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Abstract

Background Elevated intraocular pressure (IOP) and optic nerve edema occurring during prone surgeries may cause
ocular and optic nerve ischaemia injury. We hypothesized that a liberal fluid protocol might further increase IOP and
optic nerve sheath diameter (ONSD) than a restrictive fluid protocol for patients in the prone position.

Methods A single-centre, prospective and randomized trial was conducted. Patients were randomly allocated into

2 groups: the liberal fluid infusion group, in which repeated bolus doses of Ringer’s lactate solution were given to
maintain pulse pressure variation (PPV) within 6~9%, and the restrictive fluid infusion group, where PPV was main-
tained within 13-16%. IOP and ONSD were measured in both eyes at 10min after the anaesthesia induction in the
supine position, 10min after the prone position placement, and 1h and 2h since the prone position was placed, at the
conclusion of surgery, and returned to the supine position.

Results A total of 97 patients were recruited and completed the study. IOP increased significantly from 12+3mmHg
in the supine position to 31+5 mmHg (p<0.001) at the end of surgery in the liberal fluid infusion group and from
1242 to 28+4 mmHg (p<0.001) in the restrictive fluid infusion group. There was a statistically significant difference in
the change of IOP over time between the two groups (p=0.019). ONSD increased significantly from 5.3+0.3mm in the
supine position to 5.5+£0.3mm (p<0.001) at the end of surgery in both groups (both p<0.001). There was no statisti-
cally significant difference in the change of ONSD over time between the two groups (p>0.05).

Conclusions Compared to the restrictive fluid protocol, the liberal fluid protocol increased IOP but not ONSD in
patients undergoing prone spine surgery.

Trial registration The study was registered in ClinicalTrials.gov (https://clinicaltrials.gov) prior to patient enroliment,
ID: NCT03890510, on March 26, 2019. The principal investigator was Xiao-Yu Yang.
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Introduction
Postoperative visual loss (POVL) is a rare but disabling
complication (Lee 2013; Practice advisory for periop-
erative visual loss associated with spine surgery 2019).
The highest incidence of POVL occurs after spine and
cardiac surgeries (Shen et al. 2009). The estimated rate
of POVL with several types of spine surgery is as high
as 0.2% (Patil et al. 1976; Li et al. 2015). Potential pre-
ventive interventions (Practice advisory for periopera-
tive visual loss associated with spine surgery 2019) and
head-positioning devices (Uribe et al. 2012) have been
recommended and utilized in clinical practice, but
POVL still occurs unpredictably after non-ophthalmo-
logic surgeries (Li et al. 2015; Nuzzi and Tridico 2016).
Ischaemic optic neuropathy (ION) is the most fre-
quent cause of POVL that associated with spine sur-
gery (Rubin et al. 2016; Nandyala et al. 2014; Goyal
et al. 2019). Anterior ION typically has optic disc edema
upon symptom onset (Roth and Moss 2018; Nickels
et al. 2014). While in posterior ION, optic disc swell-
ing is absent on ophthalmoscopic examination and MRI
describes nerve enlargement or perineural enhance-
ment suggesting edema in some patients (Roth and
Moss 2018; Kamel and Barnette 2014). The most impor-
tant risk factors of POVL are the prone position and
steep Trendelenburg position (Lee 2013; Li et al. 2015;
Nuzzi and Tridico 2016; Lee et al. 2006). The etiology
behind ION remains uncertain whereas seeming to be
multifactorial (Lee et al. 2006; Roth 2009). Most patients
suffered from bilateral rather than unilateral ION after
prone spine surgery and were relatively healthy, sug-
gesting that intraoperative systemic pathophysiologic
changes and/or individual anatomic variations may
have a greater impact than preexisting comorbidities
in developing ION (Kamel and Barnette 2014; Lee et al.
2006; Cheng et al. 2001; American Society of Anesthesi-
ologists Task Force on Perioperative Visual Loss 2012).
Massive fluid administration is common in patients
with ION after prone spine surgery, indicating that
intraoperative fluid replacement may have an effect
on POVL (Lee 2013; Roth and Moss 2018). Clinical
researches reveal that large amounts of crystalloid infu-
sion can increase intraocular pressure (IOP) and peri-
orbital edema in patients undergoing cardiopulmonary
bypass, which may cause ocular and optic nerve ischae-
mia injury (Practice advisory for perioperative visual loss
associated with spine surgery 2019). However, whether a
liberal fluid protocol with crystalloids in clinically accept-
able range can induce an increase in IOP and optic nerve
edema is not clear in anaesthetized patients in the prone
position. Therefore, we hypothesize that a liberal fluid
protocol could further increase IOP and optic nerve
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sheath diameter (ONSD) than a restrictive fluid protocol
in patients under anaesthesia in the prone position.

