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Abstract

Objective: This study was to explore whether the intracranial pressure (ICP) changes and intraocular pressure (IOP) changes are syn-
chronized after brain surgery. We also want to see whether measurement of IOP could be used to monitor ICP.

Materials and methods: We evaluated the correlation between intracranial pressure and intraocular pressure in 15 patients with menin-
gioma admitted to our hospital. All patients required the intracranial pressure monitoring on clinical grounds. Intraocular pressures were
measured by portable non-contact tonometer. We simultaneous recorded the intracranial pressure and intraocular pressure once a time

pet hour.

Results: We found significant correlation between intraocular pressures and intracranial pressure in 60.0% (9/15) of the tested popula-
tion. However, ICP and IOP showed significant correlation only in 4 (16.7%) out of 24 time points (P<0.05).

Conclusions: Although there is a significant correlation between ICP and IOP in neurosurgical patients, changes in IOP cannot always

reflect the dynamic changes in ICP.
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Introduction

Intracranial pressure (ICP) measurement is used commonly in
neurosurgery|1]. Currently, direct measurement of cerebrospi-
nal fluid pressute by intraventricular monitor is considered to be
the “gold standard” of ICP measurement|2|. However, attempts
have been made to measure ICP by non-invasive methods such as
transcranialdoppler, tympanic membrane displacement, and cen-
tral venous pressure measurement|3-6]. Recently, some researcher
raised the point that monitoring of IOP can be used to speculate
ICP[7,8]. The interaction between ICP, which formed by cerebro-
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spinal fluid, and IOP, which formed by aqueous humor, has its
theoretical basis of anatomy. However, other scholars believe that
there is no contact between ICP and IOP[9,10].

We wanted to know whether there is any relationship between
the ICP changes and IOP changes. We also want to assess the 24
hours physiological curve of intracranial pressure and, intraocu-
lar pressure and answer the question that whether monitoring of
IOP can be used to speculate ICP.

Methods

The study was performed in the Department of Neurosurgery
and Ophthalmology, General Navy Hospital, Beijing, China be-
tween January 2009 and June 2013. Totally 15 patients who took
the surgery treatment with diagnose of supratentorial meningioma
were enrolled in our study. Patients were excluded if their men-
ingioma bigger than 60mm?2, or they had pre-existing sever optic
nerve edema, eye surgery, or were taking medications known to
alter IOP. This prospective study was approved by the local eth-
ics committee and conducted in accordance with the ethical prin-
ciples described by the declaration of Helsinki. All participants
signed a detailed informed consent form Invasive ICP measure-
ment included intraventricular placement of the Microchip micro
transducer (Codman, Johnson & Johnson, Berkshire, UK) in the
operating room. The tip of the micro transducer was positioned
3—4 cm within the brain parenchyma via a frontal burr hole. ICP
Express Monitor interface (Codman &Shurtleff Inc., Raynham,
MA, USA) was used for measurement. A value of 14 mmHg was
regarded as the cut-off for normal ICP. Patients’ IOP were meas-
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ured by a portable pneumatonometer (Model 30™, Reichert Inc.,
of Buffalo, NY), which provides fast and accurate IOP measure-
ment. Patients had their IOP measured pre hour a day, and each
time a mean pressure was calculated for each eye. The Pneumato-
nometer has a standard deviation along with IOP measurement.
To increase diagnostic accuracy, only measurements that had a
standard deviation less than 5 mmHg were accepted. A value of
21 mmHg was regarded as the cut-off for normal IOP.

Statistical analysis

All data are presented as mean T standard deviation (SD). Data
are consistent with a normal distribution, Pearson cotrelation test
were performed between IOP and ICP, 95% CI were determined
and p< 0.05 was regarded as statistically significant. Time series
analyses were also performed in this study. Statistical calculations
were performed using the SPSS 21 statistical package (SPSS for
Windows, Chicago, IL).

Results

In our 15 patients (age range 62-21 years; mean, 40.1£12.7), 8
cases (53.3%) were man and 7 cases (46.7%) were women. Men-
ingioma located in prefrontal (6 cases, 40.0%), temporallobe (7
cases, 46.7%) and parietal (2 cases, 13.3%). The sizes of meningi-
oma range from 18 to 60mm?2 (Table 1). Mean measured ICP was
13.824.7mmHg (range from 5.0 to 29.0mmHg). Mean IOP was
26.0£5.9mmHg (range from 13.8 to 42.0mmHg). All patients’
characters and Pearson correlation coefficients are presented in
Table 1. Out of the 15 patients, 7 patients (46.7%) had a very

significant (p<<0.01) correlation of ICP to IOP; 2 patients (13.3%)
had significant (p<<0.05) correlation of ICP to IOP.

