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    Abstract      Background:  The correlation between cerebrospinal 
fl uid (CSF) and intraocular pressure (IOP) is still unclear. We 
compared CSF and IOP measured by the same invasive tech-
nique using a new experimental model in rabbits during changes 
of body position.  Methods:  Pressure changes were recorded in 
the lateral ventricle (LV), the cortical subarachnoid space (CSS), 
and the anterior ocular chamber of anesthetized rabbits ( n  = 12). 
Animals and measuring instruments were both fi xed on a board 
at an adequate hydrostatic level.  Results:  In a horizontal posi-
tion, control IOP (15.1 ± 1.6 cmH 2 O) and CSF pressure in the 
LV (12.4 ± 0.6 cmH 2 O) and CSS (12.2 ± 0.9 cmH 2 O) were simi-
lar during the 60-min period. When changing the body position 
from horizontal to vertical (upright), CSF pressures decreased 
drastically (LV = −5.5 ± 2.6 cmH 2 O and CSS = −7.7 ± 2.3 
cmH 2 O), while the IOP decreased moderately (IOP = 13.3 ± 0.5 
cmH 2 O).  Conclusion:  Change in body position from horizontal 
to vertical causes drastic changes in CSF pressure and moderate 
changes in IOP. Thus, IOP is not refl ected by the CSF pressure. 
In an upright position, the values of CSF pressure were equal to 
the hydrostatic distance between measuring points and the fora-
men magnum, which suggests that CSF pressure inside the cra-
nium depends on its anatomical and biophysical features, and 
not on CSF secretion and absorption.  

   Keywords      Body position   •   Intraocular pressure   • 
  Cerebrospinal fl uid pressure   •   Cerebrospinal fl uid 
hydrodynamics  

      Introduction 

 Studies published in the literature that analyze the correlation 
between intracranial pressure (ICP) and intraocular pressure 
(IOP) report contradictory fi ndings. Some authors suggested 
that abnormal IOP is an excellent indicator of the abnormal 
ICP in patients with known intracranial pathological condi-
tions, based on their reports of signifi cant correlations between 
IOP and ICP [ 11 ,  16 ]. On the contrary, other reports highlight 
that changes in IOP are a poor predictor of changes in ICP, and 
that an increase in ICP does not affect IOP [ 4 ,  17 ]. One of the 
possible explanations for the contradictory data is the method-
ology used to measure the CSF and IOP: in patients, CSF pres-
sure is recorded using an invasive method, whereas the IOP is 
measured using a noninvasive method. Second, the measuring 
instruments were not set to the same reference point. Indeed, 
large differences were found between the control IOP values 
that were measured using different methods in animals of the 
same species. For example, the control IOP values in rabbit 
models range from 5.8 ± 0.6 mmHg [ 7 ], measured using non-
invasive methods, to 18.1 ± 3.3 mmHg, measured using can-
nulation [ 14 ]. To overcome this obstacle, we have developed a 
new experimental animal model in which CSF pressure and 
IOP are measured using an identical invasive method, with the 
pressure transducers set to the same reference point and posi-
tioned at an adequate hydrostatic level. In this study, CSF pres-
sure was recorded at two different positions (the lateral 
ventricle and the cortical subarachnoid space). We analyzed 
the correlations of the changes in CSF pressures and the 
changes in IOP during the 60-min period in the horizontal 
position and after the body was raised into a vertical position.  

    Materials and Methods 

 The study was performed on 12 male and female adult rab-
bits (2.6–4.2 kg body weight). The animals were kept in 
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cages with natural light–dark cycles and had access to 
water and food. The animals were in quarantine for 30 
days, and the experiments were performed in accordance 
with the Croatian Animal Welfare Act. The study was 
approved by the institutional ethics committee (approval 
no. 04-76/2008-911). 