Materials and methods

Study design

This single-centre, prospective and randomized trial was
reviewed and approved by the institutional ethics com-
mittee of Huashan Hospital, Fudan University (KY2018-
333). After written informed consents were obtained,
patients were enrolled in the study. The inclusion criteria
were aged from 18 to 60 years, female or male, American
Society of Anaesthesia (ASA) physical status classes I or
11, and scheduled for elective lumbar spine surgery in the
prone position under general anaesthesia. Exclusion crite-
ria were preexisting eye disease except for myopia under
500 or previous eye surgery; pregnancy or breastfeeding;
known allergy to latex or Ringer’s lactate solution; hyper-
lacticaemia, uncontrolled chronic diseases (such as hyper-
tension, diabetes mellitus, arrhythmia, cardiovascular
disease and chronic pulmonary disease), swelling of any
body part, abnormal of liver or renal function, and anae-
mia; body mass index (BMI) >30; expected operation time
>6 h; estimated intraoperative blood loss >1000ml; and
taking part in other clinical trials in the last 3 months or at
present. If the recruited patients received a blood transfu-
sion or their hematocrit level dropped under 0.3 during
surgery; their baseline IOP or ONSD were abnormal or
different between two eyes (IOP difference >3mmHg or
ONSD difference >0.5mm between right and left eyes); or
their surgery time was less than 2 h or more than 6 h, they
would be excluded from the study. The study was regis-
tered in ClinicalTrials.gov (https://clinicaltrials.gov) prior
to patient enrollment, ID: NCT03890510. This manu-
script adheres to the applicable CONSORT guidelines.

The patients were randomly allocated with a 1:1 ratio
into two parallel intervention groups: liberal fluid infu-
sion group (target value of pulse pressure variation, PPV:
6-9%) and restrictive fluid infusion group (target value
of PPV: 13-16%), using a computer-generated random
number table at the day of surgery when arriving at the
operation room. The investigator who enrolled partici-
pants and assigned participants to interventions did not
perform anaesthesia to participants or measure out-
comes values.

Standardized anaesthesia in accordance with institu-
tional protocols was performed to all patients. In brief,
patients were fasted for at least 8 h before anaesthesia. A
20-G radial artery catheter was placed under local anaes-
thesia and connected to a pressure sensor kit (TransStar,
Smiths Medical ASD, Inc. Dublin, USA) and a monitor-
ing system (B650, General Electric Company, Boston,
USA) to obtain arterial blood pressure and PPV continu-
ously. General anaesthesia was induced with intravenous
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midazolam of 0.05mg+kg™, propofol of 2-3 mgekg™?,
fentanyl of 3ugekg™ and rocuronium of 0.6mgekg . After
endotracheal intubation, anaesthesia was continued with
sevoflurane (end-tidal concentration titrated between
0.5 and 1.5 minimal alveolar concentration) and oxygen
(fractional inspired O,=0.6) to maintain bispectral Index
(BIS) between 40~50. Patients were mechanically ven-
tilated. Volume-guaranteed pressure control ventilation
was used, and tidal volume was set at 8mlol<g’1. PEEP was
not used in any patients. The respiratory rate was set to 10
times per minute at the beginning and adjusted afterward
to maintain normocapnia (end-tidal CO,, EtCO,, in the
range of 30-35 mmHg). Airway peak pressure was con-
trolled lower than 25 cmH,O by adjusting inspire/expire
time ratio. After the induction of anaesthesia, patients
were turned prone appropriately on a Jackson table. In
order to prevent extraocular pressure, their heads were
held by a square-shaped gel headrest. Their eyes were
accessible from beneath during the procedures. The heads
were placed at the level of the heart in a neutral posi-
tion without neck flexion or extension. The position of
the head and eyes was checked every 30 min during the
whole prone procedure. Additional doses of fentanyl and
rocuronium were titrated to maintain an adequate level
of analgesia and muscle relaxation (the train-of-four, TOF
target: 1). Body temperature was maintained between
36 and 37°C with a warm air blanket device. Electrocar-
diogram, pulse oximetry, capnography, body temperature,
radial arterial blood pressure and PPV were monitored
continuously during anaesthesia. Blood pressure was
maintained within +20% of the awake value and systolic
blood pressure above 90 mmHg. Deliberate hypotension
was avoided in all patients. Intraoperative hypotension
was corrected with multiple doses of phenylephrine and/
or ephedrine. Patients in both groups received Ringer’s
lactate solution continuously with a basal infusion speed
at Imlekg?+h™. Repeated bolus doses of 250ml Ringer’s
lactate solution were given to maintain PPV within 6~9%
in the liberal fluid infusion group and PPV within 13-16%
in the restrictive fluid infusion group. Haemoglobin, hem-
atocrit values and blood gas were monitored at an hour
interval during surgery. All lumbar spine surgeries were
conducted by one group of experienced orthopedists.

