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Original Article

Anterior segment morphometry and intraocular pressure 
(IOP) can change after intraocular surgery. There are vari-

ous studies reporting these changes using different devices 
after phacoemulsification and intraocular lens (IOL) im-
plantation [1-4]. Examining the anterior segment parame-
ters is an important step for planning and evaluating the 
success of cataract surgery. Many clinical studies have re-
ported that cataract extraction causes deepening of the an-
terior chamber, widening of the anterior chamber angle 
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Purpose: To investigate changes in anterior chamber depth (ACD), corneal volume (CV), anterior chamber angle 
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pupil diameter (PD), and intraocular pressure (IOP) after uneventful phacoemulsification cataract surgery with 

intraocular lens implantation.

Methods: A total of 132 eyes of 132 patients (87 men and 45 women) that underwent uneventful phacoemulsi-

fication cataract surgery and intraocular lens implantation were prospectively studied. The mean age of the 

patients was 63.68 ± 12.51 years. All patients were evaluated preoperatively and at 1 month postoperatively 

with the Sirius 3D Rotating Scheimpflug camera topography system. The ACD, CV, ACA, ACV, CCT, HVID, 

and PD measurements were recorded. IOP was measured using the Goldmann applanation tonometer, which 

was corrected for CCT of the Sirius device using Ehlers’ formula.

Results: The preoperative mean ACD, ACV, ACA, CCT, CV, PD, HVID, and IOP were 2.79 ± 0.45 mm, 124.73 ± 

25.72 mm3, 42.09 ± 7.490, 523.87 ± 41.97 microns, 55.37 ± 4.89 mm3, 3.98 ± 1.23 mm, 11.72 ± 0.67 mm, and 
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mm3, 2.87 ± 0.45 mm, 11.91 ± 0.75 mm, and 12.02 ± 1.83 mmHg, respectively. There was a statistically signif-

icant increase in mean postoperative ACD, ACV, ACA, CV, and HVID compared with the corresponding pre-

operative values (p < 0.05). CCT remained stable after surgery. Postoperative PD and IOP were significantly 

decreased compared to corresponding preoperative values (p < 0.05).

Conclusions: Preoperative measurements by the Sirius 3D Rotating Scheimpflug camera topography system 

might help surgeons to predict postoperative changes resulting from phacoemulsification and intraocular lens 

implantation. This is a noncontact, noninvasive, and comfortable system for patients that is highly reliable and 

repeatable for anterior segment measurements.
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(ACA), and a significant decrease in IOP [5-11]. Traditional 
methods examining the anterior segment are not objective 
and do not provide quantitative information. Quantifica-
tion of these changes has been assessed with different de-
vices and methods. These new devices and methods are 
noncontact, noninvasive, and comfortable for patients in 
addition to providing highly reliable and repeatable anteri-
or segment measurements; options include the Pentacam 
(Oculus Inc., Wetzlar, Germany) [1-4], anterior segment 
optical coherence tomography [12,13], and the Sirius sys-
tem (Costruzione Strumenti Oftalmici, Florence, Italy) [3-
15].

In this prospective study, we investigated changes in an-
terior chamber depth (ACD), corneal volume (CV), ACA, 
anterior chamber volume (ACV), central corneal thickness 
(CCT), horizontal visible iris diameter (HVID), pupil di-
ameter (PD), and IOP after uneventful phacoemulsification 
cataract surgery and IOL implantation. 

Materials and Methods 

A total of 132 eyes of 132 patients (86 men and 46 wom-
en) that underwent uneventful phacoemulsification cata-
ract surgery and IOL implantation between December 
2013 and January 2014 were prospectively studied. The 
mean age of the patients was 63.68 ± 12.51 years. Exclusion 
criteria included history of trauma, ocular surgery, corneal 
pathology, pseudoexfoliation, uveitis, glaucoma, angle-clo-
sure, posterior segment pathology, diabetes, or use of topi-
cal or systemic medications that might affect anterior seg-
ment and IOP measurements. This study was approved by 
the Adıyaman University ethics committee, and the study 
protocol adhered to the tenets of the Declaration of Helsin-
ki. Informed consent was obtained from each patient prior 
to any procedures.

