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Perioperative and postoperative effects of hydrostatic
pressure applied to the dura mater on central nervous system
in unilateral biportal endoscopic spine surgery

Eralp Cevikkalp, MD, Hayati Aygiin, MD, Kadri Yildiz, MD, Esra Mercanoglu Efe, MD,
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Objectives: To evaluate the changes in optic nerve
sheath diameter (ONSD) caused by this pressure
applied to the dura mater and postoperative
complications.

Methods: The study was conducted between
01.01.2022 and 01.06.2022 at Private Medicabil
Hospital. The ONSD was measured 3 mm behind
the eyeball using US at 5 time points: T1 (in the
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supine position after anesthesia induction), T2 (after
conversion to the prone position), T3 (in the prone
position after applying pressure to the dura mater),
T4 (in the prone position after the discontinuation
of applying pressure to the dura mater), T5 (after
conversion to the supine position). Postoperative
complications were recorded.

Results: The ONSD at T3 was higher than those at
all time points. For an ONSD value >5.3 mm, the
sensitivity, specificity, positive predictive, and negative
predictive values were 87.5%, 71.9%, 50.9%, and
94.5%, respectively (Area under the curve 0.830,
95% Confidence Interval: 0.761-0.899, p<0.001)

Conclusion: We think that the hydrostatic pressure
applied to the dura mater in unilateral biportal
endoscopic (UBE) surgeries causes changes in the
ONSD sheath diameter and that monitoring ONSD
with peroperative USG can reduce the possible
complications in order to reduce the effects of this
pressure on the central nervous system.
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Endoscopic spine surgery procedures are becoming
even more popular in parallel with the advancements
in optical systems and the increasing orientation of
spine surgeons to endoscopic anatomy. The tubular
or microendoscopic spine surgery technique is an air
medium approach, with no use of liquid. However, the
liquid medium is used with uniportal full endoscopic
and unilateral biportal endoscopic techniques. In
these techniques, the liquid medium not only creates a
surgical environment by means of hydrostatic pressure
but also increases the clarity of view by ensuring that the
environment is cleaned of debris and blood.

In uniportal endoscopic techniques, the water is
continuously drained off from the working portal, which
is always open. Therefore, these techniques may cause
excessive levels of fluid pressure in the epidural space.
However, in the unilateral biportal endoscopic (UBE)
technique, the working portal is created percutaneously
and independently of the endoscopic portal. Fluid
drainage takes place through the percutaneous working
portal. Therefore, excessive pressure is likely to occur
in the epidural surgical environment due to possible
blockage or defects of the working portal. Intracranial
pressure (ICP) increases especially in prolonged
operations and in patients who are operated under high
water pressure, resulting in postoperative symptoms
such as dizziness, nausea, and headache." Although
there is not enough evidence in the literature, it is
recommended that the water pressure be kept between
30 and 50 mmHg during the surgery.?

The gold standard for ICP measurement is invasive
ICP monitoring through an intraventricular catheter.
This technique has a risk of serious complications such
as infection and bleeding.’* Recently, ocular ultrasound
(US) evaluation of ONSD have been shown to be a
fast, reliable, reproducible, and effective noninvasive
technique to demonstrate changes in ICP>¢

The aim of this study was to evaluate the effect of
hydrostatic pressure applied to the dura mater on ICP
during endoscopic spine surgery with liquid medium by
measuring ONSD, to follow up potential complications
by intraoperative monitoring of ICP increase, and to
prevent potential postoperative complications.

Methods. This retrospective study was conducted
After obtaining the approval for the study from the Non-
Interventional Research Ethics Committee of Uludag
University Faculty of Medicine (decision number:2011-
KAEK-26/419), data of patients who underwent UBE
surgery with preoperative and intraoperative optic nerve
sheath diameter measurements in between 01.01.2022
and 01.06.2022 at Private Medicabil Hospital in
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accordance with the Declaration of Helsinki and Good
Clinical Practice Guidelines. The study included ASA
[-II patients over 18 years of age. Patients with intraocular
pathology, idiopathic intracranial hypertension,
glaucoma treatment, and ocular pathology associated
with systemic diseases, Body Mass Index(BMI)>30
were not included in the study.