Data collection

Characteristics of the patients were collected from medi-
cal records and preoperative interviews by investigators.
Intraoperative parameters were recorded by the anaes-
thesiologist in charge of the anaesthesia. IOP and ONSD
were measured by an experienced investigator who was
blinded to the fluid management and did not involve
in the anaesthesia. IOP was measured with a handheld
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tonometer (Tono-pen AVIA, Reichert Inc, NY, USA)
which could be used in any position. The tonometer
was calibrated according to the manufacturer’s manual
before each application. ONSD was measured with a
high-frequency probe of ultrasound equipment (Sonosite
EDGE, Fyjifilm Inc., WA, USA). During ONSD meas-
urement, closed eyelids were covered with a thin plastic
cover to separate ultrasound gel from the eyes, and pres-
sure on the eye globes was avoided. After locating the
widest ONS cross-section, the ONSD was measured 3
mm behind the lamina cribrosa by calculating the dis-
tance between the hypoechogenic borders of the ONS.
A mean of 3 repeated measurements was recorded. IOP
and ONSD were measured in both eyes at 6 time points:
10min after anaesthesia induction in the supine posi-
tion; 10min after the prone position placement; 1h and
2h since the prone position was placed, at conclusion of
surgery; and 10min after returning to the supine posi-
tion. At each time point, mean artery pressure (MAP),
heart rate (HR), pulse oximetry, EtCO, and peak inspira-
tory pressure were also recorded. Time-weighted average
(TWA) values of the collected data for each patient were
calculated as follows: TWA = (t1X1 + t2X2 + ... tnXn)/
(t1 + t2 + ...+ tn), where Xn is the value of the interested
variable during the nth interval and tn is the duration of
the nth interval. The time interval was 5 min. Estimated
blood loss, baseline amount of fluid administration, num-
ber of fluid boluses and the overall amount of boluses,
total dose of vasopressor use and urine volume were
recorded at the end of surgery. Patients were asked for
eye discomfort or vision changes and checked for possi-
ble eye complications at the postoperative care unit after
emergence and in the ward the next day.

The primary outcome of the study is the change of
IOP over time between groups in the prone position.
The secondary outcome of the study is the change
of ONSD over time between groups in the prone
position.

Power calculation

According to a previous study of prone spine surgery
under general anaesthesia, the average IOP in the prone
position was 35.2+48mmHg (Farag et al. 2012). We
assumed that the 5mmHg difference of IOP between
groups (33mmHg vs. 38mmHg expected) in the prone
position was of clinical significance. Power analysis cal-
culation suggested that at least 42 patients should be
recruited per group to provide a power of 80% (5=0.2),
with a two-sided confidence interval of 95% (a=0.05).
We aimed to include at least 94 patients in the trial to
allow a margin of ‘statistical safety’ and compensate for
dropouts.
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Statistical analysis

