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I T i. \\"(,11 knO\YI1 that in ·Parkin.onian 
sta,te a \\ ide variety of clinical mani

festations may appeal' as a consequence 
of the neurologic dysfunction. Con e
quent ly, in the Research Laboratory of 
the Department of X eurology and P y
chiat ry, ~ ortl1\\'estel'l1 niver 'ity Med
ical School, the more conventional ap
proaches to the study of t his disorder 
huxe been replaced by careful analyses of 
the baRic physiologic distortions, which 
lend them elves to accurate measure
ment. T he methodology, results and 
correlative evaluation of some of these 
studies have been described in previous 
reports (3, 4, 5, 10, 12, 17, 18) . The pur
po:e of the pre 'ent communication i to 
outline the importance of certain bio
chemical determinations in arterial blood 
(oxygell saturation and carbon dioxide 
contellt) when cOl'I'elated with the severity 
of the cl inical manifestation.:. 

III Parki nson" disease, the occurrence 
of :ymptom. in the extremities due to 
increa ed muscle tOile and t remor has en
gaged the attention of many clinicians and 
illvestigators. Less frequently, attent ion 
has been pa id to di tu rbances produced by 
the impaired function of other important 
muscle groups. We a re on ly no\\" becoming 
increasingly aware of the . ign ificance and 
cxtent of involvement of the respi ratory 
mu:c les in this disorder. Although Maty, 
quoted by Parkinson (15) in his original 
treatise, described that one of hi patient 
"fetched t-he breath rather hard ," dyspnea 
a 11 symptom in Parkin on's disea e be-
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came fully recognized only in the past 
decade. In 1958, K ugent and his co
workers (14) studied the pneumodynamics 
of those patient who were also suffering 
from dyspnea and found no intrinsic 
pulmonary, cardiac or ~ystemic disea e 
to explain the respiratory distre· . The. e 
in vestigators related the symptom to a lter
ations of neuromuscular function and to 
non-respiratory factors, such a. increased 
energy expenditure. Arterial blood gas 
determinations were not performed in this 
tudy. We considered it important, there

fore, to inquire how exten 'ive a role t he 
respiratory alterations played in t he Park
in. onian syndrome. Were these severe 
enough to impair t he ability of the lung 
to oxygenate the venou. blood'? To this 
purpose, studies in the composition of the 
blood gase: were performed by our group in 
patients with Parkinson's disease, showing 
a wide range in the severi ty and char
acteristics of the pathological manifest
ations. In tills investigation, attempts 
were made to answer the following ques
tions : 1) Do these patients exillbit char
acteristic changes in the blood gas con
tents'? 2) Can such changes accoun t for 
the onset of dyspnea'? 3) What is the 
relationship of these changes to the other 
signs and symptoms of the disea'e pro
cess? Thi report is primarily concel'l1ed 
wi th some a 'pects of the latter part of 
of the invest igation . 

MATERIAL 

E ibh teen male patient · with the clinical 
syndrome of Parkin 'onism, and without 
a hi story or clinical evidence of cardiac 
or primary lung disea 'e, were examined. 
They ranged in age from 36years, 6 months, 
to 7:3 years, 6 mon ths, with a mean age 
of 56 years, 4 months. Although 'ome of 
the patients probably had the changes 
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con 'equent to loss of elasticit.y of the lung 
with advancing age, none howing clinical 
signs of advanced pulmonary emphysema 
were included in this serie , Subject ' with 
clinical manifestations of systemic disease 
other than P arkin onism were also ex
cluded , All patients were off a nt i-Parkin
sonian medication for at least the 24-hour 
period preceding the examination , Ten 
patients had dyspnea on exert ion and, of 
these, four had dyspnea at rest, 

