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Abstract

Purpose To investigate intraocular pressure

(IOP) and ocular haemodynamics following

small incision cataract surgery.

Methods Systemic and ocular

haemodynamics, and IOP, were measured

pre-operatively and 1 month post-operatively,

in 25 eyes of 25 patients (mean age 72.677.9

years) scheduled for small incision cataract

surgery and intraocular lens implantation;

these values were compared to an untreated

age-matched healthy group (n¼ 25, mean age

72.375.0 years). For each eye, the Ocular Blood

Flow Analyser (OBFA, Paradigm Inc., UT,

USA) was used to obtain measurements of

IOP, pulsatile ocular blood flow (POBF), pulse

volume (PV), ocular pulse amplitude (PA), and

pulse rate (PR). Systemic blood pressure

measurements were obtained at each visit.

Pre- and post-operative values for the cataract

group were compared using repeated

measures analysis of variance, and compared

to the normal group using analysis of variance.

Results Pre-operatively, IOP was

significantly higher in the cataract group

compared to the age-matched normal control

group (Po0.001). Cataract surgery resulted in a

significant 16.7% reduction in IOP (P¼ 0.001).

Consequently, the post-operative IOP in the

cataract group was similar to that of the

normal group (P40.05). Both pre- and post-

operative POBF and PV values for the cataract

group were significantly lower than for the

normal age-matched group (Po0.0125).

Small incision cataract surgery led to an 8.3%

post-operative increase in POBF (P¼ 0.0118)

and 15.5% increase in PV (Po0.001). No

changes in PA or PR were evident.

Conclusion These data suggest that cataract

patients exhibit higher IOP and reduced

ocular perfusion characteristics compared

to an age-matched normal healthy group.

Following cataract surgery, IOP reduced

and ocular pulsatility improved.
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Introduction

Decreased intraocular pressure (IOP) following

cataract extraction with posterior chamber lens

implantation has been reported in the mid- to

long-term for both normal and glaucomatous

eyes.1–4 This outcome, which has been

attributed to a widening of the anterior chamber

angle,5–8 has positive implications for

glaucomatous eyes resulting in a reduced

requirement for IOP-lowering medication in

at least one study.4

Hopkins9 carried out a pilot study

investigating ocular haemodynamics in a small

group of cataractous eyes and reported a

20–30% decrease in pulsatile ocular blood flow

(POBF) compared to normal healthy volunteers.

The effect of cataract surgery on ocular

haemodynamics has also been considered:

Spraul et al10 described a post-operative

decrease in POBF and pulse amplitude at 3 days
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that was not apparent 12 months later, whereas

Rainer et al11 reported no change in fundus pulse

amplitude, or blood-flow velocities and resistance of the

retrobulbar vessels up to 1 month following cataract

surgery.

The pulsatile component of ocular blood flow is

thought to be primarily choroidal in origin with minimal

influence from the retinal and optic nerve head

vasculature.12 While there is extensive evidence to

suggest that retinal vessels autoregulate in order to

maintain constant blood flow when ocular perfusion

pressure (OPP) is altered,13 the case for effective

autoregulation in the choroid is less convincing. Small

increments in IOP have been shown to result in

decreased POBF in normal healthy volunteers14,15 and, to

a greater extent, in normal tension glaucoma patients.15

Moreover, Lovasik et al14 have shown that a drop in IOP,

through the release of a suction cup, is accompanied by

an increase in POBF in normal healthy subjects. While

the aforementioned studies reported altered POBF with

IOP, others have failed to demonstrate a change and have

therefore concluded that the choroid does autoregulate

maintaining constant blood flow despite alterations

in OPP.16

Given the known IOP reduction associated with

cataract surgery and the limited autoregulatory capacity

of the choroid, one may expect this combination to yield

an improvement in POBF. To investigate this, the pre-

and post-operative IOP and ocular haemodynamics of

cataract patients undergoing small incision cataract

surgery with intraocular lens implantation were

compared to an untreated age-matched normal healthy

group.

Methods

Subject sample

The study was of a pre- and post-surgical follow-up

prospective design, with a normal control group. All

procedures conformed to the Tenets of the Declaration of

Helsinki and were approved by the research and ethics

review board of Birmingham Heartlands and Solihull

NHS Trust (UK), and Aston University, Birmingham

(UK). Prior to enrolment, each subject gave his or her

written informed consent.

