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Aged; Background: Elderly patients may present with visual function impairment after surgery, which
may increase the incidence of postoperative delirium and falls and decrease their quality of
life. The aim of this study was to assess visual function in elderly patients after long-duration
nonocular surgery to determine the incidence and risk factors for visual function impairment
after surgery.

Methods: This prospective and observational study included patients aged between 60 and 80
years who had been scheduled for elective non-ocular surgery expected to last longer than
120 minutes under general anaesthesia. Ocular examinations were performed before surgery,
on post-operative day 3 and on post-operative day 21 and consisted of a LogMAR-Snellen chart
test, a Jager chart test, biomicroscopy, optical tonometry, ocular motility assessment and fun-
doscopy. Baseline characteristics of all patients as well as intraoperative and postoperative
data were collected.

Results: A total of 107 patients were included in the final analysis. Visual function impairment
was diagnosed in 21 patients (19.6%) at POD 3. Of those, 7 patients (6.5%) still presented with
visual changes at POD 21. On POD 3, compared with that at baseline, visual acuity assessed
by the Snellen chart test had decreased in these patients. Significant differences regarding
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refraction tests and intraocular pressure measures were also found. Multivariable analysis iden-
tified diabetes mellitus, duration of surgery, hypotension during anaesthesia induction, lower
peripheral oxygen saturation at the end of the procedure and body mass index as independent
risk factors for postoperative visual impairment.

Conclusion: In elderly patients undergoing long-duration non-ocular procedures under general
anaesthesia, the incidence of visual function impairment was considerably high. Most patients
recovered to baseline visual function, but clinically significant visual changes may still be
present 3 weeks after surgery. Obesity, diabetes mellitus, and the duration of surgical and
anaesthetic techniques appear to increase the risk of visual impairment after surgery.

© 2021 Sociedade Brasileira de Anestesiologia. Published by Elsevier Editora Ltda. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Perioperative visual function impairment after non-ocular
surgery is a complication of surgery whose incidence,
severity and clinical presentation vary among patients. Peri-
operative Visual Loss (POVL) is the most severe presentation,
with increased prevalence after cardiac, spine, head and
neck and some orthopaedic procedures.’? Fortunately, this
impairment is a very rare complication, and its incidence
is approximately 5.4 per 10,000 patients for transient POVL
and 0.16 per 10,000 patients for permanent POVL.3-> Never-
theless, milder forms of postoperative visual changes may
not easily be perceived by clinicians, and the real inci-
dence of perioperative visual changes has not yet been well
established. Elderly patients may be at high risk for this
complication, which may also increase the incidence of post-
operative delirium and the risk of falls, leading to anxiety
and decreased quality of life.

Previous studies have attempted to determine the fre-
quency and natural history of perioperative changes in
vision. Warner et al.® prospectively performed an ocular
examination based on accommodation-acuity tests and pupil
size measurements in 671 patients undergoing a variety of
surgical procedures. The incidence of postoperative changes
in accommodation and visual acuity was 4.2%. Unfortu-
nately, the authors could not identify any significant risk
factors for this problem. The findings of Warner et al. are
not relevant for clinical practice because an ocular exami-
nation is not a routine postoperative evaluation, and visual
changes may affect postoperative outcomes.

It has been hypothesized that the incidence of perioper-
ative visual changes in elderly patients might be higher than
previously perceived. The aim of this study was to determine
the incidence of perioperative visual function impairment
in elderly patients undergoing non-ocular surgery through a
complete ocular examination and to identify risk factors for
postoperative visual changes.

Methods

Study design and setting

This study was a prospective cohort study performed at a
university hospital, namely, the of Hospital das Clinicas, Fac-
uldade de Medicina da Universidade de Sao Paulo, Brazil,

and was carried out between August 2014 and March 2016.
The original protocol was approved by the university’s Ethics
Committee of Hospital das Clinicas, Faculdade de Medicina
da Universidade de Sao Paulo (FMUSP). The study followed
the recommendations of the International Conference on
Harmonization-Good Clinical Practice Guidelines, and writ-
ten consent forms were obtained from all patients or their
legal guardians.

