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Changes of intraocular pr
essure and ocular
perfusion pressure during controlled hypotension
in patients undergoing arthroscopic shoulder
surgery
A prospective, randomized, controlled study comparing propofol,
and desflurane anesthesia
Yong-Shin Kim, MD, PhDa, Na-Re Han, MDa, Kwon Hui Seo, MD, PhDb,∗

Abstract
Purpose: The aim of the present study is to evaluate the effects of deliberate hypotensive anesthesia on intraocular pressure (IOP)
and ocular perfusion pressure (OPP) and compare the effects of propofol total intravenous anesthesia (TIVA) and desflurane
anesthesia on IOP and OPP.

Methods: A total of 50 patients undergoing arthroscopic shoulder surgery in the lateral decubitus position were randomized to
receive desflurane or propofol anesthesia. Mean arterial pressure (MAP) was maintained in the range of 60–75 mm Hg during
hypotensive anesthesia. IOPwasmeasured using a handheld tonometer at 7 time points: before induction (T1, baseline); immediately
after endotracheal intubation (T2); 10minutes after position change to lateral decubitus (T3); 10, 30, and 50minutes after the start of
hypotensive anesthesia (T4–T6); and at the end of surgery (T7).

Results: MAP decreased about 35% to 38% during hypotensive anesthesia. Compared to baseline values, the IOP at T6 in
dependent and non-dependent eyes decreased by 0.43 and 2.74 mm Hg, respectively in desflurane group; 3.61 and 6.05 mm Hg,
respectively in the propofol group. IOP of both eyes in the propofol group was significantly lower than in the desflurane group from
T2 to T7. OPP of both eyes in both groups was significantly lower than at baseline, except at T2 in the desflurane group. OPP of both
eyes in the propofol group was significantly higher than that in the desflurane group at T5 and T6.

Conclusions: Hypotensive anesthesia reduced IOP and OPP, but propofol TIVA maintained higher OPP than desflurane
anesthesia. These findings suggest that propofol TIVA can help mitigate the decrease of OPP during hypotensive anesthesia.

Abbreviations: ASA = American Society of Anesthesiologists, BIS = bispectral index, ETCO2 = end-tidal carbon dioxide, IOP =
intraocular pressure, MAP =mean arterial blood pressure, OPP = ocular perfusion pressure, PIP = peak inspiratory pressure, POVL
= perioperative visual loss, TCI = target-controlled infusion, TIVA= total intravenous anesthesia.
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1. Introduction

Perioperative visual loss (POVL) is a serious complication
without known treatment.[1] Causes of POVL include central
retinal artery occlusion, cortical blindness due to occipital area
infarct and ischemic optic neuropathy.[1] Proper maintenance of
ocular perfusion pressure (OPP) can help prevent these
conditions.[2] However, ophthalmic circulatory autoregulation
does not work properly under general anesthesia; as a result,
ocular perfusion pressure may decrease continuously.[2] Ocular
perfusion pressure can be defined as mean arterial pressure minus
intraocular pressure (IOP). Therefore, measurement and reduc-
tion of IOP during surgeries that are at high risk for a decrease in
OPP can be helpful.[2]

Deliberate hypotension is an important anesthetic technique
for procedures such as orthognathic, arthroscopic, facial, or spine
surgeries.[3,4] Mean arterial blood pressure (MAP) is controlled
as 50 to 65 mm Hg for reduced blood loss, better visualization,
and shorter operative time in hypotensive anesthesia. However,
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during hypotensive anesthesia, OPP may decrease because of low
MAP. A case report previously described four patients who
developed ischemic optic neuropathy after prolonged lumbar
spine surgery under deliberate hypotensive anesthesia maintained
between 85 to 100 mmHg systolic and 45 to 65 mmHg diastolic
to reduce bleeding.[5] Although animal experiments have
demonstrated that hypotension does not lower IOP and that
neither hypotension nor hypertension causes glaucoma or ocular
complications,[6,7] there has been no clinical study to evaluate
IOP and OPP changes in patients undergoing deliberate
hypotension. The effects of anesthetics on IOP have been studied,
and propofol is more effective than inhalation anesthetics in
attenuating an IOP increase during anesthesia.[8,9] The hypothe-
sis of this study was that propofol total intravenous anesthesia
(TIVA) may be beneficial for maintaining OPP during hypoten-
sive anesthesia because propofol may be more effective at
lowering IOP.
Therefore, we aimed to evaluate IOP and OPP changes during

hypotensive anesthesia and compare the effects of desflurane and
propofol TIVA on IOP and OPP changes in patients undergoing
arthroscopic shoulder surgery.

