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The Velocity o f the Pulse Wave i

B y J .  Cr i g h t o n  B r a m w e l l  * M .B., M .R.C .P., an d  A. V. H i l l , F.R.S.

(Received F ebruary  4, 1922.)

I n  an  investiga tion  now  being carried  out by us a t  M ancheste r observa

tions are  being m ade, u n d e r various cond itions, upon th e  ve locity  of the  pulse 

w ave in  m an. A s a p re lim in a ry  to  th is  in v estig a tio n  i t  was th o u g h t advisable  

to  s tu d y  th e  the o ry  of th e  tran sm issio n  of th e  pulse  w ave, an d  th e  following 

pages con ta in  th e  re su lts  a rr iv e d  a t, to g e th e r w ith  an  accou n t of exp erim en ts  

upon th e  velocity  of th e  pulse  w ave in  an  iso la ted  hu m an  a rte ry .

The pulse w ave in  m an  tra v e ls  in  th e  a rte r ie s  a t  a speed of 4 to 10 m etres 

per second. I t s  ve loc ity  depends, to  a sm all degree, on th e  ve locity  of th e  

blood in  th e  a r te ry  considered, b u t chiefly upon  th e  e lastic  condition  of th e  

a r te r ia l w all, w hich is affected by  a v a rie ty  of fac to rs in  h ea lth  and disease. 

A s rega rd s th e  fo rm er, th e  pu lse  w ave m u st be considered as trav elling , lik e  

a ripp le  on m ov ing  w a ter, re la tiv e ly  to th e  fluid in  w hich i t  occurs. The 

a r te r ia l wall m ere ly  e x e rts  an  e lastic  c o n s tra in t upon th e  surface  of th e  fluid, 

and  in  th e  sim plified  th eo ry  of th e  transm ission  of th e  wave (w hich  i t  is 

necessary  for p rac tic a l pu rposes to ad o p t)  th e  in e r tia  of th e  w all, and  of th e  

tissues ou tside  it. ex e rts  no influence on th e  ve locity  of th e  wave. Thus any 

e x pe rim en ta lly  de term in ed  value  m u s t re p re se n t th e  velocity  of the  wave 

re la tiv e ly  to th e  blood, plus th e  ve locity  of th e  blood in th e  arte ry . Taking  

0 -75 m e tre s pe r second as an  average  m ax im um  velocity  of th e  blood in  the  

ao rta , and  0 2 5  m e tre s  p e r second as an  average m ax im um  in  th e  caro tid  

a r te ry  (4), we see th a t  th e  co rrection  for th e  velocity  of th e  blood itse lf is sm all, 

b u t n o t negligible, in  com parison w ith  th e  velocity  of th e  wave. A ny  con

siderab le  increase  in th e  ve locity  of th e  blood, caused, e.y., by local Or general 

exertion , w ill cause an  equal increase in  th e  velocity  of th e  pulse Wave.

* W ork ing for the M edica l R esearch  Council,
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M oreover, th e  ve locity  of th e  blood in  th e  a o rta , a n d  to som e degree  in  an y  

a rte ry , varies considerab ly  a t  d ifferen t m o m en ts  of th e  card iac  c y c le ; such  

differences w ill cause one p a r t  of th e  pu lse  w ave to  be tra n s m itte d  w ith  a 

g re a te r  ve loc ity  th a n  an o th er , a nd  so w ill lead  to a c e r ta in  m od ifica tion  in  th e  

a p p a re n t form  o f th e  wave. I n  th e  absence of defin ite  know ledge  of th e  

veloc ity  of th e  blood in  a ny  g iven case i t  is n o t possib le  to  m ake  a n y  

allow ance  fo r i t ; i t  is necessary , how ever, to  bear in  m in d  th a t  i t  m ay, u n d e r  

c e r ta in  c ircu m stan ces , ap p re c iab ly — th o u g h  n o t co n sid e rab ly — affect th e  

velocity  and  m odify th e  form  of th e  tra n s m itte d  w ave.

