
Background: Saline or local anesthetic injection into the epidural space increases intracranial 
pressure (ICP), at least transiently. Measurement of the optic nerve sheath diameter (ONSD) using 
ocular ultrasonography is one of the noninvasive methods for ICP assessment.

Objectives: The purpose of this study is to investigate the effects of the different volume on the 
ONSD and cerebral oxygen saturation (rSO2) during thoracic epidural saline injection under awake 
conditions.

Study Design: Prospective randomized, controlled trial.

Setting: An interventional pain management practice in South Korea.

Methods: This study included 71 patients receiving thoracic epidural catheterization for pain 
management, following upper abdominal or thoracic surgery. Following successful epidural space 
confirmation, patients were randomly allocated to receive 5 mL (5 mL group), 10 mL (10 mL group), 
and 20 mL (20 mL group) of epidural normal saline. Transorbital sonography was performed to 
measure the ONSD. This was measured at 3 mm posterior to the optic nerve head. An rSO2 was 
measured using cerebral oximeter sensors.

Results: All 3 groups showed significant increases of ONSD from 10 minutes to 40 minutes as 
compared to baseline (before procedure). Among the 3 groups, the 20 mL group demonstrated 
the most significantly increased ONSD, as compared to the 5 mL and 10 mL groups. At the 20 
minute and 40 minute time points, the ONSD showed a volume-dependent increase (P = 0.0005, P 
= 0.014). All 3 groups showed the rSO2 to be distributed between 60~70% without any statistical 
difference.

Limitations: We could not determine the returning point of the normalized ONSD value.

Conclusion: Twenty milliliters of normal saline epidural injection resulted in a significant increase 
of ONSD, as compared to the 5 mL and 10 mL groups. Our results also indicate that an increase of 
ONSD occurs in accordance with the injected volume of normal saline.
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TThoracic epidural analgesia is the gold standard 
technique for postoperative pain control 
following major thoracic and upper abdominal 

surgery, due to its satisfactory results (1-3).
Previous studies have demonstrated that a high 

injection volume during thoracic epidural anesthesia 
(TEA) results in a significant increase in thoracic sensory 
blockade and epidural distribution (4). The effect of dif-
ferent injection volumes has also been demonstrated 
by the study of thoracic epidurography using different 
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volumes of contrast medium (5). If the main purpose of 
thoracic epidural analgesia is for relief of postopera-
tive pain, the injection volume rarely exceeds 5 mL in 
most of cases. However, many physicians prefer com-
bining TEA with general anesthesia for the purpose of 
intraoperative pain control (6,7). Although the optimal 
injection volume for TEA when combined with general 
anesthesia varies depending on the concentration of 
local anesthetics, age, height, and type of surgery, the 
epidural injection volume can be increased, compared 
to the injection volume of postoperative pain control 
(6-8).

Epidural injection increases intracranial pressure 
(ICP) at least transiently (9-11). Moreover, if the injec-
tion volume becomes higher, it affects ICP significantly. 
Previous study showed that higher volumes of local 
anesthetics reduced cerebral blood flow and regional 
oxygenation by increasing ICP in infants (12). Similar re-
sults to this study were found as increased intracranial 
pressure by injection of higher volume during caudal 
block has been reported (9). Hence, using a high vol-
ume of local anesthetics during TEA warrants a careful 
consideration.

Direct measurement of ICP requires measuring 
pressure in the ventricle or the brain parenchyma (13). 
Because such techniques as ICP measurement are inva-
sive, optic nerve sheath diameter (ONSD) measurement 
by ocular ultrasonography has been advocated as a 
non-invasive tool. Numerous studies have proven that 
ONSD measured by ocular ultrasound correlates well 
with the degree of ICP changes (13-18). This measure-
ment technique has also shown excellent intra-observ-
er and inter-observer reproducibility (0.25 ~ 0.3 mm) 
(9,19,20).

We hypothesized that using a higher volume of 
normal saline can affect the increase of ONSD during 
TEA.

The primary endpoint of this study is to compare 
the values of ONSD measured by ocular ultrasonog-
raphy and regional cerebral oxygenation (rSO2) in 3 
groups receiving different injection volumes during 
TEA.

Methods

Patients
This prospective and randomized study was ap-

proved by the Institutional Review Board (IRB #01-081-
003) of our institution. The potential benefits and risks 
of this study were fully explained before patient enroll-

ment and patients were provided informed consent. 
We registered this study before patient enrollment at 
clinical trials.gov (NCT04412109, Date of registration: 
28th-May-2020).

