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ruples of cisternal or Iumbar trerebros¡rinal fluid rl'ero obtained
,le volunteers born and Iiving at high altitude (3500 to 4ti00 m).
:ioxide and oxygen tensions, and bicarbonat'e concentration \r'ere
,rparecl with those i¡r the ¿rrterial and jugtrlar venous blood.
liffcrence betrveen the tu'o CSt'' comp¿rtruerrts was notcd, parti-
.{ ({J.05), a trigher Pco, (7 Torr), and ¿l lou'er Po, (7 Torr) at the
rrr t¡icarbonatc co¡rcentration was not sigrrifieantly different at,
' rnain f¿ctr¡r is Pcor, u'hich corrtrols the pH variation.

;roos were nlore n¡arked i¡r lrigh-altitutle nutives tha¡t in nran at

of ¿ colrsistent inhomogr)rreity of CIJ^[' acid-base ct¡ntent eurpha-
rr¡r of using lumbar CS]-' pH to estinr¿te the IIC.k' pH as regulator
,tilution ¿nd clcterrninunt of cerel-rral bloocl flon'.

ri«l-Bose IJ¿l¿nce Oxygen Partial Pressure Cerebrospinal
itudt:.

L) l't:r' the ¡ ,¡ISt ferv years investigators havc shown an increasing
intcrcst in cer'brospinal fluid (CSF)pH regulation since the pH value
of the extraceriular cerebral fluid (ECI') is thought to be the regulating
firctor' of both ,ulnlonary ventilation [14] and cerebral blood flow [6, 18].

l{igh-altitt. le natives ltave a particular acid-base balance associated
u ith chronic r. ypoxia and h5'pocapnia. The study of CSF pII seemed
brr.st suited tc un.lerstancl thc ventilatory regulation resulting in this
chrorüc state , i hypocapnitt,. Accordirrg tt¡ Ssrensen et al. l2l), CStr-'pH
is lorver in higl -landers than in lorv-landers a,nd may explain the hyper-
ventil¿tion in irigh-altitudc natives who lack hypoxic drive from the
peripheral cl-rt ,rroreceptors [21,22]. Holvever, c¡ther investigators have
fi-run,J t)SF pI v¿rlues u'ithin the normal sea-level range [19, 10].

\Ve recentl , shorve.d that cisternal CSF pH is much higher thaq. lrut
bcarr reporteu by others and suggestecl that these diffem,nces u'e'rq
re'lated to the iJSIr' sarnpling site t2]. The ai,r of thc presont work u'&s
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tr¡ tr:.st this hypotlrt:.sls b¡' compiLring the acid-b&.>e st¿¡tuS ancl Po, ,.,f
both lurnbar and cisternal fluid in natises froru LaPaz (3Stlu m) in the
,\ntlcs. \\'e fbund cc¡ttsistcnt discrepancies betu'ct,¡r luurl¡¿r and cistcmal
acicl-base status in man born and living at high altitude and concluded
that lumbar CSF cannot bc considered to be the same as cerebral CSF.

Dlaterial and llethods
a) Subjects otul Experinrcntal Protod. Twenty young, adult men, all volunteers,

\\'ere studied. They \\'ere either pure Iudian or crossbred (Quechua or Ayuara) u'ho
$'ere born and had als'ays lived at a high altitude.

In 9 of them (grorrp C) samples of cisternal CSF, arterial blood, aud blood fronr
the intern¿l jugular vein \§ere collected accordiog to a method preriotr-sl¡'described

ttl,
In the reuraining 11 (group L) the lumbar CSF uas obt¿ined ¿s follorcs: the

subjects r{-ere pltrced in supine position ¿rncl sanrples of blood from the femor¿rl
arterv and the intern¿rl jugtrlar vein lvere collectr:d sinrulta¡reou.s. \\'ithin the
tbllowing 5 min a samplc of lumbar CSI'rs¿rs n'ithdrat'n frour the L5-S, or the
L. - L, space. Thereafter the subjects \r'erc ¿r.sked to stay i¡r prone posit ion f,lr
2lrr-.. then in supine position, they lr'ere kept under medicirl superr-i.¡ion for 24 l¡rs.

