance that IOP
may remain the same or increase; the risk of a substantial increase
seems low enough to accept but could be of concern.

It might seem surprising that phacoemulsification is ex-
pected to produce a larger decrease in IOP in uncontrolled cases,
but that does come with a higher risk of increased IOP. This

lability is probably due to the role played by the individual mech-
anisms of apposition or synechiae, the extent of the latter, and the
mechanism by which the lens acts in uncontrolled closure in the
multifactorial disease that is angle closure.9,10 Provisional algo-
rithms for the management of PACG reflect this thinking.8

Our study has several limitations.We used data from selected
publications. We did not have access to the raw data for each
patient but only to the summary measures provided by the publi-
cations. We also included a study with the potential methodolog-
ical flaw of lack of gonioscopy, reasoning that it is often quoted
in this context and therefore unavoidably informs some of the dis-
cussion. Excluding this study or including others that the technol-
ogy assessment used did not, however, change the results in any
way. Furthermore, we have not separated the diagnoses of POAG,
normal-tension glaucoma, and pseudoexfoliation as the available
data made it difficult to conduct that analysis. Finally, we could
not interpret in the analysis the role of medications before and
after cataract surgery; that could be considered a limitation be-
cause the results are not the effect of phacoemulsification alone.
Although that is true, we argue that data incorporating the use
of medications both prephacoemulsification and postphacoemul-
sification better reflect the real clinical management of established
glaucoma.

SUMMARY
A Bayesian meta-analysis confirms that phacoemulsifica-

tion for POAG usually produces a small decrease in IOP that
may be clinically useful in early, medically well-controlled POAG.
The probability of a decrease in IOP that would be considered
clinically significant in more advanced or uncontrolled disease
is unlikely to be achieved by phacoemulsification alone and re-
quires prior beliefs not supported by existing data. There is a
small negative association between a decrease in IOP in POAG
and preoperative IOP.

Phacoemulsification seems to be more useful for PACG: the
probability of a clinically significant decrease in IOP is higher in
uncontrolled cases but comes with a higher probability of no
change or an increase.

The mean reduction of IOP and the probability of specific
reductions provide information that may be useful for making
clinical decisions in patients with POAG and PACG.

REFERENCES
1. Friedman DS, Jampel HD, Lubomski LH, et al. Surgical strategies for

coexisting glaucoma and cataract: an evidence-based update.
Ophthalmology. 2002;109:1902–1913.

2. Shrivastava A, Singh K. The effect of cataract extraction on intraocular
pressure. Curr Opin Ophthalmol. 2010;21:118–122.

3. Vizzeri G, Weinreb RN. Cataract surgery and glaucoma. Curr Opin
Ophthalmol. 2010;21:20–24.

4. Lam DS, Leung DY, Tham CC, et al. Randomized trial of early
phacoemulsification versus peripheral iridotomy to prevent intraocular
pressure rise after acute primary angle closure. Ophthalmology.
2008;115:1134–1140.

5. Tham CC, Kwong YY, Baig N, et al. Phacoemulsification versus
trabeculectomy in medically uncontrolled chronic angle-closure glaucoma
without cataract. Ophthalmology. 2013;120:62–67.

6. Tham CC, Kwong YY, Leung DY, et al. Phacoemulsification versus
combined phacotrabeculectomy in medically controlled chronic angle
closure glaucoma with cataract. Ophthalmology. 2008;115:2167–2173.

7. Tham CC, Kwong YY, Leung DY, et al. Phacoemulsification versus
combined phacotrabeculectomy in medically uncontrolled chronic angle
closure glaucoma with cataracts. Ophthalmology. 2009;116:725–731.

Asia-Pacific Journal of Ophthalmology • Volume 5, Number 1, January/February 2016
Lowering of Intraocular Pressure After

Phacoemulsification

© 2016 Asia Pacific Academy of Ophthalmology www.apjo.org 83

Copyright © 2016 Asia Pacific Academy of Ophthalmology. Unauthorized reproduction of this article is prohibited.

http://www.apjo.org


8. Thomas R, Walland MJ. Management algorithms for primary angle
closure disease: response. Clin Experiment Ophthalmol. 2014;42:
401–402.

9. Thomas R,WallandMJ. Primary angle-closure glaucoma is a multifactorial
disease. Clin Experiment Ophthalmol. 2011;39:593–594.

10. Thomas R, Mengersen K, Thomas A, et al. Understanding the causation of
primary angle closure disease using the sufficient component cause model.
Clin Experiment Ophthalmol. 2014;42:522–528.