Descriptive statistics were presented as mean + SD
(standard deviation) for continuous data and num-
ber (proportion) for categorical data. The statistical
analysis was performed using Stata 15.1 (StataCorp
LLC Texas, USA). Normality was tested by the Kol-
mogorov—Smirnov analysis. Comparisons of continu-
ous data between groups were examined using ¢ test
or Wilcoxon rank sum test and post hoc Bonferroni
correction. A y* analysis or Fisher’s exact test was used
to analyse categorical data between groups. IOP and
ONSD of the right and left eyes were compared with
paired ¢ test or Wilcoxon sign rank test with Bonfer-
roni correction. Linear mixed effects models were used
to compare outcome variables that measured repeat-
edly across successive time points (IOP, ONSD, MAP,
HR, EtCO,, PaCO,, haemoglobin, hematocrit and peak
inspiratory pressure). A p value <0.05 was considered
statistically significant.
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Results

A total of 97 patients were recruited and completed the
study in Huashan Hospital from May 2019 to August 2020
(Fig. 1). Patient characteristics are shown in Table 1. The
baseline characteristics were comparable between the
two groups. The flow chart of the study is shown in Fig. 1.

Intraoperative profiles are presented in Table 2. The
groups were similar in terms of most surgery- and anaes-
thesia-related profiles. Because of different fluid infu-
sion protocol, the number of fluid boluses (p<0.001),
total bolus volume (p<0.001), urine output (p<0.001) and
blood haematocrit (p=0.008) over time were significantly
different between the two groups.

IOP and ONSD values of the left and right eyes were
similar at all time spots in both groups (Table 3). So we
used the average IOP and ONSD of the left and right eyes
for analysis. During the study of the first three recruited
cases, we found that at the end of anaesthesia BIS and
TOF could hardly be maintained without extra doses of

Assessed for eligibility

(n=188)
Excluded (n=85):
Refused to participate (n=14)
Did not meet inclusion criteria
Enrollment (n=67)
Other reason (n=4): Surgery
cancelled.
Randomly allocated

(n=103)

Allocation

Liberal Fluid Infusion Group
PPV target 6%-9% (n=52)

4 excluded
(Reasons: 1 refused to continue;
2 surgery time <2h;
1 needed blood transfusion)

Restrictive Fluid Infusion Group
PPV target 13%-16% (n=51)

2 excluded
(Reasons:1 surgery time >6h;
1 needed blood transfusion)

[ Analysis

|

Analyzed
(n=48)

Fig. 1 Study workflow

Analyzed
(n=49)
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Table 1 Patient characteristics
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Liberal fluid infusion group
(PPV target 6-9%)

Restrictive fluid infusion group
(PPV target 13-16%)

n=48 n=49

Age (year) 5148 49+10
Gender (n)
Male 21(0.44) 25(0.51)
Female 27 (0.56) 24 (0.49)
Height (cm) 166.4+9.2 1675495
Weight (kg) 65.7+11.0 67.7+£10.9
Body mass index (BMI) (kg-m'2) 23.6+2.5 240+2.4
ASA physical status (n)

| 26 (0.54) 29 (0.59)

Il 22 (0.46) 20(041)
Comorbidity (n), total 22 (0.46) 20(041)
Hypertension 18(0.38) 16 (0.33)
Diabetes mellitus 6(0.13) 9(0.18)
Asthma 2 (0.04) 0(0)
Number of lumbar segments (n)

1 29 (0.60) 36 (0.73)

2 17 (0.35) 11(0.22)

3 2(0.04) 2(0.04)

Data are presented as meanz+standard deviation or n (proportion)

anaesthetics and muscle relaxants, which were consid-
ered unsafe for patients. Therefore, we measured IOP
and ONSD as soon as patients were positioned supine
instead of 10 min later. And the values measured at this
time spot were excluded from statistics of significance.

