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Purpose: To study the mechanisms of pupillary block in eyes with
occludable angle by ultrasound biomicroscopy. Methods: Initially, a
pilot study of 13 eyes with acute primary angle-closure without me-
dication was executed. Ultrasound biomicroscopy measurements of
the angle, posterior chamber depth and iris thickness were performed
in the temporal quadrant under light and dark conditions. Afterwards,
ultrasound biomicroscopy measurements of iris-lens contact distan-
ce and iris-lens angle in the temporal quadrant and central anterior
chamber depht were made in 32 eyes with acute primary angle-closure
or intermittent primary angle-closure without medication, under light
and dark conditions before and after laser peripheral iridectomy. Re-
sults: In the pilot study, a significant decrease in the angle as well as a
significant increase in the iris thickness occurred when comparing
light to dark conditions. Before and after laser peripheral iridectomy
(second study), significant differences were found in iris-lens contact
distance (P<0.001) and iris-lens angle (P<0.001) under light and dark
conditions. Also, significant differences were found in light and dark
conditions, before laser peripheral iridectomy, in iris-lens angle (P=0.005),
and after laser peripheral iridectomy, in iris-lens contact distance
(P<0.001). No significant change occurred with anterior chamber depth.
Conclusions: A decreased angle was correlated to an increase in iris
thickness. After laser peripheral iridectomy, acute primary angle-closure
or primary angle-closure eyes had an increased iris-lens contact distance
and a decreased iris-lens angle. The anterior chamber depth did not
change. These findings contradict the theory that pupillary block is the
mechanism of acute primary angle-closure.

ABSTRACT

INTRODUCTION

The most accepted theory regarding the mechanism responsible for
the development of acute primary angle-closure (APAC) is an increased
resistance caused by relative pupillary block which prevents the aqueous
humour from flowing through the pupil(1-2). Eyes with angle-closure have
important biometric differences from healthy eyes, such as: shorter cor-
neal diameter, shallower anterior chamber, thicker lens, more anterior
positioned lens, and shorter axial length(3). In these eyes, a prophylactic
treatment is available to avoid acute episodes. A laser peripheral iridec-
tomy (LPI) flattens the convex iris(4-5) and widens the angle(6) relieving the
pupillary block. However, this treatment is not complication free and does
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not prevent APAC crisis in some eyes. It must be indicated
when potential benefits outweigh risks.

Ultrasound biomicroscopy (UBM) permits non-invasive
examination of the ocular anterior segment at high resolution
(40 µm)(7). Its efficacy has been demonstrated in relation to the
mechanism of angle-closure in eyes with primary angle-closure
glaucoma (PACG)(8), and the morphologic changes after LPI(6).
Other peculiarities, such as a more crowded anterior segment of
the fellow APAC eyes in comparison to other narrow angle eyes
have also benefited(9). However, our knowledge about the pa-
thophysiology of angle-closure is incomplete.

The aim of this paper is to report the results of an UBM
study regarding pupillary block in eyes with occludable angle,
under light and dark conditions, before and after LPI.

METHODS

This comparative case series study was approved by the
Research Ethics Committee of the Federal University of Minas
Gerais. Informed consent was obtained from all participants.
Occludable angle subjects were recruited from the Glaucoma
Service - São Geraldo Hospital.