Anesthesia management. After establishing vascular
access in the operating room, 0.01 mg/kg intravenous
midazolam was administered for premedication, as the
standard protocol. Standard monitoring, including
electrocardiogram (ECG), noninvasive blood pressure,
peripheral oxygen saturation, end-tidal CO, pressure
(ETCO,) and bispectral index (BIS, Aspect 1000TM,
Aspect Medical Systems Inc., Natick, MA, USA) was
performed in all patients. Propofol 2 mg/kg, fentanyl 2
mcg/kg, and rocuronium 0.6 mg/kg were intravenously
administered for anesthesia induction. The airway was
secured by endotracheal intubation two minutes after
the induction. In the maintenance of anesthesia, TIVA
was administered with an infusion of propofol 10 mg/
kg/h for the first 10 minutes, 8 mg/kg/h for the next
10 minutes, and 6 mg/kg/h thereafter until the end of
the surgery, in a controlled mode of ventilation with
50% oxygen and 50% air, a tidal volume of 8 mL/kg,
PEEP of 5 cm H,O, and a respiratory rate to maintain
ETCO2 pressure between 32-35 mmHg. Mean arterial
pressures were adjusted during the case to be greater
than 65 mmHg and less than a 20% decrease in mean
arterial pressure relative to the entry measurement value.

The patients were placed in the prone position for
surgery. During the prone position, the arms were
positioned with the shoulder in 90 degrees of abduction
and the elbow in 90 degrees of flexion. The heads of
the patients were placed on a face down pillow in
a neutral position without pressure on the eye, nose,
and neck. Head position and pressure were checked at
frequent intervals during the surgical procedure. To
prevent intraabdominal pressure increase, abdominal
compression was prevented by supporting the chest and
pelvis with a soft paddle.

For measurement of optic nerve sheath diameter,
measurement of ONSD in the prone position was
performed by an operator (E.C), while an assistant
rotated the head 30 degrees to the right (to measure right
ONSD) and then 30 degrees to the left (to measure left
ONSD) so as not to obstruct venous return.

Surgical procedure. The patients were fixed on
the Jackson table in the prone position, with the
hip joint in semiflexion. After the sterilization of
the dorsal and lumbar areas, portals were created for
UBE surgery in accordance with the relevant level
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rules. Surgery was performed with a stable infusion
of isotonic solution by means of an arthropump at a
pressure of 35-45 mmHg. In patients undergoing
stenosis surgery, unilateral laminotomy, contralateral
sublaminar bone decompression, total flavectomy, and
bilateral foraminotomy were performed. Discectomy
was performed in patients with disc pathology, while
an interbody cage was placed following endplate
preparation after discectomy in unstable patients.
In stabilization patients, percutaneous posterior
instrumentation was performed after endoscopic
procedures, and stabilization was completed. In patients
with disc pathology, the disc fragment or fragments
were removed through the window opened on the
ligamentum flavum after limited laminotomy.
Measurement of optic nerve Sheath diameter. Optic
nerve imaging was performed with a high-frequency
linear transducer (7.5 MHz Linearprop, Sonoscape E1
Exp, Shenzhen, China) on the transverse axis by applying
a thick layer of US gel over the closed eye. Anechoic
vitreous fluid in the eyeball and echogenic papilla on
the posterior wall were visualized. Hypoechoic optic
nerve complex surrounded by echogenic retrobulbar fat
was identified. The optic nerve sheath was visualized as
a thin echolucent structure extending from both sides of
the hypoechoic optic nerve. The ONSD was measured
3 mm behind the papilla, perpendicularly to the cursors

(Figure 1).

Measurements were performed starting before the
surgery until the patient was fully awakened on the
recovery table after the surgery was completed. For
this purpose, ONSD was measured at following time
points: T1, in the supine position after induction of
anesthesia; T2, after conversion to the prone position;
T3, in the prone position after applying pressure to
the dura mater; T4, in the prone position after the
discontinuation of applying pressure to the dura mater;
T, after conversion to the supine position.

Intraoperative  and  postoperative  follow-up.
Operative time, arterial blood pressure, the rate of
change in blood pressure and required fluid pressure,
abrupt changes in fluid pressure performed during
surgery when necessary were intraoperatively recorded,
and the effect of abrupt pressure changes on ONSD
and whether there is a change in ONSD depending on
time were followed up by US.

After the operation, the patient was transferred to
the post-anesthesia care unit in the early postoperative
period. Visual Analogue Scale (VAS) scores of 4 and
above for pain were evaluated as headache. In addition,
low back pain, leg pain, nausea, and vomiting were
questioned and noted.