11. Walland MJ, Parikh RS, Thomas R. There is insufficient evidence to
recommend lens extraction as a treatment for primary open-angle
glaucoma: an evidence-based perspective. Clin Experiment Ophthalmol.
2012;40:400–407.

12. Brown RH, Zhong L, Lynch MG. Lens-based glaucoma surgery: using
cataract surgery to reduce intraocular pressure. J Cataract Refract Surg.
2014;40:1255–1262.

13. Brown RH, Zhong L, Lynch MG. Reply: to PMID 25088622. J Cataract
Refract Surg. 2015;41:248–249.

14. Walland MJ, Thomas R. Lens surgery to treat open-angle glaucoma:
triumph of hope over (evidence-based) experience. J Cataract Refract Surg.
2015;41:247–248.

15. Mathalone N, Hyams M, Neiman S, et al. Long-term intraocular pressure
control after clear corneal phacoemulsification in glaucoma patients.
J Cataract Refract Surg. 2005;31:479–483.

16. Poley BJ, Lindstrom RL, Samuelson TW. Long-term effects of
phacoemulsification with intraocular lens implantation in normotensive
and ocular hypertensive eyes. J Cataract Refract Surg. 2008;34:735–742.

17. Poley BJ, Lindstrom RL, Samuelson TW, et al. Intraocular pressure
reduction after phacoemulsification with intraocular lens implantation
in glaucomatous and nonglaucomatous eyes: evaluation of a causal
relationship between the natural lens and open-angle glaucoma.
J Cataract Refract Surg. 2009;35:1946–1955.

18. Kruschke JK. Doing Bayesian Data Analysis: A Tutorial with R, JAGS,
and Stan. 2nd ed. Boston, MA: Academic; 2015.

19. Kim DD, Doyle JW, Smith MF. Intraocular pressure reduction following
phacoemulsification cataract extraction with posterior chamber
lens implantation in glaucoma patients. Ophthalmic Surg Lasers.
1999;30:37–40.

20. Shingleton BJ, Gamell LS, O’Donoghue MW, et al. Long-term changes
in intraocular pressure after clear corneal phacoemulsification: normal
patients versus glaucoma suspect and glaucoma patients. J Cataract
Refract Surg. 1999;25:885–890.

21. Hayashi K, Hayashi H, Nakao F, et al. Effect of cataract surgery on
intraocular pressure control in glaucoma patients. J Cataract Refract Surg.
2001;27:1779–1786.

22. Shingleton BJ, Pasternack JJ, Hung JW, et al. Three and five year changes
in intraocular pressures after clear corneal phacoemulsification in open
angle glaucoma patients, glaucoma suspects, and normal patients.
J Glaucoma. 2006;15:494–498.

23. Shoji T, Tanito M, Takahashi H, et al. Phacoviscocanalostomy versus
cataract surgery only in patients with coexisting normal-tension glaucoma:
midterm outcomes. J Cataract Refract Surg. 2007;33:1209–1216.

24. Fea AM. Phacoemulsification versus phacoemulsification with
micro-bypass stent implantation in primary open-angle glaucoma:
randomized double-masked clinical trial. J Cataract Refract Surg.
2010;36:407–412.

25. Radcliffe NM, Musch DC, Niziol LM, et al. The effect of trabeculectomy
on intraocular pressure of the untreated fellow eye in the Collaborative
Initial Glaucoma Treatment Study. Ophthalmology. 2010;117:2055–2060.

26. Samuelson TW, Katz LJ, Wells JM, et al. Randomized evaluation of the
trabecular micro-bypass stent with phacoemulsification in patients with
glaucoma and cataract. Ophthalmology. 2011;118:459–467.

27. Iancu R, Corbu C. Intraocular pressure after phacoemulsification in
patients with uncontrolled primary open angle glaucoma. J Med Life.
2014;7:11–16.

28. Pfeiffer N, Garcia-Feijoo J, Martinez-de-la-Casa JM, et al. A randomized
trial of a Schlemm’s canal microstent with phacoemulsification for
reducing intraocular pressure in open-angle glaucoma. Ophthalmology.
2015;122:1283–1293.

29. Slabaugh MA, Bojikian KD, Moore DB, et al. The effect of
phacoemulsification on intraocular pressure in medically controlled
open-angle glaucoma patients. Am J Ophthalmol. 2014;157:26–31.

30. Chen PP, Lin SC, Junk AK, et al. The effect of phacoemulsification on
intraocular pressure in glaucoma patients: a report by the American
Academy of Ophthalmology. Ophthalmology. 2015;122:1294–1307.

Aerodynamically, the bumble bee shouldn’t be able to fly, but the bumble bee doesn’t know it so it goes on flying anyway.
— Mary Kay Ash
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