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A B S T R A C T

Introduction: Anatomical proximity of the eye and the intracranial space is a fact but the existence of

physiological and pathophysiological relationships between them is elusive. The objective of this study

was to explore anatomical and pathophysiological interactions between the eye and the intracranial

space and to assess clinical utility of intraocular pressure measurement in estimation of intracranial

pressure in patients with brain injuries and to discover how haemodynamic instability could influence

these interactions. Controversy surrounds the recent literature concerning this problem and the

consensus has not been achieved.

Materials and methods: We evaluated the correlation between intracranial pressure and intraocular

pressure, intracranial pressure and mean arterial pressure, intraocular pressure and mean arterial

pressure in 40 patients with brain injuries initially comatose, admitted to our hospital. All patients

required the intracranial pressure monitoring on clinical grounds. Simultaneous recordings of

intracranial pressure, intraocular pressure and mean arterial pressure were performed.

Results: We calculated both the linear correlation coefficient and the Spearman rank-order correlation

coefficient for all three relations. We found significant correlation between intraocular pressure and

mean arterial pressure in 63% of the tested population. When the power of the test was increased, by

considering only patients with 11 or more observations, this ratio increased to 76%. However, the

correlation between intraocular pressure and intracranial pressure, as well as, between intracranial

pressure and mean arterial pressure was not significant.

Conclusions: There is no anatomical and pathophysiological basis for the statement that intraocular

pressure can be used as an indirect estimator of intracranial pressure.

� 2008 Elsevier Ltd. All rights reserved.
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Introduction

Intracranial hypertension is one of the most important
therapeutical problems in the neurocritical care. The pathophy-
siology, monitoring and treatment of intracranial pressure (ICP)
are relatively well known problems.7,30,34 Measurement of ICP is
the gold standard in neurocritical care worldwide despite the fact
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that close relation between invasive ICP monitoring and better
outcome is observed but still not well documented.5,17 Estimation
of cerebral perfusion pressure (CPP) is the mainstay of ICP/CPP
directed therapy of intracranial hypertension especially in severe
traumatic brain injury (severe TBI).10,13,23,33,39 Calculation of CPP is
performed by intraventricular or intraparenchymal ICP measure-
ment and invasive mean arterial pressure (MAP) monitoring
according to the equation CPP = MAP-ICP. ICP sensor is usually
implanted in the neurocritical care unit, the emergency depart-
ment or operating room at the day of admission after initial
diagnostic procedure (computed tomography, CT, magnetic
resonance imaging, MRI).

Anatomical proximity of the eye and the intracranial space is a
fact, but the existence of physiological and pathophysiological
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relationships between them is elusive. Some authors claim that it is
possible to estimate ICP in an alternative way using intraocular
pressure (IOP) as an indirect surrogate for ICP. Potential clinical
utility concerns prehospital and initial hospital period of brain injury
when the invasive ICP measurement procedure has not been yet
established and the indirect estimation of ICP can lead to significant
clinical conclusions, modification of the therapeutic protocol and
elimination of the potential risk of secondary insults to the brain
which are the most important problems the physician has to face
during the management process of brain injury. Other ways of
indirect assessment of ICP much as pulsatility index calculated from
transcranial Doppler measurement, evoked potentials, impedance
audiometry, ophthalmodynamometry and scalp blood flow are not
widely used in clinical practice.1,20,26,37

The objective of this study was to explore anatomical and
pathophysiological interactions between the eye and the intra-
cranial space and to assess clinical utility of IOP measurement as an
indirect estimation of ICP in patients with brain injuries. Our aim
was also to discover how haemodynamic instability (fluctuations
of MAP), which is a relatively often observed phenomenon in this
group of intracranial pathologies, could modify these interactions
and influence the absolute values of IOP and ICP. Controversy
surrounds the recent literature concerning this problem and the
consensus has not been achieved. We would like to contribute our
view to this clinical dilemma. We present the final data of clinical
series. A preliminary report of this study was published earlier.6

Patients and methods

The methodology of this prospective cohort study included
invasive, continuous monitoring of ICP and MAP. Periodical IOP
measurements were performed using contact Schioetz Eye
Tonometer. Invasive, continuous ICP measurements were insti-
tuted on clinical grounds in every patient according to the Brain
Trauma Foundation existing guidelines.10 The study was approved
by the local ethics committee in Opole (decision number 96/2003).
Informed consent was obtained from the patient’s closest relative.
We explored the correlation between IOP and ICP, IOP and MAP,
ICP and MAP.

