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Abstract: Purpose: To quantitatively evaluate the effect of uneventful phacoemulsification on central retinal thickness and foveal volume
with regard to the following factors: age, gender, systemic diseases: diabetes mellitus, arterial hypertension, coranary heart
disease, phacoemulsification parameters (power and time); and to identify patient population at high risk of postoperative chan-
ges in macular thickness.

Material and methods: 87 eyes of 87 patients were examined. Foveal volume and central retinal thickness were measured using
optical coherence tomography on postoperative days 1, 7, 30, 90 and 180. 10 patients did not complete the study, because of in-
dependent factors, these were excluded from the analysis. The results were analyzed within the predefined patient groups.
Results: There was a significant increase of central retinal thickness and foveal volume values on postoperative days 7, 30, 90
and 180, as compared to baseline (1%t day after surgery). These values were higher in males and in patients with coronary heart
disease. The presence of diabetes and hypertension was associated with the increased central retinal thickness, especially
when both considered factors were present. No significant relation was found between the patient age and central retinal
thickness during the 6-month's follow up. However, a significant association was observed between the age and the risk of re-
tinal thickening. Higher phaco power (over 40.0%) settings increased both central retinal thickness and the risk of retinal thicke-
ning during the follow-up period.

Conclusion: There is a significant increase in macular parameters after uneventful phacoemulsification. Despite downward
trend, they remain elevated throughout the 6-month observation period. Diabetes and hypertension increase the risk of post-
operative changes in macular thickness, especially if they coexist. Higher phaco power increases the risk of retinal thickening
after cataract surgery. Early macular evaluation using the optical coherence tomography identifies patients at high risk of com-
plications, who might benefit from additional anti-inflammatory treatment.
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Abstrakt: Cel: ocena wptywu niepowikiane] fakoemulsyfikacji zaémy na centralng grubo$¢ siatkéwki i objeto$é dotka w odniesieniu do kon-
kretnych czynnikéw: wieku, ptci, choréb ogéinych takich jak cukrzyca, nadci$nienie tetnicze, choroba niedokrwienna serca, pa-
rametréw fakoemulsyfikacji (mocy i czasu ultradzwigkéw), a takze wyodrebnienie grup pacjentdw szczegolnie narazonych na
wystapienie pooperacyjnych zmian w plamce.

Materiat i metody: do badania wigczono 87 kolejnych pacjentéw (87 oczu) poddanych zabiegowi niepowiktanej fakoemulsyfikacii
zaémy. Z badania wykluczono pacjentow, u ktérych zamie towarzyszyly inne schorzenia narzadu wzroku, oraz pacjentdw, u ktdrych
wczesniej wykonano operacje wewnatrzgatkowe czy fotokoagulacje laserowa siatkdwki. Grubo$¢ siatkéwki w plamce i objeto$c¢
dotka byly mierzone za pomoca optycznej koherentnej tomografii w 1., 7., 30., 90. i 180. dniach od operacji zaémy. Analize staty-
styczng przeprowadzono u 77 pacjentdw, z przyczyn losowych, niezaleznych od badaczy, 10 pacjentéw nie dokonczyto badania.
Wyniki: wykazano znaczacy wzrost warto$ci centralnej grubosci siatkéwki i objetosci dotka w 7., 30., 90. i 180. dniach od zabie-
gu chirurgicznego w stosunku do pomiaréw z 1. doby od operacji. Warto$ci te byly wyzsze u mezczyzn i u tych badanych, ktérzy
chorowali na niedokrwienng chorobe serca. Wystepowanie cukrzycy i nadcisnienia tetniczego byto zwigzane z wigkszymi war-
tosciami centralnej grubo$¢ siatkdwki, szczegélnie kiedy wspdtistniaty te choroby. Podwyzszona moc ultradzwigkdw, zwlaszcza
powyzej 40,0%, wplywata na wyzsze wartosci centralnej grubo$¢ siatkoweki.