C§!' ¿ncl blood samples \r'er€r n'it,hdra\r'n arlaerobic¿rlly and ¿uralvzed irrurlr-'di-
atelv.

ti) ][easurentu¿ts. pH s'irs determined trsing a capill¿r'l' glirss electrode with a

c.ilor.,lr.l refercnce clcc:trt¡de (ltadiometer t¡?e I'l 5021), both mitint¿iiltc'd ¿rt :]7'C.
The electrodc \r-¿rs calibratetl rvith trvo NtsS buft'er soltrtiotts of pH 7.3tt4 antl
ti.¡{r,, r'espcctil't:ly, :rt 37''C. The rccomnrend¿rtions of L,etrsen antl \-an Heijst et al.
ltere applied for CSF pH nreasllrements U1,23].

Pco¿ \\'¿lS ¡neasu¡'ecl directly u'ith a (ilc'ichurann a¡rd Lübbe'rs electrode ttll
t.¿rlit-rratcd drtily rvith li gils nlixtrtres of various CO, concentrirtiL-'lrs previou.;l1'
detc.rminecl [r¡' the i.jchol¿ulder uricrt¡-rtrethod.

Thest gas mixtur(.s \\'(,re lrulnidifir:d antl lrt,ated to :l7oC before use. l'or an)'
gir-en I'cot, the eler:trt-rde respollse \r'as identit'¿rl itr the gaseous phirse. in the blood,
and in the CSI¡.

Pozrr'¿ls nleasured dirtctl¡'by a polarographic mcthocl using a pl;rtiliultr rrlüc'l-o-

electrorte fitted trrith a, rDrrllrlt'tic stirring systt'ut [9]. lor reliable ute¿lsltre'ments of
CSI por stirring is ¡recesürr]- [8]. The clectrotle u'as c¿rlibr¿tetl u ith 3 diffsre¡it gas

rni¡tures and pure N,. Ileasurulre¡rts in blootl equilibrated at a kro'ir-u Pot enabled
us to er,¿rluate the dilferr.nce betrveen blood itnd gas readings; no such diffcrence
existed betrreen thc equilibrated CSF and the gaseous phas',

The pH, Pcog, and Po¿ electrodes rvere eonnected to a conrbi-:rnalvzer L'.D.
(L. Eschweiller U.C., Kiel).

[HCO3-] was c¿rlculatc.d from the Hendt'rson-Hasselbach equation using thc
pH and the Pco, values and taking the CO, solubility constants at 37o C as 0.0:](J8

and 0.031ti urll .l-r.torr-r for plasma and CSI', respeutively, and the gerrerally
atcepted value for pli' (Severingltaus et al. []0] ]Iitchell et al. [3]).

c) §farn.fical Analysis. In e¿cl¡ group, the nlcans and the tlerirtions of c¿rch

variable $-ere determined. For ¿ll variables rvithin a group, ditTerencus betrrcen
t lod and CSF werc testetl l¡y the nrethod of ltairs. Differences Lr€t \§ec'n the ttt'o
groups were deterntined b¡- comparison of the ts'o mcalul arrd usi:rg tirc ú-test, P

values beiog re¿d fro¡u the Student-l'isher t¿blc'.

(t



Cister¡ral , ud Lumb¿r ClSh' pH in High--\ltitudo N¿tives 101

Results

'Iht, d¿t& are giv, n in Table 1.

Thc arterial bloo,l acid-b&se balance of the trvo groups ua,s similar;
no differerlcc could 1,,' found bet\r'rlen pH and Pcor valucs, nor bctu'cctt
IICO3- concentratior'.s. But a significant differerlce existed bctu-een the
Po, values (P < 0.C,, ,), Pas2 being 2.8 'I'orr higtrer in group L than in
group C.

Slight dilTercnces iretween the pH and the Posof the tu'o groups tvere
cvidenced in the cer bral venous blood, buü thcy miglrt be attributablc
to the sittr of sampl,rrg; this will be discussr-tl belou'. Thus blood acid-
l¡ase status \yas pra, cically identical in both groups.