Statistical analysis. Although the sample size
calculation was not performed for our study in the

Figure 1 - Measurement of optic nerve sheath diameter by ultrasound technique. 1, 3 mm behind globe; 2, optic nerve sheath diameter.
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Figure 2 - ROC curve analysis

Table 1 - Change in right ONSD measurements by time.

Time Median (Min-Max) P-value*
T1 ONSD 4.4 (3.9-5.7)
T2 ONSD 4.1 (3.5-5.2)
T3 ONSD 5.3 (4.2-6.0) <0.001°
T4 ONSD 4.2 (3.5-5.2)
T5 ONSD 4.5 (3.9-5.8)

“Post hoc comparisons: All significant, except for paired comparisons of

T1-T5 and T2-T4

T1ETD 22.0 (20.4-25.0)
T2 ETD 22.0 (19.0-24.8)
T3 ETD 22.0 (20.0-24.0) <0.001°
T4 ETD 22.0 (18.0-24.5)
TS5 ETD 21.9 (19.5-25.3)

®Post hoc comparisons: Paired comparisons of T1-T2 and T1-T4 are
significant

T1 ONSD/ETD ratio
T2 ONSD/ETD ratio
T3 ONSD/ETD ratio
T4 ONSD/ETD ratio 0.19 (0.17-0.24)
T5 ONSD/ETD ratio 0.21 (0.18-0.27)

“Post hoc comparisons: All significant, except for paired comparisons of
T1-T5 and T2-T4, * Freidman test. ONSD, optic nerve sheath diameter;

ETD, eyeball transverse diameter.

0.20 (0.18-0.25)
0.18 (0.16-0.24)

0.24 (0.19-0.27) <0.001

pre-study period, post hoc power analyses were carried
out to examine whether the sample size was sufficient
after the study. The effect sizes for ONSD, eyeball
transverse diameter (ETD), and ONSD/ETD ratio
were 3.70, 0.67, and 2.49, respectively. A sample size
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Table 2 - Change in left ONSD measurements by time.

Time Median (Min-Max) P-value*
T1 ONSD 4.4 (3.9-5.7)

T2 ONSD 4.1 (3.6-5.2)

T3 ONSD 5.3 (4.2-6.0) <0.001*
T4 ONSD 4.3(3.5-5.2)

T5 ONSD 4.5(3.9-5.8)

T1 ETD 22.0(20.0-25.3) 5.3

T2 ETD 22.0(19.2-24.8) 5.6

T3 ETD 22.0(19.5-24.0) <0.001°
T4 ETD 22.0 (20.0-24.5) 4.5

T5 ETD 22.0 (19.5-25.3) 5.8

T1 ONSD/ETD ratio 0.20 (0.17-0.25) <0.001¢
T2 ONSD/ETD ratio 0.19 (0.16-0.24)

T3 ONSD/ETD ratio 0.24 (0.19-0.27)

T4 ONSD/ETD ratio 0.19 (0.17-0.24)

T5 ONSD/ETD ratio

0.21 (0.18-0.27)

* Freidman test. ONSD, optic nerve sheath diameter; ETD, eyeball
transverse diameter, “Post hoc comparisons: All significant, except for
paired comparison of T1-T5, *Post hoc comparisons: Paired comparisons
of T1-T2, T1-T4, and T1-T5 are significant, cPost hoc comparisons: All
significant. except for paired comparisons of T1-T4 and T2-T4

Table 3 - The ONSD measurements by headache development.

Headache
Time No Yes P-value*
Median Median
(Min-Max) (Min-Max)
Right
T3 ONSD 5.1 (4.2-6.0) 5.6 (5.2-6.0) <0.001
T3 ETD 22.0 (20.0-24.0)  22.0 (21.0-23.0) 0.513
T3 ONSD/ETD ratio  0.23 (0.19-0.27)  0.25 (0.23-0.27) <0.001
Left
T3 ONSD 5.1 (4.2-5.9) 5.6 (5.2-6.0) <0.001
T3 ETD 22.0 (19.5-24.0) 22.0 (21.0-23.0)  0.627
T3 ONSD/ETD ratio  0.23 (0.19-0.27)  0.25 (0.23-0.27) <0.001

*Mann-Whitney U test. ONSD, optic nerve sheath diameter; ETD,
eyeball transverse diameter.

of 64 patients was estimated to provide a power of 99%
for all three variables, with an alpha error of 5%. Power
analyses were carried out using the G*Power version
3.1 software. The measurement data of the study are
shown with median (minimum-maximum) values.
The Kolmogorov-Smirnov test was used to check the
assumption of normality for the measurements. Since
the data were non-normally distributed, the Mann-
Whitney U test was used to compare the measurements
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Table 4 - Threshold value for ONSD values for the development of headache (ROC curve analysis).