The study was performed in the Department of Neurosurgery,
Regional Medical Centre, Opole, Poland between December 2003
and September 2006. The Regional Medical Centre in Opole is the
main trauma centre in Opole Region and serves a population of 1
million people.

Comatose patients with traumatic and non-traumatic brain
injuries caused by brain trauma, subarachnoid haemorrhage (SAH)
and spontaneous intracerebral haemorrhage (ICH) who were
admitted to the emergency department were enrolled. All patients
were in coma at the time of admission with a Glasgow Coma Scale
score (GCS) between 3 and 8. After initial resuscitation, physical
examination and diagnostics including CT, patients were trans-
ferred to the operating room or neurosurgery unit. Investigators
were called by treating neurosurgeon and a final inclusion decision
was made. Final inclusion criteria were: isolated TBI, SAH, ICH,
coma (GCS score 3–8), clinical indications for ICP monitoring
according to Brain Trauma Foundation guidelines, time less than
6 h from impact, age above 14 years. Exclusion criteria were:
multiply injured patients, spinal cord injury, high-dose steroid
therapy, significant facial and ocular trauma, a history of glaucoma,
corneal disease and age of 14 years or less.

Invasive ICP measurement included intraparenchymal place-
ment of the Microchip microtransducer (Codman MicroSensor
Basic Kit, Johnson & Johnson, Berkshire, UK) in the operating
room on the day of admission. The tip of the microtransducer was
positioned 3–4 cm within the brain parenchyma via a frontal
burr hole after calibration. ICP Express Monitor interface
(Codman & Shurtleff Inc., Raynham, MA, USA) and Spacelabs
Medical monitor type PC Scout (Spacelabs Medical, Issaquah,
WA, USA) were used for measurement. A value of 20 mmHg was
regarded as the cut-off for normal ICP. After 5–7 days of
measurement the ICP microtransducer was removed.15,38 Con-
tinuous invasive MAP measurement was performed using
bedside transducers (Gabarith, Becton Dickinson Medical, Sandy,
Utah, USA) zeroed to the heart and intraarterial cannula 20G
Venflon Pro (Becton Dickinson Infusion Therapy, Helsingborg,
Sweden) for radial artery cannulation and single lumen catheter
16G type CV-04306 (Arrow International Inc., Reading, PA, USA)
for femoral artery cannulation.2

Additional bedside monitoring procedures fulfilled the criteria
of critical care monitoring and included electrocardiography (ECG),
arterial saturation (SpO2), central venous pressure (CVP), respira-
tory rate (RR). Analogue signals from bedside monitors were
transformed to digital signals by the card number BNC-2110
(National Instruments Corporation, Austin, TX, USA) and stored on
the hard disc of a personal computer using LabVIEW 7.0 (National
Instruments Corporation, Austin, TX, USA).

The IOP was measured by using the Schioetz Eye Tonometer
(Rudolf Riester GmbH & Co, Jungingen, Germany) in both eyes and
mean IOP was calculated. Immediately before the IOP measure-
ment was taken the tonometer was cleaned and then placed on the
test block (testing procedure). If the pointer had been set to zero,
the start of measurement was possible. The patient was in a
recumbent position. The patient was sedated if necessary for
proper measurement and patient safety (to stop intracranial and
haemodynamic response). Midazolam was used for sedation
(Midanium, Polfa Warsaw, Warsaw, Poland) in a dose of 2–5 mg
(0.05 mg kg�1) intravenously. After anaesthetising the cornea with
the proxymetacaine (Alcaine-Proxymetacaini hydrochloridum,
Alcon-Couvreur S.A/N.V., Puurs, Belgium), the tonometer was
placed in a vertical position at the centre of the cornea. Reliable
pressure values were recorded when the pointer had shown a
pulse. According to the manufacturer, the pressure of a healthy eye
was approximately 16 mmHg (average value). The cut-off point for
normal IOP was defined as 21 mmHg.