Whioski: po zabiegu niepowiktane] fakoemulsyfikacji zaémy dochodzi do istotnego pogrubienia siatkéwki w plamce, zmiany te
utrzymujg sie w czasie szesciomiesiecznej obserwaciji. Szczegélnie narazeni na wystapienie pooperacyjnych zmian w grubosci
siatkdwki w plamce sg pacjenci obcigzeni jednoczesnie cukrzyca i nadcisnieniem tetniczym. U pacjentéw, u ktérych zastosowa-
no zwigkszong moc ultradzwigkdw (ponad 40.0%), wzrasta ryzyko pogrubienia siatkéwki po operacji zacmy. Ocena ryzyka zmian
w plamce moze by¢ przeprowadzona juz w 1. dobie od zabiegu chirurgicznego, to pozwala na ewentualng modyfikacje leczenia
pooperacyjnego.

Stowa kluczowe:  grubo$¢ siatkdwki, optyczna koherentna tomografia, fakoemulsyfikacja zaémy.
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Introduction

Phacoemulsification is currently one of the most frequent
procedures in ophthalmic surgery. The advances in surgical
techniques and the development of new microsurgery tools,
as well as introduction of new generation intraocular lenses,
led to the marked reduction of intraoperative and postopera-
tive complications and shorter visual recovery time. Although
contemporary uneventful cataract surgery causes minimal intra-
operative trauma, it is still associated with some degree of ma-
cular thickening and cystoid macular oedema (CMO).

The introduction of new imaging techniques, such as opti-
cal coherence tomography (OCT), enabled detailed evaluation
of the retina, detection of subclinical changes in its morphology
and thickness, and precise macular assessment after phaco-
emulsifiaction surgery. The aim of this prospective study was to
evaluate the effect of uneventful phacoemulsification on central
retinal thickness (CRT), foveal volume (FV) and retinal thicke-
ning with regard to the following factors: age, gender, systemic
diseases, phacoemulsification parameters (power and time),
and to identify groups of patients at high risk of postoperative
changes in the macula.

Material and methods

87 consecutive patients (56 female, 31 male), at mean age
of 69.48 + 10.6 years (range 34.0-86.0), who underwent une-
ventful phacoemulsification and I0L implantation in the Depart-
ment of Ophthalmology, Medical University of Warsaw between
October 2007 and January 2009 were included in this study.
10 patients did not finish the study, they were excluded of ana-
lysis.

Exclusion criteria were: intraoperative complications, pre-
vious intraocular surgery, history of laser treatment, macular
pathologies, uveitis, glaucoma.

The study was approved by the Institutional Review Board
at the Medical University of Warsaw. All patients gave their
written informed consent upon enrollment.

Patients with diabetes — DM (+) (n = 13), hypertension —
HT (+) (n = 41), and coronary heart disease CHD (+) (n = 25)
were identified.

Central retinal thickness and foveal volume were evalu-
ated using OCT on days 1, 7, 30, 90 and 180, postoperative-
ly. The same parameters were also measured in 23 second
postoperatively, in healthy fellow eyes of the same patients.
All patients were treated with Tobramycin + Dexamethasone
for one month after operation.

The study design was prospective and longitudinal.
The main endpoints were the changes in central retinal thick-
ness and foveal volume after phacoemulsification surgery.
The secondary endpoint was central retinal thickening above
200 um. The endpoints were analysed with regard to the fol-
lowing factors: age (> 60 years vs. < 60 years), gender, dia-
betes, hypertension, coronary heart disease as well as phaco-
emulsification parameters.