Study participants

Patients aged between 60 and 80 years who were scheduled
for elective surgery requiring general anaesthesia longer
than 120 minutes in duration were included. Patients who
were scheduled to undergo cardiac surgery, ophthalmo-
logic surgery, spine surgery, head and neck surgery and
otorhinolaryngology surgery were not included. Addition-
ally, patients who were expected to have postoperative
mechanical ventilation for more than 24 hours, patients with
psychiatric disorders, comprehension deficit, significant
preoperative ophthalmologic alterations such as glaucoma,
congenital cataract, senile cataract, retinopathy (diabetic,
immune, hypertensive), single eye, ocular trauma with
unilateral or bilateral blindness, keratoconus and rheuma-
tologic visual alterations were excluded. All patients were
submitted to the Mini-Mental State Examination (MMSE)
for screening for cognitive alterations, with cut-off points
adjusted based on the educational level of the individuals.
Only individuals with scores between 18 and 23 on the MMSE
scale were included in the project. Due to logistical reasons
related to the ophthalmologic examinations, patient recruit-
ment was performed only Mondays after hospital admission.
During a pre-anaesthesia evaluation, patients were assessed
for eligibility, and after obtaining written consent, they
were included in the study and referred for a preoperative
ophthalmologic examination by experienced ophthalmolo-
gists. Detailed information about participant selection is
available in the supplemental material. Surgical and anaes-
thetic procedures were not standardized for the study and
were selected at the discretion of the attending surgeon
and anaesthesiologist. Patients were followed up at Post-
Operative Day (POD) 3 and at POD 21 for the main outcome.
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figure* 1

Ophthalmologic examinations

All patients selected for the study were referred to the
ophthalmologic clinic located in the outpatient block of
the of Hospital das Clinicas, Faculdade de Medicina da
Universidade de Sao Paulo (FMUSP), and the following oph-
thalmologic tests were performed: vision acuity assessment
using a Snellen chart and a Jaeger card, bio-microscopy,
ocular tonometry, ocular motility and fundoscopy. A full
description of the ophthalmologic tests is available in the
supplemental material. All ophthalmologic tests were per-
formed by or under the supervision of an experienced
ophthalmologist. The study patients were examined on the
eve of their surgical procedure (baseline test), at POD 3 and
at POD 21. Only patients with alterations at POD 3 relative
to baseline were scheduled to undergo ophthalmologic tests
at POD 21 (Fig. 1). Postoperative visual function impairment
was defined as any visual impairment or alteration relative
to the baseline examination.

Data collection

In addition to the data related to the ophthalmologic tests,
baseline characteristics of the study patients, such as age,
sex, body mass index, previous chronic diseases such as sys-
temic arterial hypertension, diabetes mellitus, tobacco use,
chronic obstructive pulmonary disease, atrial fibrillation,
hypothyroidism, dyslipidaemia, gastroesophageal reflux dis-
ease, chronic hepatitis/liver cirrhosis and chronic kidney
disease, were also collected. Further recorded data included
a physical status classification based on the American
Society of Anesthesiologists, type and duration of the surgi-
cal procedure, intraoperative patient position, anaesthetic
agents administered, the need for blood transfusion, type
and amount of fluids given in the intraoperative period,
haemoglobin concentration before and after surgery, and
temperature, pulse oximetry, end tidal CO,, heart rate, and

Study protocol fluxogram.

arterial blood pressure immediately before and after anaes-
thesia induction and at the end of the procedure.

Risk of bias

To minimize the risk of bias, all patients were selected from
the same general population using rigorous inclusion and
exclusion criteria, and data collection was standardized and
blinded. All data was collected prospectively. The preoper-
ative and postoperative ophthalmologic examinations were
performed by or under the supervision of an experienced
ophthalmologist. Patients who were lost to follow-up were
excluded from the final analysis.

Statistical analysis

Based on the hypothesis that postoperative visual function
impairment occurs in approximately 15% of elderly patients
and considering a 95% Confidence Interval and an 80% power
of analysis for unilateral difference (calculations based on
a normal approximation to the binomial distribution), the
necessary calculated sample was 95 patients (estimate of
20% for loss of follow-up).