Initially, a pilot study of 13 eyes from 13 patients with
unilateral APAC without medication 48 hours before the
UBM exam was executed. Afterwards, 32 eyes of 16 patients
with APAC or intermittent primary angle-closure (IPAC) were
assessed. APAC or IPAC cases were defined by the presence
of at least two symptoms: ocular or periocular pain, nausea
and/or vomiting, previous history of intermittent blurring of
vision with haloes; and an intraocular pressure (IOP) higher
than 28 mmHg (Goldmann tonometry); the presence of three
of the following signs: conjunctival injection, corneal epi-
thelial edema, slowly reactive mid-dilated pupil, and a shallow
anterior chamber; and presence of an appositional closed
angle eye, verified by gonioscopy or UBM in darkness. Exclu-
sion criteria were: posterior synechia; goniosynechia; impos-
sibility to perform LPI due to corneal edema or corneal opaci-
ty; moderate or intense nuclear sclerosis defined as Lens
Opacities Classification System (LOCS) II higher than grade 2
(NC2, NO2)(10); secondary glaucoma; plateau iris configura-
tion (PIC) diagnosed by UBM exam described in a previous
paper(9) to confirm the diagnosis of PIC, (this exam revels
anteriorly located ciliary processes which close the ciliary
sulcus and provide structural support behind the peripheral
iris); unresolved APAC crisis due to unresponsiveness to me-
dical treatment and requiring surgical management (such as LPI
or trabeculectomy); history of previous trauma, or surgical pro-
cedure (laser therapy or trabeculectomy) in one or both eyes;
causes of angle-closure other than relative pupillary block.

APAC patients had medical therapy to reduce the IOP. This
treatment comprised mannitol, given intravenously; aceta-
zolamide, given orally; topical pilocarpine, timolol, and dexa-
methasone. More than 60 hours after the acute attack was
controlled by IOP reduction providing corneal clarity and ab-

sence of symptoms, the patients were submitted to clinical and
UBM examination without medication. Clinical examination
consisted of anamnesis, corrected visual acuity (decimal scale),
biomicroscopy, gonioscopy and cup/disc (C/D) ratio evalua-
tion. One of the authors (AOA) performed the gonioscopy
which was confirmed by another author (SC) using a 3-mirror
Goldmann goniolens (Volk Optical Inc, Mentor, Ohio, USA),
and afterwards, a 4-mirror Zeiss goniolens (Carl Zeiss Meditec
AG, Oberkochen, Germany) for indentation gonioscopy, in the
undilated state under normal room illumination (approximately
240 lux), and darkness (approximately 0.1 lux) (the room was
darkened for 5 minutes). Both conditions were previously mea-
sured with an illuminance meter [Minolta T10 Illuminance Me-
ter, Konica Minolta Sensing Inc., Osaka, Japan]). The gonios-
copic classification of the Glaucoma Service described in our
previous paper was used(9).

UBM exam was performed according to the technique des-
cribed in a previous paper(9). Three clear and representative
images from the temporal quadrant were selected for further
analysis. Thirteen APAC eyes with neither topical nor systemic
antiglaucomatous medications nor any laser or surgical proce-
dure (Figure 1) were measured, under light and dark conditions
for: 1. the angle (the angle opening distance 500 µm from the
scleral spur - AOD500). AOD500 is the distance between the
posterior corneal surface and the anterior iris surface measured
on a line perpendicular to the trabecular meshwork, 500 µm
from the scleral spur); 2. the posterior chamber depth (PCD)
taken from the posterior surface of the iris measured on a line
extending from the corneal endothelium at 500 µm from the
scleral spur perpendicularly through the iris, to the anterior lens

Figure 1 - AOD500 (angle opening distance 500 µm from the scleral
spur); ID1 (iris thickness); PCD (posterior chamber depth)
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capsule; 3. the iris thickness (ID1) measured along the line
extending from the corneal endothelium at 500 µm from the
scleral spur perpendicularly through the iris.

In 32 eyes, 16 with APAC and 16 with IPAC, UBM exam
was done under light and dark conditions before and after LPI
under equal conditions. The following items were measured:
1. Iris-lens contact distance (ILCD) (Figure 2), along the pig-
mented iris epithelium from the pupillary border to the point
where the anterior lens surface leaves the iris; 2. Iris-lens angle
(ILA) (Figure 3), the angle formed in arcdegree between two
lines crossing the contact point between the iris and the lens,
one touching the anterior lens capsule and the other touching
the average third of the pigmented iris epithelium. One author
(AOA) took all measurements on two different days to rule out
inter and intra-observer variability(11). All glaucoma drops we-
re interrupted 48 hours before UBM exams.

