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INT RO D UCT IO N

At present, there have been few reports concerning

the application of Doppler echography for the evaluation

of both anatomical and functional abnormalities in the

carotid artery1- 10 ) . Although there were a few papers on

the evaluation of peripheral vascular hemodynamics by

Doppler echography, no reports of defining and analyzing

the systolic flow velocity profile were found. The purpose

of the present study is to evaluate the changes in carotid
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arterial Doppler flow velocity pattern before and after

s ublingual nitroglycerin, as well as to evaluate its applica-

bility for the assess ment of peripheral hemodynamics in

patients with hypertension.

S UBJ E CT S A ND MET HO DS

In 28 hypertensive subjects (17 males, 11 females),

who discontinued antihypertensive medication for more

than 48 hours or were without medication until examina-

tion, and 40 normal control subjects (24 males, 16

females), two- dimensional (2- D) and color coded pulse

Doppler echogram were obtained with Aloka 's model 870

(5 MHz phased array transducer with silicon rubber attach)

from the right common carotid artery in the supine posi-
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S u bje c t s : 2 8 hy p e rte ns iv e s ( 17 m a le s , 1 1 f e m a le s ) , m e a n ag e o f 64 y rs a nd 4 0
no rm a l co nt ro ls (24 m a le s , 16 f e m a le s ) m e a n ag e o f 4 9 y rs .

M e t h o d s : W e re c o rd e d t h e rig ht c o m m o n c a ro t id a rte ria l Do p p le r f lo w v e lo c ity
( BFV ) p atte rn a nd m e as u re d t he p e a k v e lo c it ie s o f t he p e rc us s io n w av e ( P) a nd late
ris ing t id a l w av e (T ) , t h e rat io o f t he tw o ( P/ T ) , t he t im e inte rv a l b e tw e e n t h e tw o
p e a ks co rre cte d by h e a rt rate ( P-T c) , s y s to lic f lo w v e lo c ity inte g ra l (FV I) a nd c a ro t id
a rte ry d ia m e te r (CA D) b e f o re a nd af te r 0 .4 m g d o s e o f s u b lig ua l n it ro g ly ce rin ( NT G) .

Re s u lt s : 1) In hy p e rte ns iv e s , t he P w av e v e lo c ity s ho w e d lo w e r a nd P-T c inte rv a l
s ho rte r t h a n t ho s e o f t he n o rm a l co nt ro ls at b as e line . 2) A f te r NT G , t h e P-T c a nd P/ T
inc re a s e d , b ut t h e T a nd FV I d e c re a s e d s ig n if ic a nt ly in b o t h g ro up s o f s u bje ct s . 3 ) T h e
P/ T rat io w as le s s s ig n if ic a nt ly inc re as e d af te r NT G in t he hy p e rte ns iv e s t ha n in t he
c o nt ro ls . T h e s e re s u lt s s ug g e s t t h at NT G m ig ht hav e b e e n inv o lv e d in co n co m ita nt
re d u ct io n a nd d e lay o f t he w av e re f le ct io n f ro m t he p e rip he ra l v e s s e ls , p re f e re nt ia lly
in t he no rm a l s u bje ct s t ha n in hy p e rte ns iv e s .

Co nc lu s o n : T he ca ro t id Do p p le r e c ho g rap hy ca n b e u s e f u l f o r t he e v a luat io n o f
t h e c h a ng e s o f he m o dy na m ics in t he p e rip he ra l v e s s e l s uc h as ca ro t id a rte ry in
hy p e rte ns iv e s u bje ct s .
────────────────────────────────────────────────
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CHANGES OF THE CAR OTID AR TER Y DOPPLER FLOW VELOCITY PA TTERN AFTER
S UBLINGUAL NITR OGLYCERIN IN PA TIENTS WITH HYPER TENSION

Fig . 1. A pulsed wave Doppler flow velocity pattern ob-
ta ined from the right common carotid artery in the
normal subject. AR=aceleration rate; DR=decelera-
tion rate ; P=peak velocity of early systolic percus-
sion wave; T=peak velocity of systolic tidal wave;
P-T=time interval between P and T; D=peak
velocity of diastolic wave; ET=ejection time.