IOP increased significantly from 12+3mmHg (liberal
fluid infusion group) and 12+2mmHg (restrictive fluid
infusion group) in the supine position to 31+5 mmHg
(liberal fluid infusion group) and 28+4 mmHg (restric-
tive fluid infusion group) at the end of surgery in the
prone position (both p<0.001 compared to baseline val-
ues) (Table A1). There was a statistically significant differ-
ence in the change of IOP over time between the liberal
fluid infusion group and the restrictive fluid infusion
group (p=0.019) (Fig. 2). ONSD also increased signifi-
cantly with time in the prone position (from 5.3+0.3mm
to 5.5+0.3mm at the end of surgery in both groups,
p<0.001 (Table Al). However, ONSD only increased by
4% and there was no statistically significant difference in
the change of ONSD over time between groups (p>0.05)
(Fig. 2). Haemodynamic and ventilatory parameters were
comparable between groups while patients were in the
prone position (all p>0.05) (Table A1).

No ocular complications, including postoperative vis-
ual loss, or eye discomfort were observed or reported in
the recovery room and during follow-up on the next day
after surgery.

Discussion

Our study demonstrated that liberal fluid administra-
tion with a PPV target of 6-9% can further increase IOP
but not ONSD compared to restrictive fluid administra-
tion with a PPV target of 13—16% in patients undergoing
spine surgery in the prone position.

IOP and ONSD have been shown to rise above the
normal range with a time-dependent pattern in patients
in the prone position (Cheng et al. 2001; Grant et al.
2010; Yoshimura et al. 2015). The prone position and the
supine head-down (Trendelenberg) position are both
risk factors of ION (Nuzzi and Tridico 2016; Blecha et al.
2017). Normal IOP ranges from 10 to 20 mmHg (Kamel
and Barnette 2014). In anaesthetized patients, IOP can
reach 40mmHg, almost doubled compared to the upper
limit of the normal range, after 5 h in the prone posi-
tion, although general anaesthesia has an obvious effect
of lowering IOP (Cheng et al. 2001). A study observed
that IOP, choroidal thickness and optic nerve diameter
increased progressively with time in awake volunteers in
the prone position (Grant et al. 2010). They reported an
average of 36% increase in ONSD after 5 h in the prone
position (Grant et al. 2010). Another study reported that
the ONSD increased by 12.5% (0.6 mm) with Trendelen-
burg position (Kim et al. 2014).

Excessive volume of crystalloid infusion or intake may
increase IOP and ONSD (Roth 2009; Brucculeri et al. 1999).
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Table 2 Intraoperative profiles
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Liberal fluid infusion group
(PPV target 6-9%) (n=48)

Restrictive fluid infusion group
(PPV target 13-16%) (n=49)

Anaesthesia time (min)
Operation time (min)
Prone time (min)
End-tidal sevoflurane concentration (%)
Fluid infusion

Baseline (ml)

Number of boluses (n)

Total bolus volume (ml)

Blood loss (ml)

Urine output (ml)

Body temperature (°C)
PPV (%)

Baseline

Intraoperative time-weighted average
Haematocrit (%)

Baseline before anaesthesia
During anaesthesia

Th

2h
End of surgery
PaO, (mmHg)

Baseline before anaesthesia
During anaesthesia

1h

2h
End of surgery
PaCO, (mmHg)

Baseline before anaesthesia
During anaesthesia

Th

2h
End of surgery
Lactate (mmol-L™")

Baseline before anaesthesia
During anaesthesia

1h

2h
End of surgery
Patients needed vasopressors (n)
Total ephedrine dose (mg)
Total phenylephrine dose (ug)

18129
139427
154428
20403

21140
742
17474517
150467
302+163
36.5+0.2

1442

8+1

39.9+1.1

3624107
3564117
3544137

85.1+£9.7

29714634
29444619
29054602

363124

36.9+24
37.0+2.0
3724137

0.9+0.2

12402
12402
12402
39

3+4
29+36

178+23
135%22
149423
19404

203+38
542"
10994395
162+70
16363
365403

ANN

ANN

1542
14+1

AAA

40.2+1.6

3714127
3694117

36.8+1.17 "
8594112
29764559
300.8+49.8™
292.8+464""
36,1424
373+15"
36.6+1.1

363114

0.8+0.3

Data are presented as meanz+standard deviation or n (proportion)

PPV pulse pressure variation

" p<0.05 compared to baseline, **p<0.01 compared to baseline, ***p<0.001 compared to baseline

