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Background: Cervical epidural injection (CEl) is widely performed on patients with pain
originating from the cervical spine. Studies have shown a good relationship between the optic
nerve sheath diameter (ONSD) and the intracranial pressure (ICP).

Objective: The aim of this study was to evaluate the changes in the ONSD as a non-invasive
surrogate marker of ICP after CEl

Study Design: Prospective observational study.
Setting: Hospital and ambulatory pain clinic.

Methods: Twenty patients undergoing CEl at the C5-6 level were enrolled in this observational
study. The CEls were performed using a total of 14 mL of mixture volume via the interlaminar
approach in the right lateral decubitus position. The ONSD through ultrasonography was measured
in the initial supine position (TO, baseline), 30 seconds after the completion of CEl (T0.5), at
30-second intervals for 5 minutes (T0.5~T5), and at one-minute intervals for 5 minutes (T6~T10).
Results: The values of the baseline ONSD (T0) in both eyes were 4.1 + 0.4 mm. The ONSD
significantly increased from T1 to T10 (P < 0.05) compared with TO. The maximum value of the
ONSD was measured as 5.1 = 0.4 mm at T4, and the mean difference between the baseline ONSD
and its maximum value was 1.0 mm, which represented about 27%. There was no increase in ICP-
related complications such as dizziness, headache, visual acuity, or retinal hemorrhage.

Limitations: This was an observational study without a control group. All patients were presumed
to have no intracranial pathology.

Conclusion: The 14 mL CEl resulted in an increase in the ONSD by ultrasonography over time.
The most critical increase in ONSD was observed 4 minutes after CEl, but this increase was not
sustained. Further work is needed to confirm the effects of the speed and volume of the injection
and of the position.

Registration: Registered in the Clinical Research Information Service of the Korea National
Institute of Health (https://cris.nih.go.kr/cris/index.jsp), registration number: KCT0001487

Key words: Analgesic techniques, epidural block, intracranial pressure, optic nerve sheath
diameter, ultrasonography
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ervical

epidural injection

performed and has been reported to have good

(CEl) is widely great caution, a variety of complications — including

spinal cord trauma, dural puncture, hematoma,

efficacy for the treatment of pain of spinal
origin. Although CEls may be performed safely with

intravascular uptake of injectate, and infection — can
arise (1,2). Other possible complications associated
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with suspected intracranial pressure (ICP) change may
include headache, syncope, loss of consciousness (LOC),
and transient blindness. Although studies have been
limited, epidural injection has been shown to increase
the ICP both in a porcine model (3) and in humans (4,5).

A few cases of syncope or LOC associated with in-
creased ICP after caudal epidural injections have been
reported (6-8). The potential causes include the injec-
tion of large volumes, the presence of brain tumors,
and severe spinal spondylosis. Ten cases of transient
blindness following lumbar epidural injection for back
pain have also been reported, and the suspected cause
is believed to have been a rapid increase in ICP follow-
ing the injection (9). Most of the reports and studies
have focused on lumbar or caudal epidural injections,
and there has been little research on CEl-related inci-
dences and types of complications. As the cervical epi-
dural space is smaller and more adjacent to the brain
than the lumbar or caudal spaces, CEl may be more
likely to cause increased ICP-related effects than lumbar
or caudal epidural injections.

A number of recent clinical studies have confirmed
the accuracy of ultrasonographic measurements of the
optic nerve sheath diameter (ONSD) for the detection
of increased ICP (10-15). Two recent meta-analyses have
suggested that the ONSD may be a reliable non-invasive
surrogate marker of increased ICP (16,17).

We hypothesized that CEls would increase the
ONSD due to a compressive effect on the subarachnoid
space during the injection. The primary aim of the cur-
rent study was to evaluate the changes in the ONSD as
a non-invasive surrogate marker of ICP by ultrasonog-
raphy (US) after CEl.