Cataract surgery was performed by an experienced surge-
on using the Infinity platform (Alcon, USA). AcrySof lens was
inserted into the capsular bag. Intraoperative parameters: phaco
time and phaco power (%) were recorded after each procedu-
re. OCT examination (Stratus OCT, Carl Zeiss Meditec, Inc., San

Francisco, CA, USA) was performed through dilated pupil, using
the fast macular thickness protocol. The central retinal thick-
ness (um) (intersection of the six radial scans) and the foveal
volume (mm?) were recorded. Only high quality scans were in-
cluded into analysis. Statistical analysis included ANOVA (ana-
lysis of variance with repeated measurements), logistic regres-
sion to estimate odds ratios and generalized additive models to
test non-linear relations using GLM procedure, Logistic proce-
dure (SAS System) and the S-PLUS GAM function, respective-
ly. Odds ratios were expressed per 1 SD for each quantitative
variable (age, phaco power) and for the appropriate reference
level of quantitative variables (e.g. sex, DM, HT etc.). Signifi-
cance of CRT comparisons during the 6-month’s follow up was
expressed using the three so-called effects (sufficient to draw
conlusions): group, time and interaction between time and gro-
up to avoid multiple comparisons error and because of that
none detailed comparisons were performed.

Results

During the 6-month’s observation period, CRT changed si-
gnificantly (p < 0.003) (Tab. I, Fig. 1). As a result, all measure-
ments taken at 7, 30, 90 and 180 days were significantly higher
than baseline values (180.6 = 32.0; at day 1).

FV also changed significantly (following a pattern similar
to the one of CRT) during the 6-month’s observation period
(p < 0.0001), hence the values at each measurement point
(days 7, 30, 90 and 180 postoperatively) were significantly hi-
gher as compared to the baseline.

No significant differences were observed between the pa-
tient subgroups identified based on factors of interest at base-
line (day 1 postoperatively) (see Table | for all significant result
levels discussed below).

The mean CRT and FV were significantly higher in ma-
les than in females throughout the entire follow up period
(p < 0.0019) (Tab. I). Patient age was not associated with CRT
and FV values. A statistically significant correlation was shown
between the central retinal thickness and presence of diabe-
tes. There were no significant differences between the diabetic
and non-diabetic patients at baseline, but postoperative CRT
increase in diabetic patients was more dynamic (p < 0.0128).
Although CRT tended to decrease from day 30 onwards in both
groups, the mean CRT values were always significantly higher
in the DM (+) patients (group effect; p < 0.0297). The corre-
lation between the presence of diabetes and changes in foveal
volume during the 6-month’s observation was less pronounced.
Mean FV in DM (+) group tended to be higher as compared
to DM (-) group. The differences, however, were not significant
(group effect; p < 0.07).

A statistically significant correlation was found between
hypertension and the increased central retinal thickness (group
effect; p < 0.0379). Foveal volume changes followed a similar
pattern; the values in HT (4) group were higher, but remained
at the borderline level of statistical significance.

Furthermore, different combinations of two factors — hy-
pertension and diabetes — were evaluated together to estimate
their combined additive effect. The following combinations were
considered: DM (+) and HT (+), DM (+) and HT (-), DM (-}
and HT (+), DM (-) and HT (-). The differences in CRT between
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Significance levels of ANOVA/

Time after surgery/ Czas od zabiegu Poziom istotnosci ANOVA

1+t day 7t day 30t day 90t day 180* day
n X=SD X+SD X+SD X+SD X+sp  Grour/  Time/ ' Group® time"™"/
Grupa Czas | Grupa* czas
Total/ Lacznie 77 | 180.6+32.0 | 185.5+33.0 | 189.9+35.5 | 188.1+35.9 H 185.4+32.3 0.0030
F 51 | 1745+30.5 | 178.2+27.8 | 181.7=30.1 | 178.1+26.1 | 178.5+26.8
Gender/ Ple¢ 0.0019 | 0.0005 0.2028
M 26 | 192.5+32.0 | 199.9+38.0 | 206.0+40.1 | 207.5+44.3 | 198.8+38.1

<60 18 | 170.1+27.8 | 171.5+20.5 | 181.4+20.2 | 178.6+21.9 | 178.8+27.3
Age/ Wiek 0.1265 | 0.0064 0.5109
> 60 59 | 183.8+32.7 | 189.8+35.1 | 192.5+38.7 | 190.9+38.9 | 187.3+33.6