95% CI

THV AUC

Lower limit  Upper limit

p-value Sen Spe PPV NPV

5.3 0.830 0.761

0.899

<0.001 875 71.9 50.9 94.5

THY, threshold value; AUC, area under the curve; CI, confidence interval; Sen, sensitivity,
Spe, Specificity; PPV, positive predictive value; NPV, negative predictive value.

between the groups, and the Friedman test was used for
the temporal comparison of the measurements within
the group. The ROC curve analysis was used to determine
the threshold value for headache. A p-value <0.05 was
considered statistically significant. In post hoc analyses,
Bonferroni correction was performed for p-values. All
analyses were carried out using the SPSS version 20
software.

Results. The study was conducted with data
from 64 patients with a median age of 42.5 (range,
29.0-68.0) years, median BMI 24,9 (range,23.8-26.0),
median heights 170(range, 165-176)cm, median
weights 71(range, 68-74)kg. Headache complaints
were experienced by 16 (25.0%) of the patients. The
evaluation of the chronic diseases revealed that 6 (9.4%)
patients had hypertension and 5 (7.8%) patients had
diabetes. The comparison of the right and left eye data
showed similar values for ETD, ONSD and the ratio
of these 2 measurements (»p>0.05). No visual problems
and seizures were observed in any of the patients.

The analysis of the change in right ONSD
measurements by time unveiled significant correlations
between ONSD and ETD data. According to the
results of post hoc analysis, there were statistically
significant differences in median ONSD values in all
paired comparisons of time points, except for paired
comparisons of T1 (in the supine position after
induction of anesthesia) and T'5 (after conversion to the
supine position) time points and T2 (after conversion
to the prone position) and T4 (in the prone position
after the discontinuation of applying pressure to the
dura mater) time points (p<0.001). The median ONSD
at T3 (in the prone position after applying pressure to
the dura mater) was higher than those at all other time
points, while the median ONSD at T2 was lower than
those at all other time points, except for T4 (Table 1).

According to the results of post hoc analysis, the
median ETD at T1 was the same, but the distribution
range was found to be narrower and higher than those
at T2 and T4 time points (p<0.001) (Table 1).

The results of post hoc analysis revealed that the
median ratio of ONSD to ETD (will only be indicated
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as the ratio in the continued part) was statistically
significant in all paired comparisons of time points,
except for paired comparisons of T1 and T'5 time points
and T2 and T4 time points (p<0.001). The median ratio
at T3 was higher than those measured at all other time
points, while the median ratio at T2 was lower than
those at all other time points, except for T4 (Table 1).

The analysis of the change in left ONSD
measurements by time showed significant correlations
between ONSD and ETD data. According to the results
of posthocanalysis, the differences in the median ONSD
were statistically significant in all paired comparisons of
time points, except for paired comparison of T1 and
T5 (p<0.001). The median ONSD at T3 was higher
than those at all other time points, while the median
ONSD at T2 was lower than those at all other time
points (Table 2).

The results of post hoc analysis showed that the
median ETD at T1 was the same, but the distribution
range was narrower and higher than those at T2 and
T5 time points and wider than that at T4 (p<0.001)
(Table 2).

According to the results of post hoc analysis,
the differences in the median ratio were statistically
significant in all paired comparisons of time points
(p<0.001), except for paired comparisons of T1 and T4
time points and T2 and T4 time points. The median
ratio at T3 was higher than those at all other time
points, while the median ratio at T2 was lower than
those measured at all other time points, except for T4
(Table 2).

The analysis of the ONSD measurements after
applying pressure to the dura mater in the prone
position by the development of headache showed that
the median ONSD and the ratio were significantly
higher on the side of headache than on the opposite side
(p<0.001 for all). ETD was similar between patients
with and without headache on both sides (p>0.05)
(Table 3).

To examine whether a threshold value can be
determined for ONSD for the development of
headache, ROC curve analysis was performed and
the optimal threshold value was found to be 5.3 (Area

Neurosciences 2024; Vol. 29 (4) 243
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under the curve 0.830, 95% Confidence Interval:
0.761-0.899, p<0.001). For the determined value of
5.3, the sensitivity, specificity, positive predictive, and
negative predictive values were 87.5%, 71.9%, 50.9%,
and 94.5%, respectively (Table 4, Figure 2).