Ap<0.05 compared to the liberal fluid infusion group, AAp<0.01 compared to the liberal fluid infusion group, AAAp<0.001 compared to the liberal fluid infusion group
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Table 3 IOP and ONSD values of the left and right eyes
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Supine baseline Prone Supine end of
anaesthesia
10min 1h 2h End of surgery

Liberal fluid infusion group

IOP (left) (mmHg) 1243 20+4 27+4 3045 3145 3045

IOP (right) (mmHg) 13+3 20+4 27+4 30+6 3145 2945

ONSD (left) (mm) 53+03 53+03 55403 55403 56403 54403

ONSD (right) (mm) 53+03 53+03 55403 55403 56403 54403
Restrictive fluid infusion group

IOP (left) (mmHg) 1243 1943 24+4 27+4 27+4 2744

IOP (right) (mmHg) 1242 19+3 25+4 27+4 28+ 27+4

ONSD (left) (mm) 53+0.3 54404 55+04 55403 55 55+0.3

ONSD (right) (mm) 53+04 5304 55403 55403 + 55403

Data are presented as meanz+standard deviation

IOP Intraocular pressure, ONSD Optic nerve sheath diameter
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Fig. 2 (1) IOP changes in the prone position of the low PPV group (liberal fluid infusion group) and the high PPV group (restrictive fluid infusion
group). The significant difference over time between groups. (2) ONSD changes in the prone position of the low PPV group (liberal fluid infusion
group) and high PPV group (restrictive fluid infusion group). No significant difference over time between groups. IOP intraocular pressure. PPV pulse
pressure variation. ONSD optic nerve sheath diameter. **p<0.01 compared to baseline, ***p<0.001 compared to baseline; Ap<0.05 compared to the

low PPV group, AMp<0.01 compared to the low PPV group

In healthy volunteers, acute oral water loading (14 ml/
kg) increases IOP (Roth 2009). On the contrary, exercise-
induced dehydration can reduce IOP (Martin et al. 1999).
A large multicentre case—control study reported that the
percentage of crystalloid in the total fluid infusion vol-
ume was not statistically significant on developing ION,
but higher colloid as a percentage of total nonblood infu-
sion volume was associated with a reduced risk of devel-
oping ION (American Society of Anesthesiologists Task

Force on Perioperative Visual Loss 2012). A randomized
trial of patients undergoing complex prone spine surgery
discovered no significant difference in intraoperative time-
weighted average IOP but a lower increasing speed of IOP
in the 5% albumin infusion group than the total crystalloid
infusion group (Farag et al. 2012). Some researchers sug-
gest to limit the volume of crystalloid solution to reduce
the possibility of increased interstitial fluid and pressure in
the orbit; (Weiskopf et al. 2007) however, no research has
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studied the effect of fluid volume on eye parameters during
prone procedures.

In our study, IOP in both groups increased above the
normal range after 1 h of the prone position and more
than doubled at the end of surgery compared to the base-
line value. The ocular perfusion pressure is estimated as
the difference between MAP and IOP. An increase in
IOP can decrease ocular perfusion pressure, which may
contribute to retinal or anterior optic nerve ischaemia
injury, especially in patients with existing ocular comor-
bidities or vascular risk factors (Nuzzi and Tridico 2016;
Nandyala et al. 2014; Grant et al. 2010; Yoshimura et al.
2015). One of the possible reasons for the increase in
IOP and ONSD in the prone position is the elevated
venous pressure within choroid, sclera and optic nerve
due to fluid retention (Nandyala et al. 2014; Lee et al.
2006; Cheng et al. 2001; Grant et al. 2010; Yoshimura
et al. 2015). Baig et al. reported the possibility that fluid
retention within the eyes and optic nerves induced by a
prone position during surgery could be exacerbated by
an overload of fluid replacement, thus increasing the risk
of edema and compromising tissue oxygenation (Baig
et al. 2007). Autoregulatory mechanisms of the optic
nerve can normally offset slight perfusion deviations,
but ischemic complications can occur due to external
compression by edematous fluids or a watershed zone
of optic nerve circulation (Lee 2013; Nickels et al. 2014;
American Society of Anesthesiologists Task Force on
Perioperative Visual Loss 2012; Grant et al. 2010). Some
researchers have raised concern that prolonged eleva-
tion of intraocular venous pressure, increased interstitial
fluid accumulation within the optic nerve and oedema
of extraocular tissues in the enclosed bony optic canal
may increase the risk of ION, although such speculation
remains to be proven (Lee 2013; Nandyala et al. 2014;
Goyal et al. 2019; Grant et al. 2010). We demonstrated
that the increase of IOP over time was more severe in
the liberal fluid infusion group than the restrictive fluid
infusion group, indicating an effect of fluid volume on
IOP. Based on our results, we suggest further research
of fluid protocols for patients in the prone position with
preexisting elevated IOP, such as glaucoma, high-grade
hyperopia and retinopathy.