16.0 SPSS was used for statistical analysis. Frequency
histograms and the one-sample Kolmogorov-Smirnov and Wil-
coxon tests were used. A P-value < 0.05 was considered sta-
tistically significant.

RESULTS

Demographic, gonioscopic and clinical features of pa-
tients from the pilot study and APAC/IPAC patients are
shown in table 1. Table 2 demonstrates a significant decrease
in the angle and a significant increase of the iris thickness
from light to dark in the pilot study. The decrease in the angle
corresponds to the increase in iris thickness. The PCD is sligh-
tly deeper under dark conditions but without significant diffe-
rence. Table 3 shows the values of the UBM parameters be-

fore and after LPI, under light and dark conditions. Before LPI,
the ILCD was greater under light conditions but without sig-
nificant difference. Likewise, after LPI, the ILCD was also
greater under light conditions but without significant diffe-
rence. However, when we compared the ILCD under light
conditions before and after LPI, a statistically significant dif-
ference was demonstrated (P<0.001). Also, a statistically sig-
nificant difference was found  (P<0.001) when comparing the
ILCD under dark conditions before and after LPI. Conversely,
in relation to ILA before LPI, the comparison between light
and dark conditions demonstrated a lower statistically sig-
nificant difference under light conditions (P<0.005). After
LPI, ILA values were lower under light conditions but wi-
thout a significant difference (P<0.085). No statistically sig-
nificant difference was found when comparing the ACD be-
fore and after LPI under light and dark conditions (Table 3).
Therefore, no change was demonstrated in the position of
the iris-lens diaphragm (the central ACD was the same under
light and dark conditions).

DISCUSSION

This study aimed to assess the UBM measurements in eyes
with APAC or IPAC to find out new information about pupil-
lary block. The patients, mainly leukodermic women, had an
average age above 61.0 years and a hypermetropic spherical
equivalent (Table 1). These are the most common features re-
ported in literature regarding APAC or IPAC patients(12-15).

For some authors, pupillary block possesses a great ex-
tension of ILCD (large iris-lens contact area) which was an
aggravating factor(16-18). However, this traditional concept was

Figure 2 - ILCD (iris-lens contact distance) Figure 3 - ILA (iris-lens angle)
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based on imperfect observations due to the fact that the
diagnostic device available at that time did not provide ac-
curate ILCD measurements. One author believed that the
ILCD was greater and the iris sphincter muscle exerted a
posterior pressure against the lens in narrow angle glauco-
matous eyes than in normal eyes(19). Another author docu-
mented that the anterior iris convexity during pupillary block
was because of a difference in pressure between the poste-
rior and anterior chambers (greater pressure in the posterior
chamber). He also observed a flattening of the iris and an
increase in ILCD after LPI(19). Some authors found an average
ILCD of 1388 ± 370 microns in normal eyes(20). Others studied
13 eyes with relative pupillary block and found an increase in
ILCD after LPI (580 ± 60 microns vs. 1180 ± 140 microns)(4).
Some papers reported that the ILCD was lower in patients
with angle-closure and relative pupillary block than in nor-
mal patients(21). Another paper showed that the ILCD of

fellow eyes of APAC decreased when the illumination chan-
ged from light to dark(9).

This paper demonstrated an ILCD increase after LPI in
APAC and IPAC eyes. The ILCD values (microns) were greater
after LPI in light (539 ± 0.152 vs 1.194 ± 0.380) and dark
conditions (0.464 ± 0.131 vs 0.936 ± 0.269). In accordance with
other papers(6,22), a flattening of the iris after LPI was noted.
The ILA (arcdegree) was reduced after LPI in light (15.38 ±
3.90 vs. 9.81 ± 4.06) and in dark conditions (19.01 ± 5.06 vs.
11.26 ± 5.83) (Table 3). Thus, the LPI reduced the anterior iris
curvature, and opened the angle due to the iris flattening.
Normally, the iris is flattened because of the equalization of
anterior and posterior chamber pressures(6). No differences
were found among the measurements from eyes with APAC
and IPAC.