2. Materials and methods

2.1. Study population and ethical approval

The study protocol was approved by the Institutional Review
Board of St. Vincent Hospital, The Catholic University of
Korea (VC18MESI0033) and was registered on the Clinical
Research Information Service of the Korea National Institute of
Health (CRIS, http://cris.nih.go.kr, identification number:
KCT0002795). Written informed consent was obtained from
all patients.
Fifty patients aged 30 to 75 years with an American Society of

Anesthesiologists (ASA) physical status I or II who were
scheduled for elective arthroscopic shoulder surgery between
March and August 2018 in Catholic University St. Vincent
Hospital were enrolled in this prospective randomized and
controlled study. Patients with previous eye surgery, preexisting
eye disease including glaucoma, uncontrolled cardiovascular
disease or lung disease, history of allergic reaction to the study
drugs, and baseline IOP ≥ 30 mm Hg were excluded. Patients
with uncontrolled blood pressure (MAP was higher than 75 mm
Hg even though nicardipine was injected twice) were withdrawn.

2.2. Study protocol

All patients were fasted for 8hours before the induction of
anesthesia and administered intravenous lactated Ringer solution
at a rate of 1.5 to 2ml/kg/h during preoperative fasting. None of
the patient was premedicated. On arrival to the operation theater,
patients were allocated to either the desflurane or propofol group
using a computer-generated randomization table with an
allocation ratio of 1:1. The randomization scheme was generated
using the website http://www.randomization.com. The random-
ization was conducted by a nurse who was not involved in the
anesthetic management or the data collection. Basic monitoring,
including electrocardiography, noninvasive blood pressure,
peripheral oxygen saturation (SpO2), and bispectral index
(BIS), was applied and an IOP measuring device was prepared.
In the desflurane group, anesthesia was induced with intravenous
thiopental sodium 5 to 6mg/kg, remifentanil continuous infusion
and rocuronium 1mg/kg. After endotracheal intubation,
2

mechanical ventilation was started and adjusted to maintain
an end tidal CO2 (ETCO2) 30 to 35 mm Hg in all patients.
Anesthesia was maintained with 5 to 8 vol% desflurane
inhalation with 50% oxygen in air and continuous infusion of
remifentanil. The desflurane concentration and effect site
concentration of remifentanil were titrated to maintain BIS
values within a target range of 40 to 60 and target MAP 60 to
75 mm Hg during the operation. MAP was calculated using an
automatic noninvasive blood pressure machine. Remifentanil
was administered via a target-controlled infusion (TCI) system
using a TCI device (Orchestra Base Primea, Fresenius Kabi,
Austria) and the target effect site concentration of remifentanil
was 3 to 6ng/ml. In the propofol group, anesthesia was induced
with intravenous 1% propofol 1.5 to 2.5mg/kg, remifentanil
continuous infusion and rocuronium 1mg/kg. After endotracheal
intubation, anesthesia was maintained with continuous infusion
of 2% propofol and remifentanil with 50% oxygen in air.
Propofol was administered via a TCI system using a TCI device
(target effect site concentration 2.5–5mg/ml). The effect site
concentration of propofol and remifentanil were titrated to
maintain BIS values within a target range 40 to 60 and target
MAP 60 to 75 mm Hg during surgery. Ringer lactate solution
(4–6ml/kg/h) was used for fluid maintenance during anesthesia.
After induction of general anesthesia, the position of all patients
was changed to lateral decubitus and then restored to the supine
position after the end of surgery. In the lateral decubitus position,
the dorsal aspect of the patient’s head was aligned with the back.
The height of the pillow was adjusted to keep the angle of the
neck parallel to the operation table. Doughnut-shaped pillow
with towels padding was used in order to prevent any extraocular
pressure in the dependent eye. After the position change to lateral
decubitus, blood pressure was measured at the lower arm and
controlled hypotensive anesthesia was initiated in all patients.
Considering the location of the lower arm below the heart, MAP
was targeted 60 to 75mmHg. IfMAPwas higher than 75mmHg
after more than 2 successive measurements, intravenous nicardi-
pine 1mg was administered. Hypotension (MAP < 50 mm Hg)
was treated with intravenous ephedrine 10mg and bradycardia
(HR < 50 bpm) was treated with intravenous atropine 0.5mg.
Hypotensive anesthesia was maintained until removal of the
arthroscope.
Before anesthesia induction, IOP was measured with a hand-

