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Numerous methods for continuous recording of blood pressure in waking animals have been developed. Direct 
methods are the most suitable for long-term continuous recording. 

Marquardt and Hildebrand [1] have developed a method involving direct access to the blood of experimental 
animals: It was used to record blood pressure in sleeping cats for 12 h, and was based on the introduction of a plastic 
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Fig. 1. Diagram illustrating the introduction of a 
polythene tube into the aorta. 1) Right carotid 
artery; 2) polythene tube; 3) innominate artery; 
4) aorta; 5) glass-membrane manometer; 6) fixed 
coil; 7, 8) mobile coils of the manometer; 9) tap; 
10) generator; 11) amplifier; 12) writer; 13) kymo- 

graph. 

tube into the femoral artery. However, the method was not 
suitable for prolonged recordings in waking animals. 

A considerable advance was made by Still [2,3]. At 
operation with sterile precautions, a polythene tube was intro- 
duced into the abdominal aorta of rats. After the operational 
wound had healed, the polythene tube which was brought out 
through the neck was connected to an electronic manometer. 
Blood pressure could be recorded for several weeks, The rats 
tolerated the operation well. However, this method has not 
been widely used because of the comparatively involved 
operative procedure. 

The method described below has been used by us for 
four years. Blood pressure has been recorded in waking cats 
and dogs directly for many months. The operation required 
is not particularly involved or lengthy. Results of pharmaco- 
logical investigations obtained by means of this method were 
first reported in 1960 [4,5]. 

It is easy to introduce a plastic tube of appropriate 
thickness into the thoracic aorta of cats and dogs through the 
right carotid artery, even without x-ray control. The prin- 
ciple of the method is illustrated in Fig. 1. 

A membrane manometer connected to the tube should 
be sufficiently rigid for the internal volume of the system 
comprising the tube and manometer to vary very little in re- 
sponse to a change of pressure, so that when the pressure in- 
creases, only a small amount of blood flows from the artery 
into the tube, and when the pressure falls an equally small 
amount of fluid passes in the reverse direction from the tube 
into the vascular system. With the most suitable type of 
glass-membrane manometer, the internal volume does not 
increase by more than 0.015 ml for a pressure increase from 
0 to 200 mm Hg. This constancy of the tube and manometer 

803 



10),/kg Adr 
r r r r r r m  . . . . .  ~ . . . . . . . . . . . . . . . . . .  ! . . . . . . . . . . . . .  a . . . . . .  

B ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
iiiiiiiiiiiiiiiiiiiiiiiiiiiii!iiiiiiiiiiiiiiiiiiiiiiii}ii}iiiiiii 
~ . ~ ! ! ! } ! ! ! ! ! ! ! i ~ J ~ i i ~ ! ! ! ! ! ! ! ! ! ! ! ! !  
!!!!!!!!iiiiiii!!!!!!!!iiii!!!!!!!!!!!!!!!!!iiiiiiii!!!!!!!!!![!} 
. . . . . . . . . . . . . . . . . . . . . . . .  , , , , ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

}:;-~IE:I :i '? iii -i i~ i- !'! ":! !-': !: i:* i:i k[iE{iii i~ii [ii'i i: IE ~} :ii 

] f l  [[ ]1 I I  I I  II I I  II II l [  [[ 11 [I I I  [I I I  I[ I~ II II II II Ji II I[ II II ] l  

!..mA. ~ :..:~:.:, } } L:I~ i i W:.:}~i i } i L:.~:..:}~i } i i.:i~.:} i i.i}i- iii i Eiii- i E i 
: ' !" !! "!!'}! !! '!!':" !! !! } ' } !" l! "! ~i~'} i~ l! '.!!'!!ii "!!~" !" !! !!'." !:'! !! !! 