METHODS

After obtaining approval from our hospital’s Insti-
tutional Review Board for human studies and patients’
written informed consent, 20 patients were enrolled in
the study [registered in the Clinical Research Informa-
tion Service of the Korea National Institute of Health
(https://cris.nih.go.kr/cris/index.jsp), registration num-
ber: KCT0001487. All the patients received magnetic
resonance imaging (MRI) of the cervical spine before
enrollment.

The inclusion criteria encompassed patients with
bulging or protruded cervical disc herniation at the
C5-6 level with a history of function-limiting neck and
C6 radicular pain. Patients were aged between 20 and
70 years old, who were competent to understand the
study protocol and to provide their voluntary, written

informed consent. Cervical canal stenosis grades 0 — 2 at
C5-6 disc level by Muhle et al’s (18) magnetic resonance
imaging (MRI) study were included. The exclusion cri-
teria included pre-existing craniectomy or craniotomy,
extruded or sequestrated cervical disc herniation, cervi-
cal canal stenosis grade 3 at C5-6 disc level by Muhle et
al’'s (18) MRI study, pre-existing eye disease or eye sur-
gery (e.g., glaucoma, cataract, or retinal hemorrhage),
uncontrolled hypertension or uncomplicated diabetes
mellitus, Cushing’s syndrome, and allergy to anesthet-
ics, steroids, or contrast agents. The MRI grading system
for cervical canal stenosis was followed by Muhle et al’s
(18) classification according to the following grading
system: grade 0, normal; grade 1, partial obliteration of
the anterior or posterior subarachnoid space; grade 2,
complete obliteration of the anterior or posterior sub-
arachnoid space; and grade 3, cervical cord compression
or displacement.

The baseline ONSD was initially measured in the
supine position on both sides of the 40 eyeballs (TO,
baseline). As it was difficult to measure the ONSD si-
multaneously in both eyes after the CEl, patients were
randomly assigned to one of 2 groups: the left eye
group (n = 10) and the right eye group (n = 10) for serial
measurements of ONSD following CEl. The CEls were
performed by a single physician from the pain clinic in
an ambulatory surgery setting, i.e., in a sterile operat-
ing room under fluoroscopy. Our routine position for
the CEl was the prone position, although the study
procedure was performed in the right lateral decubitus
position to remove the possible effects of the prone
position on the ICP.

Following skin preparation and local infiltration,
a 20-gauge 10 cm Tuohy needle was used. A mixture
of 0.2% lidocaine 1 mL with normal saline 4 mL was
prepared for loss of resistance technique and irriga-
tion. Access to the epidural space was obtained by
using loss of resistance techniques with 0.5 - 1 mL of
the prepared mixture. The epidural space was entered
between the C5 and C6, and confirmed by an injection
of 4 mL of non-ionic contrast under fluoroscopic visual-
ization. Once the needle tip was in the epidural space,
the rest of the mixture 4.0 - 4.5 mL was injected for
irrigation and an additional mixture of normal saline
4.5 mL with 0.5 mL of non-particulate betamethasone
2 mg was injected. The injection speed was 1.0 mL per
second and the total volume of the injected materials
was 14 mL. After the injection, the patients were imme-
diately moved from the right lateral decubitus position
into the supine position. The ONSD was measured 30
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seconds after the CEl (T0.5), at 30-second intervals for
5 minutes (T0.5~T5), and at one-minute intervals for 5
minutes (T6~T10).

Ultrasound examinations of the eyes were carried
out in B-mode by a single physician (KHJ) who had
experienced performing over 300 transorbital ultraso-
nographies, using a 4 — 15 MHz linear array “hockey
stick” probe (GE Healthcare, Milwaukee, WI, USA) as
previously described (19). High-quality video images
were acquired digitally and stored on the system’s hard
drive. In the subsequent data analysis, the sonographic
videos were reviewed to ensure the best achievable im-
age quality and probe positioning, and a retrospective
image analysis was performed offline. The transverse
diameter of the optic nerve sheath diameter was mea-
sured 3 mm behind the globe with an electronic caliper.
Each bulb was examined 3 times and the mean value of
the ONSD was measured.