C onsidered in  its  fu ll  co m plex ity  th e  th e o ry  of th e  tra n sm is s io n  of th e  pu lse  

w ave is difficult. T h e re  are , how ever, tw o  fac to rs w h ich  a llow  us to sim p lify  

i t : (a) th e  d is ta n ce  over w h ich  th e  w ave tra v e ls  is re la tiv e ly  s h o r t ; ( th e

wave form , ow ing to th e  e lastic  n a tu re  of a ll  th e  tis sues p ro d u c in g  it , show s no  

ve ry  sh arp  d is co n tin u itie s  o r chang es of c u rv a tu re . I n  consequence  of (6), in  

th e  an alysis  of th e  w ave in to  a  sy stem  of sim p le  h a rm o n ic  w aves, th e  s h o r te r  

w ave -len g ths  are  re la tiv e ly  u n im p o r ta n t, a n d  i t  is th e  tra n sm is s io n  of the se  

w aves w hich w ou ld have  re q u ire d  th e  m ore  co m p lic a ted  tre a tm e n t. W ith  

th e  he lp  of M r. E . A. M ilne , of T r in ity  C ollege, C am bridge , a fu lle r  th e o ry  of 

th e  w ave transm ission  has been  w o rked  o u t ; i t  is u n n e ce ssa ry  to g ive  th is  

th eo ry  a t  leng th , b u t  i t  m ay  be s ta te d  th a t,  w ith  th e  ty p e  of w ave o ccu rrin g  

in  a rte rie s , a nd  w ith in  th e  lim its  of e x p e r im e n ta l e rro r, th e  fo rm u la  g iv en  by  

M o en s(7 ) in 1878 is su ffic ien tly  a c c u ra te  for o u r pu rpose . W e w ill consider 

th e  m ean in g  a n d  a p p lic a tio n  of th is  form ula .

I f  vbe th e  ve loc ity  of th e  f ro n t of th e  p u lse  w ave, th e  ra d iu s  of th e  

a r te ry  a t  th e  end  of d iasto le , cth e  th ic k n e ss  of th e  a r

m odu lus of e la s tic ity  of th e  a r te ry  for la te ra l ex pansion , a n d  p th e  d e n s ity  of 

th e  blood, th e  fo llow ing  re la tio n  h o ld s :

v = \Z(Ec/2py).

A ssum ing  th a t  p is c o n s ta n t, a nd  eq ual (say ) to  1*055, th is  fo rm u la  co n ta in s 

th re e  variab le  fac to rs, on w h ich  th e  va lue  of v depends, viz., E , c a n d  y. I n  

th is  form  th e  expression is of l i t t le  va lue, s ince  E, c a n d  y v a ry  from  a r te ry  

to a rte ry , an d  none of th e m  exp ress a n y  easily  m easu rab le  fac to r. B y a 

sim p le  tran sfo rm a tio n , how ever, a  fo rm u la  m ay  be o b ta in ed  w h ich th row s 

m uch lig h t upon th e  m echan ics of th e  c ircu la tio n . A  sm all rise  Bp in  

p ressu re  m ay  be show n to cause a sm all increase , By =  /E c , in  th e  rad iu s 

y of th e  a rte ry , or a sm all increase , BV =  27ry3S p/E

u n it leng th . H en ce  2 y /E c  =  dV/Vdp, from  w hich

« = V ( V / [  pdV/dp]).

In  th is  equation  p  is m easured in  dynes p e r  squ are  c en tim etre , and  in
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300 M essrs. J .  C. B ram w ell a n d  A . Y . H ill.

c en tim etre s  p e r second. E xp ressing  p in m illim etres 

per second, and  s u b s titu tin g  p — 1/055, th is  equation  becomes,

v =  0-357 y /  (Y  ).

