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Changes of the Ta Wave in Standard Leads Following Stimulation of 
the Vagus Nerves.” (17904) 
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I n  experimlents in which the right or left 
vagus nerves are stimulated in the neck with 
a faradic current during regular sinus rhythm 
marked changes of lthe P-R segments develop 
in the standard leads. The experiments were 
perfmmed on dogs which were anesthetized 
with nem(buta1. The heart was exposed by 
removal of the sternum and the aldjacent parts 
of the ribs and by openling the pericardium. 
The vagus nerves were severed in the neck 
and the peripheral end was stimulalted with 
the aid of a Cambridge Inductorium. 

Results. Fig. la shows a sinus tachycardia 
with a rate of 192. The P waves are large 
(lead 11). The P-R segment is within the 
zero line. Following stirnuletion of the right 
vagus nerve, for 2.2 seconds, the first P wave 
differs in form from the others; the P-R seg- 
menlt is markedly depressed. This depres- 
sion persists in a number olf subsequent P 
waves which resemble those which were reg- 
istered before the stimulation of th’e vagus. 
The dopressiton gradually disappears. 

Fig. lb,  which was obtained on Fetb. 28, 
1950 (lead 11) shows a sinus rate of 115. 
This time only the right vagus nerve had 
been severed. Following faradic stimulation 
of the righit vagus nerve for 2.4 secondis the 
first P wave again has an abnormal form but 
succeeding P waves, which look like those 
before the stimulatilon, are followed by a 
depression of the P-R segment which slowly 
dimlinishes and finally disappears. 

These changes were observed in all of 17 
experiments. They were barely recognizable 
in lead I, more marked in lead 111 and very 
distinct in lead 11. Repetition of the stimu- 
lation of the vagus nerve again elicited this 
phenomenon without evidence of fatigue. We 
did not observe any difference in the effect 
of right or left vagus stimulation. The num- 
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ber of beats showing the depression of the 
P-R segment after thle end of the stimula- 
tion varied with the rate. 

We did not gain 8th.e impression that de- 
pression of the P-R segment was sustained 
longer by more prolonged stimulation of the 
vagus nerve. Thus in one experiment with 
a sinus rate oif 176, vagus stimulation for 2 
seconds caused a P-R depression persisting 
for 9 sinus beats; about 20 seconds later, 
aftler stilmulation for 4.6 seconds, the same 
changes were seen for 1 2  beats; after stimula- 
tion for 8.4 seconldls the P-R segment was 
>depressed for 9 beats and ab’out 25 seconds 
later, aifber stimulation for 9.6 seconds, 
changes were present for 8 beats; finally after 
a stiimulation folr only 3.8 seconds, the changes 
of the P-R segment were observed in 7 beats. 

Intravenous injection of 0.005 g oQ acetyl- 
choline chloride “Roche” invariably caused 
si’milar changes. After a temporary cardiac 
standstill, sinus rhythm reappeared and, as 
Fig. 2 shows (lead 11) , there was a marked 
depression oif the P-R segment whisch quickly 
diminished anld disappeared. This depres- 
sion of the P-R segmlenlt can be attributed to 
the appearance of a prmounced Ta wave. 
I t  is known that a very distinct Ta wave may 
deform also the RS-T segment. We did not 
observe this, however, in our experiments, 
mbecaufse the accentuated Ta wave following 
stiimulation of the vagus nerves was of short 
duration. The steep return oif the dlepressed 
P-R segment to the zero line demonstrates 
this fact. Shortening of the P-Ta interval 
during stimulation of the vagus nerve in 
f rags and mammals has been descr?bed ( 1,2 ) . 

Discussion. In  the classic studies on the 
effect af stimulation of the vagus nerves on 
lthe electrocardiogram, thlese changes have 
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FIG. 1. 
Fig. l a ,  shows n cleprcssioii of the P-H segment during sinus tac.Ii~-e::lrdia; Fig. l b  shows the  

same phenonieiion during n normal sinus rate. 