All patients were examined preoperatively and 1 and 3 
months postoperatively with the Sirius 3D Rotating 
Scheimpflug camera topography ystem, which was used to 
measure ACD, CV, ACA, ACV, CCT, HVID, and PD. IOP 
was measured using the Goldmann applanation tonometer 
and corrected for CCT of the Sirius device using Ehlers’ 
formula. The patient was seated with the head positioned 
with the help of a chinrest and forehead strap during Sirius 
measurements. All measurements were obtained under 
standard dim light conditions without dilatation by the 

same trained examiner. To minimize diurnal corneal hy-
dration variations, all measurements were obtained be-
tween 2 p.m. and 5 p.m. 

The Sirius obtains topographic and anterior segment 
measurements using Scheimpflug photography. Its work-
ing principle is based on the combination of two rotating 
Scheimpflug cameras and a Placido disc with 22 rings. 

All surgeries were performed by the same experienced 
surgeon (AŞ) under topical anesthesia with proparacaine 
drops (Alcaine; Alcon, Istanbul, Turkey). A 2.8-mm clear 
corneal incision was made in the superior quadrant. A con-
tinuous curvilinear capsulorhexis approximately 5.5 mm 
in diameter was completed after viscoelastic injection 
(Viscoat; Alcon Surgical, Fort Worth, TX, USA). Cortical 
cleaving hydrodissection was performed using balanced 
salt solution (Alcon Laboratories, Hemel Hempstead, UK). 
The nucleus was emulsified using torsional phaco technol-
ogy (Infiniti, Alcon Laboratories) with the stop and chop 
technique. After cleaning the residual cortex with irriga-
tion and aspiration, a foldable, acrylic, posterior chamber 
IOL (AcrySof, SA60AT; Alcon) was implanted into the 
capsular bag. To achieve wound integrity, stromal hydra-
tion was performed. Topical antibiotic and steroid drops 
were used postoperatively in all eyes. Topical antibiotic 
drops were applied four times a day for 1 week. Topical 
steroid drops were applied four times each day for 1 week 
and then tapered over 3 weeks.

Statistical analysis was performed with SPSS ver. 15.0 
(SPSS Inc., Chicago, IL, USA). The paired t-test was used 
to compare variables between the preoperative and postop-
erative periods. Independent samples t-test was used to 
compare variables with a normal distribution between men 
and women before and after surgery. The Mann-Whitney 
U-test was used to compare variables without a normal 
distribution between men and women before and after sur-
gery. Pearson’s correlation test was used to evaluate the re-
lationships among variables. A p-value less than 0.05 was 
considered statistically significant.

Results

The mean age of the patients was 63.68 ± 12.51 years 
(range, 15 to 87 years). Of 132 patients, 86 (65.2%) were 
men and 46 (34.8%) were women (Table 1). The mean 
ACD measurement was 2.79 ± 0.45 mm preoperatively, 
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3.43 ± 0.38 mm 1 month postoperatively, and 3.45 ± 0.6 
mm 3 months postoperatively. The mean ACV measure-
ment was 124.73 ± 25.72 mm3 preoperatively, 162.17 ± 
24.41 mm3 1 month postoperatively, and 162.52 ± 23.79 
mm3 3 months postoperatively. The mean ACA measure-
ment was 42.09 ± 7.490 preoperatively, 51.18 ± 5.740 1 month 
postoperatively, and 51.46 ± 5.630 3 months postoperatively. 
Mean CCT measurement was 523.87 ± 41.97 microns pre-
operatively, 526.80 ± 47.86 microns 1 month postoperative-
ly, and 526.21 ± 44.45 microns 3 months postoperatively. 
Mean central 10 mm CV measurement was 55.37 ± 4.89 
mm3 preoperatively, 56.55 ± 5.40 mm3 1 month postopera-
tively, and 56.23 ± 5.12 mm3 3 months postoperatively. 
Mean PD measurement was 3.98 ± 1.23 mm preoperative-
ly, 2.90 ± 0.48 mm 1 month postoperatively, and 2.87 ± 0.45 
mm 3 months postoperatively. Mean HVID measurement 
was 11.72 ± 0.67 mm preoperatively, 11.92 ± 0.75 1 month 
postoperatively, and 11.91 ± 0.75 mm 3 months postopera-
tively. Mean IOP measurement was 14.74 ± 2.59 mmHg 
preoperatively, 12.11 ± 2.16 mmHg 1 month postoperative-
ly, and 12.02 ± 1.83 mmHg 3 months postoperatively (Table 
2).