We compared baseline characteristics, follow-up mea-
sures and clinical outcomes between the groups (patients
with or without postoperative visual impairment). Con-
tinuous and semi-continuous variable data were initially
compared with the Gaussian curve by means of the
Kolmogorov-Smirnov and Shapiro-Wilk tests. Sample means
and standard deviations are used to represent data with
parametric behaviours, whereas medians and interquar-
tile ranges are used to represent data with nonparametric
behaviour. Parametric variables were analysed by the paired
Student’s t-test, whereas non-parametric variables were
assessed using the Mann-Whitney U test. Categorical data
are presented as absolute (n) and percentage (%) values and
were analysed using the chi-square test, Fisher’s exact test,
or a likelihood test. Comparisons of the values obtained from
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the visual acuity tests using the Snellen chart, ocular tonom-
etry and the refraction test over time were made using
repeated-measures analysis of variance (ANOVA) and the
post hoc Tukey’s test. Stepwise multiple logistic regression
analysis was performed to estimate the predictive factors
for postoperative visual function impairment, including risk
factors that were first estimated in the univariable analy-
sis (p<0.10). A statistical significance of 5% was adopted
(p<0.05).

Calculations were performed using the following soft-
ware programs: Microsoft Excel for Windows (Microsoft
Corp., Redmond, WA, USA), IBM SPSS Statistics 20.0 for Mac
(SPSS Inc., Chicago, IL, USA), and GraphPad Prism 4.0 for
Windows (GraphPad Software Inc., San Diego, CA, USA).

A one-tailed test was used to calculate the sample
because it was expected that visual acuity would worsen
in the postoperative period. If visual acuity was expected
to have remained unchanged or improved, a two-tailed test
would have been used.

Results

Of a total of 203 patients assessed for eligibility, 110
patients were enrolled in the study. Of those, 107 completed
follow-up and were included in the final analysis. Three par-
ticipants were lost to follow-up due to clinical conditions
that precluded them from undergoing the ophthalmologic
examination at POD 3 (Fig. 2). The characteristics of the
study participants are described in Table 1.

Outcome data

Patients with postoperative visual alterations presented
with a lower body mass index and a higher prevalence
of diabetes mellitus, tobacco use, chronic liver disease
and gastroesophageal reflux disease than patients with-
out postoperative visual abnormalities. Regarding surgical-
and anaesthetic-related variables, patients with postopera-
tive visual alterations required longer surgical procedures,
received more fluids, received more blood transfusions, and
presented with a lower haemoglobin concentration after
surgery. In addition, the intraoperative head-up position
was more common among patients with postoperative visual
alterations. Intraoperative fentanyl was required significan-
tly more often among patients with postoperative visual
impairment. The incidence of hypotension after anaesthetic
induction and the need for ephedrine or metaraminol were
significantly higher in patients with postoperative visual
impairment (Table 2).

A total of 21 patients presented with postoperative visual
function impairment in at least one of the ophthalmo-
logic tests relative to the baseline examination. Except for
the refraction tests, preoperative ophthalmologic test per-
formance was similar between patients with and without
postoperative visual alterations. Patients with postopera-
tive visual alterations presented with a better performance
in the preoperative refraction tests than patients without
postoperative visual alterations. However, at POD 3, visual
acuity as assessed by the Snellen chart test was decreased
in these patients relative to baseline. Significant differences
regarding refraction tests and intraocular pressure measures

were also found (Table 3). Of the 21 patients who presented
with visual alterations, 14 fully recovered at POD 21.

Regarding perioperative monitoring variables, patients
with postoperative visual alterations presented with lower
peripheral oxygen saturation before anaesthetic induction,
after anaesthetic induction and at the end of the surgery
than patients without postoperative visual alterations. In
addition, heart rate was higher after anaesthetic induction
and at the end of the surgical procedure among patients
with postoperative visual alterations. Additionally, systolic
blood pressure was higher before anaesthetic induction but
lower after anaesthetic induction and at the end of the
surgery among patients with postoperative visual alterations
than among patients without postoperative visual alter-
ations (Table 4).

In the multivariable analysis, independent risk factors
for postoperative visual alterations were higher body mass
index, lower peripheral oxygen saturation at the end of the
surgery, higher heart rate and lower systolic blood pressure
after anaesthetic induction, and longer duration of surgical
procedure (Table 5).

