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Summary. S mples of cisternal or lumbar cerebrospinal fluid were obtained
from 20 young n:.le volunteers born and living at high altitude (3500 to 4800 m).
The pH, carbon :ioxide and oxygen tensions, and bicarbonate concentration were
measured and cc apared with those in the arterial and jugular venous blood.

\ consistent liffcrence between the two CSF compartments was noted, parti-
cularly a lower | 4 (0.05), a higher Pco, (7 Torr), and a lower Po, (7 Torr) at the
lumbar site. Mcn bicarbonate concentration was not significantly different at
the two sites. T. » main factor is Pco,, which controls the pH variation.

Tiese differ. ices were more marked in high-altitude natives than in man at
sea level.

The existenc  of a consistent inhomogeneity of CSF acid-base content empha-
sizes the inaccur. oy of using lumbar CSF pH to estimate the ECF pH as regulator
of pulmonary ve tilution and determinant of cerebral blood flow.

Key-words: .cid-Base Balance — Oxygen Partial Pressure — Cerebrospinal
Fluid — High A itude.

Over the past few years investigators have shown an increasing
interest in cer ‘brospinal fluid (CSF)pH regulation since the pH value
of the extraceiiular cerebral fluid (ECF) is thought to be the regulating
factor of both ulmonary ventilation [14] and cerebral blood flow [6,18].

High-altitu le natives have a particular acid-base balance associated
with chronic !.ypoxia and hypocapnia. The study of CSF pH seemed
best suited tc understand the ventilatory regulation resulting in this
chronic state -  hypocapnia. According to Serensen et al. [21], CSF pH
is lower in higi -landers than in low-landers and may explain the hyper-
ventilation in high-altitude natives who lack hypoxic drive from the
peripheral cheinoreceptors [21,22]. However, other investigators have
found CSF pl. values within the normal sea-level range [19,10].

We recent!, showed that cisternal CSF pH is much higher than has
been reported by others and suggested that these differences werg
related to the CSI sampling site [2]. The aim of the present work was
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to test this hypothesis by comparing the acid-base status and Pg, of
both lumbar and cisternal fluid in natives from La Paz (38300 m) in the
Andes. We found consistent discrepancies between lumbar and cisternal
acid-base status in man born and living at high altitude and concluded
that lumbar CSF cannot be considered to be the same as cerebral CSF.

Material and Methods

a) Subjects and Experimental Protocol. Twenty young, adult men, all volunteers,
were studied. They were either pure Indian or crossbred (Quechua or Aymara) who
were born and had always lived at a high altitude.

In 9 of them (group C) samples of cisternal CSF, arterial blood, and blood from
the internal jugular vein were collected according to a method previously described
[2).

In the remaining 11 (group L) the lumbar CSF was obtained as follows: the
subjects were placed in supine position and samples of blood from the femoral
artery and the internal jugular vein were collected simultaneous. Within the
following 5 min a sample of lumbar CSF was withdrawn from the L;—S8, or the
L,—L; space. Thereafter the subjects were asked to stay in prone position for
2 hrs, then in supine position, they were kept under medical supervision for 24 hrs.

CSF and blood samples were withdrawn anaerobically and analyzed immedi-
atelyv.

b) Measurements. pH was determined using a capillary glass electrode with a
calomel reference electrode (Radiometer type E 5021), both maintained at 37°C.
The electrode was calibrated with two NBS buffer solutions of pH 7.384 and
G.540, respectively, at 37°C. The recommendations of Leusen and Van Heijst ¢f al.
were applied for CSF pH measurements [11,23].

Pco, was measured directly with a Gleichmann and Liibbers electrode [9]
calibrated daily with 3 gas mixtures of various (O, concentrations previously
determined by the Scholander micro-method.

These gas mixtures were humidified and heated to 37°C before use. For any
given Pco,, the electrode response was identical in the gaseous phase. in the blood,
and in the CSF.

Po, was measured directly by a polarographic method using a platinum macro-
electrode fitted with a magnetic stirring system [9]. For reliable measurements of
CSF Po, stirring is necessary [8]. The clectrode was calibrated with 3 different gas
mixtures and pure N,. Measurements in blood equilibrated at a known Po, enabled
us to evaluate the difference between blood and gas readings; no such difference
existed between the equilibrated CSF and the gascous phase.

The pH, Pco,, and Po, electrodes were connected to a combi-aralyzer U.D.
(L. Eschweiller U.C., Kiel).