Cistenra,l CSF pll \\'as significantlr'(P < 0.001) highcr than lumbar
C^SF (a mean of 0.05 rrniü). All incliridual valucs of'arterial and CSF pII
arr: plotbcd in Fig. 1 ; t he differcncL. betrreen alteria,l and (lSF pH values
\r'as largr.r in group l. (0.097) than in group C (0.0-17). These tlifT'crcllces
w'cro signiticanb (I' - 0.001) ir, either group. I[oreovcr, the magnitude
of thc .liscrt'pancics , Iiffered significantly (P < 0.001) fronr onr) group
to thr: othtrr.

Tlrt. ci.stertral Prr, \r'&s significantly lou-er than thc lutnbar /'cog by
¿Ip[)roxilnatcl.y 7 'I'o r. Dilii:rcrlces bctu,ecn ¿trtt'rial and C'SII I'co,
valucs \r'r'r(r highly risnificarrt (P < 0.001) and thc differcncc l¡etwecn
tho rn¿gnitudes of c¿ r:h group was significant (P < 0.01).

l{t¡ significant d. tl'ercnces could be found bertrveetr cisteural and
lunrbar C'SF [f{COs-

Table 1. Acicl-b¿se bal¿, rrce and Poz in cisternal and lumbar CSF and in arterial
hln66l and intr rral jugular venous blood of high-altitude natives

PH Pcoz
Tom

IHCOs-]
urEq. l-1

Poz
Torr

cist,ertt¿rl
lSt¡ (gr. C)" 7.366 j ü.0t4*** 37.3 i 2.3*+* 2O.5 + 2.0

Iumb¿rr
(gr. L) b 7.317 -1 0.019 U.0 + 2.8 21.4 + 1.2

& gr. C 7.413 j 0.024 31.0 + 1.5 20.0 + 1.6

gr. L 7.414 1 U.017 32.7 + 2.1 2l.l + 1.2

v gr.C 7.349 j 0.029* 41.8 t 2.6 23.2 +.2.0
gr. L 7.370 _i 0.014 4l.l + 2.0 23.9 t 1.1

32.0 * 2.3***

25.O + 1.6

56.6 +.2.y
59.4 + 2.8

28.0 + 1.9r

32.L + 4.6

The tl¿rr ¿¡ are the r: ,,-r&rl values of the measurements + standard deviatiou.
u gr.(j: Llr'{'rup of g r rbjects whose eisternal CSf'was studied.
u gr. L.: Group of I t subjects whose lurubar CSI. wa,s studied.
t S!:nitir.:rob tliffere :c (P < 0.05) between gr. C and gr. L.

r+* Signiliu¿nt differc:.co (P < 0.001) between gr. C and gr. L.
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Pc, of cisternal CSF was 7 Torr higher than that of lumbar CSF
(P < 0.001).'Ih«: diffcrences of 21.7 Torr betrvecn artorial and CSI' Poz
irr group C ¿nd 34.4 Torr in group L \\'ere highl¡r significarrt (P < 0.001).

Discussion

First \r¡e shall justify the comparison of trvo groups of clifferent
subjects and cornpare the present data rvith those obtainecl frorrr nativcs
t ither at high altitudcs or at so& Ievel. Then the acid-base balanec
difference betu'een cisternal ancl lumbar CSF, and thc magnitude t¡f thc
diffcrence betu'ccur data collected at high altitudc and at sea levcl will
bc discussccl. ¡

1. The comparison of lurnbar and cisterrnal CStr acid-basc status
woulcl be more acctrrate if samples of both fluids had been rvithdra\r'n
simultaneously in the samc subjects. But ou'ing to the technical cliffi-
culüy of such a protocol, thc study had to l¡e performed in two groups
of different subjcrcts u'ith reference to their blood acid-base status.

The arterial acid-l¡ase bal¿rnccs of the tu'o groups w'ere found to be

sinrilar but for a sliglrt difference in tho Paoz values, the a,verages of
which were 56.6'I'orr in group C (9 nren) and 59.4 Torr in group T.