:?, . ': " :~ : .': . " - - ' . - :  = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

~ i ~ . :  i i i.: i i~ ! ' ! ! ! ~ : ! ! : i i - i - i [ i ' i i ' i ~ i [ i i i i i i i i ? i i i i i i [ i  Fi 
~iNiiil}i~ii}ii!!!!!}!};iii~ii!iiiiiiiiiiiiiiii~ii~i~i~iii} 

Fig. 2. Recording the blood pressure of waking 
cats. Rate of movement of paper 10 mm/ra in .  
A. Intravenous injection of 10 ~g per kg adrena- 
lin. B. Curves showing aortic pulse in the wak- 
ing animal. Recording apparatus type "Khellige 
mul'tiskriptor." 

volume enables blood pressure to be recorded without.con- 
tinually having to wash out the tube. 

The polythene tube connecting the aorta with the 
manometer is filled with anticlotting fiuid. The size of the 
tube introduced into the aorta depends upon the thickness of 
the carotid artery. W e  recommend a diameter not greater than 
three-quarters of the outer diameter of the carotid. With such 
a diameter, no disturbances to the blood supply of the head oc- 
curs. The outer surface of the tube should not be scratched or 
damaged in any way, The tube used should be one prepared 
for specifically medical  purposes, such as a cardiac catheter, 

O p e r a t i o n  
The cat or dog is anesthetized (we used intravenous hexa- 

barbiturate anesthesia), the skin is removed from the neck and 
occipital region, and the animal is then fixed to lie supine on 
the table. An incision 8 cm long is made in the midline of 
the neck. By blunt dissection the carotid artery is exposed at 
the internal border of the right sternocleidomastoid muscle. 
The cranial end of the carotid artery is then ligatured. 

A polythene tube is then taken having a thickness three- 
quarters of that of the carotid artery, and is filled with physio- 
logical saline containing 50 ME of heparin per ml. One end of 
the tube is then plugged, and the tube introduced into the 
thoracic cavity so that its opened end lies at the apex of the 
xiphoid process. The tube is tied with a thread at that part of 
the carotid artery to which it is intended to introduce it, to 
mark the limit to which it is to be brought. The tube, filled 
with physiological saline, is introduced through a small incision 
in the carotid artery, in the usual way, and pushed forward un- 

til the point on it marked by the thread reaches the aperture in the wall of the artery. The carotid artery is then tied 
with a tight silk ligature, to hold the tube firmly in place. The closed distal end of the tube is brought out through 
an aperture in the skin of the occipital region to the surface. The wound is covered in the usual way. Neither the 
carotid artery or the tube from it should be attached to the skin or muscle. The tube brought out through each aper- 
ture of the occipital region is wound once or twice around the neck, so as to form a kind of collar. Where the tube 
is brought out, its several turns are bound together by thread or plaster. Next the plug is removed from the distal end 
of the tube, and 2-8 ml of physiological saline containing heparin are introduced. The tube is then once more closed. 
The "collar" formed by winding the tubes around the neck is protected by gauze, and after the wound has healed it 
is covered with a leather or plastic collar. 

The blood pressure may be recorded immediately after the operation. Typical curves are shown in Fig. 2. 

It is interesting that on awakening, the cats pay not the slightest attention to the "collar" formed by the tube. 
Several hours after arousal they take food, and for many weeks, or even months, make no attempt to tear away the 
collar around the neck. No previous habituation to wearing a collar is required. After the operation, the animals be- 
have entirely normally. 

Dogs also tolerate the tube well, but in them a pruritus develops during healing, and causes scratching. There- 
fore, in dogs, at any rate for the first week after the operation, the tube should be protected by a leather or strong 
plastic collar. 

For the first eight days, the polythene tube should be filled twice a day (morning and evening) with fresh anti- 
clotting solution. For dogs, 2-4 ml of physiological saline containing 50 ME per ml heparin are required. After 
eight days, it is sufficient to wash the tube once per day, and then only as a precaution,because if the tube is not 
damaged, the blood in it will not clot for many days. The polythene tube is most conveniently plugged by pushing 
into it a piece of thick-walled rubber tube of the appropriate diameter. The hollow of this second tube is then filled 
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with a me ta l  plug along the whole of its length. When the plug is removed,  it is easy to make a connect ion with the 
polythene tube running to the manometer .  