Fig . 2 . An example of simultaneous recording of the right
carotid pulse (CPT) with the left carotid artery
Doppler flow velocity (CFV) in a normal subject.

tion of the s ubjects at baseline and every two minutes

after sublingual nitroglycerin (NTG) of 0.4 mg for 10

minutes. The brachial arterial systolic and diastolic blood

pressure were measured with an automatic sphygmom-

anometer simultaneously at every two minutes during the

study. All recordings were stored on the videotape and

pulsed Doppler echogram of the carotid artery was

recorded with the paper s peed of 100 mm/sec. We

analysed the changes of the Doppler flow velocity profile

and measured the peak velocities of the initia l percussion

wave(P), late ris ing tidal wave(T), the ratio of the two

peak velocities(P/T), the time interval between the two

peaks corrected by R- R interval on ECG(P-Tc), which

was calculated as measured PT multiplied by 1000 msec

(RR interval at the heart rate of 60/min) then divided by

measured R- R interval(msec), systolic flow velocity

integral (FVI) and the diameter of the common carotid

artery at systole(CAD). (Fig. 1). We also calculated the

arbitrary indices of flow rate and resistance from the

above Doppler measurement, ie . carotid blood flow(CBF,

ml/min) = FVI (cm) x (CAD/ 2)2 x 3.14 x heart rate ;

carotid vascular resistance (CVR, mmHg. min./ml) =

mean blood pressure/ CBF. We compared the values at

baseline between hypertensives and normal controls and

compared the changes of the mean values before and

after sublingual nitroglycerin in each group using paired or

non- paired two group t test.

R E S ULT S

In the hypertens ives, the P wave velocity showed

lower, the P-Tc interval was shorter and the CVR was

higher than those of the normal controls at baseline(67 ±

22 cm/sec vs. 93 ± 25 cm/sec, 118 ± 18 msec. vs 146

± 22 msec. and 0.38 mmHg min/ml vs 0.27 mmHg

min/ml, respectively, all p<0.05). After s ublingual NTG,

both mean systolic and diastolic blood pressures

decreased significantly (from 158/ 83 to 140/ 78 mmHg),

s imilar to normal controls (from 113/ 65 to 106/60 mmHg),

but heart rate showed increasing tendency in both groups

of subjects , 93 to 73 beats/min in normal controls and 73

to 81 beat/min in hypertensives (Fig. 3). The P-Tc interval

and the P/T ratio increased significantly (152 ± 19 msec

vs 118 ± 18 cm/ sec, p<0.01 and 1.8 ± 0.5 vs. 1.3 ±

Fig . 3 . Changes of the systolic (SBP), diastolic blood pres-
sure (DBP) and heart rate (HR) after sublingual
nitroglycerin (NTG) in controls and hypertensive
subjects .
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Fig . 4 . Changes of the carotid Doppler peak velocities of
percussion (P), tidal (T) and diastolic wave (D) after
sublingual nitroglycerin (NTG) in normal controls
and hypertensive subjects .

0.3, p<0.05, respectively ), the P velocity increased (73 ±

23 cm/sec vs 67 ± 22 cm/sec, p<0.05), but the T velocity

and the FVI decreased s ignificantly after NTG (43 cm/sec

vs 53 cm/sec and 0.11 m vs 0.14 m, res pectively, p<0.05)

in comparison with the baseline values(Fig. 4,5,6). The

CAD, CBF and CVR showed no significant changes after

NTG(Table 1, Fig. 6 ). When comparing the variables

between the hypertensives and the normal controls , we

found the s imilar changes, those of decreased T

velocities and increased P-Tc interval in the Doppler flow

velocity pattern before and after NTG except FVI, which

decreased significantly in hypertensives after NTG

resulting in decrease of CBF.

D IS C US S IO N

At present, many physicians have been interested in

Fig . 5 . Changes of the corrected PT intervals (PTc) and P/
T ratio (P/T) after sublingual nitroglycerin (NTG) in
controls and hypertensive subjects .

