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Abstract

Background: The correlation between intracranial pressure (ICP) and intraocular pressure (IOP) is still controversial
in literature and hence whether IOP can be used as a non-invasive surrogate of ICP remains unknown. The aim of
the current study was to further clarify the potential correlation between ICP and IOP.

Methods: The IOP measured with Goldmann applanation tonometer was carried out on 130 patients whose ICP
was determined via lumber puncture. The Pearson correlation coefficient between ICP and IOP was calculated, the
fisher line discriminated analysis to evaluate the effectivity of using IOP to predict the ICP level.

Results: A significant correlation between ICP and IOP was found. ICP was correlated significantly with IOP of the
right eyes (p < 0.001) and IOP of the left eyes (p = 0.001) and mean IOP of both eyes (p < 0.001), respectively.
However, using IOP as a measurement to predict ICP, the accuracy rate was found to be 65.4%.

Conclusion: Our data suggested that although a significant correlation exists between ICP and IOP, caution needs
to be taken when using IOP readings by Goldmann applanation tonometer as a surrogate for direct cerebrospinal
fluid pressure measurement of ICP.
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Background
Intracranial pressure (ICP) is an essential measurement in dis-
ease diagnosis for the central nervous system [1]. Elevated ICP
is often the initial signal of some life threatening conditions
such as traumatic brain injury, mass effect from tumors or
various hemorrhagic catastrophes. Currently, direct measure-
ment of cerebrospinal fluid pressure (CSFP) by lumbar punc-
ture or catheter manometer of intraparenchymal or
intraventricle pressure is considered to be the “gold standard”
of ICP measurement. However, the direct measurement of
ICP is not without risk due to its invasiveness and potential
risk of intracranial hemorrhage, or even cerebral herniation
and hence cannot be widely used as a matter of safety con-
cerns. The noninvasive methods of ICP measurement such as
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transcranial Doppler (TCD), visual-evoked responses (VERs),
brain stem auditory- evoked responses (BAERs), ophthalmo-
dynamometry, scalp blood flow (SBF) measured by Laser
Doppler, and impedance audiometry are still explored at pre-
clinical stage or require further validation [2-6]. Moreover, the
limitations of these examinations including special equipment
requirements and time consumption may likely prevent adop-
tion for a wide clinical use. Recent publications suggest a
strong correlation between ICP and intraocular pressure
(IOP) [7-9], which, however, is not supported by other previ-
ous studies [10-12]. In this study, we have mesured ICP and
IOP on 130 patients to investigate whether the non-invasive
IOP measurement could be an effective surrogate for direct
CSFP measurements of ICP.
Methods
This was a hospital-based prospective cohort study con-
ducted at two university affiliated hospitals from May
2010 to May 2011. The Medical Ethics Committees of
his is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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the Xuanwu Hospital and Beijing Tongren Hospital,
Capital Medical University, Beijing, China, approved the
study protocol. With their informed consent obtained,
one hundred and seventy-five patients who underwent
lumber puncture due to different neurological symptoms
or neurological diagnoses were enrolled in this study.
Patients with glaucoma and history of intraocular oper-

ation or ocular disease that influenced intraocular pressure
measurement were excluded from the study. The exclu-
sion criteria also included history of intracranial surgery
and spinal cord disease. Other reasons causing a mis-
measurement of CSFP by lumber puncture, and medicine
intake, such as mannitol, carbonic anhydrase inhibitors, β-
blockers, that would influence either ICP or IOP were also
excluded. According to this exclusion criteria, 2 patients
with glaucoma, 1 patient with intraocular silicone oil per-
sistence, 1 patient with severe pterygium, 13 patients with
history of intraocular surgery for cataract treatment, 16
patients with history of intracranial operation, and 5
patients with occupying lesion in the spine diagnosed by
MRI and 7 patients with medication administration were
excluded. The remaining 130 patients were included in
the final data analysis. The causes of lumber puncture are
shown in Table 1.
Before lumber puncture examination, patient’s IOP

was measured 3 times with a Goldmann applanation
tonometer under topical anesthesia and the mean value
of three was used for data analysis. All patients were
then followed with CSFP measurement. All lumber
puncture and CSFP measurement with a standard
Table 1 The reasons for CSF pressure measurement viaa
Lumber Puncture

Cause of lumber puncture n %

headach 49 37.7

Acroparesthesia 27 20.8

Limbs anergy 19 14.6

Meningitis review 7 5.4

Convulsion 4 3.1

Venous sinus thrombosis review 4 3.1

Locomotion disability 4 3.1

Diplopia 3 2.3

Language disorders 2 1.5

Loss of memory 2 1.5

limb’s muscle atrophy 2 1.5

facial palsy 2 1.5

mental disorder 1 0.8

bucking during drink 1 0.8

difficult to swallow 1 0.8

heteronomous shaking 1 0.8

paroxysmal neck turning to the side. 1 0.8

total 130 100
method that was described in our previous work [13]
were performed during 8 to10 AM.
The data was presented as Mean±SD. The Pearson cor-

relation coefficient for assessing the correlation between
ICP and IOP and the fisher line discriminant analysis for
evaluating the accuracy rate to predict ICP with IOP were
performed with SPSS software (SPSS for Windows, ver-
sion 13.0, SPSS, Chicago, IL, USA). A P value less than
0.05 was considered to be of statistical significance.
Results
Of the remaining 130 patients, 74 cases (56.9%) were
men and 56 cases (43.1%) were women. The patients’
epidemic data and measured IOP and ICP values are
presented in Table 2. Among them, 2.3% (3/130) of
patients had decreased ICP less than 5 mmHg, 68.5%
(89/130) of patients had normal ICP between 5 and
15 mmHg, and 29.2% (38/130) of patients with the ele-
vated ICP more than 15 mmHg. Regarding MIOP
values, 6.9% (9/130) of patients had lower IOP, less than
10 mmHg; 90.8% (118/130) of patients with normal IOP
between 10 and 21 mmHg,the other 2.3% (3/130) of
patients with higher IOP more than 21 mmHg.
Our results showed that ICP was significantly and