 The rabbits were anesthetized with urethane (2 g/kg). 
The anesthetic was applied in the ratios of two thirds and 
one third into the auricular vein and peritoneum of the 
rabbit respectively. The animal was fi xed in a stereotaxic 
head holder in the sphinx position. A stainless steel can-
nula (i.d. of 0.9 mm) was introduced into the left lateral 
ventricle at 5 mm lateral from the sagittal line, 5 mm pos-
terior from the frontal suture, and 5–7 mm below the dural 
surface. A second cannula was placed into the cortical 
subarachnoid space on the right. Cannulas in the LV and 
CSS were used for the measurement of intracranial CSF 
pressure. 

 The leakage of CSF was prevented by applying the cya-
noacrylate glue to the dura around the cannula. Bone open-
ings in the cranium were hermetically closed by the 
application of a dental acrylate. The third cannula (27-gauge) 
was inserted through the perilimbal side of the cornea into 
the anterior chamber of the eye for the purposes of measur-
ing IOP. The leakage of aqueous humor was prevented by 
applying the cyanoacrylate around the cannula. 

 After setting the measuring cannulas, the rabbit was 
removed from the stereotaxic device and fi xed in a prone 
position on a board (Fig.  1 ). CSF and IOP pressures were 
recorded by pressure transducers (Gould P23 ID; Gould 
Instruments, Cleveland, OH, USA), which were connected 
to a system that transformed analog to digital data (Quand 
Bridge and PowerLab/800; AD Instruments, Castle Hill, 
NSW, Australia). The system was connected to a computer 
(IBM, White Plains, NY, USA; Fig.  1 ).

   Pressure transducers were calibrated by the use of a water 
column; the interaural line was taken as zero pressure (in a 
prone position the interaural line is at the same hydrostatic 
level as the line that passes through the middle of the eye-
ball). Instruments for pressure measurement were fi xed on 
the board in such a way that the membrane of each trans-
ducer was at the same hydrostatic level as the corresponding 
measuring cannula; thus, there was no need to additionally 
adjust the transducers during the body position changes 
(Fig.  1 ). CSF and IOP pressure changes were recorded dur-
ing the 60-min period in the prone horizontal position, and 
then the body position of the animal was changed to upright 
(head-up). 

 Data are shown as a mean value ± standard error of the 
mean (SEM). A statistical analysis of all the results was per-
formed using the paired Student’s  t  test.  p  < 0.05 was consid-
ered statistically signifi cant.  

    Results 

 In the horizontal position, the control pressure in the eye 
(IOP = 15.1 ± 1.6 cm H 2 O) and the pressures in different parts 
of the CSF system (LV = 12.4 ± 0.6; CSS = 12.2 ± 0.9 cm 
H 2 O) did not differ signifi cantly ( p  >0.05) during the 60-min 
measurement period (Fig.  2 ). After the change of the rabbit 
body position from horizontal to vertical with the head up, 
the pressure inside the cranium decreased drastically to a 
subatmospheric value (LV = −5.5 ± 2.6 cm H 2 O;  p  <0.05; 
CSS = −7.7 ± 2.3 cm H 2 O;  p  <0.05), while the IOP showed a 
moderate decrease (IOP = 13.3 ± 0.5 cm H 2 O;  p  <0.05; 
Fig.  3 ).

        Discussion 

 During the 60-min period, in the prone (horizontal) position, 
all the measured pressures had similar values. Thus, it may 
appear that the IOP might adequately refl ect the changes in 
pressure inside the CSF system. However, it was shown that 
IOP values are infl uenced by body positions in different ani-
mal species [ 1 ,  8 ]; namely, it was observed that IOP decreases 
during body verticalization, similar to our results in this 
study (Fig.  3 ) and in our previous study on cats [ 9 ]. If we 
observe the results obtained in patients, we can see that the 
IOP values are higher in the supine position, while they are 
lower during sitting or standing up. It could be argued that 
higher IOP in a supine position is due to a higher venous 
blood pressure and slower venous blood outfl ow from the 
head and eyes [ 12 ]. 