METHODS 

After completion of a detailed medical 
history, a ll pa tients were examined cl in
ically, Information from the medical 
history was used to determine the pre 'ence 
of re piratory discomfort and its character
istics, ~ umerical ex pres ion in regard to 
this symptom were avoided since dyspnea 
in thi 'study was considered in the t rictest 
clinical sense of the word , a sen ation, 
and , therefore, not su 'ceptible of preci..:e 
measurement. Thus, pat ients were cia -
ified on ly as to the presence or ab ence of 
dyspnea at rest and on exertion, 

The clinical examinat ion of mu 'c1e tone 
\\'as carried out, tnking in to con ideration 
the following: (a) the posture of the ex
t remities, t runk a nd head in wa lking and 
at rest; (b) the resistance of the extremities 
and head to passive movements ; and (c) 
by observation of t he degree of pendulous
ness of the upper and lower limb, In 
the clinica l evaluat ion of t remor on ly it 
ampli tude \\'a' u 'ed as a mea ure of 
severity, 

The examiner determined subjecti\'ely 
t he degree of rigidity 0 1' tremor according 
to the following, cale: 

o wi thin normal limi t 
1 mild 
2 moderate 
3 , , , 'evere, 

In instances of unequal involvement of 
the extremities or when the man ifestat ion ' 
were apparent in one side of the body, on ly 
the mo t a ffected area was rated numer
ically, 

For the gas a nalysi ', t he arteria l blood 
wa drawn by percutaneous punctul'e of 
the brachial a rtery, After t he puncture was 
performed, the needle wa, left in the artery 
~nd the patient permitted to rest in bed 
for 20 minute in the emi-recumbent 
position , since the minute volume of 

re 'piration i usua lly stabili7.ed within that 
time (16), This precaution b cam n c
essary since, ome of the patient' howed a 
tendency to hyperventilate during th 
puncture procedure, The blood \Va' al
lowed to Aow anaerobically into a gla ' 
y ringe, previou Iy I'in 'ed wit h h parin 
olu t ion, The oxygen content and eapa '

ity a nd t he carbon dioxide content of the 
blood sample were mea 'w'ed by t he meth
od of Van Slyke, The perCf'ntage of oxygen 
a turation was a lculated fr m the oXYlyen 

content a nd capacity with the ne' '::try 
correction for dis 'olved oxygen, X ormal 
yalue of oxygen 'atul'ation and of carbon 
dioxide content were deriyed from the data 
suggested by the K ational R 'ea rch 
Council of the K ational \ cademy of 

ciences (8), Patient weI' then eat
egorized as being eith I' normal or abnormal 
in term ' of the CO2 content and O2 'at
uration' of their a rteria l blood, 

In 6 patient, quantitative determi
nat ion of mu el tone and tremor were 
availahle, T he 'e were obtained by pre
viou 'ly de 'cribed electron ic techniques, 
Tone wa quantitated in term ' of megu
dyne-cm of tor tue by the method of 
Brumlik and Boshe' (.J.), On th ba 'i' of 
pre-determined normati\'e data, all value,' 
above ,:1:.0 megadyn -cm were ('on~id('r('d 
abnormal (-I:). Th pa rameter ' of trC'mor 
'onsidered in relat ion to the blood Itu,' 
value were: har'mon ic wave-form', 'pindl 
formation , amplitude regulari ty, frC'quC'nc-y 
reCTula ri ty a nd ad ual frequeney, The,'e 
\\'ere obtained utilizing t he C'lec-tronic
equipment and methodolo'TY dC' '(' ribed by 
Wachs and Boshe ' (17, I ) , 

T he relationship ' of arterial blood Ita:" 
compo 'ition wi th data d rived from th 
history, cli nical evaluat ion, and objec-tin' 
measurement' \\'ere ilwesti rated statis
tically, Since mo t of the data \\' I' C'x
pressed in term ' of rank order, non-para
metric method ' were employ d, hi
square te -t~ of homogeneity \\'er per
formed to determine whethel' 01' not th 
blood ga . tate and ele ·ted factoI" fr m 
the hi tol'Y and clinic-al examination weI' 
mutually independent. The peurmun 
Ran k-Order Correlat ion Techniqu Wit ' 
applied to the evaluat ion f th relation
ship ' between blood ga, ' value ' a nd d ('
t l'onic mea m ement ', In both inl:;ta nr'C's 
the ,05 level of confidence wit,' scI ('ted, 