Simultaneous measurement values of MAP, ICP and IOP were
recorded in the measurement protocol. IOP calculation was
performed at 8-h intervals and (depending on availability of the
investigator) if ICP value had changed by 5 mmHg or more. All IOP
measurement procedures were performed by the same person
(Tomasz Czarnik) with the same equipment. The study protocol
was initiated within 24 h after brain injury in every patient and
terminated after 1–8 days (mean measurement period, 4.5 days;
S.D., 1.7) (Table 1). The approach to the therapy of patients
followed general critical care principles and was ICP/CPP-
directed. All patients were initially mechanically normoventi-
lated without positive end-expiratory pressure (PEEP) institution.
The management of elevated ICP included 15–308 head-up
position, sedation, osmotherapy, avoidance of jugular venous
obstruction, normovolaemia, prevention of hyperthermia, mod-
erate cooling, surgical intervention and barbiturate coma as the
last resort. The treatment for ICP was initiated at an upper
threshold of 20 mmHg. The aim of the therapeutic protocol was to
maintain CPP above 60 mmHg (above lower limit of cerebral
autoregulation) with norepinephrine or dopamine intravenous
infusion if necessary.

To determine correlations between IOP, ICP and MAP we
calculated the linear correlation coefficient and the Spearman
rank-order correlation coefficient.24 The dependence was treated
as significant if the p-value<0.05 for both methods simultaneously
(in a two-sided test with the null hypothesis of no correlation). The



Table 1
Demographic data of the study group. No.: patient number, GCS: Glasgow Coma

Scale score estimated on admission, M: monitoring period in days, N: number of

simultaneous measurements of IOP, ICP, MAP in the sample, TBI: traumatic brain

injury, SAH: subarachnoid haemorrhage, ICH: spontaneous intracranial haemor-

rhage.

No. Age Sex Diagnosis GCS M N

1 34 M TBI 4 5 11

2 74 M ICH 7 6 18

3 64 M SAH 4 6 17

4 53 M TBI 4 7 19

5 69 M ICH 5 2 6

6 65 M TBI 4 4 9

7 46 F ICH 5 6 19

8 56 M TBI 4 5 15

9 57 M SAH 4 4 11

10 74 M ICH 7 6 13

11 42 M TBI 4 5 12

12 36 M TBI 8 6 12

13 55 M TBI 4 5 15

14 59 M ICH 4 8 18

15 70 M SAH 4 3 10

16 26 M TBI 6 3 6

17 36 M SAH 5 5 14

18 67 M TBI 6 5 14

19 64 F TBI 3 6 14

20 74 M TBI 4 4 8

21 43 F SAH 4 3 10

22 68 F TBI 3 7 16

23 70 M TBI 7 7 13

24 62 M TBI 4 2 5

25 51 F SAH 5 4 10

26 62 F ICH 6 3 9

27 51 M TBI 5 4 12

28 50 M TBI 5 1 5

29 58 M TBI 6 7 16

30 22 M TBI 4 4 9

31 42 M TBI 4 6 16

32 15 F TBI 4 3 10

33 53 M ICH 4 2 10

34 48 F ICH 4 5 12

35 70 M ICH 7 3 7

36 53 M ICH 4 3 9

37 63 M TBI 6 4 13

38 25 M TBI 5 6 13

39 69 M TBI 5 3 11

40 61 M TBI 4 4 11

T. Czarnik et al. / Injury, Int. J. Care Injured 40 (2009) 33–39 35
idea of using two statistical methods in this study was to augment
the reliability of results. All statistical analyses were performed
using Matlab 7.2 (The Math Works Inc., Natick, MA, USA). The
power analysis was independently confirmed with PASS 2008
(NCSS, Kaysville, Utah, USA).

Results

Forty patients, 8 females and 32 males were enrolled in the trial.
Their ages ranged from 15 to 74 years (mean value, 53.9; S.D., 15.3).
Patients sustained such intracranial pathologies as severe TBI (24
patients) with intracranial contusions, haematomas and diffuse
axonal injury (DAI), subarachnoid haemorrhage (6 patients) and
spontaneous intracerebral haemorrhage (10 patients). Demographic
data of the study group are presented in Table 1. In all, 478
simultaneous recordings of IOP, ICP, MAP were performed (5–19 per
patient; mean, 12; S.D., 3.75). The lowest IOP value recorded was
4.2 mmHg and the highest, 46.9 mmHg (mean value, 14.2 mmHg;
S.D., 6.6), for ICP and MAP, respectively: lowest, 0 mmHg; highest,
150 mmHg (mean value, 29.3 mmHg; S.D., 23.0), and lowest,
47 mmHg; highest, 170 mmHg (mean value, 97.8 mmHg; S.D., 21.6).

All calculated linear correlation coefficients and Spearman
rank-order correlation coefficients are presented in Tables 2 and 3.
Out of the 40 patients, 6 patients had a significant (and positive)
correlation of MAP to ICP. In the whole group of 40 patients both
positive and negative linear correlation coefficients were esti-
mated (mean value, 0.1992; S.D., 0.4367). This, together with the
fact that similar results were obtained for the Spearman rank-order
correlation coefficient, indicates that the MAP-ICP dependence is
no more than very weakly positive.