held tonometer (Tono-Pen AVIA, Reichert Technologies, Depew,
NY, USA) after application of 2 drops of 0.5% Alcaine
(proparacaine HCl 5mg, Alcon-Couvreur N.V., Puurs, Belgium)
for topical anesthesia. After topical anesthesia, the tonometer tip
was placed perpendicular to the patient’s cornea and gently
contacted on the center of the cornea. Indentation or additional
pressure was avoided. Seven IOP measurements were as follows:
before anesthetic induction in the supine position (T1, baseline);
immediately after endotracheal intubation (T2); 10minutes after
position change to lateral decubitus (T3); 10minutes after the
start of controlled hypotensive anesthesia (T4); 30minutes after
the start of controlled hypotensive anesthesia (T5); 50minutes
after the start of controlled hypotensive anesthesia (T6); at the
end of surgery (T7).
The tonometer averaged readings from 6 successful measure-

ments and displayed the mean value along with a statistical
confidence indicator. If the statistical confidence indicator was
less than 95%, the value was discarded, and measurements were
repeated. At the time of each IOP measurement, MAP, heart rate,
ETCO2, BIS, and peak inspiratory pressure (PIP) were recorded.
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The OPP was calculated as MAP minus IOP [MAP = diastolic
blood pressure + 1/3 (systolic blood pressure – diastolic blood
pressure)]. Duration of the controlled hypotensive anesthesia,
total volume of arthroscopic irrigation fluids and intravenous
fluids, and hemoglobin values before and after the surgery were
recorded. After emergence from anesthesia, all patients were
asked about ophthalmic complications, such as visual distur-
bance, in the recovery room.
All anesthetic management was performed and recorded by 1

experienced anesthesiologist whowas not involved in the analysis
of study data. The IOP was measured by another anesthesiologist
who had experience in measuring IOP during the previous study
and did not participate in the data analysis. All operations were
performed by a single experienced surgeon. No patient received
supplementary regional nerve blockade in the perioperative
period.
2.3. Statistical analysis

Sample size calculationwasperformedwith apower analysisbased
ondata froma pilot study andprevious study,[9] inwhich themean
IOP of the dependent eye in the lateral decubitus position in the
propofol anesthesia groupwas19.5mmHgcomparedwith23mm
Hg in the sevoflurane group. Power estimation analysis suggested
that 21 patients per group would be required to detect a mean (±
SD) difference in IOP of 3.5±4 mm Hg with a power of 80%,
considering a type I error of 0.05. To compensate for unexpected
losses, recruitment was increased by 20%.
Assessed for eligibility (n

Randomized (n = 50

 Desflurane group 

 Allocated to intervention (n = 25) 

•  Received allocated intervention (n=25) 

Lost to Follow-up (n = 0) 

Withdrawal (n= 2)* 

Analysed (n = 23) 

Allocation 

Enrollment 

Follow-up 

Analysis 

Figure 1. Consort flowdiagram to illustrate the study design. ∗ two patients each in
pressure during surgery.
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Statistical analyses were performed using SPSS version 22.0
(SPSS Inc., Chicago, IL, USA) for Windows (Microsoft
Corporation, Redmond, WA, USA). Demographic data were
analyzed using the x2 test and t test. Repeated-measures
ANOVA was performed to compare IOP, OPP, MAP, PIP, and
ETCO2 between the 2 groups, with ‘group’ and ‘time point’ as
independent variables, after confirming normal distribution
using the Shapiro–Wilk test (P> .05). Differences between the
2 groups were then computed using the t test followed by
Bonferroni post hoc test (adjusted P value for significance
P < .007 for IOP, OPP and MAP; P< .008 for PIP and
ETCO2). The Student t test was used to compare initial IOP
and IOP at the remainder of the time points. The relationships
between PIP and IOP, ETCO2, and IOP, and MAP and IOP of
the dependent eye in both groups were analyzed using Pearson
correlation test. A P value < .05 was considered to be
statistically significant.
3. Results

In total, 50 patients were enrolled in this study. Of these,
4 patients (2 in the desflurane group and2 in the propofol group)
were excluded because MAP was maintained over 75 mm Hg
even after administration of nicardipine. Therefore, 46 patients
completed the study: 23 in the desflurane group and 23 in the
propofol group (Fig. 1). Demographic data and perioperative
data are shown in Table 1. No patient complained of any visual
disturbance after surgery in the recovery room. There were no
 = 63) 