Three different and important forces involved in pupillary
block have already been described as a mathematic model: 1.
force due to iris sphincter muscle’s contraction (the lens posi-
tion should be considered as well as the tonus of the autono-
mic nervous system); 2. force due to the iris dilator muscle’s
contraction, and 3. force due to the stretching of iris tissue(23).

Histological studies have proved that the iris dilator muscle
fibers are much more developed and stronger in eyes with acute
angle-closure than in normal eyes, and in the beginning of the
acute attacks, stretching of the iris tissue plays an important
role(24). In these eyes, the iris root is shorter and thicker(24).

In this study, the LPI increased the ILCD and reduced the
ILA (neutralizing the action the iris dilator muscle)(4). Accor-
ding to Mapstone(23,25-26), the forces described in the mathe-
matic model(23) would be the same, owing to the fact that the
angle among them does not modify after the pupillary block
resolution. In consequence, these forces have no importance
in the genesis of pupillary block. For the same reasons, pilo-
carpine should not be used in APAC eyes. These data allow
us to conclude that the impediment of aqueous humour flow
from the posterior to the anterior chamber is not due to iris
resistance in the pupil (pupillary block). Moreover, the iris
does not have enough rigidity to cause the impediment of the
aqueous humour flow to the anterior chamber during the
crisis. Unfortunately to date, iris rigidity can not be measured
but it is possible to assume that it is of minimal importance. On
the other hand, anatomic and structural (angle) problems occur
in eyes with APAC. In our opinion, an APAC is caused by an

Table 1. Demographic, gonioscopic and clinical features of  patients
from the pilot study and of patients with APAC and IPAC

Pilot study APAC and IPAC
n = 13 n = 16

Age (yrs) 61.8 ± 13.3 62.9 ± 12.1
Gender

% male (n)  23.1 (  3) 25.0 (  4)
% female (n)  76.9 (10) 75.0 (12)

Race
% leukodermic (n)  69.2 (  9) 81.2 (13)
% pheodermic (n)  23.1 (  3) 12.5 (  2)
% melanodermic (n)  7.7 (  1) 6.3 (  1)

Gonioscopy
Primary gaze position

% narrow open angle (n)  84.6 (11) 68.8 (22)
% closed angle (n)  15.4 (  2) 31.3 (10)

Corrected visual acuity (n) 0.6 ± 0.3 (13) 0.7 ± 0.3 (32)
(decimal scale)
Spherical equivalent (n) +0.8 ± 0.5 (13) +0.6 ± 0.5 (32)
(diopters)
C/D

% < 0.5 (n)  76.9 (10) 25.0 (  8)
% 0.5 ≤ C/D ≤ 0.6 (n)  7.7 (  1) 31.3 (10)
% 0.6 ≤ C/D ≤ 0.9 (n)  15.4 (  2) 43.7 (14)

Age, corrected visual acuity, spherical equivalent and C/D are average ±
standard deviation values

Table 2. Angle opening distance, posterior chamber depth and iris thickness  by UBM of 13 APAC eyes under light and dark conditions (Pilot study)