Statistically significant correlation of ICP to IOP appeared in
eight patients (20% of the tested population). In seven patients of
this group the correlation was positive, but in patient number 5 the
correlation was negative. As in the analysis of MAP-ICP depen-
dence, in the whole group of 40 patients both positive and negative
linear correlation coefficients were estimated (mean value, 0.2273;
S.D., 0.4488). Together with the fact that similar results were
obtained for the Spearman rank-order correlation coefficient, this
indicates that the ICP-IOP dependence is no more than very weakly
positive.

Significant (and positive) correlation of MAP to IOP was found in
25 patients. The range for the value of the linear correlation
coefficient was 0.5890–0.9812 (mean value, 0.8466; S.D., 0.1044),
whereas for the Spearman rank-order correlation coefficient
0.6436–1 (mean value, 0.8402; S.D., 0.1099). Unlike in the case
of previous two correlation studies, in the whole group of 40
patients only positive linear correlation coefficients between MAP
and IOP were estimated (mean value, 0.7337; S.D., 0.2323). Also
the Spearman rank-order correlation coefficients were positive
(except for one patient, no. 15).

Power analysis reveals the fact that a sample size of 11
observations achieves 73%, 82% and 90% power to detect a
difference between the null hypothesis of no linear correlation
and the alternative hypothesis correlation of 0.7, 0.75 and 0.8,
respectively, using a two-sided hypothesis test with a signifi-
cance level of 0.05. In our previous study6 the median value (the
median is more robust to outliers, hence it is used here instead of
the mean) of the linear correlation between MAP and IOP was
found to be ca. 0.75. Taking this value as a benchmark and
considering only patients with at least 11 observations allows us
to say that the power (the probability of rejecting a false null
hypothesis) of the test for linear correlation is ‘on average’ above
80%, which is a commonly acceptable value. Consequently, we
repeated the MAP-IOP correlation study selecting only patients
who had at least 11 measurements (there are 25 such patients in
the whole study group). Significant (and positive) correlation of
MAP to IOP was found in 19 patients. The range for the value of
the linear correlation coefficient was 0.5890–0.9711 (mean
value, 0.8205; S.D., 0.1053), whereas for the Spearman rank-
order correlation coefficient 0.6436–0.9908 (mean value, 0.8121;
S.D., 0.1094).

Globally, only the correlation between MAP and IOP was
significant, but neither ICP and IOP nor MAP and ICP could be
considered as correlated. Linear dependence was observed only
between MAP and IOP (see Fig. 1).

Discussion

We hypothesised that there were two possible ways of
interaction between the eye and the intracranial space which
could be the source of relationships between ICP and IOP. First,
there was the anatomical proximity of the eye and the intracranial
space and probable mechanism of direct pressure transmission
through the cerebrospinal fluid surrounding the optic nerve sheath
exactly at the point where the optic nerve enters the orbit. The
second mechanism (treated by us as more probable) was pressure
transmission through the venous and/or arterial system of the
brain and the ocular bulb to the intraocular fluid.



Table 2
Calculated linear correlation coefficients; bold numbers represent significance at the usual 5% level. No.: patient number, N: number of simultaneous measurements of IOP,

ICP, MAP in the sample.

No. N Linear correlation coefficient p-Value

MAP$ ICP MAP$ IOP ICP$ IOP MAP$ ICP MAP$ IOP ICP$ IOP

1 11 �0.0480 0.5878 0.4916 0.8886 0.0572 0.1246

2 18 �0.1813 0.8526 �0.0783 0.4716 <0.0001 0.7575

3 17 0.5250 0.8013 0.6142 0.0305 0.0001 0.0087
4 19 0.3137 0.7164 0.0765 0.1909 0.0006 0.7555

5 6 �0.6748 0.9160 �0.8252 0.1414 0.0103 0.0432
6 9 �0.0397 0.9233 0.0946 0.9193 0.0004 0.8087

7 19 �0.0068 0.8744 0.2765 0.9779 <0.0001 0.2518

8 15 0.6523 0.1301 0.0394 0.0084 0.6439 0.8891

9 11 0.7993 0.9711 0.8762 0.0032 <0.0001 0.0004
10 13 0.7326 0.4899 0.0397 0.0044 0.0893 0.8976