) 

Excluded (n = 13) 

• Not meeting inclusion criteria (n = 7)  

• Declined to participate (n = 5) 

• Other reasons (n = 1) 

 Propofol group  

 Allocated to intervention (n = 25) 

•  Received allocated intervention (n=25) 

Lost to Follow-up (n = 0) 

Withdrawal (n = 2)* 

Analysed (n = 23) 

the propofol and desflurane groups dropped out because of uncontrolled blood
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Table 1

Demographic data and perioperative outcomes.

Desflurane group (n=23) Propofol group (n=23) P value

Age (yr) 59.17±8.50 59.22±7.70 .986
Sex (M/F) 9/14 12/11 .554
ASA physical status class I/II 7/16 12/11 .231
Underlying hypertension (+/�) 12/11 9/14 .554
Underlying diabetes mellitus (+/�) 3/20 3/20 1.00
Height (cm) 160.61±9.74 161.28±8.88 .826
Weight (kg) 60.30±9.30 62.00±9.56 .545
BMI (kg/m2) 23.36±2.92 23.76±2.34 .608
Duration of operation (min) 75.48±23.78 81.52±25.11 .407
Duration of anesthesia (min) 132.91±25.76 135.39±29.32 .762
Duration of hypotensive anesthesia (min) 82.83±21.63 90.22±25.34 .293
Remifentanil administered (mg) 733.04±221.04 847.83±200.25 .072
Nicardipine number of doses .546
0 dose 13 10
1 dose 7 7
2 doses 3 6
Crystalloid administered (ml) 447.83±111.27 495.65±120.52 .169
Total irrigation fluid (L) 14.17±7.87 14.09±4.56 .964
Hemoglobin decrease (g/dl) 0.94±0.93 0.92±0.52 .956

Data are presented as mean ± SD or number of patients. ASA=American society of Anesthesiologists.
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significant differences in MAP, PIP, or ETCO2 between the
2 groups (Table 2). MAP decreased by 35% to 38% from the
baseline value during hypotensive anesthesia (Table 2). Two
patients in the propofol group and 1 patient in the desflurane
group received atropine because of bradycardia. One patient with
transient hypotension in the desflurane group received ephedrine.

3.1. Changes in IOP

There was no significant difference in the baseline IOP of both
eyes between groups (Fig. 2). As shown in Table 3, IOP of both
eyes in patients in the propofol groupwas significantly lower than
in patients in the desflurane group from immediately after
intubation to the end of surgery.
Table 2

The changes of mean arterial pressure, peak inspiratory pressure an

Anesthetics T1 T2 T3

MAP (mm Hg)
Desfurane 113.09±12.01 126.91±11.68 84.00±1
Propofol 116.65±13.77 118.52±15.99 83.39±1
P value .355 .048 .846
% decrease from baseline (T1)

PIP (cmH2O)
Desflurane 16.35±2.53 16.04±2
Propofol 14.78±2.04 14.13±1
P value .026 .010

ETCO2 (mm Hg)
Desflurane 33.26±1.21 31.04±1
Propofol 33.39±1.12 30.48±0
P value .706 .047

Data are presented as mean ± SD.
Bonferroni correction for multiple comparisons, adjusted P value for significance P< .007 in MAP, and
% decrease from baseline = {(MAP of the time point – MAP of T1)/MAP of T1} � 100.
MAP = mean arterial blood pressure, PIP = peak inspiratory pressure, ETCO2 = end-tidal CO2, Desflurane
after endotracheal intubation, T3 = 10 minutes after position change to lateral decubitus, T4 = 10minu
hypotensive anesthesia, T6 = 50minutes after the start of controlled hypotensive anesthesia, T7 = at

4

In the desflurane group, compared with baseline, IOP of the
dependent eye was significantly lower starting 10 minutes after
the position change to lateral decubitus and continuing to
30 minutes after the start of controlled hypotensive anesthesia.
IOP of the non-dependent eye was significantly lower starting
10 minutes after the position change to lateral decubitus until the
end of surgery. In the propofol group, IOP of both eyes was
significantly lower from immediately after intubation to the end
of surgery compared to baseline (Fig. 2). The IOP values at
50 minutes after the start of controlled hypotensive anesthesia in
the dependent and non-dependent eye were approximately 0.43
and 2.74 mm Hg, respectively, lower than baseline values in the
desflurane group, and 3.61 and 6.05 mm Hg, respectively, lower
than baseline values in the propofol group (Table 3).
d end-tidal CO2.