In all, 25 eyes (12 right eyes and 13 left eyes) of 25

consecutive patients (mean age 72.677.9 years; eight

male and 17 female) scheduled for small incision cataract

surgery were included in the study. These were

compared to a normal healthy control group (n¼ 25)

with the same gender and right/left eye distribution, and

a similar mean age of 72.375.0 years (P40.05). Cataract

patients were included if they were free from cardiac

disease, arterial hypertension and hypotension, and

diabetes. Cataract patients were free from ocular

disorders other than age-related cataract and had a visual

acuity score of 6/12 or worse. Healthy volunteers, who

were independently assessed by an optometrist for

normality, were also free from systemic and ocular

disease with a visual acuity score of 6/9 or better.

In order to minimise any possible confounding

vascular effects, none of the subjects smoked cigarettes

or cigars, received nicotine in any form, and all were

requested to abstain from caffeine-containing products

for 24 h.

Procedures

All systemic and ocular measurements were performed

in a single visit for the normal healthy group. The same

measurements were obtained both pre-operatively (on

the day of surgery) and 1 month post-operatively (after

cessation of steroid treatment) for the cataract group. For

each subject, measurements were carried out at the same

time of day to minimise diurnal fluctuations in IOP and

ocular blood flow. At each visit, the Ocular Blood Flow

Analyser (OBFA Paradigm, USA) was used to measure

IOP, POBF, ocular pulse volume (PV), ocular pulse

amplitude (PA), and pulse rate (PR). Pneumotonometry

measurements were acquired following topical

anaesthesia with one drop of 0.4% benoxinate HCL

(Minimss, Chauvin, UK). OBFA measurements were

calculated automatically from five acceptable IOP pulses

acquired during a 10-s recording. Previous studies

reported good agreement between IOP measurements

obtained with the OBFA and Goldmann tonometry, and

the OBFA has been shown to be reliable for POBF

measurements with intraclasss correlation coefficients

ranging from 0.88 for intravisit reproducibility to 0.70 for

intervisit reproducibility.17

Systemic measurements of systolic and diastolic blood

pressure were performed with a standard oscillometric

device. Arterial pulse pressure (APP) was calculated as

systolic blood pressure�diastolic blood pressure. Mean

arterial pressure (MAP) was calculated as diastolic

pressure þ 1/3 arterial pulse pressure. Mean ocular

perfusion pressure (OPP) was calculated as 2/3

MAP�IOP.

For the cataract patients, small-incision cataract

surgery was performed through a 2.5 mm wide posterior

limbal incision after peribulbar block consisting of

5–10 ml of 4% Citanest (Prilocaine hydrochloride 40 mg)

and hyaluronidase. Following phacoemulsification, a

foldable intraocular lens was inserted in the capsular

bag. Cataract patients were then treated postoperatively

with Betnesol-N six times daily for 3 weeks.
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Statistical analysis

A Student’s two-tailed paired t-test was used to compare

the mean ages of the two subject groups. For each group,

stepwise multiple regression (by the forward step-up

method) was used to search for possible effects of the

systemic blood pressure variables on POBF, PV, PR, and

PA. Stepwise regression analysis revealed no significant

effects and consequently covariates were not required for

the following statistical models. For the cataract group,

repeated measures analysis of variance (REANOVA) was

used to compare pre- and post-operative ocular and

systemic haemodynamic parameters. Analysis of

variance (ANOVA) was then used to compare the pre-

and post-operative cataract group data to the normal

age-matched group. In each case, a P-value of less

than 0.0125 was considered statistically significant

(Bonferroni corrected).

Results

No significant difference in age was observed between

the normal and cataract group (P40.05).

Age-matched normal subjects vs pre-operative

cataract patients

No significant differences were observed between the

systemic blood pressure measurements or OPP for the

normal healthy group compared to the pre-operative

cataract patients (Table 1). The mean7SD for the OBFA

parameters are given in Table 2. Compared to the normal

group, IOP was 33.9% higher in the pre-operative

cataract patients (Po0.001; Figure 1). In comparison to

the age-matched normal subjects, no significant

difference was noted for ocular PA or PR, however, POBF

and PV was significantly lower in the pre-operative

cataract patients (24.8%, P¼ 0.0001 and 32.5%, Po0.0001,

respectively; Figures 2 and 3).

Cataract patients: effect of surgery

For the cataract group, a significant decrease in systolic

blood pressure and hence MAP was apparent 1 month

post-operatively (P¼ 0.011 and 0.005, respectively),

however, OPP did not change (P¼ 0.248) (Table 1). Given

the change in blood pressure, it was necessary to

investigate a possible systemic effect on the ocular

haemodynamic parameters, however, stepwise multiple

regression analysis did not reveal any significant

correlations between the systemic variables and POBF,

PV, PR, or PA (P40.05). IOP showed a significant 16.7%

decrease from 16.372.9 mmHg pre-operatively to

13.672.5 mmHg post-operatively (P¼ 0.005, Figure 1).