DM(+) 66 | 179.2+32.0 | 183.2+31.0 | 186.0+31.7 | 184.0+30.0 | 181.3+27.8
DM 0.0297 | 0.0001 0.0128
DIVI(-) 11 188.8+£31.9 | 199.1+42.5 | 213.5+48.0 | 212.1+56.7 | 209.6+46.4

HT(+) 40 | 174.5+28.6 | 176.8+23.5 | 182.5+30.3 | 181.2+27.3 | 179.4+24.6
HT 0.0379 | 0.0024 0.7397
HT(-) 37 | 187.2+34.5 | 195.0+£39.1 | 197.9+39.1 | 195.5+42.4 | 191.8+38.3

CHD(+) | 54  176.9+27.6 | 180.8+25.0 185.9+29.7 | 183.1+29.3 | 182.4+27.0
CHD 0.0798 | 0.0039 0.7075
CHD(-) 23 | 189.3+39.9 | 196.6+45.6 | 199.3+45.8 | 199.6+46.7 | 192.2+42.2

<38s 38 | 178.9+27.4 | 182.9+25.9 | 191.1+29.4 | 186.2+30.7 | 188.2+30.9
IPT 0.9076 | 0.0023 0.127
>38's 39 | 182.2+36.2 | 188.1+39.0 | 188.8+40.9 | 189.8+40.6 | 182.6+33.8

<40W | 27  174.1£30.9 | 176.7=24.7 | 179.4x27.9 | 180.9+26.1 | 176.1£23.5
hPP 0.0478 | 0.0013 0.2570
>40W | 26 | 186.7+38.2 | 198.1+44.5 | 205.1+47.7 | 199.2+48.5 | 192.0+42.5

D+ H+ 7 1 197.9+30.0 | 204.6+51.0 219.9+54.6 | 224.7+63.8 | 210.6:48.1

D+ H- 4 1 173.0+£32.6 | 189.5+24.9 | 202.3+38.1 | 190.0+39.2 | 208.0+50.3
DM & HT 0.0416 | 0.0001 0.0300
D-H+ 30 | 184.7+35.4 | 192.7+36.5 | 192.8+33.8 | 188.7+33.7 | 187.4+35.2

D- H- 36 | 174.6+28.6 | 175.3+23.3 | 180.3+29.2 | 180.2+26.3 | 176.2+18.7

D(+)H(+)| 7 | 197.9+30.0 | 204.6+51.0 | 219.9+54.6 | 224.7+63.8 | 210.6+48.1
DM & HT 0.0209 | 0.0005 0.0665
rest/ 70 | 178.8+31.9 | 183.6+30.6 | 186.9+32.0 | 184.4+30.2 | 182.8+29.6

“"effect of interaction between time and group/ efekt interakeji migdzy czasem a grupq

Tab.l. Mean CRT values during the follow-up period (F — female, M — male, DM — diabetes mellitus, HT — hypertension, CHD — coronary heart disease,
IPT — long phaco time, hPP — high phaco power).

Tab.l.  Srednie warto$ci CRT w czasie obserwacji (F — kobiety, M — mezczyzni, DM — cukrzyca, HT — nadcisnienie tetnicze, CHD — choroba niedo-
krwienna serca, IPT — diugi czas fako, hPP — wysoka moc ultradzwigkéw).

the groups were observed during follow-up (p < 0.0416; group "1
effect). It was noted that the groups differed significantly in the
dynamics of increase followed by the subsequent decrease of 2004
the mean CRT values — the initial differences between the gro-
ups grew significantly in time (p < 0.0300; interaction effect).
FV values followed a similar pattern to the one of CRT, but the
results were not statistically significanct. _ -
As a result of the above comparisons, the DM (+) HT (+) | 1
patients were ultimately compared to the remaining patient L
subgroup. The differences in CRT between the patients with
both diagnoses and the individuals unaffected by these syste-
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mic diseases were statistically significant (p<0,0209) (Tab. I, 17 30 a 180
Fig. 2). They were, however, not significant for FV. Time [daya]
The presence of coronary heart disease correlated with a sli-  Fig. 1. CRT changes in all patients.