B u t ( dV/dp)/Y  is th e  re la tiv e  increase  in  th e  volum e of th e  a rte ry , per 

m illim etre  of H g  increase  of p ressu re . W ork in g  in  percentages, therefore , th e  

eq ua tion  fina lly  becom es

v =  3 -57 V  (percen tage  increase  in volum e p e r m illim etre  of 

H g  increase of p ressu re). .

T his is th e  form  m ost in te llig ib le  an d  co nv en ien t in  use. I t  requ ires no 

know ledge of th e  e lastic  coefficient as such, no r of th e  rad ius  and  th e  th ic k 

ness of th e  a r te r ia l  w all, b u t only  of one sim ple an d  d ire c tly  observable  

fu n c tio n  of these , th e  ra te  of increase  of vo lum e w ith  pressure . T hus an 

observation  of th e  ve loc ity  of th e  p u lse  w ave in  an y  p a rtic u la r  vessel te lls  

u s  a t  once, in  abso lu te  un its , th e  degree of e x te n s ib ility  of th a t  vessel.

T he en ergy  expended  by th e  h e a r t,  p e r beat, has been show n by R hode (2) 

a n d  o thers, to  depend  (o th e r  th in g s  be ing  equ al) on th e  p re ssu re  developed by 

it. T hus, if  th e  h e a r t  is to  w ork efficiently, th e  o u tp u t for a g iven  p ressure  

should  be as la rge  as possible, w h ich  im p lies a la rge  increase  in  th e  volum e of 

th e  a rte rie s  pe r m illim e tre  of p re ssu re  developed, a n d — from  th e  fo rm ula— a 

low velocity  of th e  pulse  w ave. A n o th e r sign  of an  efficient c irculation  is 

th a t  th e  flow th ro u g h  th e  cap illa r ies  should  rem ain  as h igh  and  as co nstan t 

as possible d u r in g  diasto le, w hich im p lies a large d im inu tion  of volum e of 

th e  a rte rie s  for a  g iven fa ll of p ressu re , an d  ag ain  a  low  velocity  of th e  pulse 

wave. H ence  a low ve locity  of th e  pu lse  w ave is a sign, bo th  of an  efficient 

a n d  con tinuous c ircu la tion  a nd  of an  econom ical function ing  of th e  he art. 

T hus th e  velocity  of th e  pulse  w ave is one im p o rta n t c rite rion  of th e  general 

efficiency of th e  c ircula tion .

In  a pa p e r by  R oy (3), in  1880, is g iven a series of curves show ing th e  

re la tio n  be tw een  volum e a nd  p ressu re , in  th e  case of a rte rie s  and  veins, m ade 

by an  ingenious m ethod , com m anding  every confidence in its  accuracy. 

R ep lo ttin g  these  cu rves in  re c ta n g u la r  co -o rd ina tes, and  m easu ring  th e ir 

slopes a t  various poin ts , i t  is possible to deduce  th e  percen tage  increase in  

vo lum e pe r m illim e tre  of H g, an d  so to  ca lcu la te  th e  velocity  of the  

pu lse w ave a t  various p ressu res. The follow ing re su lts  a re  obta ined by 

so d o in g :—
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The Velocity o f the Pulse Wave in Man. 301

Table I.

I. F ig. 6, R oy’s P ap e r.— In fe rio r  Y en a  C ava of C at.

p  (mm. of Hg) .......... 5 10 20 30 40

v (m.p.s.) .................. 1 -55 2-2 3-1  4 -3  5 -0

I I .  F ig. 7.— F em oral A r te ry  of R ab b it.

40 60 80 100 120 140 160

2 -27 2-12 2 33 3 10 5 -05 7 15 9 -22

I I I .  F ig. 9.— C aro tid  of R ab b it, im m e d ia te ly  a f te r  d e a th .

p.....

V .....