Inclusion criteria were: 1) patients undergoing 
hepatobiliary, pancreatic, lung, or gastric surgery due 
to cancer, and 2) abdominal aortic aneurysm repair pa-
tients, who were scheduled to receive thoracic epidural 
catheterization for postoperative pain control. Ten 
patients refused to participate in this study. Therefore, 
the final number of patients included in the study was 
71. _Patients were between 36 to 81 years of age (May 
~ November, 2020). We excluded patients with coagu-
lopathy, infection, previous history of brain surgery, 
cerebrovascular disease, or ophthalmic disease.

Procedure of Thoracic Epidural Catheter 
Insertion

A fully trained pain physician with various experi-
ences in fluoroscopic guided intervention performed 
all thoracic epidural catheterization. The patient’s up-
per back was sterilized using a povidone-iodine solu-
tion. Using paramedian approach, a 17 gauge Tuohy 
needle was directed slowly, targeting the interlaminar 
space of ninth to tenth thoracic vertebra. When the 
Touhy needle finally came closer than the expected 
spinolaminar line in a lateral view, epidural space was 
verified using a loss of resistance with air. Final thoracic 
epidural space was verified in the anteroposterior (AP) 
and lateral views using 2 mL of contrast medium. After 
successful confirmation of epidural space, an epidural 
catheter was slowly inserted through the Touhy needle 
and advanced until seventh to eighth thoracic verte-
brae. The catheter was fixed firmly with an adhesive 
plaster.

Group Allocation
We focused on measuring the ONSD using ul-

trasonography with 3 different injection volumes. 
Therefore, patients were randomly assigned to be in 1 
of 3 groups receiving different injection volumes. The 
3 groups were patients receiving 5 mL (5 mL group), 
10 mL (10 mL group) or 20 mL (20 mL group) of 0.9% 
normal saline, determined by a computer-generated 
randomization table. Once a successful epidural injec-
tion was verified, normal saline was injected through 
an epidural catheter, according to the assigned group. 

Measurement of ONSD
A single trained investigator, who had done more 
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than 200 cases of ONSD measurement and had experi-
ence with previous studies (11,21,22) conducted this 
ultrasonographic measurement. This investigator was 
blinded to the group assignment.

Transorbital sonography using a hockey-stick 
probe (GE Healthcare, Logiq S8, Milwaukee, USA) was 
performed to measure ONSD. The power output was 
reduced (mechanical index, 0.2; thermal index, 0) to 
minimize the risk of ultrasound-induced eye injury. 
Patients were asked to close their eyes and a sterile gel 
was applied on each closed upper eyelid. The hockey 
stick probe was placed gently to minimize the pressure 
exerted on the eyeball. After placing the probe on the 
upper eyelid, it was tilted from anterior to posterior 
direction to obtain the best axial image of the orbit in 
the plane of the optic nerve. Axial image of orbit was 
obtained with the depth of 3.0-4.0 cm. ONSD was mea-
sured 3 mm posterior to the optic nerve head (Fig. 1) 
(9,11,23). ONSD images were captured with no further 
external stimuli. 

Each ONSD was measured serially in each eye at 
the following time points: before (baseline, T0), 10 
minutes (T10), 20 minutes (T20), and 40 minutes (T40) 
following injection of 5 mL, 10 mL or 20 mL of normal 
saline according to assigned group.

This measurement was performed twice at each 
time point, on both the right and left side to obtain 
more reliable ONSD value. The four measurements’ 
mean values were considered to be the ONSD at each 
time point. If the measured ONSD was more than 5.5 
mm, which was the cut-off point in the previous study, 
such patients were considered to have increased ICP 
(16).

After finishing the ONSD measurement, presence 
of possible complications of increased ICP, such as 
blurred vision, dizziness, nausea, vomiting, and head-
ache were checked. 

Measurement of rSO2

An rSO2 was assessed from T0 to T40. Cerebral ox-
imeter sensors were applied 2 cm above the eyebrow, 
on the left and right sides of the forehead bilaterally, 
prior to TEA. The rSO2 values were continuously moni-
tored using O3 regional oximetry (Root®, Masimo Corp, 
Irvine, CA, USA).