Statistical Analysis

The sample size was estimated in accordance with
the results of the pilot study, in which the ONSD of the
right or left globe was compared before the CEl and at
one-minute intervals for 10 minutes after the CEl in 7
patients. We estimated that 16 patients were needed
to provide an effect size of 0.619 with an 80% power at
the 5% significance level with one-tailed test. Twenty
patients were recruited to allow 20% loss during the
analysis.

The differences in the ONSD values at the different
time points were determined with a one-way repeated-
measure analysis, and the Tukey method was used for
the post-hoc analysis. The data were expressed as mean
+ SD. A P value of < 0.05 was considered statistically
significant. The statistical analyses were performed with
SPSS 13.0 (SPSS Inc., Chicago, IL, USA).

REsuLTs

A total of 20 patients were enrolled in the study.
Their characteristics are presented in Table 1. A single
level was involved in 3 patients, 2 levels were involved
in 10, and more than 3 levels were involved in 7. Bulg-
ing disc was seen in 20 disc levels and protruding disc
was seen in 28 disc levels. Characteristics of cervical disc
herniation at each vertebral level are shown in Table 2.

The baseline ONSD values for the both eyes were
not significantly different (4.1 £+ 0.4 mmvs 4.1 £ 0.4 mm,
T0), and they were highly correlated (Pearson’s correla-
tion = 0.862, P < 0.0001). In reference to the baseline
ONSD values, the ONSD of 20 test eyes significantly

Table 1. Patients’ characteristics (n = 20).

Age (years) 53.9+7.2
Gender (F/M) 13/7
Weight (kg) 62.4+10.8
Height (cm) 162 +5.8

Values are mean + SD.

Table 2. Characteristics of cervical disc herniation at each
vertebral level.

Bulging Disc | Protruded Disc | Foraminal Stenosis
C3-4 2 3
C4-5 6 6 1
C5-6 8 12 8
C6-7 4 7 1

increased from T1 to T10 (P < 0.05) and the maximum
value of the ONSD was measured as 5.1 + 0.4 mm at
T4. The mean difference between the baseline ONSD
and its maximum value was 1.0 mm, which were repre-
sented in around 27% (Fig. 1).

In our analysis using a general linear mixed model
(LMM) to compare the changes in ONSD between the
right and left eyes over time, the overall difference in
the ONSD changes between the 2 eyes was significant
(P < 0.001). However, in the post-hoc analysis, there
were no significant differences at any time point.

There were no CEl-related complications, such as
inadvertent dural puncture, hematoma, or infection.
Moreover, there was no increase in ICP-related com-
plications such as dizziness, headache, visual acuity, or
retinal hemorrhage.

Discussion

The key finding of this study was that a 14 mL CEIl
administered in the lateral decubitus position resulted
in changes in ONSD over time. The most critical increase
in ONSD was observed 4 minutes after the CEl, but this
increase was not sustained. To the best of our knowl-
edge, this constituted the first description of changes
in the ONSD as a non-invasive surrogate marker of ICP
following administration of a therapeutic volume of
CEI.

CEl has been reported to offer good or fair evi-
dence in the management of cervical disc herniation
(20,21). Although CEl may be performed safely with
caution, various complications have been reported. In
addition to spinal cord injury, dural puncture, hema-
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Fig. 1. Changes in optic nerve sheath diameter (ONSD ) after cervical epidural injection
(CEI). The ONSD was measured by ultrasonography in the initial supine position
(T0, baseline), 30 seconds after the CET (T0.5), at 30-second intervals for 5 minutes
(T0.5~T5), and at one-minute intervals for 5 minutes (1T6~T10). In reference to the
baseline ONSD values, the ONSD significantly increased from T1 to T10 (P < 0.05).
The maximum value of the ONSD was measured as 5.1 = 0.4 mm at T4, but this
increase was not sustained.

toma, and infection, other complications associated with suspected ICP change can
include headache, syncope, LOC, and transient blindness.