POBF increased by 8.3% from 13.674.1 ml/s

pre-operatively to 14.7374.0 ml/s post-operatively

(P¼ 0.012), while PV increased by 14.5% (Po0.001)

Table 1 Mean values7SD and percentage change for the systemic parameters and OPP for the normal and cataract group
(pre-operatively and 1 month post-operatively)

Normal Preop
(Mean7SD)

Postop
(Mean7SD)

Normal–Preop
(% change)

Normal–postop
(% change)

Preop–postop
(% change)

Systolic BP (mmHg) 141.2725.7 147.6723.6 138.0717.2 4.50 2.27 6.5*
Diastolic BP (mmHg) 81.7710.3 85.1712.5 79.5711.7 4.11 2.69 6.6
MAP (mmHg) 101.6713.9 105.9715.2 99.0711.79 5.29 2.49 6.5*
APP (mmHg) 59.5720.9 62.48716.2 58.48715.22 5.04 1.68 6.4
OPP (mmHg) 55.578.4 54.3078.97 52.4077.62 2.19 5.61 3.5
PR (beats/min) 70.76712.79 73.72714.62 69.1279.70 4.48 �2.32 �6.24

Changes that are significant (Po0.0125) are indicated with *.

Table 2 Mean values7SD and percentage change for the ocular pulsatility parameters for the normal and cataract group
(pre-operatively and 1 month post-operatively)

Normal Preop
(Mean 7SD)

Postop
(Mean 7SD)

Normal–Preop
(% change)

Normal–postop
(% change)

Preop–Postop
(% change)

IOP (mmHg) 12.273.3 16.372.9 13.672.4 þ 33.89* þ 11.72 �16.56*
POBF(ml/s) 18.0973.51 13.674.14 14.7373.95 �24.81* �18.60* þ 8.26*
PV (ml) 8.1172.22 5.4871.89 6.3072.14 �32.48* �22.28* þ 15.12*
PA (mmHg) 3.0970.85 2.6270.81 2.5470.73 �15.21 �17.80 �3.1

Changes that are significant (Po0.0125) are indicated with *.
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1 month post-operatively (Figures 2 and 3). No

significant change in ocular PR or PA was noted between

the two visits (Table 2).

Age-matched normal subjects vs postoperative

cataract patients

No significant differences were observed between the

normal healthy group and the cataract patients measured

post-operatively for systemic blood pressure or OPP

(Table 1). Compared to the normal subject group,

no significant difference in IOP was evident in the

post-operative cataract patients (P¼ 0.086; Figure 1).

Compared to the normal group, POBF was 18.6% lower

in the cataract group measured post-operatively

(P¼ 0.0025; Figure 2) and PV was 22.3% lower (P¼ 0.005;

Figures 2 and 3). No significant difference was noted

for ocular PA or PR between the normal group and

post-operative cataract values.

Discussion

Overall, IOP was higher, and POBF and PV were lower in

the cataract patients measured pre-operatively compared

to the normal age-matched healthy group. A significant

reduction in IOP occurred following small incision

cataract surgery and IOL implantation in the cataract

group, and consequently, the post-operative IOP did not

differ significantly from the normal age-matched group.

While a post-operative improvement in ocular perfusion

was apparent in the cataract group, this was still

significantly lower when compared to the normal age-

matched group. The drop in IOP observed after 1 month

following cataract surgery was in agreement with

previous investigations in which IOP has been reported

to decrease post-operatively in the mid- to long-term.1–4

A post-operative reduction in systemic blood pressure

also occurred, however, patients are generally anxious

on the day of their operation and more relaxed post-

operatively that may have accounted for the observed

change. The reduction in IOP and parallel reduction in

systemic blood pressure in the cataract group post-

operatively meant that OPP remained stable between

visits.

The association between cataract and reduced ocular

pulsatility characteristics in this study is supported by

previous work from Hopkins,9 who reported a 20–30%

reduction in POBF in cataractous compared to healthy

eyes, perhaps suggesting a causal link between ocular

pulsatility and cataractogenesis. In the present study,

ocular PV measured in the cataractous eyes was also

substantially lower than that for the normal age-matched

group. While this deviation from normal persisted for

both OBFA parameters in the cataract group, it was

less prominent post-operatively. Reduced ocular

perfusion may contribute directly to cataractogenesis,

perhaps due to a metabolic imbalance in eyes with

compromised perfusion characteristics. However, it is
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pre-operative values (Po0.0125).
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difficult to be certain whether the reduced perfusion

observed in this study was a cause or consequence

of cataract development. It is also likely that such

metabolic effects would be distributed differently

across different cataract types; a larger study

investigating the metabolic status across various

sample groups of cataract patients would be required

to explore this. In the present study, as patients were

recruited on a consecutive basis as those requiring small

incision cataract surgery, while the majority had nuclear

sclerosis cataract, co-existing cataract classifications were

not excluded.