Statistical Analysis
This study was focused on evaluating whether 

there would be any differences in ONSD according to 
different normal saline injection volume. Previous stud-

ies demonstrated that a difference in ONSD > 0.5 mm 
(10% of mean ONSD in asymptomatic normal adults 
[mean ONSD 4.9 mm]) would be clinically relevant (16). 
Twenty patients were required in each group using a 
two-sided t-test, a significance level of 5%, a power of 
80%, and a dropout rate of 15%.

Continuous variables are presented as mean ± 
standard deviation or median (interquartile range). 
Categorical variables are presented as number (per-
centile). Demographic data was compared by unpaired 
t-test, chi square test, or Fisher’s exact test. Repeated 
ONSD measurements were performed to evaluate 
the differences between the 3 groups with repeated 
measures of ANOVA. Intergroup comparison of the 
changes in ONSD over time was performed through 
group-by-time interaction. Post hoc analyses for ONSD 
with Bonferroni correction were performed. All statis-
tical values were two-tailed and P-values < 0.05 were 
considered to be statistically significant. Statistical 
evaluations were performed using SPSS v 22.0 (IBM, 
NY, USA).

Results

Eligibility was assessed in 78 patients and 71 of 
these patients completed this study (May ~ November, 
2020) without dropouts (Fig. 2). Demographic data 
for thoracic epidural catheterization showed male 
predominance in 10 mL and 20 mL groups, compared 
to 5 mL group. Surgeries for lung or liver lobectomy, 
laparoscopic gastrectomy, Whipple’s operation, donor 
surgery for liver transplantation, and abdominal aortic 
aneurysm were included (Table 1).

Fig. 1. Optic nerve sheath diameter (ONSD) measurement 
by ultrasonography. ONSD was measured 3 mm posterior 
to the optic nerve head (A-B) in the axial image of  the obit 
in the plane of  optic nerve.
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Fig. 2. Flow chart showing patients who participated in this study.

Table 1. Demographic data and type of  disease required for 
thoracic epidural catheterization

5 mL 
Group

(n = 24)

10 mL 
Group

(n = 23)

20 mL 
Group

(n = 24)

P 
value

Gender (male/
female)

12 (50)/12 
(50)

17 (73.9)/6 
(26.1)

21(87.5).3 
(7.1) 0.016

Age (years) 58.5 ± 11.7 60.1 ± 11.1 62.8 ± 9.2 0.364

Body mass index 
(kg/m2) 26.2 ± 3.8 24.3 ± 4.8 24.1 ± 3.9 0.052

Type of Disease 0.421

Gastric cancer 11 (45.8) 12 (52.2) 10 (41.7)

Lung cancer 6 (25.0) 4 (17.4) 5 (20.8)

Hepatobiliary 
cancer 1 (4.2) 5 (21.7) 7 (29.2)

Pancreas cancer 1 (4.2) 1 (4.3) 1 (4.2)

Donor for liver 
transplantation 1 (4.2) 1 (4.3) 0 (0)

Abdominal 
aortic aneurysm 2 (8.3) 0 (0) 1 (4.2)

Obesity 2 (8.3) 0 (0) 0 (0)

Values are presented as mean ± SD for quantitative variables and N 
(%) for qualitative variables.

All 3 groups showed significant increases of ONSD 
from T10 to T40 compared to baseline (T0). Among the 3 
groups, 20 mL group demonstrated the most significant 
ONSD increase, compared to 5 mL and 10 mL groups. Al-

though the 10 mL group also demonstrated 
higher increase of ONSD than 5 mL group, it 
did not show any statistical significance (5 mL 
group vs. 10 mL group, P = 0.782; 5 mL group 
vs. 20 mL group, P < 0.001; 10 mL group vs. 20 
mL group, P < 0.002, Fig. 3).

At the T20 and T40 time points, the 
degree of ONSD increase showed to be vol-
ume dependent. This means that the 20 mL, 
10 mL, and 5 mL groups showed the high-
est, intermediate, and lowest increase (P < 
0.001, P = 0.042; Table 2, Fig. 3).

The changes of ONSD increase (T10-T0, 
T20-T0, and T40-T0) among 3 groups demon-
strated significant differences. The amount 
of ONSD increase was most pronounced at 
T10 and T40. The 20 mL group showed the 
most significant increase in ONSD (P < 0.001, 
P = 0.012, Table 3). All 3 groups showed an 
rSO2 to be distributed between 60 ~ 70% 
without any statistical differences (Fig. 4).