T4 T5 T6 T7

1.08 70.13±4.56 71.57±3.38 71.78±3.38 77.00±6.86
0.07 71.52±4.74 72.78±2.49 73.65±2.12 78.00±7.50

.316 .171 .030 .639
�37.54±0.09 �36.37±0.08 �35.88±0.08 �31.61±0.11

.92 15.57±2.73 15.74±2.30 15.78±2.65 15.57±2.41

.71 13.87±1.74 14.17±1.77 14.08±1.73 14.09±1.37
.016 .013 .014 .015

.07 30.74±0.96 31.30±1.58 31.04±1.40 31.00±1.60

.79 30.52±1.27 31.17±1.75 30.74±1.57 30.83±1.44
.518 .792 .492 .699

P< .008 in PIP and ETCO2.

= Desflurane group, Propofol = Propofol group, T1 = before anesthetic induction; T2 = immediately
tes after the start of controlled hypotensive anesthesia, T5 = 30minutes after the start of controlled
the end of the surgery.
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Figure 2. Comparison of intraocular pressure (IOP) between groups in dependent and non-dependent eyes. ∗Bonferroni correction for multiple comparisons,
adjusted P value for significance P< .007.

∗
P< .007 vs desflurane group, †P< .05 vs baseline value (T1) in each group. T1: before anesthesia induction, T2:

immediately after endotracheal intubation, T3: 10minutes after position change to lateral decubitus, T4: 10minutes after the start of controlled hypotensive
anesthesia, T5: 30minutes after the start of controlled hypotensive anesthesia, T6: 50minutes after the start of controlled hypotensive anesthesia, T7: at the end of
surgery. Desflurane: desflurane group, Propofol: propofol group.
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3.2. Changes in OPP

OPP of both eyes was markedly lower during hypotensive
anesthesia. Initial OPP was approximately 90 to 100 mmHg and
OPP decreased to 50 to 60 mmHg during hypotensive anesthesia
in both groups (Table 3). In the comparison of OPP at baseline vs
the remainder time points, OPP of both eyes in the desflurane
group rose significantly after intubation but decreased signifi-
cantly at other time points. In the propofol group, OPP of both
eyes was significantly lower after the position change to lateral
decubitus compared to baseline (Fig. 3). Between the 2 groups,
Table 3

Comparisons of intraocular pressure (IOP) and ocular perfusion pres

Anesthetics T1 T2 T3

Dependent eye IOP (mm Hg)
Desflurane 19.26±2.30 19.04±2.98 15.48±1.83
Propofol 18.96±2.92 15.39±4.09 13.26±2.65
P value .696 .001 .002

Non-dependent eye IOP (mmHg)
Desflurane 18.96±2.38 18.57±2.76 14.30±2.01
Propofol 18.96±2.90 15.09±4.44 12.17±2.33
P value 1.000 .003 .002

Dependent eye OPP (mm Hg)
Desflurane 93.83±12.87 107.87±11.24 68.52±11.39
Propofol 97.70±14.34 103.13±14.99 70.13±10.34
P value .341 .232 .619

Non-dependent eye OPP (mm Hg)
Desflurane 94.13±13.27 108.35±11.26 69.70±10.87
Propofol 97.70±14.39 103.43±14.73 71.22±10.59
P value .387 .211 .633

Data are presented as mean ± SD or number of patients (%).
Bonferroni correction for multiple comparisons, adjusted P value for significance P< .007.
Desflurane = Desflurane group, Propofol = Propofol group. Time values indicated by T1 through T7 ar

5

OPP of both eyes was significantly higher in the propofol group
than in the desflurane group at 30minutes and 50minutes after
the start of controlled hypotensive anesthesia (Table 3).

3.3. Correlation of IOP or OPP with other variables

During anesthesia, IOP of the dependent eye was weakly
correlated with PIP (r=0.402, P< .001), MBP (r=0.234,
P< .001), and ETCO2 (r=0.124, P= .039). OPP of the
dependent eye was weakly negatively correlated with PIP
(r=�0.398, P< .001).
sure (OPP) values.