11 12 �0.1911 0.4519 0.4971 0.5519 0.1403 0.1001

12 12 �0.2981 0.8026 0.0940 0.3466 0.0017 0.7713

13 15 0.1439 0.9650 0.1642 0.6090 <0.0001 0.5588

14 18 0.0743 0.2305 0.5838 0.7696 0.3575 0.0110
15 10 �0.4196 0.8726 �0.6566 0.2274 0.0010 0.0392
16 6 0.4645 0.0056 �0.4869 0.3534 0.9916 0.3274

17 14 0.2953 0.7863 0.6709 0.3053 0.0009 0.0086
18 14 �0.0270 0.6518 0.4731 0.9269 0.0115 0.0875

19 14 �0.3976 0.8560 �0.4056 0.1592 0.0001 0.1502

20 8 0.1757 0.6620 0.2310 0.6773 0.0737 0.5820

21 10 �0.6114 0.5815 �0.4150 0.0604 0.0779 0.2330

22 16 0.3288 0.5202 0.5457 0.2137 0.0389 0.0288
23 13 0.3230 0.7877 0.0801 0.2818 0.0014 0.7948

24 5 0.5406 0.8288 0.7632 0.3469 0.0828 0.1333

25 10 0.5227 0.4588 �0.0383 0.1211 0.1822 0.9163

26 9 0.5097 0.9273 0.6951 0.1610 0.0003 0.0376
27 12 0.2372 0.9095 0.2584 0.4578 <0.0001 0.4174

28 5 0.8606 0.9675 0.7831 0.0612 0.0070 0.1172

29 16 0.6383 0.5890 0.2320 0.0078 0.0164 0.3873

30 9 �0.5111 0.6873 �0.3664 0.1597 0.0408 0.3321

31 16 0.4928 0.8340 0.4136 0.0525 0.0001 0.1112

32 10 0.3529 0.7479 0.0722 0.3172 0.0129 0.8428

33 10 0.9026 0.9038 0.8725 0.0004 0.0003 0.0010
34 12 0.0269 0.6801 0.3795 0.9339 0.0150 0.2237

35 7 �0.4109 0.9812 �0.3912 0.3598 0.0001 0.3855

36 9 0.2754 0.8860 0.2403 0.4732 0.0015 0.5335

37 13 0.6174 0.8908 0.7267 0.0246 <0.0001 0.0049
38 13 0.4056 0.7772 0.7066 0.1692 0.0018 0.0069
39 11 0.8883 0.9270 0.9040 0.0003 <0.0001 0.0001
40 11 �0.3123 0.9159 �0.1411 0.3498 0.0001 0.6789
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The results of our study reveal that in general the correlation
between ICP and IOP does not exist. Eight patients with a positive
correlation of ICP to IOP can be treated as a minority. There were no
special features which could lead to any conclusion and point at
the probable reason for the appearance of the positive correlation
of ICP to IOP in such a small group of patients. Aetiologically, it was
a heterogenic group. The correlation between MAP and ICP
revealed in six patients of the tested population is globally
insignificant too. In fact, lack of correlation between MAP and ICP
should be treated with caution. Relationships between MAP and
ICP are used for the assessment of cerebral autoregulation.
The negative correlation of MAP to ICP is observed when the
mechanism of cerebral autoregulation is preserved whereas the
positive correlation exists when this mechanism is impaired. These
relations are described by the pressure–reactivity index (PRx)
which reflects changes of ICP as a consequence of spontaneous
MAP fluctuations.8,18 We used single measurements of MAP and
ICP for estimating the correlation between these variables but it
seems that long term continuous recordings should be used for
such estimations, especially in conditions of haemodynamic
instability. Statistically significant correlation between MAP and
IOP was observed in 63% of the tested population. Moreover, when
the power of the test was increased, by considering only patients
with at least 11 observations, this ratio increased to 76%. Our
results contribute to the controversy that surrounds the recent
literature exploring the problem of relation between the eye and
intracranial space in patients with intracranial pathologies.

Salman claims that tonometric measurement of IOP is a good
estimator of ICP value.35 He concludes that the cerebrospinal fluid
surrounds the optic nerve sheath to the point where the optic
nerve enters the orbit so elevations of ICP could be directly
transmitted to the eyeball. A second potential mechanism
according to Salman is the rise of the ophthalmic venous pressure
as a direct consequence of the ICP increase. He cites Lehman et al.’s
study on Rhesus monkeys.21 Lehman et al. used an intracranial
balloon to raise the ICP and then measured the IOP. The increase of
IOP was not rapid and started when the ICP value reached
46.8 mmHg (mean value). The IOP rise curve reached a plateau at
ICP values about 74 mmHg and the mean IOP increase was only
6.4 mmHg. We think that Lehman et al.’s study is not a proof of the
utility of IOP in the indirect estimation of ICP. The IOP rise was not
high and started when the ICP reached very high values. Such ICP
values are relatively rare phenomena in the initial phase of brain
injury and the therapy for intracranial hypertension starts usually
at the ICP threshold of 20 mmHg.