(11 rncn). They u'cl'c rcmarkably cl«¡se to each other, &s well as to those
leportr:d c,lscu'here in nativrls at the- srlrrlc altitude:57.0 Torr in the study
of Severinghaus et al. [19] ancl 57.1 Torr in t,he tt'ork of Cudko*'icz et el.

t4]. In each group thc clitl'ert'rlce bt'tlctrn thc arterial Porvalues varied

pH:
7,15J r -."7 

i 1
l*N\

7,30

blood ¿rnd of cister¡ral and lrrnrb¿¡r Cli}' in higl
bloocl; o ciste rn¿l CSI'; o lunrbar CSI-. 'Ihc
group r,r,re given; bars indicate 1[ st¿ndarcl e
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rrr ¿r,lil't.etiorr op¡lo- tti to that of CSF, sinctt (l¡i}' Po, is hight'r itr gr«tu¡l (1.

l,ilit:u'ise, orrlf iiglrt cliscreprrncies \\'(ll'c liltuttl 1r"f 11'errll tht' itrtern¿rl
jugrrlirr blood dat¿ t¡l' the t§'o groups that nri¡4ht be t'x¡rlaitrcd bv tlttr
dif[t.r'cn('(. in sitc.; n group C venous bloocl \r'¿ts collectecl above t,he

jugulrrr sinrrs u'hile in group f, it u'as obt¿ined fr«lrtr t,lrtr itttcrttal jugulur'
vt,iu. I rr ¿rrklition r ht. j,,gul¿r vr.nous blood lllI ¿rtttl Po,, tliflirrt'Il('('s
lletrt'etrr tltt, tu'o gr'r)ups lt'el'e opptlsittr tltostt o1'OSF.

'l'hc:,,,!irrrl, \r'e , ,lrr(:luded that tlttr blootl acitl-base balarr(:es of both

lrr'ou[)s \\'rr'o sirnil¿r, and f'elt justitied itr eotnparing the cistcrnal antl the
It, nr [rar' ( 'S B' acirl- l use v¿lues.

2. 'l'lre conrpar ison of lurnbar ancl eistcrnal (lSF in high-altitucte
Ir¿tivt's confirrns a i ievious h¡aothesis follon'ing tyhich t,he (lSI'acid-b¿rse

I-,¿l¿rltt,t, v¿rl'ies acc rding to tfie s¿lr¡pling site t2].
Ltuqbar CSF I tI had ü rnean v¿rlue of 7.317, alrnost the same as

tlr¿rt r'(,[x)r't(.c[ tly , t]rer investigators in high-altitude nativt,s : 7 .327 lr.y

St,vt'r'irrgha,u.s et ul. tf)l tr,nrt 7.328 b.r- Lalúri et ul. U0l, but, tlifferent f'r'rlrn
S¡ll't.rlst,ll's d¿rt¿ \\ ,r tirulttl ¿ CSF acitlosis (7.21)J-l) u'itlr ¿¡, stl'icth'tr«rt'ttt¿l
artt,r'ial ¡lll Ll2l. [ , atlelitiort, thc pH of lur¡tb¿u'('SlI app('¿u'('(l "tIOnIl¿]1"

rr lrt.rr ('urr)par()([ r, itlr rl¿rta fronr ct¡tttI'«ll sc¿t,-lt'\'t'l strlljccts: 7.:125 by
\'¿n llt,ijst pt al. .:il], 7.1]3[ b.]'Giinshirt [7], 7.329 [,], lllavo et ul. I.l l.
1l'ht' sarrre u'as tnr lbr tltc ¿¡'teri¿rl bloocl pII .

('i.stt.l'rr¿rl CSF , r1[ \r'as ntarkt cllv Inore allialine : 7.:]66 in grou[) ( i.

Ntl tl¿rta ct,uk[ l)t'lound in t]rr, literatul'o orr ]righ-lalld(,r's'ciste¡'tral (lSIr
acitl-b¿rst' l¡al¿rtct' Brrt, \ran Heijst d al,. [23 l, Giinshirt [7 l, aucl l)lutu
tt ttl . llSl tirunrl 1 rat the p[I of cistet'nal (]SF \I'&s significarrtly higlter'
t h¿r rr t lrt' luut b¿r ( i E ¿rt sea lcvel.