There was a statistically significant increase in mean 

ACD, ACV, ACA, CV, and HVID at 1 and 3 months post-
operatively compared with corresponding preoperative 
values. Postoperative PD and IOP were statistically signifi-
cantly decreased compared with corresponding preopera-
tive values. There was not a significant change in CCT at 1 
or 3 months postoperatively compared to the preoperative 
values.

The differences in all characteristics between 3 months 
postoperatively and preoperatively in women and men 
were not statistically significant (Table 3). 

There was a statistically significant (p < 0.05) negative 
correlation between the 3-month postoperative IOP values 
and ACD values (r = -0.204). In addition, there was a nega-
tive correlation between the 3-month postoperative IOP 
values and ACV values (r = -0.223). There was a positive 
correlation between the 3-month postoperative IOP values 
and CV values (r = 0.210) and a positive correlation be-
tween the 3-month postoperative IOP values and CCT val-
ues (r = 0.175). There was no statistically significant cor-
relation between the 1- and 3-month postoperative IOP 
values and other anterior segment parameters (p > 0.05) 
(Table 4).

Table 1. Demographic characteristics of the patients

Case % Range Mean Standard deviation
Men 86 65.2 29-87 64.34 11.90
Women 46 34.8 15-83 62.46 13.63
Total 132 100 15-87 63.68 12.51

Table 2. Comparison of preoperative and postoperative anterior segment parameters

Preoperative 1-mon postoperative p-value 3-mon postoperative p-value
ACD (mm)  2.79 ± 0.45  3.43 ± 0.38 0.000   3.45 ± 0.36 0.000
CV (mm3) 55.37 ± 4.89 56.55 ± 5.40 0.000 56.23 ± 5.12 0.001
ACA 42.09 ± 7.49 51.18 ± 5.74 0.000 51.46 ± 5.63 0.000
ACV (mm3) 124.73 ± 25.72 162.17 ± 24.41 0.000 162.52 ± 23.79 0.000
CCT (microns) 523.87 ± 41.97 526.80 ± 47.86 0.221 526.21 ± 44.45 0.186
IOP (mmHg) 14.74 ± 2.59  12.11 ± 2.16 0.000 12.02 ± 1.83 0.000
HVID (mm) 11.72 ± 0.67 11.92 ± 0.75 0.002 11.91 ± 0.75 0.003
PD (mm)  3.98 ± 1.23   2.90 ± 0.48 0.000   2.87 ± 0.45 0.000

Values are presented as mean ± standard deviation. Paired t-test was used to compare preoperative and postoperative measurements.
ACD = anterior chamber depth; CV = corneal volume; ACA = anterior chamber angle; ACV = anterior chamber volume; CCT = central 
corneal thickness; IOP = intraocular pressure; HVID = horizontal visible iris diameter; PD = pupil diameter.
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Discussion

Pentacam (Oculus Optikgerate, Wetzlar, Germany) is the 
first device to use the Scheimpflug camera in ophthalmolo-
gy practice. After Pentacam, Galilei (Ziemer Group, Port, 
Switzerland) introduced a combination of the Scheimpflug 
camera and Placido-disk topography system. Newer devic-
es that use both the Scheimpflug camera and a Placido disk 
topography system are the Sirius (Costruzione Strumenti 
Oftalmici) and the TMS-5 (Tomey, Nagoya, Japan).

The Sirius topography device analyzes the anterior seg-
ment using a combination of a monochromatic three-di-
mensional (3D) rotating Scheimpflug camera and a Placi-
do-disk with 22 rings. It obtains 25 radial sections of the 
cornea and anterior chamber. Scheimpflug cameras pro-
vide focused images from the anterior corneal surface to 
the posterior lens and transform them into a 3D model us-
ing their rotating capability [16]. Using a 3D rotating 
Scheimpflug camera, 21,632 points on the anterior corne-
al surface and 16,000 points on the posterior corneal sur-
face are measured in less than 1 second. Anterior corneal 
surface measurement data are derived from both the 
Scheimpflug camera and Placido-disk images. Data for the 
posterior corneal surface and internal structures are de-
rived only from the Scheimpflug camera.