Possible complications of increased ICP, such as 
blurred vision, dizziness, nausea, vomiting, and head-
ache were not found.

Discussion

This study investigated whether different injection 
volumes have any influences on the degree of ONSD in-
crease. TEA done with 3 normal saline volumes of normal 
saline (5 mL, 10 mL and 20 mL) resulted in a significant 
increase in ONSD, which did not return to baseline level, 
even 40 minutes after TEA. The highest ONSD value was 
found at 40 minutes in the 10 mL and 20 mL groups, 
whereas in the 5 mL group, it was at 20 minutes. At T20 
and T40, the 5 mL and 10 mL groups showed more atten-
uated and gentle slopes of ONSD increase. However, the 
20 mL group did not show such attenuation, but did show 
even higher ONSD increases at T40, compared to T10 and 
T20. This result implies that 20 mL group might have a 
significantly longer effect on ICP than that with 5 mL and 
10 mL groups. Our study showed significant differences 
in changes in ONSD over time, following TEA among 3 
volumes of normal saline. During the entire study period, 
the 20 mL group demonstrated the most significant ONSD 
increases, compared to 5 mL and 10 mL groups. The 20 mL 
group showed a nearly twofold increase in the degree of 
changes in ONSD overtime, compared to 5 mL and 10 mL 
groups. The 10 mL injection group’s volume was twice as 
high as the 5 mL group. However, such twofold increases 
in ONSD change were not found in the 5 mL and 10 mL 
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Fig. 3. Changes in optic nerve sheath diameter (ONSD) 
according to time. *The 3 groups showed significant 
differences in changes in ONSD according to time in 
repeated measure of  ANOVA (Pgroup×time < 0.001). Values 
are mean ± SD. T0, baseline; T10, 10 minutes after 
epidural normal saline injection; T20, 20 minutes after 
epidural normal saline injection; T40, 40 minutes after 
epidural normal saline injection. 5 mL group vs. 10 mL 
group, P = 0.782; 5ml group vs. 20 ml group, P < 0.001; 
10 ml group vs. 20 ml group, P < 0.002.

Table 2. Mean Values of  optic nerve sheath diameter (ONSD) 
at each time points.

5 mL 
Group

(n = 24)

10 mL 
Group

(n = 23)

20 mL 
Group 

(n = 24)

Adjusted 
P-value

ONSD (mm)

T0 5.02 ± 0.28 5.05 ± 0.41 5.04 ± 0.42 0.956

T10 5.50 ± 0.44 5.44 ± 0.49 6.22 ± 0.85 P < 0.001

T20 5.62 ± 0.52 5.78 ± 0.52 6.15 ± 0.79 0.042

T40 5.61 ± 0.49 5.83 ± 0.46 6.55 ± 0.86 P < 0.001

Values are presented as mean ± SD. Adjusted P-value indicates the 
Bonferroni-corrected P-value. T0, baseline; T10, 10 minutes after 
epidural normal saline injection; T20, 20 minutes after epidural 
normal saline injection; T40, 40 minutes after epidural normal saline 
injection.

Table 3. Degree of  changes in optic nerve sheath diameter 
(ONSD) between time points.

5 mL 
Group

(n = 24)

10 mL 
Group

(n = 23)

20 mL 
Group

(n = 24)

Adjusted 
P-value

Changes in ONSD (mm)

T10-T0 0.49 ± 0.46 0.39 ± 0.49 1.19 ± 0.89 P < 0.001

T20-T0 0.61 ± 0.55 0.73 ± 0.55 1.12 ± 0.70 0.012

T40-T0 0.59 ± 0.58 0.78 ± 0.51 1.51 ± 0.74 P < 0.001

Values are presented as mean ± SD. Adjusted P-value indicates the 
Bonferroni-corrected P-value. T0, baseline; T10, 10 minutes after 
epidural normal saline injection; T20, 20 minutes after epidural nor-
mal saline injection; T40, 40 minutes after epidural normal saline 
injection.

Fig. 4. Changes in regional cerebral oxygenation (rSO2) 
according to time. Values are mean (SD). T0, baseline; 
T10, 10 minutes after epidural normal saline injection; 
T20, 20 minutes after epidural normal saline injection; 
T40, 40 minutes after epidural normal saline injection.

groups. This result implies that if the injection volume 
does not exceed 10 mL, the degree of changes in ONSD 
over time can be more attenuated.