Hayreh was raising ICP to 50 mmHg in 27 Rhesus monkeys and
did not observe increases in IOP.11 He claims that there is no
anatomical and pathophysiological basis to explain relationships



Table 3
Calculated Spearman rank-order correlation coefficients; bold numbers represent significance at the usual 5% level. No.: patient number, N: number of simultaneous

measurements of IOP, ICP, MAP in the sample.

No. N Spearman rank-order correlation coefficient p-Value

MAP$ ICP MAP$ IOP ICP$ IOP MAP$ ICP MAP$ IOP ICP$ IOP

1 11 �0.2965 0.0151 0.4567 0.3759 0.9648 0.1579

2 18 �0.1172 0.8272 0.0927 0.6432 <0.0001 0.7146

3 17 0.4760 0.8323 0.6551 0.0535 <0.0001 0.0043
4 19 0.3033 0.7174 �0.0825 0.2069 0.0005 0.7372

5 6 �0.4638 0.7143 �0.8117 0.3542 0.1108 0.0499
6 9 �0.0681 0.9132 0.0934 0.8618 0.0006 0.8111

7 19 0.0704 0.8745 0.3499 0.7747 <0.0001 0.1419

8 15 0.7242 0.0437 0.3636 0.0023 0.8772 0.1827

9 11 0.7969 0.9908 0.7972 0.0033 <0.0001 0.0033
10 13 0.6792 0.7052 0.2401 0.0107 0.0071 0.4294

11 12 �0.2228 0.3926 0.4809 0.4863 0.2069 0.1135

12 12 �0.2340 0.8182 �0.0186 0.4642 0.0011 0.9543

13 15 0.0497 0.9409 0.1895 0.8603 <0.0001 0.4987

14 18 0.0281 0.3432 0.5267 0.9120 0.1632 0.0247
15 10 �0.3884 0.9077 �0.5276 0.2674 0.0003 0.1170

16 6 0.2273 �0.0455 �0.3636 0.6650 0.9319 0.4786

17 14 0.1536 0.9014 0.4602 0.6001 <0.0001 0.0978

18 14 0.0058 0.6520 0.4465 0.9843 0.0115 0.1095

19 14 �0.5056 0.9110 �0.3369 0.0651 <0.0001 0.2388

20 8 0.1520 0.6121 0.0132 0.7193 0.1068 0.9752

21 10 �0.4692 0.2006 �0.1354 0.1713 0.5784 0.7092

22 16 0.2230 0.4608 0.5949 0.4065 0.0724 0.0151
23 13 0.3833 0.7418 0.1294 0.1960 0.0037 0.6735

24 5 0.3947 0.2895 0.7895 0.5108 0.6366 0.1122

25 10 0.5836 0.4360 0.2530 0.0765 0.2078 0.4806

26 9 0.3629 0.9061 0.4292 0.3371 0.0008 0.2490

27 12 �0.0319 0.9056 0.0565 0.9216 0.0001 0.8614

28 5 0.6000 0.9747 0.6669 0.2848 0.0048 0.2189

29 16 0.7384 0.6457 0.3326 0.0011 0.0069 0.2082

30 9 �0.5788 0.4702 �0.2684 0.1025 0.2016 0.4850

31 16 0.4048 0.6436 0.5329 0.1199 0.0071 0.0335
32 10 0.4195 0.5858 0.1305 0.2276 0.0752 0.7194

33 10 0.7744 0.8750 0.6962 0.0085 0.0009 0.0253
34 12 0.0248 0.7018 0.3762 0.9390 0.0110 0.2281

35 7 �0.3670 1.0000 �0.3670 0.4181 <0.0001 0.4181

36 9 0.3361 0.6629 0.5224 0.3765 0.0516 0.1490

37 13 0.5155 0.8705 0.7047 0.0714 0.0001 0.0072
38 13 0.0347 0.7030 0.4092 0.9105 0.0074 0.1650