Discussion

This study found that approximately one in five elderly
patients who underwent non-ocular surgery with a duration
longer than 2 hours and under general anaesthesia presented
with postoperative visual impairment at POD 3. Additionally,
one in fifteen of those patients continued presenting with an
alteration of visual function as late as 3 weeks after surgery.
Lower BMI, higher duration of surgery, lower SBP after anaes-
thesia induction and lower peripheral oxygen at the end of
the surgery were identified as independent risk factors for
postoperative visual function impairment in this population.

Very few studies have aimed to describe the frequency
and natural history of perioperative visual changes. As pre-
viously mentioned, Warner et al.® used a limited ocular
examination to assess patients after surgery and found an
incidence of postoperative visual changes of 4.2%, lower
than the incidence found in the current study. However,
there are some differences between this study and the study
performed by Warner and colleagues. Here, only elderly
patients were included, which could explain the higher
incidence of postoperative visual alterations, as previous
studies have described age as an independent risk factor
for ophthalmologic complications, such as ischaemic optic
neuropathy.’ In addition, a more complete ophthalmologic
examination was performed in the present study, which may
have improved the accuracy of the diagnosis of reduced
visual acuity.

Although this study was not designed to provide a mech-
anistic explanation for postoperative visual impairment,
based on the identified risk factors, it was hypothesized that
hypoperfusion may have played a major role in its pathogen-
esis. Hypotension during the surgical procedure may have
led to hypoperfusion of structures of the posterior com-
partment of the eye and caused transient ischaemia of
the optic nerve and/or retina. Depending on the severity
and duration of the ischaemic insult, patients may present
with transient visual impairment or loss, with recovery
to normal vision or even permanent blindness. Reduced
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[ Enrollment ] Assessed for eligibility
(n=203)
Excluded (n= 93)
Met exclusion criteria (n= 69)
Declined to participate (n= 18)
» Enrolled in interventional studies (n=
3)
Other (n=3)
v
Included
(n=110)
v
o Lost to follow-up (n=3)
[ Follow: Up ] Clinical condition that

precluded patients from
transportation to  the
ophthalmologic clinic

(n=3)
'

[ Analysis ] Analysed (n= 107)

figure* 2 Study flow chart.

Table 1  Baseline characteristics of the study participants.

Age (years) 66 (62-72) 68 (63-74) 0.494°
BMI (kg.m2) 25 (23-27) 22 (21-26) 0.015°
Physical status

ASA | 8 (9.3%) 2 (9.5%) 1.000°
ASA I 78 (90.7%) 19 (90.5%)

Comorbidities

Systemic arterial hypertension 75 (87.3%) 17 (80.9%) 0.488°
Atrial fibrillation 7 (87.5%) 1(12.5%) 1.000°
COPD 5 (5.8%) 2 (9.5%) 0.621°
Smoking 9 (10.5%) 8 (38.1%) 0.005°
Hypothyroidism 1(1.2%) 0 (0%) 1.000°
Diabetes mellitus 12 (13.9%) 9 (42.9%) 0.006°
Dyslipidaemia 7 (8.1%) 3 (14.3%) 0.408°
GERD 0 (0%) 2 (9.5%) 0.037°
Hepatitis B 0 (0%) 2 (9.5%) 0.037°
CRF 2 (2.3%) 0 (0%) 1.000°
Procedures 0,0124
Gastrointestinal procedure 20 (23.3%) 11 (52.4%)

Gynaecologic procedure 11 (12.8%) 1 (4.8%)

Liver and biliary tract procedure 13 (15.1%) 3 (14.3%)

Peripheral vascular surgery 11 (12.8%) 5 (23.8%)

Plastic surgery 1(1.2%) 0 (0%)

Urologic procedure 30 (34.9%) 1 (4.8%)

Data are presented as absolute (n) and relative (%) values or medians and interquartile ranges. BMI, Body Mass Index; COPD, Chronic
Obstructive Pulmonary Disease; GERD, Gastroesophageal Reflux Disease; CRF, Chronic Renal Failure.
€Chi-Square test.

@ Mann-Whitney U test.

b Fisher’s exact test.

d Likelihood Ratio.
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Table 2 Postoperative clinical and laboratory data of the study participants.