20 

3 15

40

3-15

60

3-08

70

3 '1

80

3-48

100

4 -7

120 

7 0

140 

10 -7

160

17-8

IY . F ig. 11.— T horacic A o rta  of C at.

p ..... 20 40 60 80 100 120 140 160

V ..... 3 4 8 6 3 -5 3 -6 3 -6 3 -8 4 -3 5*4

Y . F ig . 10.— C aro tid  of E m ac ia te d  D og, su ffering  from  i l l - t re a tm e n t an d

chro n ic  illness.

P ...................... 20 40 60 80 100 120 140

V ...................... 3 1 4 0 5 1 6 0 7 3 8*4 8*9

The m ost s tr ik in g  fa c t ab o u t the se  figures is th a t  in  a  n o rm a l h e a lth y  

a r te ry  ( I I ,  I I I ,  a nd  IY )  th e  ve lo c ity  is c o n s ta n t as th e  p re s su re  rises from  a 

low value  up  to ab o u t 80 m m ., a f te r  w h ich  i t  inc rease s, a t  first  slow ly and  

th e n  m ore rap id ly . A t  h ig h  p re ssu re s  th e  ve lo c ity  is v e ry  considerab ly  

increased. I n  Y  th e  ve loc ity  increases co nside rab ly  th ro u g h o u t. Secondly, 

th e  velocities in  I I ,  I I I ,  a n d  IY , a t  p re ssu re s  of 80  m m . (a b o u t equ al to  th e  

no rm a l d iasto lic  p ressu re  in  m an), a re  no ticeab ly  less th a n  those  observed  in 

m an. T h is m ay  be c h a ra c te ris tic  of th e  an im a ls  in v e stig a ted , b u t i t  seem s 

m ore  p robab le  th a t  it  is due  to th e  fo llow ing  fac to r. A ll liv in g  tissues, and  

especially  a rte rie s  an d  m uscles, show  th e  phe no m eno n  of e la s tic  “ a f te r

action ,” con tin u in g  to e x te n d  fo r som e tim e  if th e  load or tension  be m a in 

ta ined . R oy a tte m p te d  to avoid  erro rs  due  to th is  by  m ak in g  his observations
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very  slow ly, allow ing  th e  tissue  a  long tim e  to  reach its  final equilibrium . 

F rom  th e  p o in t of view  of th e  s ta tic  effect of th e  diastolic  pressure  on the  

arte rie s, he su cc eed ed ; from  th a t, how ever, of th e  dynam ic  effects occurring  

in  th e  rap id  cycle of e ve n ts  associated  w ith  th e  pulse, h is p recau tions aggra

va ted  th e  erro r, an d  m u s t have caused th e  increase  of volum e per m illi

m e tre  of H g  to  be m uch la rg er th a n  th a t  occu rring  in  a rap id  change of 

p ressu re . I t  is q u ite  conceivable th a t  a  p ressu re , la s tin g  (say) for 0*1 second, 

causes a n  expansion  n o t g re a te r  th a n  h a lf  of th a t  re su ltin g  from  an equal 

p ressu re  m a in ta in ed  for 10 m in u te s  ; in  th is  case a ca lcu la ted  velocity  based 

on th e  la t te r  w ould be on ly  ab o u t tw o -th ird s  of an  observed  ve locity  depend

ing  on th e  form er. T his e las tic  “ a f te r-ac tio n  ” th erefo re  p robab ly  causes all 

th e  veloc ities in  T able  I  to  be too lo w ; th e  effect is s im ilar  in  c h arac te r to  

th a t  caused by ado p tin g  th e  formulae for th e  isothermal expansion  of a gas in  

ca lcu la tin g  th e  ve loc ity  of sound. T he  safest th in g  to do is to  m easu re th e  

ve locity  d irec tly , a nd  so to deduce th e  c o n stan ts  of th e  tru e  adiabatic 

expansion . F in a lly , we see (in  I )  th a t  in  a  ve in  th e  calcu la ted  ve locity 

a t  low  p ressu res is very  low, a conclusion w hich agrees w ith  an  observation  of 

M orrow  (6), and  m u s t be bo rn e  in  m in d  in  com paring  th e  tim e re la tio n s of the  

ju g u la r  pu lse  w ith  those  of o th e r even ts  in  th e  h e a r t o r c irculation .