T4 T5 T6 T7

16.78±2.50 18.04±3.10 18.83±3.13 19.35±3.52
14.13±2.13 15.0±1.78 15.35±1.82 15.30±1.71

.000 .000 .000 .000

14.96±2.34 16.61±2.82 16.22±3.01 16.70±3.48
12.61±1.64 12.91±1.70 12.91±1.59 13.09±1.53

.000 .000 .000 .000

53.35±4.86 53.52±4.08 52.96±5.43 57.65±6.95
57.39±5.03 57.70±2.55 58.30±3.01 62.70±7.69

.008 .000 .000 .024

55.17±4.70 55.96±3.98 55.57±5.31 60.30±6.81
58.91±5.11 59.87±2.97 60.74±2.73 64.91±7.70

.013 .000 .000 .037

e as in Table 2.

http://www.md-journal.com


† 

† 

† † † 
† 

† 

† *† *† 

† 

0 

20 

40 

60 

80 

100 

120 

T1 T2 T3 T4 T5 T6 T7 

O
P

P
 (

m
m

H
g
) 

Time 

Dependent eye 

Desflurane 

Propofol 

† 

† 

† † † 
† 

† 

† *† *† 
† 

0 

20 

40 

60 

80 

100 

120 

T1 T2 T3 T4 T5 T6 T7 

O
P

P
 (

m
m

H
g
) 

Time 

Non-dependent eye 

Desflurane 

Propofol 

Figure 3. Comparison of ocular perfusion pressure (OPP) between groups in dependent and non-dependent eyes. ∗Bonferroni correction for multiple
comparisons, adjusted P value for significance P< .007. ∗P< .007 vs desflurane group, †P< .05 vs baseline value (T1) in each group. Time values indicated by T1
through T7 are as in Figure 2. Desflurane: desflurane group, Propofol: propofol group.
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4. Discussion

The aim of the present study was to evaluate changes in IOP and
OPP during hypotensive anesthesia with desflurane or propofol in
patients undergoing arthroscopic shoulder surgery. IOPwas lower
during hypotensive anesthesia in both the propofol and desflurane
groups but was more significantly reduced in patients undergoing
propofol TIVA compared to desflurane anesthesia. During
hypotensive anesthesia, OPP also decreased regardless of anes-
thetic andwas significantly higher in patients undergoing propofol
TIVA than in patients undergoing desflurane anesthesia.
Hypotensive anesthesia is a safe technique that decreases MAP

about 30% from baseline with a limit of 50 mm Hg while
maintaining perfusion of vital organs and peripheral circulation
in patients without a vascular anomaly.[10] Hypotensive
anesthesia is effective for minimizing surgical blood loss and
improving the quality of surgical field visualization.[3] In
arthroscopic surgery of the subacromial space of the shoulder,
a tourniquet cannot be used and there is no synovial lining to
restrict fluid extravasation in the subacromial space.[4] Good
visualization requires a decrease in the difference of blood
pressure and subacromial pressure during arthroscopy,[4] and
hypotensive anesthesia is usually applied. The safety of
hypotensive anesthesia has been proven; patients can tolerate a
30% to 40% decrease in mean arterial pressure without side
effects during shoulder arthroscopy in the beach-chair position.[3]

POVL is a devastating complication of anesthesia, and various
pathologies caused by decreased OPP can result in POVL.[11]

Although the incidence of POVL is very rare during hypotensive
anesthesia,[11] blindness related to ischemic optic neuropathy can
occur.[5] Decreased blood pressure may be a risk factor of
anterior ischemic optic neuropathy, leading to vascular insuffi-
ciency in the optic nerve head.[12] Cerebral and optic nerve blood
flow are controlled by different mechanisms; as a result, the optic
nerve may be placed at risk of ischemia due to decreased OPP
during hypotensive anesthesia to maintain perfusion of the
brain.[11]

In addition to blood pressure, OPP can be determined by IOP.
In the eyes, the intraocular veins are compressed by the IOP and
6

will collapse unless venous transmural pressure exceeds the IOP.
Mean OPP can be calculated by MAP minus IOP. Therefore, low
OPP may be caused by a decrease in MAP and/or an increase in
IOP. If MAP is sustained at a fixed level, control of IOP can be
critical for OPP maintenance. In addition, optic nerve head blood
flow does not only depend on OPP, but also on the MAP and
IOP.[13] However, IOP can be increased by uncontrollable factors
such as surgical technique, underlying disease, the position of the
patient and the duration of surgery during anesthesia. Therefore,
IOP monitoring and selection of adequate anesthetics that can
reduce IOP can be helpful in patients with risk factors for
decreased OPP, such as hypotensive anesthesia administration.
During anesthesia, the patient’s position is one of the main

factors that can change IOP because of the effect of gravity.[8] A
few studies have evaluated IOP changes in patients undergoing
general anesthesia in a lateral decubitus position.[9,14] Hwang
et al reported that IOP of the dependent eye increased about 5
mm Hg from baseline by the end of the surgery in patients
undergoing lung surgery under sevoflurane anesthesia.[14]