Discussion. In our study, it has been shown that
when pressure is applied to the dura mater, it causes
changes in the diameter of the optic nerve sheath and
may be associated with complications due to increased
intracranial pressure in the postoperative period.

The optic nerve sheath is the part of the dura mater
extending to the back of the eye. Thus, the subarachnoid
space can extend to the back of the eyeball. It has
been demonstrated that normal ONSD is 4.0 mm in
children younger than 1 year, 4.5 mm in children aged
1-18 years, and 5.0 mm in adults.”® An ONSD value
greater than 5.7 mm has been associated with elevated
ICP? In our study, ONSD measured at all time points
was below the threshold value for increased ICP.

It has been shown that ONSD measurement with
ultrasound correlates with invasive ICP measurements
in the follow-up of increased intracranial pressure in
patients with subarachnoid hemorrhage.”’ In meta-
analyses comparing ultrasound ONSD measurements
with the gold standard invasive ICP measurement
devices; It has been shown that there is a correlation
with the invasive method.'”'* It was thought that
it could be used due to its potential benefit in cases
where invasive ICP cannot be measured.'? In the study
evaluating the effect of prone position on optic nerve
diameter in acute respiratory stress patients in intensive
care; It was observed that prone position did not make
any statistical difference in optic nerve sheath diameter
measurements.In the same study, ONSD measurements
were observed to be lower than the initial value."

It has been found that ICP increases in patients
who are turned to the prone position under anesthesia,
and 4.3 mm is the cut-off value for the ICP increase
in the prone position.14 In our study, the ONSD
diameter measured in the prone position was 4.1 mm.
We think that the reason for this is the application of
TIVA to the patients. It was thought that TIVA would
be protective against the increase in ICP in preventing
the intracranial increase in full endoscopic spine surgery
on animals.” It has been shown that propofol-based
TIVA application has lower ONSD measurements
compared to sevoflurane inhalation anesthesia in
robotic laparoscopic surgeries that cause increase in
ICP'®" In spine surgery, the prone position does not
increase ICP in short and moderately long operations;
however, changes have been shown in ONSD in very
long operations.' The results of our study showed no

244 Neurosciences ] 2024; Vol. 29 (4)

difference between T1-T5 measurements, similar to the
literature.

A study evaluating the effect of body position on
intraocular pressure (IOP) and ICP reported decreased
ICP in the prone position but no change in IOP"”
In animal studies, it was measured that there was no
statistically significant difference in ICPE IOP and
translaminar pressure in the eye in the prone position,
but ICP and IOP were lower in the supine position.** In
our study, the decrease in T2 measurements of patients
compared to T1 could be explained by the decrease in
ICP.

It has been shown that hydrostatic pressure applied
to the dura mater in endoscopic spine surgeries increases
the pressure in the epidural space.”’ In a series of 27
patients, it was shown that the hydrostatic pressure
applied to the dura mater returned to baseline after
surgery.”> Our study showed that the ONSD values were
higher at T3 measurements when pressure was applied
to the dura mater, while they returned to baseline when
the effect of hydrostatic pressure on the dura mater was
ruled out.

Headache, neck pain, and seizures can develop
after endoscopic spine surgeries. A study of 28 patients
showed that 8 patients developed headaches after
surgery.”® Another study of 33 patients reported head
and neck pain in 8 patients and seizures in 4 patients.”*
In our study, none of the patients developed seizures,
and headaches were observed in 16 patients in the early
postoperative period; however, the patients did not have
a headache during discharge.

It is believed that intraoperative increase in epidural
pressure may be responsible for the development of
headaches.?! In our study, an ONSD value >5.3 had
a sensitivity of 87.5% and a specificity of 71.9% to
demonstrate the development of headaches.

In conclusion, the effects of hydrostatic pressure
applied to the dura mater in endoscopic spine surgeries
on the central nervous system are unknown. The
general opinion is that the hydrostatic pressure should
be kept below 30 mmHg, although its effects cannot
be followed instantly. We are of the opinion that
ONSD, which is evaluated by ocular US to monitor
the pressure applied to the dura mater in endoscopic
spine surgeries, is an important technique that provides
an effective, noninvasive, and continuous monitoring
opportunity to detect an intraoperative increase in ICP
early and to reduce the development of postoperative
complications. The major limitation of our study is
the inability to perform simultaneous control with
invasive measurements. Larger patients studies to be
conducted in the future will help determine different
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threshold values by investigating the effects of different
intraoperative hydrostatic pressure values on ONSD.
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