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Most Russian authors who have studied the effect  of  
low par t ia l  oxygen pressure on the human e lec t rocard io-  

gram (ECG) [1, 3-7, and others] have observed a reduc-  
tion in the P and T waves. There is no one opinion agreed 
upon concerning the other waves. Similar  results have 
been ob ta ined  by foreign authors [8, 10, 13, 14 and others]. 
G. V. Altukhov and V. B. Malkin [1] and other Russian 
authors have described the effect  o f  low barometr ic  pres- 
sure. They found that  in a raref ied  atmosphere corre- 
sponding to a height  of  8,000-12,000 m, there is a rota-  
tion of the e l ec t r i ca l  axis of the hear t  (a change of  the 
angle alpha) to the lef t  due to the more horizontal  posi- 
tion of the hear t  produced by a more e leva ted  position of  
the diaphragm. 

We have found accounts of only a few experiments 
in which vector methods of ECG analysis have been ap-  
pl ied to traces recorded in hypoxia  or at  low barometr ic  

pressures. Thus, S. T i t te l  [141 and Gurtler, Poulsen, and 
Rasmussen [11] found that  at  low par t ia l  oxygen pressures, 
the in tegrat ive  depolar iza t ion  vector of the myocardium 
(AQRS) is reduced during inspiration, while mainta ining 
its original  direct ion;  the repolar iza t ion  vector (AT) is 
devia ted  to the left ,  but remains unchanged in ampl i tude;  
the "ventr icular  gradient" (G) changes both in direct ion 
and magnitude.  

H. Becker-Freyseng and M. Stamberger  [9] have de-  
scribed s imi lar  changes in the AT vector to be caused by 
exposure to reduced a tmospher ic  pressure at a "height" 

of 11,500 m when breathing oxygen. 
The vector method of  ECG analysis is widely used 

in c l in ica l  prac t ice .  In a t t empt ing  to reveal  functional 
myocard ia l  changes in human subjects caused by var ia-  
tions in the external  factors a l ready described, in addi-  
tion to other methods we have used vector analysis of  the 

e lectrocardiograms recorded at reduced atmospheric  pres- 
sure. 

M E T H O D  

The experiments  were carried out in a pressure cham-  

ber in which the pressure was reduced to 405 mm mercury, 

corresponding to a height  of 5,000 m, and the subjects 
breathed the air of the chamber  for 30 rain. In invest i-  
gating the effect  of  the very lowest pressure, we reduced 
it to 195-170 m m  mercury, corresponding to a height  of 
10,000-11,000 m; the subjects breathed oxygen for 20- 
25 rain. The ECG was recorded for 15-20 rain before 
"ascending,"  at the 3-5th and 20-25th min after  the par t i -  
cular "height"  had been reached,  and 3-5 rain after " c o m -  
ing down." The three standard leads were used in addit ion 
to chest  leads CR2, CR 4, and CRy. Besides the normal  ECG 
analysis, we also made  measurements of the frontal vectors 

(vectors were constructed on the t r ip le  axis system). 
In al l ,  120 investigations were made,  25 in hypoxia,  

and 95 at  reduced pressure. 
Healthy ma le  subjects aged 20-30 and showing no 

ECG anomal ies  were used. Str ic t ly  control led conditions 

of work, feeding, and rest were mainta ined.  

R E S U L T S  

At a "height" of  5,000 m, without addi t ional  oxygen, 

a modera te  degree of hypoxie  hypoxia  was well tolerated,  
and the ECG changes were as follows: the P1 wave was 
usually increased,  and P2 -a reduced;  the precordia l  vector  

AP showed some tendency to ro ta te  to the left,  and i t  was 
usually reduced in magni tude;  the P-Q interval  and the Q 
and S waves showed changes which were not consistent. 
Quite frequently a lef t  type of ECG was found, in which 
the R 1 wave was somewhat  increased and R 2 _ 3 reduced; 
the AQRS vector  was displaced to the left. The T 1_ 3 
waves were reduced, and the AT vector  both reduced and 
as a rule displaced to the left. The ~ ventrieular  gradient" 

G changed in the same way as did AQRS. 
Thus, there was a combined rotat ion of the precordial  

and ventr icular  vectors to the lef t  without them becoming  
separated,  which ind ica t ed  a changed posit ion of the ECG. 
Quite frequently there were signs of  increased e lec t r ica l  

ac t iv i ty  of the lef t  ventr icle .  