AOD500 (mm) PCD (mm) ID1 (mm)
 n=13   n=13  n=13

Under light conditions 0.1022 ± 0.025 0.519 ± 0.078 0.432 ± 0.047
Under dark conditions 0.0495 ± 0.031 0.532 ± 0.099 0.489 ± 0.054
Wilcoxon test 7.816 -0.581 -3.440
P <  -0.001   -000  0.003
Mean difference (mm) -0.053  0.013  0.052
UBM= ultrasound biomicroscopy; APAC= acute primary angle-closure; AOD500= angle opening  distance 500 µm from the scleral spur; PCD= posterior chamber depth;
ID1= iris thickness;  n= number of eyes
Values are average ± SD
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imbalance of the autonomic nervous system (elevated sym-
pathetic tonus) in sympathetic patients, which causes the
contraction of the iris dilator muscle and, in turn, dilates the
pupil in situations such as intense emotional disturbance,
deficiency or absence of light and after the use of topic or
systemic sympathicomimetic drugs. The pupil dilation caused
by the contraction of the iris dilator muscle increases the
middle-peripheral iris thickness (Table 2). A sector or annular
iris’ atrophy due to an ischemia of the iris dilator muscle can
occur in some eyes with APAC depending on the strength and
the time of duration of the iris dilator muscle’s contraction.

Other relevant aspects to be considered are that after
miosis and after LPI the force of the iris sphincter muscle is
almost zero. In both situations, the ILCD is greater and the-
refore, contradicts the theory of pupillary block. In addition,
the prone position dark-room provocative test can simulate
the appositional angle closure in narrow angle eyes. It has
already been shown that after this test, the angle and the
anterior chamber depth (ACD) decrease in occludable angle
eyes with and without LPI or under pilocapine(27). The current
consensus is that the use of pilocarpine and LPI are the two
prophylactic and effective treatments for avoiding an APAC.
This fact also constitutes another argument against the pu-
pillary block. The iris dilator muscle’s contraction is reduced
after each of these treatments. By the same token, during the
crisis, the force exerted by the iris dilator muscle causes a
middle mydriasis in APAC eyes. This finding is in agreement
with a minimum ILCD demonstrated by UBM under dark
conditions (Figure 2). Therefore, in one occludable angle eye,
the APAC is caused by peripheral iris thickening which blocks
the angle and prevents aqueous humour drainage. As an
example of the angle closing rather than pupillary block, 14
eyes of 11 patients with LPI were submitted to the prone
position dark-room provocative test. Afterwards, the effect of
2% pilocarpine was assessed. It was noticed that with and

without 2% pilocarpine the IOP showed an average increase
from 13.86 to 18.07 mmHg and 19.57 mmHg, respectively. This
probably occurred due to angle block because the test can
induce mydriasis and an anterior position of the lens. Howe-
ver, the 35.71% eyes having positive provocative test (IOP
elevation > 8 mmHg) were transformed into negative after 2%
pilocarpine, possibly due to less mydriasis than the test without
pilocarpine(28). We also did not find any significant statistical
difference when comparing ACD before and after LPI under
light and dark conditions (Table 3). This finding shows the
force of the iris around the pupil has no importance in pupil-
lary block.

It is known that pupillary block mechanism is the cause of
acute angle closure in eyes which a posterior chamber pha-
kic intraocular lens (PCPIOL) implantation is performed
for correction of high myopia(29-30). This only occurs in eyes
without LPI prior to the PCPIOL implantation. Figure 4, an
UBM image, demonstrates a true case of pupillary block (IOP
was 45 mmHg 20 hours after PCPIOL implantation). It occur-
red in a patient without LPI due to a large extension of iris-
PCPIOL contact area which prevented the aqueous humor
flow to the anterior chamber. In this case, the extension of
the iris-PCPIOL contact area was 2.580 mm and the ILA was
16.03 (arcdegree). These values are much higher than those
found in eyes with APAC after LPI under light conditions.
An LPI resolved the pupillary block.

CONCLUSION

In our opinion, the most adequate denomination for pupil-
lary block is “angle iris-block”. The best option would be the
establishment of normal angle values concerning iris sphincter
and dilator muscle forces. This would provide real values the-
reby allowing the comparison of these forces.