A few cases of syncope or LOC associated with an increase in ICP after caudal epi-
dural injections have been reported. A faster injection with a large volume of up to
60 mL was believed to have been the cause of LOC for 20 — 30 seconds accompanied
by fine muscle twitching (6). Two parturient women with brain tumors and increased
ICP developed apnea, LOC, and severe bradycardia for 5 or 6 minutes after caudal
injection (7). Two elderly patients with severe spondylosis developed syncope after
caudal injection. One assumption was that the injection into the low compliant ex-
tradural space due to a narrowed epidural space triggered an increase in ICP (8). Up
to 10 cases of transient blindness following lumbar epidural injection for back pain
have been reported (9), and retinal hemorrhages were identified by ophthalmologic
examinations in every case. The suspected mechanism may have been due to a rapid
increase in ICP following the injection, with a resulting increase in retinal venous
pressure causing retinal hemorrhage.

Headaches secondary to epidural block can be categorized into 2 types. The first
type is suspected to be caused by decreased ICP from post-dural puncture, while
the other is believed to be caused by increased ICP from the volume of the injected
materials. The latter is a transient, non-positional headache that resolves within 24
hours. It has not yet received much attention and the exact mechanism is unknown.
However, it has broadly been reported as being not uncommon during rapid epidural
injection (22), and Botwin et al (23) reported that it most commonly occurred as a
minor complication in 3.1% of 322 fluoroscopically guided lumbar transforaminal

epidural injections with 1 —
3 mL injectates.

Although there have
been few studies, epidural
injection has been shown
to increase the ICP both in
a porcine model and in hu-
mans. Grocott and Mutch
(3) demonstrated a cor-
relation between epidural
injections and ICP, with a
greater than 90% reduc-
tion in cerebral blood flow
(CBF) and spinal cord blood
flow (SCBF) in the porcine
model. The prompt return
of the CBF and SCBF to their
baseline values within 100
— 160 seconds of the epi-
dural injection suggested
preserved auto-regulatory
mechanisms. Using trans-
ducers and pressure tracing
records, Usubiaga et al (4)
measured the effects of 10
or 20 mL of saline injected
into the lumbar epidural
space of 24 patients. They
reported that the peak epi-
dural pressure was reached
immediately after the
lumbar epidural injection,
and a return to the previ-
ous values was observed
within 3 to 10 minutes. The
magnitude of the pressure
rise was found to be pro-
portional to the rate and
volume of the injection.

The gold standard for
ICP measurement is invasive
monitoring. However, its
placement can be challeng-
ing due to its invasiveness
and lack of surgical avail-
ability. Non-invasive ICP
estimation methods include
transcranial Doppler sonog-
raphy, tympanic membrane
displacement, transcranial
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near-infrared spectroscopy, visual-evoked potential,
and ONSD.

Several studies presented the usefulness of US in
CEl (24-25). The major advantages of the US-guided ap-
proach include the absence of radiation exposure and
increasing the safety of the procedure. The US-guided
approach enables visualization of soft tissues, nerves,
blood vessels, and others through real-time imaging; it
also shows the degree of diffusion for injected medi-
cations around nerves and prevents nerve damage by
injection needles (26).

ONSD by US is a non-invasive method for the as-
sessment of the risk of raised ICP. The subarachnoid
spaces surrounding the optic nerve communicate with
the intracranial cavity, and changes in cerebrospinal
fluid pressure are transmitted along the optic nerve
sheath (15). In the anterior part of the optic nerve —and
particularly in the retrobulbar segment —, the nerve is
only surrounded by orbital fat. The retrobulbar optic
nerve sheath is therefore distensible and can inflate in
cases of raised cerebrospinal fluid pressure. Numerous
studies have been conducted on the ONSD, and 2 re-
cent meta-analyses suggested that the ONSD may be a
reliable non-invasive surrogate marker of increased ICP
(16,17). However, the optimal cut-off differs consider-
ably between different studies, lying within a range of
5-5.9 mm (16).