TABLE I 

Clinical Status Arterial Blood Gas Analysis 

Oxygen saturation 
Duration (normal ~ 96o/c) Carbon dioxide content 
of illness Dyspnea Predominant Rigidity (borderline = (normal range 

Patient Age (years) on exertion at rest side involved* Extremities Trunk Tremor 93.5- -96 o/c) 44.6- -50.2 vol. 0/,-) 

I) . B. 56- 1 25 + B I I I !.)7 .2 -ta .!) 
:V1. :\ l. 58- 8 8 + IU :~ :~ :~ 6 .0 -t :~ . n 
L. P. 5-1 - 0 5 + + Itl :\ 2 I ~)7 . 2 55 .7 
.J. W. -18- 5 6 + III :\ "2 I ~) . \J '1-1 .5 
H. W. n - 6 :~ + TlI I "2 :2 \):3 . J 50 . 1 
T . H . -16- 5 :\ L 0 0 "2 9-t .5 -t .0 
J . i\1. 62- H 10 Lr I 1 2 H7 .0 -12 .6 
ll. A. a5- 6 7 Lr :3 :\ 0 06 .7 -19 .8 
:\ . K. 56- 1 -1 + HI "2 "2 :2 89. 0 -16 .2 
R. D. -1:3- 11 Iti + III :~ 1 "2 95 .5 -12 . 1 
H. Il. 68- 2 H B I I 94 .4 56 .3 
.1. L. 6 4 6 13 2 :3 H5 .7 .'i 1.7 
J . F . 59- 4 lH + + Lr 2 2 "2 1)2 . -16 .4 
I ~. P. 56- 10 5 TlI 2 2 I H2 . I 50 .0 
.J. .J . :) 8 12 L 0 0 I 88 .2 -to .7 
.J . , . 5 6 10 + + B :3 :\ :~ !l2 .2 52 .2 
J . E. 5-1- 8 5 13 I I 1 \)-I .a 45 .8 
1:<:. F . 65- 0 .'i + + IU "2 2 2 \)-1 .5 51.4 

*Key: B - Bila teral ; Ill- Bil atp ral, greater 011 righ t: Lr - Bil a lrra l, grC'ater on left; L - Uniial pral, IcC\' ; H - Uniln\,c ra l, right. 

TABLE II 

ELECTRONIC MEASUREMENTS AND BLOOD GAS VALUES 

Arterial Blood Muscle Tone Tremor 

CO, content 0 , saturation Torque Frequency Frequency Amplitu.de Amplitude Harmonics Spindles Abrupt wave-form 
(vol. % ) (%) megadyne-cm. (cps) regularity (%) regularity (%) periodicity (9:) (%) (0/. ) change (%) 

50 .0 92 . 1 2 .70 8 .2 7 0 0 0 0 0 
50 . 1 0:3 . I 5 .75 7 . I -10 6 26 15 6 8 
51 .7 U5 .7 :3 .50 6.-t -t7 17 0 0 25 0 
-t6.4 02 .8 7.05 6.0 71 2~1 0 3H 39 0 
-Ia .9 \17 .2 8 .-t5 56 n 65 0 7 18 0 
4a .\) 86 .0 -t .85 4 .2 100 !) 0 56 22 0 
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RES LTS 

The data obtained from the history, 
clinical examination a nd a rteria l blood 
gas analysis a re summarized in Table I. 
The analysis of t his da ta 'how that in no 
instance is the obtained value of the 
chi-square statistic great enough to reject 
the hypothesis of independence (p> .05). 
~ evertheless, certa in observation, are of 
interest. It is apparent that in the group 
whose illnes' i of longer dura tion, there 
is a higher proportion of patients with 
decreased oxygen satlU·a tion . However, 
the lack of correlation between age and 
hypoxemia 'upports the concept that the 
observed a bnorma li t ies a re not only a 
function of the aging pmce s. Of 4 patient 
with dyspnea at rest, none showed a 
reduction of the carbon dioxide content 
whereas 43% of the " roup not 'howing 
dyspnea at rest had a decreased CO2 con
tent of their a rteria l blood . 