FIG. 2. 
Slioi~--s tlie depression of tlie P-R segment following intravenous injection of  acetplcho!iiie. 

escaped notice of the investigators. The 
phenomenon described above can easily be 
found in some of the tracings reproduced 
in their reports (3,4). Only in electrograms 
obtained with the exploring electrode within 
the right auricle of cats and dogs a similar 
ddormity of the P-R segment has been reg- 
istered. Standard leads are not dexribed ( 2 ) .  
I n  an  investigation of the action of adenine 
nucleotides on the heart, Green and Stone 
stress the marked increase of vagus tonus 
after the intravenous injection of these com- 
pounds. Simultaneously with a marked in- 
hibition of the A-V conduction, Fig. 29 and 
30 of the monograph by these authors show 
a verv distinct depression of the P-R seg- 
ment in lead I I (5 ) .  While our experimenlts 
were in progress, an accentuation of the T a  
wave caused by acetylcholine was reported 
(6) .  These changes of the Ta wave ar.e also 
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found in clinical tracings. They appear in 
normal subjects after exercise ( 7 ) .  They are 
found for a few beats after carotid pressure. 
-4 similar depression of the RS-T segments 
has been described repeatedly in cases of 
coronary thrombosis and atrial infarction. 
The appearance of these changes by reason 
of a high vagal tonus has therefore some 
practical importance. 

I n  an attempt of an explanation of this 
phenomenon certain experimental studies are 
pertinent. In  an investigaltion of the effect 
of vagus stimulation on the conduction within 
the mammalian auricle an extremely rapid 
recovery was found during stimulation of the 
vagus nerve (8) .  The simultaneous reduction 
of the length of the refractory period is well 
known. Distinct shortrening of the regres- 
sion process was described ( 1 ,2 ) ,  with the 
hearlt of the frog and in the mammalian heart 
after administration of acetyl-beta-methylcho- 
line. Finally, Churney, ,4shman and Biggins, 
in a study of the effect of thse vagus on the 
monophasic action potential of the auricular 
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muscle of the turtle, found a decrease in 
spike voltage due to a partiall depolarizlation 
of the heart muscle fibers and an accelerated 
repolarization following vagal stimulation (9) . 
A shortening 04 the repolarization process in 
the auricle may therefore be assulmd to be 
responsilble for the appearance of the Ta 
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wave. 
Conclusions. Vagal stimulation leads to 

the temporary appearance of a very pro- 
nounced Ta wave in the standand leads, par- 
ticularly in 1 4  11. This is explained by tihe 
abnor(ma1 r1epollarization process of the auricu- 
lar muscle during and shortly after the stim- 
ulation. 
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A lolw blood serum complement is oftlen 
found in patients suffering of widespread dis- 
ease of the bones(1). Because of this obser- 
vation it was thought olf interest to investigaltle 
the complement activity of the serous fluids 
expressed from the coagulake obtained from 
sternal bone marrow. Throughout this 
study the sternal puncture technic of v. d. 
Me~we(2) was employed. After the induc- 
tion of lolcal anesthesia wilth 2 %  novocain, 
the corpus sterni was punctured at the level 
of the second inltlercostal space. As a rule, 
the first drops obtained were smeared on 
slides for direct microscopic examination. 
Aflter this, from 0.5 to 1 cc of the sternal 
marrow was withdrawn, ejeclted into a small 
serological test tube, and allowed to coagu- 
late. After clotting the material was centri- 
fugalized at  38000 r.p.m. for a period of 10 
minutes and the supernate removed. For 
complement assay the hemaltocrit miethod od 
Jordlan was used. One tenth of one cc of the 
fluid was employed and the titer obtained 
was oompared with that of the blood serum 
which was tested at the same time. 

It was found that in most cases the com- 
plement activity oif the sternal fluid compared 
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favorably with that of lthe blood serum. How- 
ever, a small numfber of marrow fluids showed 
no complement activity at all while their 
corrlesponding sera possessed nonmal comple- 
ment activity. I t  seems unlikely that these 
fluids should lack complement because a cer- 
tain amount olf blood is always obtained dur- 
ing puncture. 1)t was found that the aiddi- 
tion of complement components from norfmal 
serum failed to reactivate these marrow fluids. 
When these fluids were however mixed with 
active normal sera, they inhiibited the comple- 
ment activity of the latter. I t  was not fleas- 
iblle to work with larger quantities of sternal 
marrow since too great an admixture of 
(blood would occur. I t  was observed that the 
an8ticomplbementary power of these fluids re- 
sislted temperatures of 56°C and even 6Q"C 
so that it is possible to consider the anti- 
colmplementary activity as relatively tbermo- 
stable (Olhagen) (3). In contrast to 01- 
hlagen's anticolmplementary factor or factors 
the anticompIementary activity of these fluids 
is not acquired after heating af thie fluids. 
In  other words, they exist in the unheated 
fluid. I n  a number of patients whose sera 
and sternal marrows showed no complement 
activity, thle sternal fluids were also tested 
for anticomplemenitary effects but none were 
observed. 

-__ 

3. Olhagen, B., Actu Med.  Scund., Supple., 1945, 
162. 