39 11 0.8545 0.9245 0.8925 0.0008 <0.0001 0.0002
40 11 0.0484 0.8268 �0.0399 0.8877 0.0017 0.9073
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between IOP and ICP. The cerebrospinal fluid is separated from the
eyeball and the optic nerve by fibrous tissue which limits pressure
transmission. The hypothesis that elevation of ICP could be
transmitted via the cavernous sinus to the superior ophthalmic
vein was clinically verified by Lirng et al.22 He observed a widening
of the superior ophthalmic vein in intracranial hypertension on
MRI, but high pressure in the superior ophthalmic vein was not
transmitted to IOP. We think that it could be explained by the fact
that the superior ophthalmic vein is connected not only with the
cavernous sinus but also with the facial vein (via the angular vein).
Pressure elevation in the cavernous sinus theoretically might
divert blood flow toward the facial vein via the superior
ophthalmic vein, preventing IOP rise (there are no valves in the
superior ophthalmic vein). This could explain the lack of
correlation between ICP and IOP in our study.

Firsching et al. and Motschmann et al. confirmed the lack of
correlation between IOP and ICP but observed strict relations
between IOP and venous outflow pressure (VOP) from the central
retinal vein in 31 patients with intracranial hypertension.9,26 They
used venous ophthalmodynamometry to estimate VOP. Querfurth
et al. used venous ophthalmodynamometry to estimate VOP and
transcranial Doppler to measure blood flow velocity in the central
retinal artery and ophthalmic artery.29 He assessed the Gosling
pulsatility index (PI) for these arteries which is used for a non
invasive estimation of ICP. He proposed a new index of VOP/PI as a
better predictor of ICP rises. We think that these observations
could also be anatomically explained. The central retinal vein
directly enters the cavernous sinus and does not have a major
alternative anastomosis. That is why the VOP elevation reflects
intracranial hypertension, while it has no influence on IOP.

Sheeran et al. observed considerable correlation between IOP
and ICP in 31 patients with various intracranial pathologies (77% of
the tested population).36 The mean increase in ICP per 1 mmHg rise
in IOP was 11 mmHg but a significant diversity was observed in the
tested group. Sheeran et al. claimed that the variability in the value
of the relation of IOP to ICP with this method of indirect estimation
of ICP is not useful in clinical practice. Our study uses a slightly
different approach, which might be the cause of the lack of
correlation of IOP to ICP. Each patient was observed for a longer
period of time. The minimum number of measurements per day
was 3. Haemodynamic instability was not the cause of exclusion
and this instability seemed very interesting to us. Frequent
changes in MAP, which is a relatively often observed phenomenon
in patients with brain injuries, were associated with significant IOP
value changes in most patients (positive correlation) without
marked changes in ICP. It could suggest that MAP-related
regulation of IOP is present in patients with intracranial pathology.
We think that the rise of MAP could be directly transmitted to the
arteries of the eyeball and then to the ocular fluid arising the IOP.
The eyeball is supplied with arterial blood by the ophthalmic



Fig. 1. (Top left) Linear regression lines, corresponding to linear correlation between IOP and MAP, for 30 patients with significant (at the 5% level) linear correlation. Globally,

significant linear correlation can be observed for these data. The regression line emphasised in bold corresponds to patient no. 13. (Top right) Linear regression lines for the

remaining 10 patients. The regression line emphasised in bold corresponds to patient no. 25. (Bottom right) Correlation plot for a sample patient (no. 13) with significant

linear correlation. (Bottom right) Correlation plot for a sample patient (no. 25) with insignificant linear correlation.
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artery, which is the intracranial branch of the internal carotid
artery. The ophthalmic artery enters the eyeball with the optic
nerve through the optic canal.

Raitsamer et al. studied the relation between ocular haemo-
dynamics and IOP in rabbits.31,32 According to him IOP is
dependent on ocular perfusion pressure (OPP), which can be
defined according to the equation OPP = MAP-IOP. There is a direct
link between production of ocular fluid, the value of IOP and the
blood flow through the ciliary body of the eye. The rise of MAP can
directly stimulate the IOP increase. Nagdeve et al. studied the IOP
rise after ketamine administration in children.27 Ketamine
stimulates ciliary blood flow and as a consequence indirectly
elevates the IOP. We think that the close relation of MAP to IOP
observed in our study can be explained in the same way. Because of
the nonexistence of the mechanism of autoregulation in the ciliary
body we can make the assumption that there is probably a linear
relation of IOP to ciliary blood flow and, as a consequence, to MAP.
The absence of such correlations in 40% of the tested population
could be caused by considerable influences of other mechanisms
of IOP regulation (extraocular muscles contraction or central
regulation). Close relation between MAP and IOP is observed in
anaesthetic practice. The IOP rises after anaesthesia induction and
endotracheal intubation can be caused by inadequate analgesia,
stress reaction, catecholamine stimulation, increase of ciliary
blood flow and, finally, high values of MAP.14,16,25,28