The data deri ved fmm f' lect ronic meas
uJ'ements a re given in Ta ble II. Although 
not statistica lly 'ignificant, perhaps due 
to the limited number of pat ient , there 
a re sugge tions of a direct relation 'hip 
between t he frequency of t remor and 
the carbon dioxide content of arteria l 
blood. Also, there a re e\'idences of' an 
inverse relat ion 'hip between t he CO2 
content and the frequency regula ri ty and 
and a mpli tude regularity of the Parkin
'onian t remor. FUlther investigations are 
necessary to elucidate t he meaning of' 
t hese observat ions. 

DISC SSION 

In pat ients \\'ith chronic pulmonary 
disea~e a nd over-a ll hypovent iJat ion , the 
composition of the arterial blood gase 
u ua lly sho\\' well recognized characteri tic 
a lterations (1, 2, 6, 11. 13, 20). When 
dyspnea is pre ent, the oxygen saturation 
is dist inctly reduced and the carbon dioxide 
tension i moderately to markedly elevated 
(13). These changes, " 'hich contribute to 
the increase of' ventilation, a re closely 
related to the product.ion of the res
piratory discomfort. When t he hy per
capnia i pronounced, however, hypoxemia 
b~come the on ly or mo t important 
stImulus to ventilation (7, 9). In the e 
circumstances, the severi ty of' the dyspnea 
seem to parallel the reduction in oxygen 
aturation of the arteria l blood (13). 

I n the Parkin 'onian patient, th alter
ation' in the blood ga' value ' a re ntirely 
different. The reduction in oxy ren at
uration i ' 'light when compared with the 
values ob 'erved in . vere pulmonary 
di 'ea 'e. The carbon dioxid eontcnt of 
arterial blood i normal , 'Iightly elc\'ated or 
reduced. These change' are not related 
to t he pre ence of respiratory diseomfort , 
at re t or on exertion. The 'hiking 
differences between the finding ' in diffu 
pulmonary di ea e and tho'c in Parkill
'oni 'm a re probably related to the diffcr nt 
pathologic phy 'iology of the two pmc ' . 
N everthele " it 'hould be pmpha 'iz d 
t hat in re 'piratory patholoffY, variou ' 
clin ical ent itie may produce 'imilar phy 'i
ologic di,turbance' and any onc di ' a 'e 
may result in widely differcnt funetional 
di turbance '. FlII'thermore, pulmonary 
emphy 'ema may 'ho\\' a pattcl'll similar 
to the one we have ob 'Cl'\' d ill ,'ome Park
insonian patient ' whcne\'er a \'cntilntion 
perfu 'ion ratio incqua lity cxists ( 19), 
H ere, the oxygen 'at ul'Utioll i. rrdu('ed 
as a eon 'equence of thc inability of the 
a lveoli \\' ith high ventilation p rfUf;iOIl 
ratio ' to eompen.'ate fo r tho ' with low 
ratio. Thf' carbon di xidr tCII 'ion, on 
the other hnnd, is normal 01' CVCII low 
becausc th a lveoli with low velltilation 
perfu ion ratio do not rai' it exc'ef; 'i\'cly, 
whel'en a high \'entilation perfu.'ion ratio 
can 10\\'er the carbon dioxide tcn 'ion 
con ·iderably. 

inec we did not examine our patient ' 
for other important factor ' in the "ene i 
of dy pnea, we lack t he nce f;sa l'Y data to 
elucidate it · cause in Pa rkin ·onism. Th 
inability to cOlTelat thi 'ymptom with 
de\'iation from thc normal in th blo d (fa ' 
value, indicat s that other me('hnni m 
(alterat ions in lactic aeid metaboli 'm, re
flexes from proprioeeptor ' impaircd heat 
di 'per a i, etc.) should be examin d . 