The m os t im p o r ta n t p o in t b ro u gh t o u t by  Table I  is th e  dependence of the  

ve locity  upon  th e  p ressure . I n  th e  case of m an, th e  p ressu re  involved  is the  

d iasto lic  p ressu re , th a t  on w hich  th e  w ave is superim posed. This im plies a  

decrease  in  e x te n s ib ility  w ith  inc rease  in  leng th , an  effect analogous to th a t  

occurring  in  m uscle. T his is im p o r ta n t in  various ways, b u t p a rtic u la rly  in  

ex p e rim en ta l w ork, w here  i t  show s th e  necessity  of recording  th e  diastolic 

p ressu re  a t  th e  sam e tim e  as th e  ve loc ity  of th e  pu lse  wave. I t s  m agn itude  

is em phasised in  th e  e x p e r im e n t described  below.

I t  is o ften  suggested  th a t  in  th e  liv in g  an im a l th e  ve locity  of th e  pulse 

w ave m ay  be affected by co n tra c tio n  of the  in v o lu n ta ry  m uscle around  th e  

a rte rie s. In  so fa r as th e  c o n tra c tio n  of in v o lu n ta ry  m uscle m ay  affect the  

ex te n s ib ility  of th e  a r te ry  th is  w ill be th e  case, b u t in  no o th e r way. The 

p a r t  of th e  wave w hose velocity  is m easu red  is th e  v e ry  ra p id  rise a t  the  

open ing  of th e  ao rtic  valves, a  rise  w hich is d e tec tib le  in  a few tho usand th s 

of a  second. I t  is inconceivable  th a t  a co n trac tion  of slow in v o lu n ta ry  m uscle, 

as we o rd in a rily  know  it , could affect th e  ra te  a t  w hich such a sudden  rise is 

tra n sm itte d . The transm ission  of th e  pulse  wave, therefore , is a pu re ly  

m echanical phenom enon, its  ve loc ity  being  an  ind ica to r of the  e lastic ity  of 

th e  vessels, as m odified by  an y  conditions (m uscu lar or o therw ise), ob ta in ing  

a t  th e  m om ent.

T he chief d ifficu lty  in  th e  observation  of th e  ve locity  of th e  pulse  wave in
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/

a n  iso la ted  a r te ry  lies in  th e  fa c t th a t  no considerab le  le n g th  of a r te ry  can  be 

ob ta ined , an d  th e  tim e -in te rv a l av ailab le  for m e asu re m e n t is th e re fo re  v e ry  

sm all. B y rep la c in g  th e  blood w ith  m e rc u ry , how ever, th is  in te rv a l can  be 

increased 3*58 tim es, a nd  th e  u tilis a tio n  of th is  fa c t m akes i t  possible to  

m easu re  the  ve loc ity  in  an  iso la ted  a r te ry  w ith  fa ir  accuracy , a n d  th e n  to  

ob ta in  th e  ve loc ity  in  an  a r te ry  co n ta in in g  blood b y  m u ltip lic a tio n  by 3’58. 

The reason  for th is  is as fo llo w s : th e  ve lo c ity  of th e  pu lse  w ave is in v e rse ly  

p rop ortio nal to  th e  square  roo t of th e  d e n s ity  of th e  flu id in  th e  vessel, so th a t  

rep lac in g  blood ( p  =  1*055)-w ith m e rc u ry  ( p  =  13 '5 ) decreases th e  ve loc ity  in  

th e  ra tio  ^1 3* 5 /1 * 0 5 5 , i.e.,of 3-58:1 . T his p rin c ip le  is em bodied 

The Velocity o f the Pulse Wave Man.

RUBBER

TUBES

Q
(me r c u r y !