I.,rrrtrLr¿rr (lSl' /)t.t),¡ (4+.0 Ton') \r'as sirnilar to that t'eptlt't,eicl by
Sevt.r'irrgh¿rtrs et (,i. (43.2), ¿rntl Sot'eltst'rr et ul.:46.0Tot'r Llf),21J; it
r',,¿t'lrt'.1 hiqlrt.r \'¿ri:res than the intenral jtrgular vein l'co, (41 .1 'Iol'r).

(list('r'rr¿I Cl¡iI¡ I'co, (37.3 Torr) u-as significantly lorycrr than lunrl¡al'
(lS [,' ¿lrrtl \\'¿LS b('t ',r'cen thc' at'terial Pco, (:]1.0 'l'ot't') atrd t]re ccrebral
\-r,n()us l'(,t,, (41.E lorr). The present results difftr frorn reports in rvhich
Itrrrrlral' antl cistc, ¡r&l pH and Pco, \\'e]I'e similar atrd lumbar Pco, \!'AS

erlual to celebr¿l vcnous blood [3,5.1. Thus it did not seem feasible, as

suggestetl b1' Poli¡renheitner e,t al ., to calculate the CSI- pH from (:SF

[t(for I ¿rncl cerr lrral venous blood Pco, [111. On ther other hand, the
vAlue tilurrcl ft-¡I' r ;ternal CSF Pco, \l-as ct¡¡rsistetrt rvith that predictccl
erc't'orclirlg to Pon:t)rl et al. [16] : it \r'as almost equal to t]re arithmetic
rrl('arr ot' Paco., ¿r ,icl Pucor. 'l'his relationship \!'as confir¡ned in high-
¿lt it trtlt,s na,t ivt's.

Lunrbar CSI.' ltCOa-.| did not difl'er f}om cisternal CSF, &s \I'as also
found ¿rt sea le\,' t [:]31. T]rtrs the pH dif]'crcnce betu,een lurnbar arrd
cistt,r'rtal C¡jl' rni ht brr due onl-t' tt¡ Pco, difference.

l:l I'tliige r» ,\rch.. \'ol 150
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Luntbar CSF Po, (25.0 Torr) u'as n-ell belt¡u- cisternal C'SI' Poz
(:12.0 Torr). Tlrt' onlv values of lunrt¡ar Poz found in thc literature t22]
\t'cl'e fi'rtrtr 1 subjeets u ith "chronic mountain polvcvthemia", s'hose
tucil[-l¡,r,sc balance ¿rttd artt'r'ial Pos clifferr:d nruch from normal highlanders
antl eould not bc (:orrlp¿.ür'ccl to ours. Ncvcrthcless, lunrbar (llSl' Po, in
higlr-¿rltitudc n¿ltivt:s is lon'cl th¿r,n in ¡rativcs at se¿r lr,vt l [1,71.

\\Ic lt¿lt'e lto dat,¿¡ ort cistct'¡ral (j§F Po-¿rt st'il k.vcl, but Ganshirt l7J
dt'nioltstrated an important difl'erence bt:tu'een lumbar anrl cisternal
Por. Cistot'nal Por was 10 Torr higher than lumbar, Ps, in 15 subjects
fi'orn rt'hom sinrultaneous samples of lumbar and cisternal CSF u'ere
tal<etr, lvhile cisternal Po, from 61 normal subjects and lumbar Poz
fi'orn ll7 «rther subjects had a rnean differcnce of g Torr. In addition,
tltt' nlean lulnltat' Port'eported by Gánshirt u'as 6 Torr higher than ours
&t,st,a level. lHris c«ruld be explained b¡'dift'erences in methods: Gánshirt
usecl vaseline-rinsc'd glass sl'ringes ancl micro-r.lect rodes. B«¡th ntight
l-¡c r()s[)onsibkr tbr higlrtrr Poz v¿llutrs in fluids u'it]r srnall O, contcnts,
sin('c 0, is s«,,lublc in oil arrcl ¿rir c«ntarnirration ar'(.nlore likel.r, u'h(.n
rtticro-t'lectr«rtles including capillary tubes al'e ust.cl. Yet Po, diffe¡'ences
(9 to 10 Torr') bet,tveen cisternal and lurnbar fluid.s evidenee«l b\. this
¿rutll«ll' in sulljects at sca lt vcl are clost to thost, cloeurnt:ntcd hcl'e at &