If we were able to 'ay that a ll pati nt · 
examined in Olll' laboratory who ha I 'cver 
rigid ity of their trunk 01' limb' nl 'o had 
demon b'able change in thc bloo I ra 
value , then the phy 'iolo ri' dingno 'i ' of' 
t he re 'piratory di tu rbanees would be 
simplified. The lack of eorrelation bctwe n 
the periphera l clinical 'ign ' and the com
position of' the blood ga e' indieatc ', h w
ever, that im'olvement of the mechanie r 
breathing may be more e\'ere than 
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gencrally appreciated. Thus, restrictive 
vcntilatory dy {unction may pr-oduce little 
apparent respiratory di ability. The latter 
can be eon. i tently recognized only if 
physiologic- mea urement a re employed. 
Obviou. Iy. arterial blood ga analy i can
not be advocated as a regular procedure 
in patients with Parkinsoni m. However, 
if di. turbanee. of the cleansing function , 
frequent lower respiratory infection , or 
any other proces ('apable of embarrassing 
further respiratory funet.ion appear, the 
diagnostie importance of this procedure 
. hould not bc overlooked. A long as the 
percentage of oxygen 'aturation doe. not 
accurately portray the severi ty of impair
mcnt in oxygcn tran"fer, all other pul
monary function tests become neces ary 
to asscss the extent of the pathologic 
involvement. 

MJ\IAR Y Ai\;D CON LIONS 

The oxygen saturation and carbon di
ox ide ('ontent of the arterial blood were 
inve.'tigutcd in 18 patients lVi th Parkin
,·on'.' disease nnd wi thout a history or 
clinical evidcncc of cardiac or primary 
pu lmonary disorder. In thcse same pa
t ir nts, dinical evaluation and measure
ment by eledron ie method.' of the everi ty 
of t heir rigidity and tremor lVere per
formed . 

1'11(' data thu.' obtained IVa ' . tatistically 
treated. The rrlationship of O2 saturation 
and O. content with clinical evaluation 
of syml;tonv \I'cre stud ied by mean of 
(,hi-square te.t· of homogcneit y . The 
Hpeurman ran k-order technique \I' as used 
to invest igate the correlat ion between. ome 
of the elect ronic mea urcments and the 
blood ga ' data. 

T he r · suits .'uggest the follow ing con
du.' iolls: 

I. The slight l"ed uction in arterial oxygen 
'aturation with normal, 'Iight ly elevated 
or rcduced arterial carbon dioxide content 
which werc ob. erved i in striking con
tra.' t to thc find ing in patient with 
. d iffuse chronic pulmonary disease. This 
differ nee i. probably related to the dif
fercnt pa t hologic phy iology of these two 
processes. 

2. The Parkin.onian dy pnea i not 
rclated cxclusively to changes in the com
position of thc blood gases. 

3. The lack of correlation between the 
peripheral clinical signs and the oxygen 
saturation indicates that involvement of 
re piratory muscles cannot be predicted 
entirely on the basis of clinical exam
ination. Therefore, tests of pulmonary 
funct ion are recommended in the Parkin
sonian patients whenever it becomes neces-
a ry to know the true status of the res

piratory mechanisms. 
4. There are evidences of an inverse 

relationship between the carbon dioxide 
content of the arterial blood and the fre
quency regularity and amplitude regularity 
of the Parkinsonian tremor. Suggestion 
of a direct relationship between CO2 con
tent and actual frequency are also pre ent. 
To determine the real significance of t he e 
ob ervations, further investigations are 
necessary. l\ evertheless, they rai e what 
. eem to be important questions in the 
under tanding of the disturbed mechan isms 
which underlie the symptoms. 
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