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Abstract
Aim—To investigate the eVect of the lens
on outflow facility in Korean patients with
cataracts.
Methods—Intraocular pressure was
measured by Goldmann applanation to-
nometry in 42 patients with cataracts and
outflow facility was determined by tono-
graphy preoperatively, before and after
instillation of pilocarpine. All patients
received clear corneal phacoemulsifica-
tion and silicone foldable intraocular lens
implantation within the capsular bag by
one surgeon. Two months after surgery,
slit lamp examination and gonioscopy
were performed and intraocular pressure
and outflow facility were again deter-
mined. Statistical analysis was carried out
using the Student’s paired t test.
Results—There were no anterior chamber
reactions and no visible trabecular mesh-
work damage 2 months after surgery.
Intraocular pressure 2 months after lens
extraction decreased by a mean of 2.4 (SE
0.4) mm Hg (p<0.001) compared with the
preoperative value; postoperative outflow
facility with and without pilocarpine in-
creased by 0.080 (0.019) µl/min/mm Hg
(p<0.001) and 0.045 (0.014) µl/min/mm Hg
(p<0.001), respectively, at 2 months com-
pared with preoperative values. The facil-
ity response to pilocarpine after lens
extraction, relative to the baseline value
and preoperative response, increased by
10.7 (7.1)% which was not statistically sig-
nificant (p>0.1).
Conclusion—Lens extraction causes a re-
duction in intraocular pressure and an
increase in outflow facility in Korean sub-
jects. Pilocarpine causes an increase in
outflow facility which persists after cata-
ract extraction and posterior chamber
lens implantation.
(Br J Ophthalmol 2000;84:987–989)

Anterior tendons of the ciliary muscle attach to
the scleral spur, Schwalbe’s line, and cribri-
form region of the trabecular meshwork.1

Increased ciliary muscle tension induces con-
figurational changes in the conventional out-
flow pathway that increase outflow facility.2

Ciliary muscle tone and outflow facility can be
increased by voluntary accommodation,3 elec-
trical stimulation of the oculomotor nerve,4

parasympathetic drugs such as pilocarpine,5

and mechanical posterior depression of the
lens,6 7 the latter presumably by increasing ten-

sion of the zonules and ciliary body on the
meshwork and Schlemm’s canal. If the lens
aVects ciliary muscle contractility via zonular
tension, the outflow facility response to pilo-
carpine may be changed after lens extraction.
We investigated the eVect of the lens on ciliary
muscle contractility by measuring the tono-
graphic outflow facility before and after 2%
pilocarpine instillation, before and after cata-
ract surgery.

Subjects and methods
Clear cornea phacoemulsification8 and poste-
rior chamber foldable silicone intraocular lens
(AMO Phacoflex II, Allergan Medical Optics,
Irvine, CA, USA) implantation in the bag were
performed in one eye of 42 Korean patients
(19 men, 23 women) at the Department of
Ophthalmology, Samsung Medical Center.
Their mean age was 63.5 (SD 12.3) years
(range 27–82).

All patients entering the study received
preoperative counselling with regard to partici-
pation in the study. Participation was voluntary
and patients gave written informed consent.
The study followed the principles of the Decla-
ration of Helsinki.

Patients with a history of previous ocular
disease, family history of glaucoma, use of
antiglaucoma drugs, and previous intraocular
surgery were excluded.

All cataract operations were performed by
one surgeon (CK). A 3 mm chord length clear
corneal incision was made just inside the
limbus. A 2 mm corneal tunnel was created
and the anterior chamber was entered using a
3 mm diamond keratome. Continuous curvi-
linear capsulorhexis, hydrodissection, and hy-
drodelineation of the cataractous lens were
performed after intracameral injection of a vis-
coelastic agent (Healon, Pharmacia & Upjohn,
Sweden). Phacoemulsification was used to
remove the lens nucleus and irrigation and
aspiration were used to remove residual
cortical material. A foldable silicone posterior
chamber intraocular lens was then placed
within the capsular bag. The viscoelastic agent
was aspirated from the anterior chamber and
the wounds were evaluated for leakage; all were
watertight at the end of surgery. 0.5 ml
gentamicin (40 mg/ml) was injected subcon-
junctivally. Electrocautery or sutures were not
used during surgery. Posterior capsular rupture
or any other complications did not occur intra-
operatively.