high altitudc (7'l'rlrr), thr: rliffcrcnce bt'tu(.r)n tht.nr ¡rrobablv being tluc
tt¡ tlttt ox.yg(rtt lt vcl.

Thus a ditforerrce cloes cxist bet u'cen ltunbar and cistrrrnal C)SF

¿rc:id-b¿rsc l¡¿¡larr(:(ts in high-altitutlt: natives; lur¡rbar Pco, is higher,
t't'srtlting in ¿ rnol'c acirt ¡lII ¿rnd a l«lu't ¡ Porth¿n in ci.stenral fluid.

3. V¿rn [It'ijst l:l3J ¿rtd Cliinshirt L7J dt'r¡totrstratt'tl tliscru.¡l¿rnc:it's

[¡otn'trcn tltt: acirl-basc t'alucs of ltrrnbar arttl cistt'r'rral (]SI¡ at s(:¿1, lcvcl.
A cotttpurisulr oI tltrrir findings u'it]r ottrs ¿rt a high alt itu«lc is I)r(:s('ntccl
in'l'ablc 2

First, it was cvicle,nt that Van Heijst's ¿urd Giinshirt's rcsults diflt.ru,d
t's1rt'cially u'ith rt'garcl to Pco, values. Thc colnparativc stud.l, c¡f' the
acicl-base status in cistern¿l and lurnbar fluid docrumt^nted b¡, Gár¡¡hirt
lacks arteri¿¡l blood data. Elservhere in the s¿lllle paper, but in another
group of Ll subjrrcts, the mealr cisternal Pco* \\'as 39.3 Torr, and the
artcrial blood Pt:tt, \\'as 30.6. In the first group, of lhterr,st here, the
Ilt()an cistcntal Pco, tras 36.8 llorr; thereft¡re the' arterial Pah rvould
be belorv 30'Iltlrr. Such a Pco, cannot be considerccl nornlal n'ltatever
thtr nr¿ss¡* &rc, ou'ing to the trtethocl (as discussed above) or to the
srrbjcets bcing in pathoklgical or unsteadv-.statcs as suggested b.\' the
«lispt,r'sion of nteasurenlents. lHris lou' Pco, is respollsiblc fur tttrusually
lon' bicarbonate concentrations.

'l'herefore tlrt' diil'crences bctu,een lur¡rbar antl cisternal C,SF acicl-l¡ase
values etrcountered in high-altitude natives c&II be cornpercd onlv to

ll. t:. lílalg et ul.

E



Cistern¡.i aDd Lunrb¿r CSI' pH in High-Altitutle Nutivcs ltii¡

T¿blc ¿. ('t¡¡uparison .rf ar,id-base balancr in eisternal ¿nd ltrtnbar (lStr' bett'een
st:¿ le.vel 1\'an Heijst t al. t23l and G[nshirt [7] i.tnd high-altitude ¡tatives (present

data)

pH Peor IIICO3 ] Po¿

H igh ¿lt itr¡tle
(presetrt drrta)

Sea level
(Van Ht'ijst)

Se¿r lt:r'crl
(( irinshitt )

(

t,,
I

,l

I

l.