F i g . 1.

a p p a ra tu s  show n in  fig. 1. A  le n g th  of a r te ry  is tie d  firm ly  a t  A  an d  B  on to 

th e  copper pipes, w hich a re  c lam ped  r ig id ly  to a board. T hese copper pipes, 

a t  th e ir  o th e r ends, a re  firm ly  jo in ed  to  tw o  long  ru b b e r  tubes, one of w hich  

goes to a  m erc u ry  re serv o ir capab le  of be ing  ra ised  a n d  low ered, th e  o th e r to  

a m ercu ry  p ressu re  gauge. T h u s  th e  p re s su re  in th e  a r te ry  filled w ith  

m erc u ry  (w ith  bubb les carefu lly  e lim in a te d ) can  be ad ju sted  to  a n y  requ ired  

value. A t X  an d  Y  in  tb e  copper p ipes are  tw o sm all w indow s, as show n in  

th e  d iag ram  on th e  le ft. O ver each  w indow  a sm all th in  piece of ru b b e r tu be  

is carefu lly  and  firm ly fixed, and  on th e  rub b e r, over th e  edge of th e  w indow , 

is g lued  a m in u te  a lu m in ium  ang le-p iece  c a rry in g  th e  finest possible bam boo
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304 M essrs. J .  C. B ra m w e ll a n d  A. V . H ill.

w riting  lever. The tw o levers, ly ing  close together, w rite  upon the  sam e 

revo lv ing  d ru m , a nd  ind ica te  th e  m om en ts of a rr iv a l of a  wave in  th e  m ercury, 

a t  X  and  a t  Y  respective ly . T he  w ave is se t u p  by h itt in g  or squeezing th e  

le ft-h an d  ru b b e r pipe  a t  some d is ta n t spot. I t s  a rr iv a l a t  X  causes a sharp  

m ovem en t of th e  w ritin g -p o in t a t  X , i t  is th en  tra n s m itte d  w ith  very  high 

velocity  th ro u g h  th e  a lm ost rig id  copper pipes, being delayed, how ever, in  its  

a rr iv a l a t  Y  by th e  slow tran sm issio n  across th e  e lastic  a r te ry  be tw een 

A  and  B.

A fte r th e  e x p e r im e n t on th e  a r te ry  is com pleted , th e  a rte ry  is replaced by 

a rig id  copper p ipe  from  A  to B, an d  th e  observations are  repeated , th e  sm all 

tim e  in te rv a l observed  w hen th e  rig id  tu b e  lies on th e  p a th  of th e  w ave being 

su b tra c te d  from  th e  la rg er in te rv a l w hen th e  e las tic  tu be  is the re . I n  

th is  w ay any  sm all “ zero e rro r  ” in  th e  in s tru m e n t is p rac tica lly  e lim inated . 

C orrespond ing  p o in ts  on th e  records of th e  tw o w ritin g  levers a re  com 

pared , and  th e  tim e  in te rv a l be tw een  th em  c a n  be d e te rm in ed  w ith  reasonable 

accuracy. G re a te r  accu racy  could  doub tless be secured by em ploying a 

ph o tog raph ic  m ethod  of reco rd ing  th e  a rr iv a l of th e  w ave a t  X  an d  Y, b u t 

for th e  p re sen t pu rpose  th is  was n o t necessary.

The a r te ry  em ployed  was th e  com m on ca ro tid  of a young m an  (w ho had 

died  of m a lig n a n t endocarditis). I t  m easu red  6 ’84 cm. be tw een  th e  ends of 

the  copper pipes. A t  each p re ssu re  a  series of observations was m ade of the  

in te rv a l be tw een  th e  a rr iv a l of th e  w ave a t  X  an d  Y (fig. 1), and  th e  

“ p robable  e rro r ” of th e  m ean  values  g iven  below, lay  betw een 0 -0005 

and  O'OOl secs. T he “ zero e rro r  ” to be su b tra c ted , as estim ated  by th e  

in te rv a l observed  w hen  th e  a r te ry  was rep laced  by  a  copper pipe, w as 

as fo llo w s:—

j Pressure (mm .) .......