Both ICP and IOP showed their spontaneous rhythmic fluctua-
tions (Fig 1 and Fig 2). Table 2 presents the 24-hour change pat-
terns in ICP and IOP. The max ICP appeared at 8 AM (Mean®SD,
17.7£0.9mmHg; 95% CI, 15.7 to 19.6mmHg). However the max
IOP presented at 9 AM (MeanSD, 30.7+1.2mmHg; 95% CI,
27.9 to 33.1mmHg). The min ICP presented at 7 PM (Mean®SD,
11.3£1.1mmHg; 95% CI, 8.9 to 13.6mmHg). However the min
IOP presented at 2 AM (MeanSD, 22.3+1.0mmHg; 95% CI,
20.1 to 24.5mmHg). ICP and IOP showed significant correlation
only in 4 (16.7%) out of 24 time points (P<0.05, Table 2).

Discussion

We evaluated the correlation between intracranial pressure and
intraocular pressure in 15 patients with meningioma admitted to
our hospital, and found that 9 (60.0%) out of 15 patients had
significant correlation of ICP to IOP (P<0.05, Table 1). We also
found that although there is a significant correlation between ICP
and IOP in neurosurgical patients, changes in IOP cannot always
reflect the dynamic changes in IOP (Table 2).

Recently, some scholars have conducted clinical studies on ICP
and IOP relationship[11,12]. Theoretically, an increase in ICP
could be transmitted to the optic nerve, and thus indirectly to
the eye itself. In 2006, Sajjadi demonstrated a significant corre-
lation between IOP and ICP in a prospective cohort study for
various neurologic workups[8]|. They reported a close correla-
tion (r=0.955), with a nearly 1:1 relation between IOP and ICP.

Table 1. Basic characteristics of patients
(ICP: Intracranial pressure; IOP: Intraocular pressure; ¥*P<0.05;**P<0.01)

Pat Age Gender Location Size Treatment ICP & IOP Pearson correlation
1 21 M Prefrontal 18 Full 0.415*
2 43 F Temporal lobe | 48 Partial resection | 0.502*
3 54 M Prefrontal 37 Full 0.046

4 27 M Temporal lobe | 29 Full 0.728%*
5 35 F Parietal 55 Partial resection | 0.529**
6 37 F Temporal lobe | 42 Partial resection | 0.078

7 42 M Prefrontal 39 Full 0.379

8 28 F Parietal 40 Full 0.528**
9 49 F Prefrontal 60 Partial resection | 0.622*%*
10 58 F Temporal lobe | 31 Partial resection | 0.337
11 36 M Temporal lobe | 25 Full 0.758**
12 30 F Temporal lobe | 33 Full 0.826**
13 27 M Prefrontal 45 Full 0.835%*
14 62 M Prefrontal 57 Partial resection | 0.34

15 53 M Temporal lobe | 20 Full 0.261

However, their IOP measurements were performed with Schiotz
tonometer, and the accuracy needs to be improved. Lashutka also
found a positive correlation between elevated IOP and ICP in a
prospective observational pilot study|7]. They found that all the
patients with an abnormal ICP had an abnormal IOP; similatly,
all patients with a normal ICP had a normal IOP (sensitivity 1.00,
95% CI 0.86—1.0; specificity 1.0, 95% CI 0.93-1.0). However, the
study participants were admitted neurosurgical intensive care unit
patients with previously placed invasive ICP monitors. Therefore,
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there is an inherent selection bias in using the ICU setting be-
cause these patients are critically ill with conditions predispos-
ing them to elevated intracranial pressutre. In 2009, Czarnik and
colleagues found no relationship between ICP and IOP when
measured simultaneously in an intensive care setting among co-
matose patients on continuous ICP measuring[9]. They enrolled
comatose patients admitted to the emergency department with
traumatic and non-traumatic brain injuries such as, subarachnoid
haemorrhage and spontaneous intracerebral haemorrhage. ICP in
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Figure 1. Recorded curves of 9 out of 15 patients, which showed significant correlation between ICP and IOP (p<0.05).
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Figure 2 Recorded curves of 6 out of 15 patients, which did not show significant correlation between ICP and IOP

(P=0.05).
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Table 2. The correlation between ICP and IOP in a day
(ICP: Intracranial pressure; IOP: Intraocular pressure; ¥P<0.05 ; * *P<0.01)