 Similar to our previous study on cats [ 9 ], we observed 
drastic changes in CSF pressure in some parts of the CSF 
system, in comparison to moderate IOP changes in our rabbit 
model in an upright position. In this study, the pressure in the 
LV and CSS measured by cannulas situated about 5 cm from 
the foramen magnum, and at the similar hydrostatic level, 
were subatmospheric or negative (Fig.  3 ). These changes 
were not transient, but the pressure retained similar values 
for as long as the animal remained in the same position. 
Similar to another previous study [ 6 ], we tried to explain this 
phenomenon by the law of fl uid mechanics [ 10 ], as follows: 
in our earlier study, the pressure changes, which happened 
inside the CSF system model and in cats during the body and 
model verticalization, were compared. The aforementioned 
new CSF system model consists of a distensible “spinal” part 
and nondistensible “cranial” part, which are fi lled with artifi -
cial CSF [ 6 ]. The model was constructed to imitate the ana-
tomical dimensions and biophysical characteristics 
(distensible/nondistensible) of the CSF system in cats. This 
comparison demonstrated that the pressure changes in the 
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new CSF model faithfully imitate the changes in the CSF 
pressure in cats. 

 Our previous study on cats [ 9 ] showed the same patterns 
of the ICP and IOP changes during the body position 
 alterations, as noticed in this study on rabbits. Since the “cra-
nial” part of the model is nondistensible, it is evident that it 

cannot change its total fl uid volume. However, in spite of 
this, pressure change could happen, which is in accordance 
with the law of fl uid mechanics [ 10 ]. Namely, the law indi-
cates that fl uid pressure inside a nondistensible tube, opened 
at the bottom, should be negative and of a value that corre-
sponds to the height of the hydrostatic column [ 10 ]. 

  Fig. 1    Scheme of experimental model.  1  pressure transducer con-
nected to the cannula in the anterior ocular chamber,  2  pressure trans-
ducer connected to the cannula in the lateral ventricle,  3  pressure 

transducer connected to the cannula in the cortical subarachnoid space, 
 4  Quand Bridge,  5  PowerLab/800,  6  personal computer       
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  Fig. 2    Intraocular pressure ( IOP ;  triangles ), intracranial pressure in the lateral ventricle ( LV ;  squares ) and in the cortical subarachnoid space ( CSS ; 
 circles ; cm H 2 O) of 12 rabbits in the horizontal position over the 60-min period. Results are shown as mean value ± standard error of the mean (SEM)       
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 Our results from this and those from previous studies [ 6 , 
 9 ] indicate that the decrease in intracranial pressure in an 
upright position is not due to the displacement of cranial 
CSF or blood volume to hydrostatically lower body parts, as 
is usually assumed [ 2 ,  13 ]. This means that the incompress-
ibility of the cranial osseous vault enables constant blood 
brain perfusion despite sudden changes in the head position 
during the activities of normal life. In addition, it suggests 
that in an upright position normal ICP might be subatmo-
spheric, and that the cerebral perfusion pressure might be 
higher than was previously assumed.  

    Conclusion 

 All of our results described here obviously cannot be 
explained with the generally accepted hypothesis of secre-
tion, unidirectional circulation, and absorption of 
CSF. Namely, in an upright position, the CSF cannot fl ow 
from the ventricles, where the pressure is negative, to the cis-
terna magna, where the pressure is higher. These results are in 
accordance with the new hypothesis of CSF physiology [ 3 ,  5 , 
 15 ], which suggests that the volumes of CSF and interstitial 
fl uid are regulated by hydrostatic and osmotic forces present 
among the capillaries, central nervous system tissue, and 
CSF. Moderate changes in IOP and drastic changes in CSF 
pressure in certain parts of the CSF system suggest that IOP 
and CSF pressure might not show a signifi cant correlation, 
and that we should be more cautious in considerations regard-
ing the changes in CSF pressure based on IOP.     
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  Fig. 3    Effects of the change in body position from horizontal to upright 
on CSF pressure (cmH 2 O) in the lateral ventricle  (LV ;  squares ), cortical 
subarachnoid space ( CSS ;  circles ), and on intraocular pressure ( IOP ; 
 triangles ) in 6 rabbits. Results are shown as percentages from starting 
values as the mean value ± SEM       
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