Although not statistically significant, PA was lower in

the cataract group both pre- and post-operatively when

compared to the normal age-matched group; a trend in

keeping with the reduced pulsatility characteristics of the

cataract group. Rainer et al10 found no change in fundus

pulse amplitude up to 1 month following cataract surgery

and no significant change in ocular pulse amplitude

was apparent in this study in the cataract group

post-operatively. A previous investigation by our group

noted that a change in corneal curvature influenced

PA, whereas, IOP remained unaffected.18 Corneal

changes have previously been noted following cataract

surgery,19–21 and while small-incision procedures

minimise corneal changes, this possibility cannot be ruled

out. Corneal curvature was not measured in this study,

however, it is conceivable that a post-operative shift in

corneal curvature could have masked a change in PA.

The calculation of POBF is dependent on a number

of assumptions: blood outflow from the eye is thought

to be nonpulsatile and the ocular pressure–volume

relationship is presumed to be valid with constants

applied for ocular and scleral rigidity. In any study in

which there is a change in IOP, the validity of the OBFA

parameters are reliant on an accurate pressure–volume

relationship. This fundamental relationship has been

validated on living human eyes for a range of IOPs;22–24

furthermore, modern cataract surgery has not been

reported to have a significant effect on scleral rigidity.9

Therefore, acknowledging the assumptions of the

relationship to be precise and any influence of change in

ocular elasticity to be negligible, a post-operative rise in

POBF and PV appears to have occurred in the cataract

patients in this study that was still significantly below the

normal age-matched levels.

The ratio of pulsatile to nonpulsatile flow remains the

subject of much discussion with some studies concluding

that the steady component is responsible for up to 50%

of total flow25 and others reporting that the pulsatile

component constitutes as much as 80%.26,27 In some

circumstances, a rise in POBF may represent a shift from

non-pulsatile to pulsatile flow, and may not necessarily

imply an increase in total ocular blood flow. Given that

OPP for the cataract group did not differ significantly

from the normal age-matched group, and that the post-

operative OPP was similar to the pre-operative OPP

level, any subsequent change in ocular perfusion

measures could not be attributable to choroidal

autoregulatory insufficiency. Instead, a post-operative

increase in ocular PV appears to account for the increase

in POBF. Further, it might be argued that at lower IOP,

the ratio between pulsatile and non-pulsatile flow could

be reduced, even in the presence of stable OPP, and in

these circumstances one might have expected ocular

pulsatility to fall.

This study was carefully controlled to exclude sources

of variation known to affect blood flow. All of the

subjects were nonsmokers, completely free from cardiac

disorders, diabetes and hypertension, and were not

receiving any medication known to affect blood flow.

The cataract patients had ceased steroid medication

before post-operative measurements were taken.

In addition, all subjects underwent strict caffeine

restrictions and were tested at the same time of

day in the sitting position.

The follow-up period of 1 month in this study gave an

interpretation of the IOP and haemodynamic

postsurgical state of the eye in the mid-term, however,

a longer follow-up would be required to determine

whether this represented a transient or lasting effect.

Given the advanced age of both groups, a small degree

of lens opacification could not be ruled out in the control

group; however, each control subject was independently

assessed for normality with a visual acuity of 6/9 or

better. While the reduction in IOP following cataract

surgery may have been attributable to opening of the

irido-corneal angle, this was not graded and could not,

therefore, be correlated with the level of IOP reduction.

Moreover, it is conceivable that the lowering of IOP

observed for the cataract group may have been the result

of other surgery-related characteristics such as irrigation

or alteration of the trabecular meshwork. Given the

significantly higher pre-operative IOP in the cataract

group compared to the untreated age-matched normal

control group, a correlation between cataract and IOP

may exist. A larger investigation of IOP in cataract

patients and normal controls would be required to verify

this finding.

In summary, pre-operative cataract patients exhibited

a slightly higher IOP and reduced ocular perfusion

characteristics compared to an age-matched normal

healthy group. A reduction in IOP was accompanied by

an improvement in ocular haemodynamics at one month

following cataract surgery. The surgical outcome of

improved ocular perfusion and decreased IOP will be

beneficial to cataractous eyes with or without coexistent

glaucoma.
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