Yamada et al compared the effects of sevoflurane and propofol
on IOP and documented that IOP of the dependent eye increased
approximately 8 mm Hg and 3.6 mm Hg from baseline with
sevoflurane and propofol anesthesia, respectively, 1hour after the
position change to lateral decubitus.[9] Our current findings differ
from these 2 previous studies. We found that the IOP of both eyes
in patients undergoing propofol TIVA decreased even after
intubation and was maintained at a lower level than baseline
values until the end of surgery. In the desflurane group, IOP in the
non-dependent eye decreased starting after the position change to
lateral decubitus to the end of surgery. The IOP of the dependent
eye in the desflurane group decreased after the position change to
lateral decubitus but was elevated to baseline level at 50 minutes
after the start of hypotensive anesthesia. In addition, although the
correlation coefficient (r) value was low, the correlation of IOP
andMAPwas statistically significant. Therefore, an IOP decrease
may be caused by a decrease ofMAP and the effect of anesthetics.
Previous studies have suggested a proportional relationship

between IOP and blood pressure. The Egna–Neumarkt
Glaucoma Study found that elevated systemic blood pressure
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is associated with a slight increase in IOP; 10 mm Hg increases
in systolic and diastolic blood pressures were associated with a
0.24 mm Hg and 0.4 mm Hg increase in IOP, respectively.[15]

Using univariate mixed effects models Blecha et al showed that
MAP can be a significant predictor for IOP elevation during
propofol anesthesia.[16] Most clinical trials have reported the
relationship of hypertension and IOP, but the relationship
between induced hypotension and IOP has been only elucidated
in a few animal experiments. An anesthetized porcine model for
deliberate hypotension showed that adenosine induced hyper-
dynamic hypotension and increased IOP through uveal vessel
dilatation, while isoflurane induced hypodynamic hypotension
and did not significantly affect IOP.[6] In the present study, we
confirmed that controlled hypotension maintaining 30% to 40%
lowerMAP than baseline values can induce IOP reduction despite
use of the lateral decubitus position.
Anesthetics can also cause a decrease in IOP. Because the

choice of anesthetics is a manageable factor that can prevent IOP
elevation, many studies have evaluated the effects of various
anesthetics on IOP. Desflurane is one of the most widely used
inhalation anesthetics because it has a faster recovery profile than
other potent inhalation anesthetics.[17] A few studies have
compared the effects of desflurane and propofol on IOP.
Desflurane has an effect on IOP comparable to propofol in the
reverse Trendelenburg position,[18] but is less effective than
propofol in alleviating the elevation of IOP in that position.[8,19]

Propofol reduces IOP by decreasing the rate of aqueous humor
formation to a greater extent than it decreases trabecular outflow
facility.[20] Inhalation anesthetics, including desflurane, also
reduce IOP in proportion to anesthetic depth by reducing
choroidal volume, relaxing extraocular muscles, and facilitating
aqueous humor outflow.[21] However, desflurane is less effective
than propofol in reducing IOP in conditions that can increase
IOP, such as head down positions or pneumoperitoneum.[8,9,19]

In the present study, IOP was significantly lower in patients
receiving propofol TIVA than in patients receiving desflurane
anesthesia. Therefore, we suggest that propofol can decrease IOP
more effectively than desflurane during hypotensive anesthesia.
With respect to IOP differences between the 2 eyes, we found

that the difference in IOP between dependent and non-dependent
eyes was between 2 and 3 mmHg regardless of group allocation.
Previous studies have reported a difference between 3 and 4 mm
Hg and 5 mm Hg under sevoflurane and propofol anesthesia,
respectively, in the lateral decubitus position.[9] Declines in IOP
due to hypotensive anesthesia may have reduced the difference in
the IOP values of both eyes in the present study.
Both PIP and ETCO2 are known to contribute to IOP

elevation. Increases in intrathoracic pressure may elevate central
venous pressure, decreasing the outflow of aqueous humor
through the episcleral venous system; therefore, high PIP may
increase IOP.[22] An attributable mechanism for a relationship
between ETCO2 and IOP is that ETCO2 reflects arterial CO2