A conf i rmat ion of  these findings was supplied from 

other axonometr ic  measurements.  The R/T rat io  showed 

1009 



no increase, and the R/S rat io changed, but not consistent- 
ly. 

In analyzing the ECG, we have thought i t  advantage-  
ous to introduce the R/P rat io (AQRS/AP), which describes 
the direct ion in space of the potentials  in the myocard ium 
of the auricles and ventricles.  When the hypoxia is well  
tolerated,  the index shows some increase on account  of a 
compara t ive ly  smal l  rotat ion of the AP vector to the left.  

When the hypoxia is less well tolerated (Fig. 1), the 
P~- 3 waves are re la t ive ly  increased; the AP vector is 
quite frequently rotated to the r ight  and increased. T h e  
R1- 3 waves are reduced, and the AQRS vector, par t icular -  

ly at  the end of the experiment ,  is frequently rotated to 
the right. These changes indicate  an increased load on 

the right heart, as is confirmed by several  x - r a y  findings 
[2, 12]. The effects may  be at t r ibuted to a hypertonia in 
the lesser c i rculat ion occurring in hypoxia. Changes in the 
T waves under these conditions are s imi lar  to those de-  

scribed above,  but are frequently pr imary ( ' i s c h e m i c - )  
in nature. The lifT rat io quite frequently increased, and 
the RIP (AQRS/AP) index increases on account  of rotat ion 
of AP to the right and signs of overload of  the right aur ic le ,  
though i t  may  remain  unchanged or even decrease i f  in 
addition" there is an increased load on the right ventr ic le  

(rotation of the AQRS vector to the right). There is fre- 
quently a reduction in the  White index, which indi rec t ly  
confirms the ideas presented above.  The Foge l ' son -Cher -  
nogorov systolic index showed no essential  change. 

When a human subject  was exposed only to a reduced 
pressure, being brought to a "height" of i0,  000 m and 
given oxygen, the ECG changes were considerably more 
complex than would have been expected from published 
reports. When the low barometr ic  pressure was well tol-  
erated, there was some tendency to a leftward rotat ion 
of the AP vector. When the condition of the subjects 
deteriorated,  quite frequently the  precordia l  vector was 
increased and rotated to the right; this effect  was par t i -  
cularly well  shown after "descen t ' ,  when the masking 
influence of the e leva ted  position of the diaphragm was 

removed. 
When the low pressure is well  tolerated a QI  - S s 

complex occurs which is well  known to be  typical  of the 
e levated position of  the diaphragm. When the pressure 
is not well  to lera ted,  an S ,  - Qs complex  appears which 
is typica l  of a rotation of the hear t  m the right about its 
longitudinal  axis; however, in the conditions described, 
this result did not occur frequently, and in our opinion i t  

indicates an increased load on the right heart.  
When "high a l t i tude"  has no adverse effects, typ ica l -  

ly there was an increase in the R, wave and a reduction 
in the R z _ a waves, i .e . ,  the AQRS vector rotates to the 

left.  In such cases, the ampl i tude  of the vector quite 
frequently increased, which gave reason to suppose that  
there was some associat ion of  the levogram with the re- 
l a t ive  increase of load on the right ventr icle .  When 
"high alt i tude" produced adverse effects, the vol tage  of  
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Fig. 1. Frontal vector cardiogram. 
Subject Ya-va, May 22, 1952. Hy- 
poxia not well tolerated. A) Before 
"ascent"; B) 3 to 5 minutes at "high 
altitude; C) 20 to 25 minutes at "high 
altitude; D) after descent, AP - dotted 
line; AORS -continuous arrow; AT - 
broken line; G -broken and dotted 
line. 
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the R l _ a waves was usually reduced; the AQRS vector 
quite frequently deviated to the right, par t icular ly  at  
the end of a period at  "high al t i tude" which together 
with the right rotat ion of AP indica ted  that  the predomi-  
nant factor was the increased load on the right heart.  