Table 3. Ultrasound biomicroscopic characteristics of APAC and IPAC eyes and significance (P-values)

APAC and P-value
IPAC Eyes Before vs Before vs LIGHT vs LIGHT vs

n=32 After LPI After LPI DARK DARK
LIGHT DARK  Before LPI  After LPI

ILCD light before LPI (mm) 0.539 ± 0.152 ILCD ILCD ILCD ILCD
ILCD dark before LPI (mm) 0.464 ± 0.131 <0.001a <0.001a 0.070a <0.001a

ILCD light after LPI (mm) 1.194 ± 0.380
ILCD dark after LPI (mm) 0.936 ± 0.269
ILA light before LPI (arcdegree) 15.380 ± 3.900 ILA ILA ILA ILA
ILA dark before LPI (arcdegree) 19.010 ± 5.060 <0.001a <0.001a 0.005a 0.085a

ILA light after LPI (arcdegree)  9.810 ± 4.060
ILA dark after LPI (arcdegree) 11.260 ± 5.830
ACD light before LPI (mm) 2.107 ± 0.186 ACD ACD ACD ACD
ACD dark before LPI (mm) 2.099 ± 0.184 0.344082a 0.135709a 0.90066a 0.657015a

ACD light after LPI (mm) 2.101 ± 0.172
ACD dark after LPI (mm) 2.106 ± 0.195
NA= narrow angle; ILCD= the iris-lens contact distance; ILA= iris-lens angle; LPI= laser peripheral iridotomy; ACD= central anterior chamber depth; a= Wilcoxon test
Values are average±SD
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Figure 4 - UBM image showing a large extension of iris-PCPIOL contact area

In conclusion, we must emphasize that so far, UBM is a
proper method to study APAC. Knowledge of the physical iris
properties is important to establish its real role in the aqueous
humour flow to the anterior chamber in the occurrence of a
hypothetic pupillary block.

RESUMO

Objetivo: Investigar o mecanismo do bloqueio pupilar em
olhos com fechamento angular primário agudo ou intermitente
por meio da biomicroscopia ultrassônica. Métodos: Inicial-
mente, fez-se estudo piloto de 13 olhos com fechamento angu-
lar primário agudo sem medicação. Medimos pela biomicros-
copia ultrassônica, no claro e no escuro, a amplitude do seio
camerular, a profundidade da câmara posterior e a espessura
da íris no quadrante temporal. Posteriormente, avaliamos pela
biomicroscopia ultrassônica 32 olhos com fechamento angular
primário agudo ou fechamento angular intermitente sem me-
dicação, no claro e no escuro e antes e após iridectomia pe-
riférica. Medimos a distância de contato irido-cristaliniano e o
ângulo irido-cristaliniano no quadrante temporal e a profundi-
dade central da câmara anterior. Resultados: No estudo piloto,
demonstrou-se com significância estatística redução da ampli-
tude do seio camerular e aumento da espessura iriana quando
se passou do claro para o escuro. Antes e após a iridectomia
periférica, foram encontradas diferenças estatisticamente signi-
ficativas na distância de contato irido-cristaliniano (p<0,001)
e no ângulo irido-cristaliniano (p<0,001) ambos no claro e no
escuro. Foram encontradas diferenças, estatisticamente signi-
ficativas, no claro e no escuro, antes da iridectomia periférica
no ângulo irido-cristaliniano (p=0,005) e, após a iridectomia
periférica na distância de contato irido-cristaliniano (p<0,001).

Nenhuma diferença significativa ocorreu na profundidade cen-
tral da câmara anterior. Conclusões: A diminuição da amplitu-
de do seio camerular correspondeu somente ao aumento da
espessura da íris. Após a iridectomia periférica, os olhos com
fechamento angular primário agudo ou fechamento angular
intermitente apresentaram, com significância estatística, au-
mento da distância de contato irido-cristaliniano e diminuição
do ângulo irido-cristaliniano. A profundidade central da câma-
ra anterior não se alterou. Esses achados contradizem a teoria
de que o fechamento angular primário agudo ou fechamento
angular intermitente ocorre por bloqueio pupilar.

Descritores: Glaucoma de ângulo fechado/ultrassonografia;
Microscopia/métodos; Câmara anterior/ultrassonografia; Cris-
talino/fisiopatologia; Íris/fisiopatologia
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