! Zero error (sees.) .......

20

0 -0135

!

40

0  -0142

60

0 0150

80

0 -0157

100

0 0165

r

Pressure (m m .)........... 120

0  -0174

140

0  -0182

160

0  ’0190

180

0 *0198

200

0 *0206

........ ,......

Zero error (secs.) .......

The follow ing T ab le  shows th e  re su lts  of a series of observations on the  

a rte ry . T he va lues for blood are  ob ta ined  by m u ltip ly in g  by 3'58.

Pressure (m m .) ................... 25 57 78 92 n o 152 200

In terva l observed (secs.) ... 0*079 0 086 0*0665 0 -052 0 -0465 0 -0380 0 -0338

Zero error (secs.) ............... 0 -014 0 -015 j 0 -0156 0*016 0 -0170 0 -0187 0 -0206

D ifference (secs.) ............... 0*065 0 -071 0 -0509 0*036 0 -0295 0 -0193 0  -0132

V elocity  (metres p .s.) ....... 1 *05 0 -9 6 1 -3 4 I *90 2 -3 2 3 -55 5 -18

V eloc ity , blood (m .p .s.) ... 3 *76 3 -45 4 -81 6*80 8 -3 12 7 18 5
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W e see here  th e  sam e effect of p re ssu re  as was show n by  th e  ca lcu la tio n  

from  R oy’s c u rv e s : th e  ve loc ity  increases co m p ara tiv e ly  slow ly as th e  p re s 

su re  rises to abo u t 80 m m ., th e n  m ore  ra p id ly , a n d  fina lly  a t  h ig h  p re ssu res 

very  considerab le  ve loc ities a re  observed . A s re g a rd s  th e  abso lu te  va lue , 

we m ay com pare  th e  ve locity  g iven  in  th e  above  T ab le  w ith  th a t  found , a t  

the  sam e (d iasto lic ) p ressu re , in  a n o rm a l liv in g  sub jec t. A ccording  to  

G a llav a rd in  (5 ) th e  average  n o rm al va lue  of th e  d ia sto lic  p re ssu re  in  m an 

is 70 to 75 m m . M uch h ig h e r va lues, how ever, a re  g iven  by  th e  use of th e  

P ach on  oscillom eter (80 to 110 m m .). I n  n o rm a l h e a lth y  yo un g  m en  ou r 

observations (to  be described  e lsew here) h av e  g iven  ve loc ities from  5'8 to  

7’4  m e tre s pe r second. C om pared  w ith  th e  ve loc ity  in te rp o la te d  in  th e  above 

Table, for a p ressu re  of 70 to 75 mm., th ese  ve locities a re  h ig h :  accep ting  

th e  h igh er e s tim a te  of th e  d iasto lic  p re ssu re  in  m an , th e  observed  ve loc ities 

agree w ell w ith  those  g iven  in  th e  T ab le  ; th e  ve loc ities 5 '8 an d  7 '4  m.p.s. 

correspond  ro ug h ly  th e re  to p ressu res of 85 a n d  102 m m ., re sp ectiv e ly . On 

th e  w hole, the re fo re , w e m ay  be satisfied  th a t  th e  pu lse-w ave  has a  ve loc ity  

in  th e  liv ing  m an  n o t fa r d ifferen t from  th a t  in  an  iso la ted  a r te ry , a n d  th a t  

its  tran sm issio n  is a  m echan ica l pheno m eno n  d e pe n d in g  on ly  on th e  e lastic  

p ro pe rtie s  of th e  vessels.

The Velocity o f the Pulse Wave in Man.

Summary.

The th e o ry  of th e  tra n sm is s io n  of th e  pu lse-w ave  in  a blood vessel 

is considered, a n d  i t  is show n th a t  its  ve locity , in  m e tre s  p e r second, is 

g iven by

v =  3*57/ y  (p e rc en tag e  increase  in  vo lum e of a r te ry  p e r m illim e tre  

of ITg inc rease  of pressu re).