[HCO,-] was calculated from the Henderson-Hasselbach equation using the
pH and the Pco, values and taking the CO, solubility constants at 37°C as 0.0308
and 0.0318 mM - 1= - torr~? for plasma and CSF, respectively, and the generally
accepted value for pK’ (Severinghaus et al. [ 20] Mitchell et al. [13]).

¢) Statistical Analysis. In each group, the means and the deviations of cach
variable were determined. For all variables within a group, differences between
blood and CSF were tested by the method of pairs. Differences Letween the two
groups were determined by comparison of the two means and using the ¢-test, I’
values being read from the Student-Fisher table.
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Results

The data are giv. n in Table 1.

The arterial bloo:! acid-base balance of the two groups was similar;
no difference could be found between pH and Pcg, values, nor between
HCO;~ concentrations. But a significant difference existed between the
Py, values (P < 0.¢.)), Pag, being 2.8 Torr higher in group L than in
group C.

Slight differences hetween the pH and the Pg, of the two groups were
evidenced in the cer: bral venous blood, but they might be attributable
to the site of sampling; this will be discussed below. Thus blood acid-
base status was pra:tically identical in both groups.

Cisternal CSF pll was significantly (P < 0.001) higher than lumbar
CSF (a mean of 0.05 unit). All individual valucs of arterial and CSF pH
are plotsed in Fig.1; the difference between arterial and CSF pH values
was larger in group !. (0.097) than in group C (0.047). These differences
were significant (£ - 0.001) in either group. Moreover, the magnitude
of the discrepancies iffered significantly (P <« 0.001) from one group
to the other.

The cisternal P, , was significantly lower than the lumbar Pgg, by
approximately 7 Toie. Differences between arterial and CSE P,
values were highly ignificant (P < 0.001) and the difference between
the magnitudes of e: ch group was significant (P < 0.01).

No significant d..ferences could be found between cisternal and
lumbar CSF [HCO,~ .

Table 1. Acid-base bal:uce and Po, in cisternal and lumbar CSF and in arterial
hlood and intc ‘nal jugular venous blood of high-altitude natives

pH Pco, [HCO47] Po,
Torr mEq. I72 Torr
cisternal
USF (gr.C)s  7.366 4 0.024%*%* 37.3 -~ 2.3%** 20.5 4 2.0 32.0 - 2.3%**
lumbar

(gr.L)yv  7.317 - 0.019 44.0 = 2.8 214 412 25.0 4 1.6
a gr.C 7.413 4 0.024 31.0 4 1.5 20.0 + 1.6 56.6 4 2.9*

gr.L 7.414 4 0.017 32.7 + 21 211 +1.2 59.4 4 2.8
v gr.C 7.349 4 0.029* 41.8 4 2.6 23.2 4 2.0 28.0 4 1.9*

gr. L 7.370 -+ 0.014 41.1 + 2.0 239+ 1.1 32.1 + 4.6

The dara are the 1.2an values of the measurements 4 standard deviation.
s gr. C: Group of 9 : ubjects whose cisternal CSF was studied.
b gr. L.: Group of 11 subjects whose lumbar CSF was studied.
* Siomiticant differe e (P < 0.05) between gr. C and gr. L.
*** Signiticant differc:ice (P < 0.001) between gr. C and gr. L.
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Fig.1. pH of arterial blood and of cisternal and lumbar CSF in high-altitude natives
symbols: x arterial blood; o cisternal CSF; & lumbar CSF. The mean values for
each fluid of either group are given; bars indicate -+ standard error of the mean

Pe, of cisternal CSF was 7 Torr higher than that of lumbar CSF
(P < 0.001). The differences of 24.7 Torr between arterial and CSF Pg,
in group C and 34.4 Torr in group L were highly significant (P < 0.001).

Discussion

First we shall justify the comparison of two groups of different
subjects and compare the present data with those obtained fromn natives
either at high altitudes or at sea level. Then the acid-base balance
difference between cisternal and lumbar CSF, and the magnitude of the
difference between data collected at high altitude and at sea level will
be discussed. .

1. The comparison of lumbar and cisternal CSF acid-basc status
would be more accurate if samples of both fluids had been withdrawn
simultaneously in the same subjects. But owing to tlie technical diffi-
culty of such a protocol, the study had to be performed in two groups
of different subjects with reference to their blood acid-base status.

The arterial acid-base balances of the two groups were found to be
similar but for a slight difference in the Pag, values, the averages of
which were 56.6 Torr in group C (9 men) and 59.4 Torr in group L
(11 men). They were remarkably close to cach other, as well as to those
reported elsewhere in natives at the same altitude: 57.0 Torr in the study
of Severinghaus et al. [19] and 57.1 Torr in the work of Cudkowicz et al.
[4]. In each group the ditference between the arterial Py, values varied
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in a dircetion oppo- .te to that of CSF, since CSF P, is higher in group (.