Among those, Geeraerts et al quoted ONSD values
between 6.3 = 0.6 mm with ultrasound studies (11) and
6.3 = 0.5 mm with MRI studies (27) for traumatic brain
injury with elevated ICP (i.e., over 20 mmHg). They also
reported an ONSD cut-off of 5.8 mm for raised ICP, and
suggested that the ONSD changes were strongly cor-
related with ICP variations in their simultaneous mea-
surements of sonographic ONSD and intraparenchymal
ICP (12). Recently, Bauerle et al (28) reported that the
mean ONSD was significantly enlarged in an aneurys-
mal subarachnoid hemorrhage group as compared with
a healthy volunteer group (6.2 + 0.7 mm vs. 5.5 = 0.5
mm).

Post-dural puncture headache (PDPH) is suspected
to be caused by decreased ICP, and Dubost et al (29)
studied the changes in ONSD by US following a lumbar
epidural blood patch in 10 patients with PDPH. The
measurements of the ONSD showed 4.8 mm (4.5 - 5.1)
at the baseline, 5.2 mm (4.9 - 5.7) at 10 minutes, 5.5
mm (5.1 - 6.0) at 2 hours, and 5.8 mm (5.2 — 6.3) at 20
hours. The authors suggested that a sustained increase
in ONSD as a surrogate marker of ICP was associated
with successful epidural blood patch.

In this study, although the ONSD increased signifi-
cantly in the 10 minutes following the CEl, this increase
was not sustained. Moreover, there was no increase in
ICP-related complications such as dizziness, headache,
visual acuity, or retinal hemorrhage. This transient,
unsustained increase in ONSD may be explained by
Grocott and Mutch’s observation of preserved auto-
regulatory mechanisms in a porcine model (3), which
was echoed by Giasi et al’s human study (30). Giasi et al
(30) reported that the venous plasma level of lidocaine
following epidural injection was at its peak 15 minutes
after administration, and that it decreased afterwards.
The authors suggested that the maximal epidural
pressure was not reached after more than 15 minutes,
which was indirectly the same as the ICP.

Most reported complications presumed to accom-
pany suspected ICP change (such as headache, syncope,
LOC, and transient blindness) stem from lumbar epi-
dural blocks in the prone position. Although we found
changes in the ONSD after CEl, we could not verify the
effect of the prone position. ONSD values above 5.8 mm
have been reported to be associated with a 95% risk of
raised ICP (i.e., over 20 mmHg) (31). Although the maxi-
mum ONSD value did not reach 5.8 mm in our study
(5.1 = 0.4 mm), we did not demonstrate that this level
of ONSD change may result in increased ICP-related
complications in patients with specific conditions such
as undetected intracranial pathology or severe spinal
spondylosis.

There are several possible limitations of this study.
First, selection of 14 mL was based on our routine pain
practice and not standardized. Many articles have been
reviewed regarding volume of normal saline for loss
of resistance technique, contrast, and epidural injec-
tion (32-35). Although none of article has proposed a
guideline of standardized volume, it is assumed that
total volume for injection is from minimally 5 - 6 mL
to maximally 12 mL. In this point of view, we admit
that 14 mL of total volume is a possible cause of bias.
Second, a lack of sonographic experience is an obvious
limitation to the use of ocular sonography. However,
the single anesthesiologist used in this study had had
experience performing over 300 transorbital ultraso-
nographies. The learning curve as described by Tayal et
al (36) seems to be rapid. Furthermore, the reliability of
the measurements has been shown to be high, with a
previous study demonstrating that the measurements
were reproducible and presented low inter-observer
variability (37). A third limitation lay in the fact that all
patients were presumed to have a normal ICP. We did
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not actually confirm the presence of a normal baseline
ICP by means of lumbar puncture or another method
such as computed tomography scans before enrolling
the patients. Lastly, although statistical significance was
observed in this study, we enrolled a relatively small
number of patients. We recognize that future studies
increasing the sample size should be performed, with
our results being useful as a reference for further ran-

domized controlled studies.

ConcLusion

In conclusion, ONSD by ultrasonography began to
increase from one minute after the completion of CEl
and the most critical increase in ONSD was observed 4
minutes after CEl. Although this increase was not sus-
tained, this result suggests that more attention should
also be paid after the completion of CEl. Further work is
needed to confirm the effects of the speed and volume

of the injection and of the position.
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