Duration of anaesthesia (min)
Duration of surgery (min)

Fluid therapy and blood transfusion
Crystalloids (mL)

Red blood cell transfusion
Preoperative Hb (g.dL™")
Postoperative Hb (g.dL™")

Surgical position
Head-up
Trendelenburg

Anaesthetic agents

Remifentanil
Succinylcholine
Etomidate
Fentanyl (mcg)
Propofol (mg)

Cisatracurium (mg)

Midazolam (mg)

Rocuronium (mg)

Vasopressor agents (ephedrine and metaraminol)
Vasopressor agents (ephedrine and metaraminol)

160 (140-240)
140 (125-200)

1500 (1500-3000)

0 (0%)
13 (12-13)
12 (11-13)

6 (6.9%)
54 (62.8%)

12 (13.9%)
1(1.2%)
1(1.2%)

250 (250-300)
150 (140-166)
16 (0-20)

2 (0-5)

50 (50-50)

16 (18.6%)

0 (0-0)

260 (170-340)
220 (148-310)

3000 (1550-3500)
2 (9.5%)

13 (11-13)
10 (10-12)

6 (28.6%)
14 (66.7%)

3 (14.3%)
1 (4.8%)

0 (0%)

350 (275-500)
160 (140-170)
12 (0-20)
0 (0-4)

50 (0-50)
12 (57.1%)
5 (0-5)

0.005°
0.0072

0.001°
0.037°
0.818*
0.001°

0.004
0.137

1.000°
0.355°
1.000°
0.0022
0.660°
0.5312
0.418°
0.515°
<0.001°¢
0.0012

Data are presented as absolute (n) and relative (%) values or as medians and interquartile ranges. Hb, Haemoglobin.

@ Mann-Whitney U test.
b Fisher’s exact test.
¢ Chi-Square test.

Table 3

LogMAR Snellen - right eye

Preoperative
POD 3

LogMAR Snellen - left eye

Preoperative
POD 3

IOP - right eye
Preoperative
POD 3

IOP - left eye
Preoperative
POD 3

Refraction test - right eye

Preoperative
POD 3

Refraction test - left eye

Preoperative
POD 3

0.28
0.31

0.28
0.31

14.55
14.77

14.58
14.79

1.67
1.72

1.62
1.67

0.19
0.21

0.20
0.21

1.75
1.79

1.81
1.88

0.59
0.58

0.59
0.57

0.001

0.001

0.001

0.001

<0.001

<0.001

0.29
0.29

0.29
0.29

14.59
14.56

14.63
14.59

1.73
1.73

1.68
1.69

0.20
0.21 0.233

0.20
0.21 0.235

1.74
1.75 0.320

1.82
1.82 0.320

0.63
0.63 -

0.59
0.58 0.159

0.23
0.39

0.23
0.40

14.38
15.62

14.38
15.57

0.14
0.19

0.15
0.21

0.35
0.32

0.52
0.52

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Patient results from preoperative and postoperative day 3 visual acuity tests and intraocular pressure measurements.

0.189
0.035

0.237
0.022

0.621
0.014

0.578
0.032

0.004
0.600

0.031
0.556

SD, Standard Deviation; POD 3, Postoperative Day 3; IOP, Intraocular Pressure.

@ Student’s t test.
b Repeated-measures analysis of variance (ANOVA): preoperative vs. postoperative.

¢ Repeated-measures ANOVA: no visual alteration vs. visual alteration.
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Table 4  Perioperative monitoring data of the study participants.

Temperature (°C)

Before induction 36 (36-36)
After induction 35 (35-36)
At the end of surgery 35 (35-36)
Sp0; (%)

Before induction 99 (98-99)
After induction 99 (99-99)
At the end of surgery 99 (99-99)
ETCO, (mmHg)

Before induction 42 (39-42)
After induction 35 (35-35H)
At the end of surgery 39 (38-40)
HR (bpm)

Before induction 73 (64-80)
After induction 65 (59-72)
At the end of surgery 66 (60-73)

SBP (mmHg)

Before induction
After induction

At the end of surgery
DBP (mmHg)

130 (124-136)
100 (100-112)
125 (120-130)

Before induction 80 (67-85)
After induction 55 (45-60)
At the end of surgery 65 (60-74)

Diuresis (mL) 400 (328-500)