ght increase of both retinal thickness and foveal volume, espe-  Ryc. 1. Zmiany wartosci CRT u wszystkich pacjentéw.
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Fig. 2. CRT values in DM (+) HT (+) patients, as compared to other

study subjects (DM — diabetes mellitus, HT — hypertension).
Ryc. 2. Wartosci CRT u pacjentéw DM (+) HT (+) w poréwnaniu do
wartosci u pacjentéw z pozostatej czesci grupy.

cially at 90 days postoperatively (relative significance levels
in CHD (+) and CHD (-) groups compared for CRT an FV were
0.08 and 0.07 respectively).

Phacoemulsification parameter analysis

The median of applied ultrasound — phaco time (PT)
and the average phaco power (PP) were analysed. The following
subgroups were compared: group with shorter phaco time (< 33 s)
vs. group with longer phaco time (> 33 s; IPT group) as well as
group with lower phaco power (< 40.0%) vs. group with higher
phaco power (> 40.0%; hPP group). It was observed that the lon-
ger phaco time did not have any significant effect on CRT and FV.
Although phaco power did not correlate with baseline CRT and
FV (on day 1 postoperatively, the significance levels were 0.19
and 0.16, respectively), it was showed some degree of correlation
with the mean CRT and FV values during the follow-up. The re-
sults were significantly higher in the hPP group. Significance levels
for group effect for CRT and FV were p < 0.0478 (Tab. I, Fig. 3)
and p < 0.06, respectively. CRT and FV in 23 non-treated eyes did
not change significantly during 180 days of observation.

Risk factors of retinal thickening (CRT > 200 pum)

at six months postoperatively

Four risk predicting factors were determined using the lo-
gistic regression analysis. Age, sex, hypertension and phaco
power were associated with the increased risk of retinal thicke-
ning. The associations expressed as odds ratio were: 1.85 (per
11 years; p < 0.030), 3.30 (for men; p < 0.017), 2.58 (for HT;
p < 0.049) and for phaco power (1.93 per 11.0%, p < 0.038),
respectively. A statistically significant 40.0% phaco power thre-
shold was determined for the risk of retinal thickening (P va-
lue for nonlinear trend was 0.038). The plateau of the risk cu-
rve was observed below this value, but it rose sharply when
the applied power exceeded the predefined value (Fig. 4).

The phaco power remained the risk factor of retinal thicke-
ning even after adjustments for the following covariates: age,
baseline CRT, DM, HT, sex, CHD were made. The P values for
the series of dual-factors analyses were: 0.33, 0.022, 0.036,
0.078, 0.041 and 0.038, respectively.

Phaco power:  Higher (=40%)

P values for comparisons:
ns forbaseline
0.0478 for Phaco power category effect
0.0013 forchanging in time
0.2570 forinteraction effect
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Fig. 3. CRT values in patients with higher and lower applied ultraso-
und power.
Ryc. 3. Wartosci CRT u pacjentdw, u ktérych moce ultradzwigkéw

byty wyzsze i nizsze.
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Fig. 4. Risk of retinal thickening according to ultrasound power.
Ryc. 4. Ryzyko pogrubienia siatkéwki w odniesieniu do mocy ultra-
dzwigkdw.

Discussion

The results show macular thickness changes after une-
ventful phacoemulsification. The lack of preoperative OCT mea-
surements is a limitation of the study. Reliable, reproducible
measurements of retinal thickness using OCT require obtaining
high quality images, in which the external and internal retinal
borders can be identified. This is difficult in most patients with
cataract, especially subcapsular cataract, where scans are
unreliable. According to some authors, cataract causes arti-
facts, which also renders the measurements less reliable (1-4).
In our study group, the lens opacity prevented detailed baseline
macular assessment in the majority of patients. The changes
in retinal thickness and volume were analyzed postoperatively
— when detailed repeatable measurements were possible. Ava-
ilable data shows that retinal thickening is observed from day
6—7 postoperatively (5-11). Greving and Becker measured reti-
nal thickness in OCT just 30 minutes postoperatively and they
found no changes within the macula (12).

