EDITORIAL

Croat Med J. 2017;58:381-3
https://doi.org/10.3325/cm;.2017.58.381

The recent state of a hundred
years old classic hypothesis
of the cerebrospinal fluid

physiology

The knowledge of cerebrospinal fluid (CSF) physiology is
mainly presented in hypotheses. Today there are two rel-
evant hypotheses on CSF physiology; the classic one,
known as the third circulation (1,2), and the new one (3-5).
The classic hypothesis is still predominantly present in
medical and scientific literature, and new experimental-
based knowledge is unfortunately still not sufficiently in-
volved in discussions about CSF physiology. However, we
hope that in time, the framework of thinking associated
with education within the classic hypothesis is becoming
more and more tolerable and that the hypothesis, which
corresponds to experimental and clinical results, and phys-
iological relationships in the central nervous system will
take an objective place in CSF physiology.

Seven years ago, after more than 30 years of our experi-
mental work in the field of CSF physiology, we were the
first research group that completely abandoned the classic
CSF hypothesis and proposed a new one explaining the
relationships between CSF, interstitial fluid (ISF), surround-
ing tissue of CSF system and blood, based on experimental
data, clinic evidence, and relevant scientific publications
(3-5). According to our hypothesis, CSF secretion, circula-
tion, and absorption do not exist. Instead, CSF appears and
disappears (exchanges) everywhere within the CSF sys-
tem, ie, inside the cranium and spinal part (3-5). The main
regulators of CSF and ISF volumes, which are connected
and can be observed as a functional unit, are osmotic and
hydrostatic forces related to the vast capillary network of
the brain and the spinal cord (3-5). Despite such significant
changes in the understanding of CSF physiology, most au-
thors still attempt to present their results in line with the
classic hypothesis.
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THE EXAMPLE OF MISINTERPRETATION OF RESULTS
IN ACCORDANCE WITH CLASSIC HYPOTHESIS OF CSF
PHYSIOLOGY

The regulation of intracranial pressure (ICP) was explained
by the classic hypothesis of CSF physiology. It is believed
that ICP is regulated by the relationship between CSF se-
cretion, circulation, and absorption. During permanent
active CSF formation (secretion), ICP depends on the re-
sistance to CSF flow (circulation) throughout the CSF sys-
tem and resistance to CSF absorption into the blood. This
means that a higher resistance should result in higher ICP.
ICP alterations during the changes of body position could
also be interpreted in the same way. Furthermore, ICP var-
ies with body position (6-11), but little is known about the
mechanisms that are controlling these variations. Thus,
in the new study by Holmlund et al (12) and other simi-
lar research, the correlation between ICP during vertical-
ization and classic hypothesis was presented. The authors
reported their research on internal jugular veins (1JVs) by
ultrasound imagining in the supine and sitting position
on healthy volunteers, and observed the partial collapse
of JVs in an upright posture, which they tried to explain
and describe as a mechanism for postural intracranial pres-
sure (ICP) regulation. The relationship between the classic
hypothesis and hypothesis of ICP regulation proposed by
Holmlund et al (12) was presented as follows:

ICP=I__xR

form out + Pdura\

Equation 1
where | =the rate of CSF secretion; R =the CSF out-

flow resistance, and P,  =the pressure in the dural
veins. The Equation 1 for ICP calculation is based on
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the classic hypothesis because it states that the ICP main-
ly depends on CSF secretion and absorption by the dural
sinuses. Furthermore, Equation 1 shows that the change
of body position cannot directly influence the ICP, which
means that the observed change of ICP after verticaliza-
tion can only result from the changes in CSF secretion
or absorption rates and/or dural pressure (P, ) changes.
Hence, if someone would like to study the influence of
body posture on ICP, they should determine which of the
mentioned parameters are affected. In Holmlund et al’s ar-
ticle (12),a partial collapse of 1JVs in an upright position was
proposed to regulate the pressure inside the dural veins
(P,.).and, consequently, ICP. Finally, the authors explained
the experimental results and the mechanism of ICP regula-
tion during changes of body position exclusively in accor-
dance with the classic CSF hypothesis.

We believe that the ICP regulation cannot be explained us-
ing the proposed Equation 1 in which those parameters
are crucial for ICP calculation. Our new approach to CSF
physiology has also required re-evaluation of traditional
hypothesis of ICP regulation.