Time ICP 95%CI IOPm 95% CI ICP & IOP Peat-
son correlation
0 11.8740.93 9.88 to 13.85 22.35£1.30 19.56 to 25.14 0.409
1 12.2+0.96 10.13 to 14.26 22.58+1.19 20.02 to 25.14 0.465
2 12.7340.96 10.67 to 14.80 22.3311.02 20.14 to 24.53 0.710%*
3 14.074+0.89 12.16 to 15.96 22.67£1.15 20.20 to 25.13 0.578*
4 16.17£0.92 14.19 to 18.14 25.05%11.41 22.02 to 28.08 0.560*
5 15.93+1.0 13.78 to 18.09 26.73£1.26 24.02 to 29.44 0.453
6 16.8+1.03 14.59 t0 19.0 28.20+1.13 25.77 to 30.63 0.474
7 17.0£1.06 14.7 t0 19.28 28.17£0.93 26.16 to 30.17 0.638*
8 17.67+0.90 15.73 to 19.60 30.47£1.01 28.57 to 32.90 0.157
9 15.811.24 13.13 to 18.46 30.731£1.21 27.88 to 33.06 0.049
10 13.3+1.22 10.67 to 15.93 28.98+1.43 25.91 to 32.06 -0.033
11 12.47+1.12 10.04 to 14.89 26.6311.12 24.22 to 29.04 0.094
12 11.40+1.14 8.94 to 13.86 25.98+1.11 23.60 to 28.36 0.183
13 12.3311.27 9.59 to 15.08 26.76+1.54 23.45 to 30.08 0.228
14 15.87+1.32 13.04 to 18.69 28.8311.88 24.80 to 32.86 0.505
15 17.00+1.39 14.03 to 19.98 29.77£1.76 25.98 to 33.55 0.106
16 15.001+1.48 11.83 to 18.16 29.23+1.54 25.93 to 32.54 0.135
17 12.73+1.35 9.84 to 15.63 26.27£1.19 23.71 to 28.83 0.146
18 11.40£1.02 9.21 to 13.58 25.15+1.29 22.38 to 27.92 -0.08
19 11.27£1.09 8.93 to 13.60 24.6011.41 21.58 to 27.62 -0.379
20 11.60+1.12 9.18 to 14.01 23.23+1.23 20.60 to 25.87 -0.277
21 12.07£1.03 9.86 to 14.28 22.47%11.73 18.75 to 26.18 0.14
22 12.53+1.10 10.17 to 14.89 22.52+1.74 18.79 to 26.24 0.287
23 12.67+1.20 10.09 to 15.24 23.00£1.82 19.09 to 26.91 0.443

such patients is generally more volatile, so there is also an inherent
selection bias. In addition, they only measure IOP 3 times a day,
which can not reflect the physiological fluctuations in intraocular
pressure of the day, and do not accurately reflect the intracranial
effects of intraocular pressure. When we design the study, give
full consideration to avoid these limitations. First, we enrolled
patients who diagnosised as supratentorial meningioma size less
than 60mm?2 without obviously optic nerve edema. Because su-
pratentorial meningiomas are benign tumors, changes in ICP are
not as volatile as traumatic brain injury, and avoid the oppres-
sion of the tumor to the optic foramen. Second, patients’ IOP
were measured by a portable pneumatonometer per hour a day.
We could get enough dynamic data of IOP and get physiological
changes in the curve of the day.

We found a highly significant correlation between IOP and ICP
within patients, but a significant variability in the value of this
relation between patients. In 6 out of the 15 patients studied, the
correlation between IOP and ICP was not significant (Table 1).
In these patients the translaminar pressure difference (TLPD, the
difference in IOP and ICP across the lamina cribrosa) is much
higher than the others. And the fluctuation curve of ICP and IOP
cannot coincide simultaneously. The max ICP and IOP presented
at different time, the same as the min ICP and IOP. ICP and IOP
showed significant correlation only in 4 (16.7%) out of 24 time
points (P<0.05, Table 2). Therefore, changes in IOP were an in-
sensitive indicator of changes in ICP, so the use of IOP with
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current methods as a non-invasive monitor of ICP is unlikely.
We hypothesized that there were two possible ways of interaction
between ICP and IOP. First, there was the anatomical proximity
of the eye and the intracranial space[13]. Optic nerve sheath is
surrounded by cerebrospinal fluid (CSF), which formed ICP. So it
is a probable mechanism of direct pressure transmission through
CSF exactly at the point where the optic nerve enters the orbit.
The second mechanism was pressure transmission through the
venous and/or arterial system of the brain and the ocular bulb to
the intraocular fluid[14]. In both kinds of possible mechanisms, it
requires some time to see the changes of ICP affecting IOP. On
the function curve of time series analysis, we could also see the
same delayed reaction of ICP and IOP (Fig 1 and Fig 2). There
are 86.7% percent (13 cases) of patients had temporary increased
ICP in our study. However all the cases had temporary high IOP.
Another clinical value of our research is that after reducing ICP
to normal, perhaps reducing of IOP is still needed. Research on
latency and mechanisms still need to be done with large samples.
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