positively correlated with IOP. ICP was correlated sig-
nificantly with IOP of the right eyes (r = 0.33, P < 0.001)
and IOP of the left eyes (r = 0.29, p = 0.001) and mean
IOP (MIOP) of both eyes (Figure 1) (r = 0.320, p < 0.001),
respectively. A significant correlation between ICP and
BMI (r = 0.52, p < 0.001) but no correlation between ICP
and age (p = 0.095, r =−0.147) were found.
When ICP of 200 mmH20 (15 mmHg) was used as the

cutoff point, the patients then were divided into two
groups (ICP ≤ 15 mmHg vs > 15 mmHg) for further ana-
lysis to see whether IOP can predict the patients’ ICP
(Table 3).
Using fisher line discriminant analysis, two discrimin-

ant equations were obtained:Group1:ICP = 1.926 ×
MIOP-14.113;Group2:ICP= 2.147 ×MIOP-17.361. The
cutoff point of discrimination is 0.5. The wilk’s lambda
value of this function is 0.931 (p = 0.003) with 65.4% of
original grouped cases that has been correctly classified.
Table 2 Patients’ epidemic data

minimum maximum mean± SD

Age (year) 12 26 37 ± 15

BMI (kg/m2) 16.9 37.1 23.8 ± 4.0

IOP-OD (mmHg) 8.1 27.0 14.40 ± 3.05

IOP-OS (mmHg) 8.3 22.5 14.40 ± 2.72

MIOP (mmHg) 8.4 24.8 14.40 ± 2.78

ICP (mmHg) 3.31 29.41 12.79 ± 5.34



Figure 1 The scatter plot of ICP (mmHg) measurement versus MIOP (mmHg) measurement with a positive correlation (r = 0.320,
P < 0.001).
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Discussion
We examined the relationship between the ICP mea-
sured by lumber puncture and the IOP determined by
applanation tonometer on 130 patients and found a sig-
nificant correlation between ICP and IOP (r = 0.32,
p < 0.001) which is in line with previous published stud-
ies [13] [14]. In a recent study with 76 concurrent ICP
and IOP measurements in 27 patients in emergency
medicine settings, all patients with an abnormal ICP had
an abnormal IOP and vice versa [7] which was well sup-
ported by the work conducted in children with severe
head injuries [9]. In Rhesus monkeys, experimentally
induced raised ICP caused an increase in IOP [15]. ICP
and IOP changed in parallel during induced respiratory
acidosis and alkalosis was also well documented [16]. In
an experiment on dogs, prostaglandin (E1, E2, A2) infu-
sions induced a decrease of both ICP and IOP [17].
Taken together, all studies in animals and humans, one
may conclude that IOP could predict ICP to some ex-
tent. There are also anatomical and physiological reasons
for both pressures reflecting one to the other regardless
of disease status: 1) The cerebrospinal fluid (CSF) in
Table 3 The results of using IOP measurement to
evaluated the ICP level

Primary
group

Predicted group total

Group1 Group2

Group1 59 33 92

Group2 12 26 38

total 71 59 130
optic nerve subarachnoid space communicates with CSF
in the brain at the site of the chiasmatic cistern. Direct
pressure transmission through the CSF surrounding the
optic nerve sheath exactly at the point where the optic
nerve enters the orbit; 2) Most blood in optic veins
backflow into the intracranial cavernous sinus through
the superior orbital fissure. Increased ICP causes
increased ophthalmic venous pressure, which would be
transmitted directly to the ocular fluid, thus increasing
the IOP [18]. In addition, A neuroimaging study showed
a significant shorter axial length of the eye globes in
patients with idiopathic intracranial hypertension com-
pared with control subjects [19]. The enlarged retro-
bulbar optic nerve most probably exerted anteroposterior
compression on the globe as evidenced by the posterior
sclera flattening associated with intracranial hyperten-
sion [20]. It was the compressed eye globe volume that
caused increased IOP. IOP and ICP have a similar phys-
iological pressure range and similar response to changes
in intraabdominal and intrathoracic pressure [21]. The
fast changes in IOP and ICP by a probable alteration of
intraocular and intracranial blood volumes was also
reported [16].
However, we only found IOP in about two-thirds of the

cases (65.4%) can correctly predict ICP level in this group
of participants. The IOP and ICP are two interrelated and
relatively independent pressure systems. IOP and ICP
keep themselves in a relatively stable state through aque-
ous circulation and CSF circulation and their correspond-
ing neural regulatory mechanisms respectively. Therefore,
either a mild change in ICP cannot cause a considerable
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change in IOP which has been demonstrated clearly in a
previous study [14] or there is even no correlation be-
tween IOP and ICP as reported previously [10]. In an ele-
gant study using complicated measures to determine the
relationship between invasive continuous monitoring of
ICP using the intraparenchymal sensor and IOP measure-
ment using the Schioetz Tonometer in 22 patients [11],
the correlation between ICP and IOP was only found in 2
patients. No significant correlation between the average
IOP for both eyes and ICP was also well demonstrated in
an another study [12].

Conclusion
In summary, although a significant correlation exists be-
tween ICP and IOP, caution needs to be taken when
using a single IOP measurement with Goldmann appla-
nation tonometer to be an surrogate for direct CSFP
measurements of ICP.
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