T his velocity  is re la tiv e  to th e  blood in  th e  vessel, a n d  m u s t have  a  sm all 

co rrec tion  app lied  for th e  ve loc ity  of th e  blood itse lf. A n  o b servation  of th e  

velocity , therefo re , g ives d ire c tly  th e  degree of e x te n s ib ili ty  of th e  vessel, 

an d  is show n to be one c rite r io n  of an  effic ient c ircu la tio n . T he  ex p e rim en ts  

of Roy (1880) on th e  e x te n s ib ility  of vessels m ay  be used  to ca lcu la te  th e  

velocity  of th e  pulse-w ave : th e  ca lc u la tio n  s h o w s : (a) th a t  p re ssu re  has a  

considerable effect on th e  ve loc ity , a fa c t w hich  is confirm ed by  e x p er im en ts  

on an  isola ted h u m a n  a r te ry , filled w ith  m e rc u ry  in  o rd e r to  slow  th e  

tran sm issio n  of th e  w a v e ; an d  ( b) th a t  th e  ve lo c ity  so c

th a n  observed in m an, a fa c t w h ich  is a t tr ib u te d  to  th e  phenom enon  of e lastic  

“ a fte r-a c tio n ,” w hich affected E o y ’s m easu rem en ts . The e x p e rim en ts  on an 

iso lated  hum an  a r te ry  gave a ve loc ity  com parable  w ith  th a t  observed in  m an, 

and  i t  is concluded  th a t  th e  tra nsm issio n  of th e  pu lse-w ave is a p u re ly
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3 0 6 M r. A . F le m in g . Remarkable

m echanical effect, its  velocity  depend ing  on the  ex ten s ib ility  of the  vessels 

as modified by an y  condition (m uscu lar or o therw ise) ob ta ining  a t the  

m om ent.
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On a Remarkable Bacteriolytic Element found and

Secretions.

By A l e x a n d e r  F l e mi n g , M .B., F.R.C.S.

(Communicated by Sir A lm roth W righ t, F.R.S. Received February 13, 1922.)

(From  the Laboratory  of th e  In ocu la tion  D epartm en t, S t. M ary ’s H osp ita l.)

[P l a t e  9.]

I n  th is  com m unica tion  I  w ish to d raw  a t te n tio n  to a substance  p resen t 

in  th e  tissues and  secretions of th e  body, w hich is capable of rap id ly  

disso lv ing  c e rta in  bacteria . A s th is  su bstance  has p roperties ak in  to those 

of ferm en ts  I  have called  i t  a “ Lysozym e,” an d  shall re fer to  i t  by th is  

nam e th ro u g h o u t th e  com m unication .

T he lysozym e was first no ticed  d u rin g  some investiga tions m ade on a 

p a tie n t suffering from  a cu te  coryza. T he  nasa l secre tion  of th is  p a tie n t was 

c u ltiv a te d  da ily  on blood a g a r p la tes, a nd  for th e  first th re e  days of the  

in fec tion  th e re  was no g row th , w ith  th e  exception  of an occasional s ta p h y 

lococcus colony. The c u ltu re  m ade from  th e  nasa l m ucus on th e  fou rth  day 

show ed in  24 hours a la rge  n um b er of sm all colonies w hich, on exam ination , 

p roved to be la rge  g ram -positive  cocci a rra n g ed  irreg u la rly  b u t w ith  a 

tendency  to diplococcal and  te tra d  form ation . I t  is necessary  to give here a 

very  b rief descrip tion  of th is  m icrobe as w ith  it  m ost of th e  experim ents 

described below w ere done, an d  i t  was w ith  i t  th a t  th e  phenom ena to be 

described w ere b est m an ifested . The m icrobe has no t been exactly  identified, 

b u t for pu rposes of th is  com m unication  i t  m ay  be a lluded  to as the  Micrococcus 

lysodeikticus.
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