The increase of IOP that we observed was in accord-
ance with those reported in other studies, whereas
ONSD rose only 4% (0.2 mm) by average above the ini-
tial value in our study. The discrepancy may be the result
of different study designs and patient populations. As far
as we know, no other study has ever measured ONSD in
the prone position during anaesthesia. The 36% increase
of ONSD was observed in 10 awake volunteers at the end
of 5 h prone position (Grant et al. 2010). Since general
anaesthesia has a clear effect of lowering IOP, (Cheng
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et al. 2001) we cannot rule out the possibility that gen-
eral anaesthesia also has an effect on ONSD. The 12.5%
increase of ONSD during surgeries in the Trendelenburg
position can be partly explained by elevated intracranial
pressure due to the lower position of the head compared
to the heart level, (Kim et al. 2014) while the head is at
the same level of the heart in the prone position. In addi-
tion, elevated intrathoracic pressure and intraabdominal
pressure may both increase intraocular venous pressure
(Nandyala et al. 2014; Lee et al. 2006; Roth 2009). In our
study, patients were positioned properly in the prone
position, and the peak inspiratory pressure was con-
trolled under 15 cm H,O on average. Therefore, it is rea-
sonable that the increase of ONSD was much milder than
those reported in previous papers. The clinical signifi-
cance of such a slight increase of ONSD observed in our
study may probably be minor.

PPV is a functional haemodynamic parameter based
on arterial waveform analysis that can effectively evaluate
fluid responsiveness (Chew and Aneman 2013; Perel et al.
2014). It is widely used in guiding goal-directed fluid
therapy, which has been repeatedly proven to improve
patient outcomes and reduce hospital stays in many types
of surgical procedures (Perel et al. 2013). We used PPV
targets in the study to divide patients into different fluid
infusion volume groups and avoid severe fluid overload.

In the study, 6 patients were excluded after randomiza-
tion according to our predefined protocols. The reasons
were patient refusal, too short or too long surgery time,
and requiring blood transfusion. We could not continue
collecting their data after the exclusion, so an intention-
to-treat analysis was not possible. In this case, our conclu-
sion was drawn from a per-protocol analysis. Considering
the post-randomisation exclusion rate was low and these
patients did not have a uniform character, the possibility
that the exclusions could bias the conclusion was low.

There are several limits of our study. First, although
IOP was above the normal range in the prone posi-
tion, the value at which IOP significantly influences the
retinal blood flow and needs intervention is not certain.
Ophthalmologists recommend to treat patients whose
I0P>25mmHg during prone surgery (Nuzzi and Tridico
2016). Second, we did not measure IOP in the postop-
erative period; therefore, it was not clear how long the
elevated IOP would last. Third, the difference of IOP
changes between groups in our study was significant
but not as much as we had expected, mainly because
the average surgery time and accordingly the difference
of fluid volume between groups were also lower than we
formerly expected. If the time of staying in a prone posi-
tion increased and the difference of fluid volume between
groups widened, a greater IOP difference between groups
could be assumed. Last, we did not find a significant
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difference in ONSD increase between different fluid infu-
sion groups. However, the increase of ONSD might be
significant in patients with BMI higher than 30 or with
much lengthy prone procedures. Future studies may
explore whether a similar intervention could lead to
greater differences of IOP and ONSD changes in patients
with more comorbidities or longer surgeries.

Conclusion

Our study demonstrated that the liberal fluid proto-
col can further increase IOP but not ONSD compared
to the restrictive fluid protocol in patients undergoing
spine surgery in the prone position.
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