Sometimes the ECG changes were typical  of  par t ia l  block 
of the right branch of the bundle of  Hiss. 

Changes in the T wave were less typical .  The amp l i -  
tude of  the T l - s  wave was qui te  frequently reduced, the 
AT vector was devia ted  ei ther to the lef t  or to the right. 
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The "ventr icular  gradient" a t  "high al t i tude" usually 
showed a rotat ion to the left. When "alti.tude" was re-  
duced, the continuation of the "ventr icular  gradient" in- 
d ica ted  the pr imary nature of the al tered T waves. When 
the reduced pressure was welt tolerated,  the R/T rat io was 
reduced and the R/P (AQRS]AP) ratio quite frequently in- 
creased on account of the re la t ive  smal ler  rotat ion of  AP 
to the left. When the condition of the subject  deter iorated,  
there was a larger  number of  cases where the AQRS and 
AT vectors were separated in the  frontal plane by more 
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Fig. 2. Frontal vector cardiogram. Subject  W-or,  February 12, 1962. 

Low pressure well  tolerated.  Indications as in Fig. 1. 
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Fig. 3. Frontal vector  cardiogram. Subject  U-ov, February 14, 1952. 

Low to lerance  to reduced pressure. Indications as in Fig. 1. 
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than 30 ~ The AQRS/AP index was usually increased 
during the first few minutes at reduced pressure, but the 
change was due to the right rotation of  AP combined with 
a preponderantly leftward rotation of AQRS. At the end of 
the period of "high altitude" the R/P ratio might be re- 
duced on account of  the additional right rotation of the 
AQRS vector. 

The systolic index rose by 5-8% when the "altitude" 
was well tolerated; when the condition of the subject 
deteriorated, the index rose by 12-15%, indicating a dis- 
turbance of the ventricular myocardium (Figs. 2 and 3). 

Changes of the ECG of the thoracic leads showed 
that when the reduced pressure was not well tolerated all 
the waves in lead CRa were reduced. In lead CR~ the P, 
R, S, and T waves were increased; in lead CR s there was 
a moderate reduction in the S-T interval, i.e., there was 
a relative increase in the activity of the right heart. 

It can be seen therefore that the appearance in the 
ECG of signs of overload of the right heart together with 
ischemia of one or other cardiac area (most frequently 
the left ventricle) seem to us to form a quite constant 
objective indication of a deterioration of  condition fol- 
lowing moderate degrees of hypoxia and reduced baro- 
metric pressure. Evidently, such changes may be ascribed 
to hindrance to the pulmonary circulation resulting from 
the hypertonia of  the vessels of  the lesser circulation in- 
duced by hypoxia, and also to abnormal interoceptive 
reflex influences brought about by an expansion of the 
hollow organs of the belly and some mechanical  pressure 
on the lungs due to the elevation of  the diaphragm ("high 
altitude meteorism') .  

S U M M A R Y  

One hundred and twenty observations were made of 
the effect of a short stay in an altitude chamber on the 
ECG of healthy subjects at an effective **altitude" of 
5,000 m while breathing either air, which induced hypo- 
xia, or at an equivalent height of 10,000 m while breath- 
ing oxygen. In subjects who tolerated the hypoxia there 
was a combined swing to the left of  the AP and AQRS-T 
vectors without any definite cardiac displacement. When 
the hypoxia was not well tolerated, after about 9.0-25 . i n  
at the reduced pressure there was a relative swing to the 
right of the cardiac vectors, indicating an increased load 
on the right heart. When no adverse effects resulted, the 

shift of  the cardiac vectors to the left was accompanied 
by signs of increased left ventricular activity. When the 
subject's condition deteriorated, an ECG of the S~-Q s 
type developed, and the AP and often the AQRS vector 
swung to the right while the R/T and R/P indices rose, 
which also indicated an increased load on the right heart. 
Therefore an ECG indicating such an increased right heart 

load constitutes also an objective sign of a deterioration 
of the physical condition. 
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