(PaCO2) and an increase in PaCO2 can lead to choroidal blood
flow increase, consequently causing IOP elevation.[23] In the
present study, both PIP and ETCO2 were weakly correlated with
IOP in the dependent eye. Most studies have found that high PIP
relates to IOP elevation under general anesthesia.[16,19] However,
the relationship between ETCO2 and IOP during anesthesia has
been controversial in previous studies,[22,24] which were
conducted in patients under pneumoperitoneum or in the
Trendelenburg position, both of which increase IOP. We found
that PIP and ETCO2 were positively correlated with IOP when
7

IOP decreased. Therefore, control of PIP and ETCO2 may be
helpful for IOP reduction during hypotensive anesthesia.
The critical mean OPP value at which retinal or optic nerve

function is damaged has not yet been defined, and the
recommended target physiological mean OPP range is 45 to
55 mm Hg in patients with ocular ischemic risk factors.[2] In the
present study, OPP in both eyes in the 2 groups dropped below
baseline at all time points except immediately after tracheal
intubation. Although OPP during hypotensive anesthesia was
maintained at 50 to 60 mm Hg regardless of group allocation,
OPP was about 4 to 5 mm Hg higher in the propofol group than
in the desflurane group at 30minutes and 50minutes after the
start of hypotensive anesthesia. The difference may be because
MAP was maintained at a similar level, but IOP was significantly
lower in the propofol group than in the desflurane group.
Although the effects of propofol and desflurane on OPP can be
clinically comparable in patients without any specific risk factors,
as in the present study, OPP can decrease markedly in patients
with risk factors such as impaired retinal perfusion, glaucoma
and high IOP during hypotensive anesthesia. Further study of
patients at high risk for OPP decrease is still needed, but propofol
anesthesia may alleviate the significant OPP reduction in such
patients. Several studies have suggested that low OPP is also
related to an increased prevalence of glaucoma.[25–27] Zheng et al
reported that low diastolic BP and low mean and diastolic
perfusion pressure were independent risk factors for open-angle
glaucoma.[27] The Baltimore Eye Survey indicated that individu-
als with diastolic ocular perfusion pressures <30mm Hg had a
six-fold higher risk of developing primary open-angle glaucoma
than individuals with diastolic ocular perfusion pressures >50
mm Hg.[26] Therefore, a patient’s ocular ischemic risk factor
profile should be reviewed preoperatively, and proper anesthetics
that can reduce IOP andmitigate OPP decrease should be selected
for hypotensive anesthesia.
There are few limitations in this study. First, half of the patients

received nicardipine. Although the number of patients receiving
nicardipine was not significantly different between the 2 groups,
nicardipine may act as a confounding factor on the effects of
anesthetics on IOP orOPP. However, Yatsuka et al demonstrated
that nicardipine increases the blood flow velocity of the
ophthalmic artery but has no significant effect on IOP.[28]

Second, we did not measure ocular blood flow at the optic nerve
head. A nonhuman primates study reported that optic nerve head
blood flow is more susceptible to a decrease in OPP induced by
low BP compared with that induced by an IOP increase.[29]

Measurement of ocular blood flowmay be helpful to elucidate the
mechanism underlying the effects of hypotensive anesthesia on
OPP and IOP. Finally, the duration of hypotensive anesthesia was
relatively short in the present study. POVL mostly occurs after
lengthy procedures in patients undergoing hypotensive anesthe-
sia.[5] In the present study, the duration of hypotensive anesthesia
was approximately 80minutes; thus, the clinical effect of
hypotensive anesthesia in patients undergoing prolonged proce-
dures was not evaluated. Further studies are needed to clarify the
effects of long procedures under hypotensive anesthesia on IOP
and OPP.
5. Conclusion

Hypotensive anesthesia reduced IOP and OPP. Propofol TIVA
more effectively reduced IOP and maintained higher OPP than
desflurane anesthesia during hypotensive anesthesia. Although

http://www.md-journal.com
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further studies of patients at risk for a decrease in OPP are
needed, our results suggest that propofol TIVA may be more
helpful in mitigating decreased OPP during hypotensive
anesthesia than desflurane.
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