36 (35-36) 0.062
35 (35-36) 0.751
35 (35-36) 0.984
97 (96-99) <0.001
99 (98-99) 0.003
97 (96-99) <0.001
42 (39-44) 0.344
35 (31-36) 0.207
39 (37-42) 0.864
70 (66-81) 0.832
72 (61-80) 0.041
72 (70-85) 0.001
140 (130-140) 0.008
90 (85-110) 0.002
124 (115-130) 0.568
80 (65-85) 0.686
50 (45-60) 0.207
70 (60-83) 0.320
500 (300-650) 0.225

Data are presented as the median and interquartile range. SpO;, Peripheral Oxygen Saturation; ETCO,, End-Tidal Carbon Dioxide; HR,
Heart Rate; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure.

Table 5

Multivariable analysis of predictive factors for postoperative visual function alteration.

BMI (kg.m2) 0.627
Sp0; at the end of surgery (%) 0.142
HR after induction (bat/min) 1.175
SBP after induction (mmHg) 0.848
Duration of surgery (min) 1.025

0.459 0.858 0.030
0.053 0.382 <0.001
1.057 1.306 0.003
0.767 0.938 0.001
1.010 1.041 0.001

OR, Odds Ratio; Cl, Confidence Interval; SpO;, Peripheral Oxygen Saturation; HR, Heart Rate; SBP, Systolic Blood Pressure.

blood flow in the vertebrobasilar system and posterior visual
sensory pathways and visual cortex dysfunction may also
be involved in the pathogenesis of postoperative visual
dysfunction.®-"" Elderly patients are more susceptible to eye
hypoperfusion due to a higher prevalence of diabetes, car-
diac arrhythmia, atherosclerosis and arterial stenosis of the
great vessels. However, classical findings of ischaemic optic
nerve and retinal ischaemia, such as optic disc oedema, reti-
nal microaneurysms, cotton wool spots, flame or blot retinal
haemorrhages, were not found in our patients on postopera-
tive fundoscopy.®'° Nevertheless, such findings are normally
described in severe ischaemia of the retina or optic nerve,
and the clinical presentation is visual loss, which is a rare
ophthalmologic condition and is often associated with cir-
culatory shock or vascular occlusive phenomena leading
to complete interruption of blood supply to the eye. Our

patients may have experienced mild ischaemia of the retina
or optic nerve, which is characterized with transient visual
alterations, blurred vision, or reduced visual acuity, but it
could not be perceived on fundoscopy examination.
Regarding the limitations of the study, it can be stated
that due to logistic limitations of the ophthalmologic clinic,
the ophthalmologic examinations could only be performed
on Mondays and Fridays. Therefore, we were only able to
assess patients at POD 3, and whether other factors related
to the postoperative period could be involved in the visual
function impairment of the patients cannot be excluded.
Additionally, for the same reason, the ophthalmologic exam-
inations could not be performed for all patients included
in the study at POD 21, only for those who presented with
visual alteration at POD 3. In addition, we did not assess
the long-term patient outcomes regarding their visual func-
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tion. Consequently, we could not precisely describe the real
incidence and natural history of the postoperative visual
alterations since complete follow-up patient data were only
available for postoperative day 3. Additionally, none of
the patients were assessed through a more accurate diag-
nostic method, such as fluorescein angiography or optical
coherence tomography, which could have provided more
information about the pathogenesis of the reduced visual
acuity.'> Nonetheless, it is worth mentioning that a detailed
description of the incidence and natural history of visual
function of patients undergoing non-ocular surgery would
require a complete ophthalmologic follow-up, which would
be extremely costly and unfeasible. The study was a single-
centre study performed at a university hospital, and almost
50% of patients assessed for eligibility were not included
due to a higher incidence of exclusion criteria. Therefore,
the generalization of the findings is limited.

Conclusions

In elderly patients undergoing long-duration non-ocular pro-
cedures under general anaesthesia, the incidence of visual
function impairment was considerably high (19,6%). Most
patients recovered to baseline visual function. Lower BMI,
Sp0; at the end of surgery, SBP after induction and higher
heart rate after induction, duration of surgical and anaes-
thetic technique appeared to increase the risk of visual
impairment after surgery.
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