Since the optic nerve is closely encircled by the 
subarachnoid space, an increase in ICP can cause move-
ment of CSF into the perineural subarachnoid space. 
The subarachnoid space surrounding the optic nerve 
sheath has an elastic trabecular structure. It is most 
distensible 3 mm behind the papilla in the globe. Due 
to such distensibility, the optic nerve sheath inflates 
within a few minutes of exposure to increased ICP 
(14,24). Furthermore, previous a study demonstrated 
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that ONSD measured by ocular ultrasonography cor-
related with ICP measured by invasive methods (19). 
Therefore, our results imply that if injected epidural 
volumes become higher, the degree of increase of ICP 
becomes more pronounced. 

Monitoring of pressure in the epidural space has 
been reported to reflect real-time changes in ICP. Both 
epidural and intracranial pressures have been shown 
to reach peak pressure just after epidural injection and 
decline thereafter (10,12,25,26). When normal saline or 
local anesthetics is injected in epidural space, the main 
factor causing an elevation of ICP is thought to be the 
movement of CSF from the spinal subarachnoid space 
to the cranial cavity. Such movement of CSF toward the 
intracranial space occurs due to a pressure difference 
between the spinal and intracranial spaces, when nor-
mal saline or local anesthetics is injected in the epidural 
space. This phenomenon has been demonstrated by a 
previous study, which revealed a bi-directional move-
ment of CSF between the cranial and spinal subarach-
noid spaces, according to the pressure gradient (27).

ICP is determined by a dynamic component which 
is affected by the brain, intracranial blood flow, and 
CSF (28). If CSF is shifted from the spinal to the intracra-
nial space, this change results in an increased ICP.

Cerebral oxygenation can be monitored by rSO2 and 
this reflects cerebral perfusion. The rSO2 is comprised of 
25% arterial and 75% venous blood according to the 
manufacturer. The rSO2 represents oxygen saturation 
of the frontal lobe, but not the whole brain (29). A 
high-volume caudal block performed in infants fewer 
than 3 months of age resulted in a biphasic change in 
cerebral blood flow velocity, with decreased cerebral 
oxygenation (rSO2) (12). However, our study did not 
show any significant increase or decrease of rSO2 among 
the 3 groups. Since the 20 mL group showed the most 
significant increase of ONSD, compared to the 5 mL or 
10 mL group, the rSO2 was expected to be significantly 
decreased; however, such change in rSO2 was not found 
in the 20 mL group and the rSO2 showed minimal differ-
ences when compared to baseline in all 3 groups. 

In a porcine study mimicking epidural anesthesia 
in adults, ICP and cerebral blood flow were measured 
following an epidural injection of lidocaine. Their study 
showed a rapid ICP increase that slowly returned to 
normal value over a 30-minute period (10); however, 
the cerebral blood flow showed a rapid reduction fol-
lowed by a much faster recovery, compared with the 
ICP response. Significant cerebral blood flow and rSO2 
decrease of high volume of caudal block in infants also 
showed such immediate changes after epidural injec-
tion (1 minute) (12). Since rSO2 and cerebral blood flow 
show faster recovery compared to the ICP response, our 
study could not represent such fast responses of rSO2. 
If an rSO2 was measured at 1 minute following normal 
saline injection, instead of 10 minutes (T10), a differ-
ent result might be found. Further study is required 
to measure an rSO2 changes immediately following 
epidural anesthesia.

Limitations
Our study includes several limitations. First, we 

started to measure ONSD and rSO2 values from 10 
minutes (T10) following epidural saline injection. 
Therefore, the investigation of immediate changes to 
ONSD and rSO2 were limited. Second, the ONSD values 
measured at T40 did not return to a baseline value. This 
study could not conclude the time point when ONSD 
was normalized. Further study is required to confirm 
the normalizing ONSD time point.

Conclusion

In conclusion, TEA with 20 mL of normal saline 
injection resulted in a significant increase in ONSD, 
compared to the 5mL and 10 mL groups. Our study also 
indicates that this increase in ONSD occurs in accor-
dance with the injected volume of normal saline. While 
this effect of increased ICP is unlikely to be harmful in 
patients without cerebrovascular disease, careful at-
tention should be paid to patients who are at risk of 
increased ICP, when high volumes of local anesthetics 
are required for TEA.
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