Likewise, only light discrepancies were found between the internal
jugnlar blood dat: of the two groups that might be explained by the
difference in site; :n group C venous blood was collected above the
jugular sinus while in group I. it was obtained from the internal jugular
vein. In addition the jugular venous blood pH and Py, differences
between the two groups were opposite those of CSF.

Therotore, we <oncluded that the blood acid-base balances of both
groups were simila: and felt justified in comparing the cisternal and the
lumbar C'SF acid-1 .se values.

2. The comparison of lumbar and cisternal CSF in high-altitude
natives confirms a | tevious hypothesis following which the CSF acid-base
balance varies acc rding to the sampling site [2].

Lumbar CSF j I had a mean value of 7.317, almost the same as
that reported by « ther investigators in high-altitude natives: 7.327 by
Severinghaus ef ol 19] and 7.328 by Lahiri et «l. [10], but different from
Sorensen’s data wi o found a CSF acidosis (7.295) with a strictly normal
arterial pH [22]. I addition, the pH of lumbar CSI appcared “normal”
when compared vith data from control sea-level subjects: 7.325 by
Van Heijst et al. 23], 7.331 by Génshirt [7], 7.329 by Blavo et al. [1].
The same was tru- for the arterial blood pH.

Cisternal CSF pH was markedly more alkaline: 7.366 in group C.
No data could be found in the literature on high-landers’ cisternal CSI
acid-base balance But Van Heijst et al. [23], Ganshirt [7], and Plum
et al. |15] found that the pH of cisternal CSF was significantly higher
than the lumbar ( SE at sea level.

Lumbar CSF Py, (44.0 Torr) was similar to that reported by
Severinghaus et «f. (43.2), and Sorensen et al.: 46.0 Torr [19,21}]; it
reached higher vaiues than the internal jugular vein P, (41.1 Torr).

Cisternal CSF Peq, (37.3 Torr) was significantly lower than lumbar
(S and was between the arterial Pgg, (31.0 Torr) and the cerebral
venous P, (41.8 Torr). The present results differ from reports in which
lumbar and cisternal pH and Pcg, were similar and lumbar Pgg, was
equal to cerebral venous blood [3.5]. Thus it did not seem feasible, as
suggested by Pappenheimer ef al., to calculate the CSF pH from CSF
[HCO, -] and cerchral venous blood Pcg, [14]. On the other hand, the
value found for ¢ sternal CSF P¢o, was consistent with that predicted
according to Ponien et al. [16]: it was almost equal to the arithmetic
mean of Pacg, and Pveg,. This relationship was confirmed in high-
altitudes natives.

Lumbar CSF {{CO4~] did not differ from cisternal CSF, as was also
found at sea lev. | [23]. Thus the pH differcnce between lumbar and
cisternal CSF mi_ht be due only to Pgo, difference.

12 Ptigers Arch., Vol 556
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Lumbar CSF Py, (25.0 Torr) was well below cisternal CSF Py,
(32.0 Torr). The only values of lumbar Pg, found in the literature [22
were from 4 subjects with “chronic mountain polycythemia”, whose
acid-base balance and arterial Py, differed much from normal highlanders
and could not be compared to ours. Nevertheless, lumbar CSF Py, in
high-altitude natives is lower than in natives at sea level [1,7].

We have no data on cisternal CSE P, at sea level, but Ginshirt [7]
demonstrated an important difference between lumbar and cisternal
Py,. Cisternal Py, was 10 Torr higher than lumbar, P, in 15 subjects
from whom simultaneous samples of lumbar and cisternal CSF were
taken, while cisternal Pg, from 64 normal subjects and lumbar P,
from 117 other subjects had a mean difference of 9 Torr. In addition,
the mean lumbar Py, reported by Ganshirt was 6 Torr higher than ours
at sca level. This could be explained by differences in methods: Ginshirt
used vaseline-rinsed glass syringes and micro-clectrodes. Both might
be responsible for higher Py, values in fluids with small O, contents,
since Oy is soluble in oil and air contamination are more likely when
micro-electrodes including capillary tubes are used. Yet Py, differences
(9 to 10 Torr) between cisternal and lumbar fluids evidenced by this
author in subjects at sea level are close to those documented here at a
high altitude (7 Torr), the difference between them probably being due
to the oxygen level.