Fluorometholone, ofloxacine (both Santen,
Osaka, Japan), and tobramycin (Daewoong,
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Seoul, Korea) eye drops were given to all
patients three times daily for 1 month postop-
eratively.

Intraocular pressure was measured using a
Goldmann applanation tonometer before sur-
gery. Outflow facility was measured under
topical anaesthesia with a pneumatonometer
(Mentor 30 Classic, Norwell, MA, USA)
before and 1 hour after instillation of 2% pilo-
carpine HCl (Samil, Seoul, Korea). Two
months after surgery the intraocular pressure
and outflow facility were similarly determined
in all patients.

The eVect of lens extraction on the facility
response to pilocarpine was calculated from
the formula:

(postCpilo/postCbl)/(preCpilo/preCbl)
where preCpilo = preoperative outflow facility
with pilocarpine administration, preCbl =
preoperative outflow facility without pilo-
carpine administration, postCpilo = postop-
erative outflow facility with pilocarpine admin-
istration, and postCbl = postoperative outflow
facility without pilocarpine administration.

Data are presented as mean (SE) values
except age which is presented as mean (SD).
Statistical analysis was carried out using the
Student’s two tailed paired t test.

Results
Slit lamp examination and gonioscopy 2
months after surgery revealed no anterior
chamber inflammatory reaction and no evi-
dence of damage to the trabecular meshwork
such as increased pigments in the trabecular
meshwork, development of peripheral anterior
synechia, or cyclodialysis. Intraocular pressure
before and 2 months after lens extraction was
15.3 (0.4) mm Hg and 12.9 (0.4) mm Hg,
respectively, a decrease of 2.4 (0.4) mm Hg
(p<0.001) following surgery. In the contralat-
eral non-operated eye the intraocular pressure
before and 2 months after lens extraction was
15.4 (0.4) mm Hg and 15.0 (0.3) mm Hg,
respectively, a non-significant decrease of 0.4
(0.3) mm Hg (p>0.1). Outflow facility without
pilocarpine before and 2 months after lens
extraction was 0.260 (0.011) µl/min/mm Hg
and 0.305 (0.015) µl/min/mm Hg, respec-
tively, an increase of 0.045 (0.014) µl/min/
mm Hg (p<0.001) after surgery. With pilo-
carpine instillation the outflow facility before
and 2 months after lens extraction was 0.330
(0.013) µl/min/mm Hg and 0.410 (0.022) µl/
min/mm Hg, respectively, an increase of 0.080
(0.019) µl/min/mm Hg (p<0.001) following
surgery (Table 1). The facility response to pilo-
carpine after lens extraction relative to the
baseline and preoperative response increased

by 10.7 (7.1)%, which was not statistically sig-
nificant (p>0.1).

Discussion
The ciliary muscle plays a major part in the
regulation of outflow facility.9 Contraction of
ciliary muscle resulting from various stimula-
tions leads to an increase in outflow facility.3–7

By measuring outflow facility tonographically
before and after lens extraction, with and with-
out pilocarpine, and analysing the changes, the
eVect of the lens on ciliary muscle contractility
can be estimated indirectly. In addition, as an
increase in outflow facility induces a decrease
in intraocular pressure, the tonographic data
may be corroborated by checking the intraocu-
lar pressure.

Previous reports on intraocular pressure
changes after cataract extraction showed that
the intraocular pressure increased in the
immediate postoperative period, but was not
significantly diVerent from the preoperative
value in the long term.10 11 However, as the
technique of cataract surgery has improved,
more recent reports have indicated that the
intraocular pressure decreased significantly by
2.0–3.3 mm Hg after cataract extraction.12 13

We used a clear cornea phacoemulsification
technique which did not involve procedures
that may aVect the intraocular pressure such
as a corneoscleral incision and sutures which
may damage or distort the trabecular mesh-
work, and episcleral electrocautery and con-
junctival peritomy which may damage the
episcleral venous plexus. Our results also
showed a significant reduction in intraocular
pressure of 2.4 mm Hg 2 months after cata-
ract extraction.