In line with the findings of other authors, we observed signi-
ficant changes in CRT and FV beginning from day 7 postoperati-
vely, with a peak at 1 month (13). Cagini, however, observed ma-
cular changes only as late as at 12 weeks postoperatively (14).
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Retinal thickening decreased slowly or remained stable for at
least 6 months after surgery in most patients, which could imply
that cataract surgery still had a large impact on the macula.

Many authors studied the effect of phacoemulsification
on macula in patients with diabetes, as this disease predi-
sposes to cystic macular oedema due to potential destruction
of the blood-retina barrier. In present study, there was no si-
gnificant difference in retinal thickness between the healthy
and diabetic patients on the first day after surgery. However,
it should be noted that only patients without diabetic retinopa-
thy were enrolled. The dynamics of retinal thickening was signi-
ficantly greater in patients with diabetes. Similarly, Degenering
observed higher increase in CRT and FV four weeks after surge-
ry in patients with diabetes, as compared to healthy ones, but
the differences were not statistically significant (15). Likewise,
Biro, Ching and Kim did not observe significant changes in reti-
nal thickening in patients with diabetes (16—18). Jurecka et al.
found that in patients with diabetes with no signs of diabetic re-
tinopathy, a similar reaction of macula after phacoemulsification
could be expected as in healthy ones (19). Baker et al. observed
that the macular edema develops or increases in severity after
cataract surgery in eyes with preoperative macular edema or hi-
story of previous diabetic macular edema treatment (20). Ostri
et al. also observed that visual acuity outcomes after cataract
surgery are negatively correlated with the degree of diabetic re-
tinopathy (21). In our study, patients with both diabetes and hy-
pertension had significantly higher CRT and FV from the begin-
ning, as compared to healthy subjects. No significant changes
were observed in the subgroup of patients with hypertension
only, just as in the work by Pareja-Esteban (22).

We attempted to determine who would be affected by signi-
ficant postoperative retinal thickening or even CMO. Logistic re-
gression analysis used in this study shows the apparently higher
risk of persistent significant retinal thickening (up to 6 months
after surgery) in males and in patients over 60 years of age. There
is a clear correlation between the initial CRT and FV and the risk
of retinal thickening at 6 months postoperatively. The phaco po-
wer is an independent factor to affect the risk of long term retinal
thickening. We found unless the phaco exceeded 40.0%, the risk
of significant retinal thickening did not show any upward trend
even in the long-term observation. In line with results obtained by
von Jagow and Biro, there was no correlation between the phaco
time and retinal thickening (4, 6). Similarly, Cagini did not observe
any correlation between the CRT and phaco time in a group of 62
patients (14). Gharbiya et al. did not found any significant corre-
lation between macular thickness and intraoperative factors (13).
Mentes et al. observed lower visual acuity in patients in whom
the applied ultrasound energy exceeded 1J, but the results were
not statistically significant. However the blood-retina barrier was
disrupted more often in these patients, as compared to the group
where the applied energy was lower than 1J (23). However, these
authors did not evaluate the effect of the phaco power.

Conclusion

There is a significant increase in macular parameters after
uneventful phacoemulsification. Despite downward trend, they
remain elevated throughout the 6-months observation period.
Diabetes and hypertension increase the risk of postoperative

changes in macular thickness, especially if they coexist. Higher
phaco power results in higher surgical trauma, which significan-
tly increases the risk of retinal thickening after cataract surge-
ry. Early macular OCT evaluation identifies patients at high risk
of complications, who might benefit from the additional anti-
-inflammatory treatment.

Authors have no conflict of interest.
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