If an intravenous in jec t ion  is to be given during blood pressure recording,  it is advisable  during the operat ion to 
insert a p las t ic  tube not only into the carotid artery, but also into the jugular vein. This tube is also introduced on 
the right side, and pushed up the vein as far as the c lav ic le .  The technique used is the same as for the carot id 
artery, and both tubes may  convenient ly  t ie  side by side. 

Continuous recording of blood pressure is best made  by means of  a g lass -membrane  manometer  (see Fig. 1). 
The transformation of the osci l la t ion of the membrane  manometer  is effected by the pr inciple  of induction. Two 

coils are used, one fixed to the upper and the other to the lower membrane  of the manometer .  A third coil  is 
mounted  on the manometer  itself,  so that the three coils have a common axis, and at zero pressure the two outer 
coils are the same distance from the central  coil .  The center coil  is supplied by an al ternat ing current from a gener-  

ator. The two outer coils  are connected in series, and their ends taken to the input of an ampl i f ier ,  At zero pressure 
the middle  coil  is equidistant  from the two outer coils, and, therefore,  no vol tage will  be supplied to the ampl i f ier .  
When the pressure increases, the middle  coil  is d isplaced upwards, and the lower one downwards. Only the upper 

coi l  remains  in position, Because of the disturbance of ba lance ,  a v o l t a g e  appears at the input o f  the ampl i f ier ,  and 
the pen of the recording device is set in motion. The recording device  used was a kymograph. 

In the system described,  a movement  of the membrane  of 0.01 mm gives a pen movement  of 2 cm. Al te rna t ive -  

ly,  any kind of e lec t ronic  manometer  may be used. 

Connection between the an imal  and the recording device  may be made either by tube or by leads. In cats it 
is best to use a tubular connect ion,  but in dogs it is more convenient  to a t tach the manometer  (sensitive e lement )  to 

the  col lar ,  and to make the connect ion with leads. The dogs soon become  a c c l i m a t i z e d  to laboratory conditions, 
and they need not be kept in a cage.  With cats, a good connection can be main ta ined  for several days if, while the 

animal  is in a cage,  the tube connect ing it to the recording apparatus is held  stretched by means of a springy fishing 

rod, The e las t ic i ty  of the rod prevents the tube from slackening when the animal  moves. 

To begin  with, a smal l  amount  of  an t ic lo t t ing  fluid is introduced through the tap on the manometer ,  in order 

to  remove blood which has been  acc iden ta l ly  introduced during the manipuIat ions.  After the tap  has been  closed, 

recordings may be made.  

In pr inciple ,  it is possible to make a connect ion between the animal  and the recording device  without the use 
of leads. This method is the most convenient  for dogs. Then it is best to use a capaci tor  manometer ,  which is of 
small  size and may easi ly  be a t tached to the collar .  To the col lar  is also a t tached a short-wave transistor t ransmit ter ,  

which is connected to the capaci tor  manometer ,  and causes a frequency modulat ion of the lat ter .  A wire a t tached 
to  the col lar  serves as an aer ia l .  A rece iver  p laced  at some distance transforms the frequency modulat ion into an 
ampl i tude  modula t ion ,  which is then recorded.  With modern methods, the transmission of the variat ions of the ca -  

paci tor  manomete r  is perfect ly  straightforward, and several  methods are avai lab le .  

We have made an a t tempt  to find the simplest method of  recording physiological  data without the use of leads. 

S U M M A R Y  
A method is described for recording blood pressure in waking cats and dogs. A tube from a manomete r ,  three-  

fourths of the d iameter  of the carotid artery,  was introduced through the la t ter  into the aorta to the required distance. 

The membrane  of the manometer  is best made of glass, and should be sufficiently rigid. The tube is f i l led  
with saline containing 50 I.U. of heparin per ml,  and is wound once or twice around the neck and f ixed in position. 

In dogs the tube is best taken to a col lar  on which a condenser manometer  connected to a miniature  short-wave trans- 

mi t te r  is fastened. In cats, connect ion to the manometer  is made through a long tube. 
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