Laschutka et al. claim that high tonometric values of IOP are
good predictors of intracranial hypertension but the strict
calculation of ICP from IOP is not possible.19 We think that an
absolute high value of IOP is not a good predictor of intracranial
hypertension. In a small group of humans after the age of 40 years,
IOP values higher than 20 mmHg are observed and this is not
treated as pathology, if only IOP measurement trends are analysed.
Laschutka et al. performed 3 simultaneous measurements of IOP in
each patient (mean value) which is a relatively small number. They
did not analyse correlations of IOP to ICP in every patient but rather
summarised the results for all 76 simultaneous measurements. If
such a methodology was applied to our dataset (with the outlier–
patient 14–excluded) we would find significant correlations for all
three pairs: MAP-ICP, MAP-IOP and ICP-IOP. But this information is
meaningless as population-wide values do not necessarily
translate into values for individual patients, and it is the latter
that we are truly interested in. Moreover, in the scatter plot of ICP
versus IOP presented by Laschutka et al. a significant dispersion
appears in the range of high values of IOP and ICP, which is rather a
proof of poor agreement between these two measurements.

Limitations

The significant limitation of our study was the availability of the
person performing IOP measurement (Tomasz Czarnik). We
assumed that measuring IOP by one person only eliminates the
bias related to different techniques of measurement. But as a
consequence it was not possible to react to every change of ICP
value of 5 mmHg and more. The measurement regime of 8-hour
intervals was preserved.

The second limitation was the influence of drugs on IOP. The IOP
value can be modified by mannitol, carbonic anhydrase inhibitors,
beta-adrenergic receptor antagonists and midazolam. Carbonic
anhydrase inhibitors and beta-adrenergic receptor antagonists
were not administered in the study group but almost every patient
received mannitol (osmotherapy) and midazolam (sedation).
Mannitol is administered intravenously before ocular surgical
procedures in a dose of 1.5–2 g kg�1 to lower IOP. Patients of the
study group were receiving mannitol in a doses of 0.5–0.8 g kg�1

every 4–6 h. Mean sedative intravenous doses of midazolam in
the study group were 0.1–0.2 mg kg�1 per hour and additional
doses administered before the measurement procedure were
0.5 mg kg�1. Carter et al. claim that intravenous administration of
midazolam in a dose of 1 mg does not lower IOP,3 whereas
Hirlinger et al. observed a reduction in intraocular pressure after
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administration of midazolam at a much higher dose of
0.15 mg kg�1 intravenously with other anaesthetic drugs after
induction of anaesthesia.12 Cesati et al. measured IOP after
intravenous midazolam premedication (0.05 mg kg�1) and anaes-
thesia induction.4 No reduction in IOP was observed. We assumed
that mannitol and midazolam doses administered in the study
group had limited influence on IOP.

We wondered whether mechanical ventilation could have
modified the results. We did not observe peak inspiratory
pressures above 30 cmH2O, PEEP was not used. However, Theba
et al. claims that long lasting mechanical ventilation with PEEP of
15 cmH2O can elevate IOP.40 The clinical necessity of the PEEP
institution did not appear in the study group.

Conclusions

There is no anatomical and pathophysiological basis for the
statement that IOP can be used as an indirect estimator of ICP.
Ocular tonometry is not a useful method for the assessment of ICP
in prehospital and initial hospital period in patients suffering from
brain injuries. The lack of correlation between MAP and ICP, which
appeared in our study, should be treated with caution. It seems
that that long term continuous recordings should be rather used
for such estimations, especially in conditions of haemodynamic
instability. Considerable correlation of MAP to IOP in 63% of
patients of the study group (when the power of the test was
increased, by considering only patients with 11 or more observa-
tions, this ratio increased to 76%) appeared probably because there
is a direct link between production of ocular fluid, the value of IOP
and the blood flow through the ciliary body of the eye. The absence
of such correlations in 40% of the tested population could have
been caused by considerable influences of other mechanisms of
IOP regulation, like extraocular muscles contraction or central
regulation. On the other hand, the moderately large values of the
correlation coefficient suggest that with much larger samples,
almost all subjects would be shown to have a significant positive
association.
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