In this study, we observed significant increase in ACD, 
ACV, ACA, CV, and HVID and decrease in PD and IOP 
after uneventful phacoemulsification cataract surgery. Ac-

Table 3. Comparison of 3-month postoperative and preoperative differences in all characteristics between women and men

Women Men t-test p-value
ACD 0.60 ± 0.44   0.70 ± 0.38 1.369 0.173
ACA 9.87 ± 5.80 9.093 ± 5.19 0.786 0.434
ACV 35.87 ± 23.78   38.80 ± 28.11 0.601 0.549
PD -1.10 ± 1.33  -1.11 ± 1.23 0.062 0.951

Median
(first / third quarters)

Median
(first / third quarters) U-test p-value

CV 0.40 (-0.83 / 1.65)  0.55 (-0.33 / 2.05) 1,789.0 0.367
CCT 0.00 (-6.00 / 3.00) 1.00 (-4.00 / 5.00) 1,694.5 0.175
IOP -3.00 (-4.25 / -1.00) -2.00 (-4.00 / -1.00) 1,721.5 0.215
HVID  0.14 (-0.04 / 0.28)  0.16 (0.00 / 0.57) 1,703.0 0.189

Independent samples t-test was used for the variables with a normal distribution (ACD, ACA, ACV, and PD) and Mann-Whitney U-test 
was used for the variables that did not have a normal distribution (CV, CCT, IOP, and HVID).
ACD = anterior chamber depth; ACA = anterior chamber angle; ACV = anterior chamber volume; PD = pupil diameter; CV = corneal 
volume; CCT = central corneal thickness; IOP = intraocular pressure; HVID = horizontal visible iris diameter.

Table 4. Correlations between anterior segment parameters 
and intraocular pressure before operation and 1 and 3 months 
postoperatively (n = 132)

Intraocular pressure

Preoperative 1-mon 
postoperative

3-mon 
postoperative

ACD r* -0.015 -0.254 -0.204
p† 0.861 0.003 0.019

CV r 0.213 0.211 0.210
p 0.014 0.015 0.016

ACV r -0.062 -0.188 -0.223
p 0.478 0.031 0.010

ACA r -0.062 -0.175 -0.136
p 0.482 0.045 0.121

CCT r 0.145  0.255 0.175
p 0.096  0.003 0.044

HVID r -0.069 -0.138 -0.156
p  0.430  0.114  0.074

PD r 0.073 0.011  0.025
p 0.408 0.898  0.778

Pearson correlation analysis was used to investigate the relation-
ship between variables. 
ACD = anterior chamber depth; CV = corneal volume; ACV = 
anterior chamber volume; ACA = anterior chamber angle; CCT = 
central corneal thickness; HVID = horizontal visible iris diame-
ter; PD = pupil diameter.
*Pearson’s correlation coefficient; †A p-value less than 0.05 was 
considered statistically significant.
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curate measurement of anterior chamber parameters is 
critical when planning surgery. In modern cataract sur-
gery, to achieve desired refractive outcomes, correct IOL 
calculation with precise biometry is crucial. Accurately 
determining ACD is essential to achieve precise biometry. 
There are several methods to measure ACD [17,18]. Stan-
dard ultrasound devices define ACD as the distance be-
tween the anterior surface of the cornea and the anterior 
surface of the lens. Ultrasound devices are the most com-
mon method to measure ACD; however, as a contact de-
vice, ultrasound has some disadvantages such as corneal 
abrasions, infections, and off-axis measurement [18]. Sirius 
imaging uses Scheimpflug technology to measure ACD 
and is a relatively new and non-contact automatic optical 
technique. 

There have been a number of studies using different de-
vices, reporting marked anterior chamber changes follow-
ing cataract surgery with phacoemulsification and foldable 
IOL implantation [6,9,19,20]. In our study, ACD and ACV 
increased 1.22- and 1.30-fold, respectively, compared to 
preoperative measurements. The results of our study are 
comparable with those of previous studies. Using Sirius, 
Takmaz et al. [3] reported a significant increase in ACD 
and ACV. The clinical meaning of these increases in ACD 
and ACV is more considerable for angle closure glaucoma 
patients who have a shallow anterior chamber.

Evaluation of ACA is critical in glaucoma patients. The 
conventional method used to evaluate ACA is gonioscopic 
examination. The major disadvantage of this method is 
subjectivity. ACA width can be quantitatively measured by 
Sirius. Using Sirius, Takmaz et al. [3] have reported a sig-
nificant increase in ACA after uneventful phacoemulsifi-
cation surgery and IOL implantation. Our study also 
showed a significant increase in ACA.