Re-evaluation of the traditional hypothesis of ICP and prop-
osition of the new one resulted from an animal (cat) and
phantom experiment (“plastic-rubber”model) (9-11). It was
clearly shown on cats that ICP in horizontal position is the
same in the cranial and spinal subarachnoid space (about
+14.0 cm H,0), but after verticalization becomes sub-at-
mospheric (about -40 cm H,0) inside the cranium and
highly positive (about +30.0 cm H,0) in thw lumbar suba-
rachnoid space (9-11).This difference (between -4.0 cm H,0O
and +30.0 cm H,0) in the vertical position produces a con-
stant hydrostatic pressure gradient, also observed in hu-
mans (6-8). The study of verticalization effects on ICP in the
phantom experiment (“plastic-rubber” model, which by its
anatomical dimensions and basic biophysical features imi-
tates the craniospinal system in cats) has faithfully imitated
the results obtained in cats. Similar values were recorded in
both cranial and spinal subarachnoid spaces (about +12.0
cm H.,0) in horizontal position, while negative ICP values
were measured inside the cranium (about -4.0 cm H.O)
and highly positive ones (about +30.0 cm H,0) inside the
lumbar space in an upright position (11). Thus, after ver-
ticalization, the values of hydrostatic pressure differ enor-
mously (from -4.0 cm H,O to +30.0 cm H,0) both in the
phantom experiment and in cats. These values increase in
linear fashion with each distance unit from the measuring
point inside the cranium toward the lumbar region (11).
Hence, the observed hydrostatic ICP gradient could
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not be explained by Equation 1, which allows for calcula-
tion of only one unique ICP inside the CSF system, which in
vertical position does not correspond to the real situation.
Moreover, ICP in patients is generally measured inside the
lumbar CSF space in a supine/recumbent (horizontal) posi-
tion, and that hydrostatic pressure value (which is the same
in the lumbar and cranial parts) is called ICP, although ob-
tained value is not measured inside the cranium. Therefore,
a term “CSF pressure (CSFP)"instead of ICP would be better
used in situations in which the hydrostatic pressure is mea-
sured in the CSF system, because the change of body posi-
tion does not relate only to hydrostatic pressure inside the
cranium, but to the whole CSF system.

We did not observe the difference in behavior of CSFP be-
tween experimental animals and phantom after vertical-
ization. In phantom, there were no biological and physio-
logical influences, and “CSFP”was defined only by the laws
of fluid mechanics. We concluded that CSFP in experimen-
tal animals also depended on the laws of fluid mechanics
and anatomical characteristics of the cranial and spinal CSF
spaces (11) rather than on CSF secretion, circulation, and
absorption, as still generally accepted.

The presented hypothesis of the CSFP regulation takes into
account the CSF pressure inside the entire CSF system (cra-
nial and spinal spaces) as a unique department in which
the changes of pressure in one part of the system are inex-
tricably linked to the changes in the other (11). The hypoth-
esis has been theoretically confirmed by the fluid mechan-
ics equation and complemented by the literature data (11).

Our research (9-11) is very similar to the research described
by Holmlund et al (12), although in our experiments, we did
not measure the collapse of 1JVs. However, if the 1JVs col-
lapse represents a mechanism by which CSFP is regulated
after verticalization (12), than it should also be present in
cat experiments during CSFP regulation after verticalization
(9-11). Respectively, if the collapse of the IJVs really regulates
the CSFP, then after the verticalization equal CSFP change in
cats should not be obtained as in phantom, where no veins
(JVs) exist at all (11). Still, our results were obtained on ani-
mals (9-11) and results of Holmlund et al (12) on humans,
and one should always be very careful in translating the
results from animal species to humans. However, the fact
is that the knowledge on human CSF physiology is mostly
based on animal experiments and, in discussed study (12),
the authors use Equation 1 derived from the experiments
performed on rabbits to explain the observed collapse of
1JV as a regulator of CSFP in humans.
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CONCLUSION

According to our results (9-11), the key effect on CSFP dur-
ing changes of body position in physiological conditions is
the effect of gravitation force on the CSF column, which is
disposed inside the whole (cranial and spinal part) CSF sys-
tem. This means that the regulation of CSFP during verti-
calization is caused by both the law of fluid mechanics and
biophysical characteristics of cranial and spinal intradural
space. The changes in venous system, the size of imagined
CSF secretion, the resistance to hypothetical CSF circula-
tion and CSF absorption, and the hydrostatic pressure in-
side the dural sinuses do not have any visible impact on
CSFP in physiological conditions. Since the verticalization
in cats and in phantom produces the same effect on CSFP,
and considering the difference between the CSFP values in
cats where the 1JVs were affected and in phantom where
1JVs do not exist, both clearly suggest that IJVs are not in-
volved in CSFP regulation. In other words, in physiological
conditions, acute changes in venous pressure during verti-
calization seem to be independent of the acute change of
CSFP and that conclusion about the interaction between
CSFP and partial collapse of 1JVs should be more carefully
formulated. In our opinion, the collapse of 1JVs is not the
cause of CSFP regulation, but rather a consequence of the
laws of fluid mechanics, which should be the subject of ad-
ditional studies and analysis.

Finally, we should not lose sight of what the father of exper-
imental medicine, Claude Bernard said: “Hypotheses are only
theories, verified by more or less numerous facts. Those verified
by the most facts are the best, but even then they are never fi-
nal, never to be absolutely believed.” In other words, the hy-
potheses, including the classic one, should last so long as
experimental and clinical data fit into their framework.
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