Thus a difference does exist between lumbar and cisternal CSF
acid-base balances in high-altitude natives; lumbar Pco, is higher,
resulting in a more acid pH and a lower Pg, than in cisternal fluid.

3. Van Heijst [23] and Giinshirt [7} demonstrated discrepancies
between the acid-base values of lumbar and cisternal CSE at sea level.
A comparison of their findings with ours at a high altitude is presented
in Table 2. :

First, it was evident that Van Heijst’s and Ginshirt’s results differed
especially with regard to Pgo, values. The comparative study of the
acid-base status in cisternal and lumbar fluid documented by Génghirt
lacks arterial blood data. Elsewhere in the same paper, but in another
group of 14 subjects, the mean cisternal Peo, was 39.3 Torr, and the
arterial blood Pgp, was 30.6. In the first group, of fnterest here, the
mean cisternal Pgo, was 36.8 Torr; therefore the arterial Pgy, would
be below 30 Torr. Such a Pgo, cannot be considered normal whatever
the reasons are, owing to the method (as discussed above) or to the
subjeets being in pathological or unsteady-states as suggested by the
dispersion of measurements. This low Pcg, is responsible for unusually
low bicarbonate concentrations.

Therefore the differences between lumbar and cisternal CSF acid-base
values encountered in high-altitude natives can be compared only to
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Table 2. Comparison of acid-base balance in cisternal and lumbar CSF between
sea level (Van Heijst <t al. [23]) and Gédnshirt [7] and high-altitude natives (present

data)
pH Pco.: IHCO;, ] P02
High altitude ( 7.366 37.3 20.5 32.0
(present data) 0.024 2.3 2.0 2.3
L 7.317 4.0 21.4 25.0
0.019 2.8 1.2 1.6
Sea level ( 7.346 46.5 24.7
(Van Heijst) 0.021 1.9 1.1
P . 1.325 49.1 24.9
e 0.024 2.2 0.8
Sea level . 7.361 36.8 20.08 47.1
(Ginshirt) 0.033 6.7 3.6 4.5
I 7.331 44.4 22.3s 36.8
0.035 7.4 3.4 6.1

The data are th: mean values of the measurements - standard deviation.
(': cisternal cerebrosp nal fluid; L: lumbar cerebrospinal fluid.

& The bicarbonat s values were caleulated using Ginshirt’s Pco, and pH meas-
surements

Van Heijst’s data hose 13 subjects had a strictly normal arterial acid-
base balance. The | H discrepancy was greater (0.049) at a high altitude
than at sea level (0 021). But both the former and the latter agreed with
the Peg, differences: 6.7 Torr at a high altitude, 2.6 Torr at sca level;
(0, levels differed between altitude and sea level. Although [HCO, |
was markedly low r in high-altitude natives, its differences between
lumbar and ecisternal CSF were neither significant at altitude nor at
sea level.

4. The most pisbable explanation for the difference in oxygen and
carbon dioxide ter ions between cisterna magna and lumbar sac spinal
fluid is based on re tional differences in tissue. The respiratory gases are
readily diffusible v ithin the cerebrospinal fluid; their partial pressure
reflects tonometric ily the mean tension in the adjacent tissues and their
respective regional blood vessels. It is evident that the cisterna magna
and the lumbar sa. being far apart are surrounded by different tissues
with different sup rficial vascularization [15]. The cisternal lumbar
difference in acid-1 1se status and Py, tension reflects discrepancies in
the ratic of local n tabolism to blood flow in these areas. '

The magnitude of the difference between cisternal and lumbar CSF,
at altitude and at :-a level, is in all likelihood attributable to the hemo-
dynamic changes i: the brain at altitude. It has been shown before that

oe
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hypocapnia due to high altitude results in a decrease of cerebral blond

flow, and we showed recently that a fall in the rate ot blood flow is

accompanied by a rise in the arterio-venous difference in oxygen [2].

Therefore arterio-venous difference in CO, must be increased as well,

resulting in a higher venous Pcg,.

In conclusion, these results, demonstrating that the acid-base status
and Py, of cisternal CSF are different from lumbar C!SF in high-altitude
natives, are consistent with those obtained at sea level in normal people
[23] and in acutely ill patients [15]. In addition, the fluid in the choroid
plexus has a composition different from that in the cisterna magna [12].
The existence of a consistent inhomogeneity of CSF acid-base content
emphasizes the inaccuracy of using lumbar CSF pH to estimate ECF pH
as a regulator of pulmonary ventilation and determinant of cerebral
blood flow.
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