The effects of cataract surgery and IOL implantation on 
IOP have been shown in various studies. There are several 
studies in both normotensive eyes and glaucomatous eyes, 
including open angle glaucoma and angle closure glauco-
ma, reporting significant decreases in IOP after cataract 
surgery with phacoemulsification and foldable IOL im-
plantation [8,19,21]. Altan et al. [9] reported that, in 
non-glaucomatous eyes with preoperative open ACA, un-
eventful phacoemulsification surgery reduced IOP, in-
creased ACD, and widened the ACA.

The mechanism of the decrease in IOP resulting from 
phacoemulsification surgery is controversial. There are 

multiple possible mechanisms such as increased uveoscler-
al outf low, decreased resistance to conventional aqueous 
humour outf low, and hyposecretion of aqueous humour 
[22-25]. In our study, the mean IOP measured at 1 month 
postoperatively was significantly lower than mean preop-
erative value.

There are many recent methods to measure CCT, but ul-
trasound pachymetry is the older, gold standard method. 
Various studies comparing Pentacam measurements and 
ultrasound pachymetry have reported that Pentacam mea-
surements are similar to but thinner than ultrasound pa-
chymetry [26,27]. In our study, the mean CCT value was 
523 μm preoperatively. In a study by Doganay et al. [1] us-
ing Pentacam, the mean CCT was found to be 534 μm pre-
operatively. Using Sirius, Takmaz et al. [3] found a mean 
CCT of 545 μm preoperatively.

CCT is affected by corneal water content, which is 
maintained by endothelium pump and barrier functions. 
Corneal endothelial cell density and morphology can be 
assessed using specular microscopy in clinical practice, 
but the function of the endothelium pump, which is crucial 
for CCT and CV, cannot be assessed. Also, specular mi-
croscopic assessment can be performed in a limited corne-
al area. Therefore, it is difficult to statistically evaluate the 
entire cornea. The Sirius offers CV measurement in a cen-
tral 10-mm area of the cornea. The numerical value ob-
tained can be used for statistical assessment. 

To our knowledge, no previous study has compared CV 
changes before and after phacoemulsification surgery us-
ing The Sirius. Suzuki et al. [28] used Pentacam to evalu-
ate CV changes in the central 3-mm and 10-mm areas after 
phacoemulsification surgery. They reported that the 3-mm 
area returned to preoperative values at 3 months after sur-
gery, whereas the central 10-mm area remained signifi-
cantly higher than it had been preoperatively. In contrast 
to a previous study, Doganay et al. [1] reported no signifi-
cant alterations in the 3-, 5- and 7-mm CV values after 1, 3, 
or 6 months of uneventful phacoemulsif ication using 
Pentacam. In our study, we found a mean central 10-mm 
CV of 55.37 mm3 preoperatively, 56.55 mm3 1 month post-
operatively, and 56.23 mm3 3 months postoperatively. 
There was a significant increase in CV after uneventful 
phacoemulsification surgery.

Pupil size is important for visual acuity and depends on 
the amount of light that enters the eye. This factor is par-
ticularly important in patients who have undergone 
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phacoemulsification cataract surgery and multifocal IOL 
implantation. In their study using Pentacam, Doganay et 
al. [1] reported a mean preoperative pupil size of 2.6 mm 
and no significant change after surgery. In their study with 
Sirius, Takmaz et al. [3] reported a mean preoperative pu-
pil size of 3.4 mm; in accordance with a previous study, 
they did not find a significant difference between preoper-
ative and postoperative values. In our study, mean PD was 
3.98 mm preoperatively, 2.90 mm 1 month postoperatively, 
and 2.87 mm 3 months postoperatively. The mean postop-
erative PD was significantly lower than preoperative val-
ues.  

In conclusion, after uneventful phacoemulsification cat-
aract surgery and IOL implantation, significant increase in 
ACD, ACV, ACA, CV, and HVID and significant decrease 
in PD and IOP were recorded compared to preoperative 
measurements. There was not a significant change in CCT 
between preoperative and postoperative values. The Sirius 
allows for quick, easy, and reliable demonstration of ante-
rior segment changes before and after phacoemulsification 
surgery and IOL implantation.
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