7.36ri
0.024

7 .317
0.019

7.346
0.021

7.:t25
o.()24

7.361
I ).0:|:l

7.:i31
O.031¡

:)7.:|
2.3

+1.0
2.rl

46.5
1.9

49. l
2.9

3ri.ti
l). ¿

44.4
7.+

90.5
2.t)

21.4
t.2

24.7
1.1

21.9
0.8

20.(l a

3.6
tt .1tr

:J.4

:19.o

2.3

25.0
1.6

47.1

4.i»

:t6.8
{i.1

'I'he r-lat¿r ¿r'e tlr, n)ean valttes of tlre n¡('asurenrent,s _i_ stand¿rd devi¿rtion.
(': ciste¡'rr¿il t'ere}¡rt¡s¡, rral flr¡id; l,: ltrntb¿tr cc'rebrospinal fluid.

n 'Iltt: llit:arbonat ;i 1'ülues \t'ere t:¿16'ulated using Gánshirt's Pco¿ and pH mcas-
su t'e lrrtltt.s

\',tn IIt'ijst's d¿r,ta ,ltoscr 13 subjects hacl a strictl.y rtol'nral arttrrial ¿r,cid-

bÍr.st'b¿rl¿rtrct'.'l'lr(, il[ «lisg¡1rp&Ilc.v \\'&s gt'cater (0.049) at a high ¿ltitutlt.
tlian ¿Lt sr'¿r lt'r't.l (( t)21). Jlut b«lth thtr ft»rnrer ¿ntl tht, l¿r,t,ter agt'ectl u'itlr
tltt' l'('o. tlilli't'(,ll('r i: (i.7 Tt¡t'l' at & higlr ¿Iltitudt', 2.6 Ttlrr at s()& ltlvcl ;

('(), lr:r'r'ls clifli,r't rÍ bt't§'een altitude ¿¡rd sea level. Although IIICO, J

\r as niarkt'dl¡' lou 'r in high-¿Iltitude natives, its differences betu,een
I unt brtr :r ncl cistcl', r¿l CrSF \\'crL' neither significallt, at altitude nor at,

§('.I lt't' t'l .

+. 'f1,,' rrlost pr ,bable explanation for the difference in oxygen and
carbon riir¡xiclc tt'l: ions betu'een cisterna magna and lumbar sac spinal
fluid is i¡¿tsed orr rt riorral clifferences in tissue. The respiratory gases are
rt'¿rtlily tliffusible r ithin the cerebrospinal fluid; their partial pressure
rt'fttct.s torrotnctric ll.l'the meall tension in the adjacent tissues and their
resllt'r-'trr.t: l'Lrgional i-¡lo«¡d vcssels. It is evident that the cisterna, m&gna
¿rrttl the lurnbar sa being far apart are surrounded by different tissuc's
u ittr dilTt:rcnt sul 'r'ficial vascularization [15]. The cistel'nal lunrbar
rlitl'e¡'tnt'e in acid-l rse status and Po, tension reflects discrepancies i¡r
the r'¿tic of local n tabolisnr to blood flow'in these &reas.

Tltt, rrr&gnitude. ,rf the differenee l¡etrveen cisternal and lumbar CSI.',
at ¿ltitur!r'and at r,'a level, is in all likelihood attributable to the hemo-
dynanric changes i, the brain at altitude. It has been shou'n before that

(
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It.l,poeapnia clue to higlr altitude results in & dt.crr:ase of cerel,,ral bl,,od
flt,,u', attd t1'(: sh«ltr t'«[ r'(:r'(:¡rt lV th¿rt & fall in ttle ratc cll' bloorl flon' is
aecolnpattit'«t lrf' a risc in the arterio-venous dill'erence in ox.\'gen t2].
l'lrcreforc al'terio-venous differenee in CO, nrust be inel'eased as rvcll,
resulting in a higher vcnous Pcor.

In conc:lusion, thesc results, demonstrating that the acid-base status
artd Pozof' cistcrnal CSl¡ a,r'e diff'erent from lumbar (lSl' in high-¿ltitude
natives, &re consistent with those obtained at sea level in norural people

[23] and in acutely ill patients [15]. fn addition, the fluid in the choroid
plexus has a composition dift'erent from that in the cistenra magna U2].
The existence of a consistent inhomogeneity of CSF acid-base content
emphasizes the inaccuracy of using lumbar CSF pH to estirnate ECF pH
as a,, regulator of pulmonary ventilation and determinant of cerebral
blood flou,.
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