There are few reports on changes in outflow
facility following cataract surgery. Lee and
Trotter14 reported that the outflow facility was
diminished in the early postoperative period
and had returned to the preoperative value 12
weeks after extracapsular cataract extraction.
Meyer et al15 studied changes in the outflow
facility after phacoemulsification and posterior
chamber intraocular lens implantation through
scleral tunnel incision and reported that the
outflow facility was significantly increased one
day after surgery (0.240 µl/min/mm Hg versus
0.410 µl/min/mm Hg), but there were no
significant changes in outflow facility 1 week, 6
weeks, and 1 year after surgery. However, our
data showed a statistically significant increase
in outflow facility 2 months after cataract
extraction (0.260 µl/min/mm Hg versus
0.310 µl/min/mm Hg). This discrepancy may
reflect diVerences in surgical technique. Ten-
nen and Masket16 reported that the intraocular

Table 1 Intraocular pressure and outflow facility changes

Preop Postop Postop-preop Postop/preop p Value

IOPop (mm Hg) 15.3 (0.4) 12.9 (0.4) −2.4 (0.4) 0.85 (0.02) <0.001
IOPcon (mm Hg) 15.4 (0.4) 15.0 (0.3) −0.4 (0.3) 0.98 (0.02) >0.1
Cbl (µl/min/mm Hg) 0.260 (0.011) 0.305 (0.015) 0.045 (0.014) 1.23 (0.06) <0.001
Cpilo (µl/min/mm Hg) 0.330 (0.013) 0.410 (0.022) 0.080 (0.019) 1.26 (0.06) <0.001

Data are mean (SE), ratios have no units.
IOPop = intraocular pressure of operated eye; IOPcon = intraocular pressure of contralateral non-operated eye; Cbl = outflow
facility without pilocarpine; Cpilo = outflow facility with pilocarpine; preop = preoperative; postop = postoperative.
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pressure was significantly decreased by
1.9 mm Hg 1 year after clear corneal incision
phacoemulsification compared with the preop-
erative value while there were no changes in
intraocular pressure 1 year after scleral tunnel
incision phacoemulsification.

It may be better to follow up for a longer
period and to measure the outflow facility but,
because of the advancement of modern tech-
niques of cataract surgery, these days it is hard
to observe any inflammatory reactions in the
anterior chamber even 1 month after cataract
surgery. The outflow facility measured 2
months after cataract surgery may not there-
fore be influenced by inflammatory changes,
which may aVect uveoscleral outflow.

The lens is connected to the ciliary muscle
by zonules, and a constant tension exists
among them.17 If the lens is removed the zonu-
lar tension is decreased. This reduction in
zonular tension after cataract extraction might
aVect ciliary muscle mobility. Hence, with the
same stimulation, outflow facility might in-
crease more or less than before cataract
surgery. Furthermore, the length of the fold-
able intraocular lens we used was 13.0 mm
which is greater than the diameter of the crys-
talline lens. If the intraocular lens haptics push
the lens capsule outwards, thereby decreasing
further the tension of the zonules, the mobility
of the ciliary muscle might be altered even
more.

Croft et al18 reported that, following intrac-
apsular lens extraction in rhesus monkeys, the
ciliary muscle flattens against the sclera and
the movements of the ciliary muscle in
response to electrical stimulation of the mid-
brain are changed. They concluded that the
function of the ciliary muscle is dependent on
the integrity of the normal relation between the
lens and ciliary muscle. However, in our
patients the outflow facility response to pilo-
carpine did not change after lens removal. This
suggests that, while neuronally stimulated cili-
ary muscle mobility may be aVected by
lenticular-ciliary muscle interaction, pharma-
cologically induced ciliary muscle mobility
may not be changed by lens removal or the
change may not alter the resulting facility
relevant deformation of the trabecular mesh-
work.

Because most of our cataract patients were
elderly we were not able to analyse changes in
ciliary muscle contractility after cataract ex-

traction as a function of age. Our data indicate
that lens extraction decreases intraocular pres-
sure and increases outflow facility. However,
lenticular-ciliary muscle interaction via the
zonule does not appear to influence the
outflow facility response to pilocarpine.
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