Fig . 6 . Changes of the carotid artery flow velocity integral
(FVI) and diameter (CAD) after s ublingual nitrogly-
cerin (NTG) in controls and hypertens ive subjects .

the pathophysiology of the hemodynamic changes of

heart and the peripheral vessels in the hypertensive

Table 1. Ca rotid Dopp le r Ec hographic Pa ramete rs be fo re and afte r S ubling ua l Nitrog lyce rin (NTG) in norma l
contro ls and Hype rte ns ive s ubje cts .

P
cm/sec

T
cm/sec

D
cm/s ec

P- Tc
ms ec

P/T AR
cm/sec

DR
cm/sec

FVI
m

CAD
cm

CBF
ml/min

CVR
mmHg, ml/min

Normal controls (n=40)

Baseline

Afte r NTG
93±25 65±17 43±13 146±22 1.5±0.3 150±20 37±12 0.15±0.03 0.58±0.06 289±90 0.27±0.10

97±30 47±15＊＊ 40±13 170±24＊＊ 2.2±0.6＊＊ 98±16 44±13 0.13±0.03 0.60±0.06 287±102 0.26±0.13

Hypertensives (n=28)

Baseline

Afte r NTG
67±22 53±18 31±12 118±18 1.3±0.3 97±17 31±13 0.14±0.05 0.59±0.06 279±103 0.38±0.12

73±23＊ 43±17＊ 30±11 152±19＊＊ 1.8±0.5＊ 104±19 43±13 0.11±0.04＊ 0.61±0.07 260±94 0.37±0.14

Va lues a re mean±Standa rd deviation, HT=hypertension, P=pea k velocity of pe rcussion wave, T=peak ve locity of tida l wave, D=diastolic peak
velocity, P- Tc=time inte rva l between P and t/√(R- R), AR=accele ra tion rate , DR=decele ration rate, FVI=flow velocity integra l, CAD=ca rotid a rte ry
diamete r, CBF=ca rotid blood flow, CVR=ca rotid vascula r resistance. ＊＊p<0.01, ＊p<0.05 compa red with bas eline va lues , p<0.05 compa red with
bas eline va lue in norma l controls
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patients . Many studies have demonstrated that multiple

factors , s uch as pulse wave velocity, wave reflection from

periphery, aortic impedence and peripheral vascular

resistances , as well as increased smooth muscle tone,

are related to the vascular abnormalites in hypertensives.

Since Levenson had first reported the utility of the pulsed

Doppler system for brachial artery, several other studies

were performed to evaluate peripheral vascular obstruc-

tion or carotid arterial hemodynamics 1- 1 1) . But there were

a few reports on the Doppler flow velocity pattern in the

carotid artery. Prior to this study, we observed similar

changes in s hape and timing between Doppler flow

velocity profile and carotid pulse tracing12 ) (Fig. 2). In this

study, initia l percuss ion flow velocity(P) of hypertens ives

at baseline showed smaller in amplitude than the normal

control s ubjects . The finding was comparable to the

studies of Yoshimura7 , 8 ) and Borthier13 ) . In the former, the

decrease in carotid flow velocity in elderly hypertrensive

subjects might be resulted from increases of the carotid

arterial wall stiffness and luminal diameter. In the latter,

long acting nitrate might cause increase of carotid artery

diameter but decrease of blood flow velocity. However,

Doursout reported in his dog study that NTG produced

the increase of carotid blood flow caused by either reflex

increase of cardiac output or direct local vasodilation, and

suggested that NTG has a decreasing effect on the

carotid artery res istance 14 ) . The heart rate- corrected time

interval between two peak flow waves (P-Tc) shortened

and the ratio of the P to T increased in the hypertensives

compared to those of the normals in this study. It might

be resulted from the earlier wave reflection from the

peripheral vessel causing late systolic increase of

presssure wave on invasive measurment, which was

compatible with the reports of O'Rourke and Kelly15 - 19 ) .

Kelly suggested that the causes of the increased carotid

pulse amplitude in aged person were both increase of

arterial stiffness and progessively earlier wave reflection,

which can augment the systolic pressure in the ascending

aorta and increase the left ventricular afterload. He

reported that nitroglycerin dilates the peripheral artery,

such as carotid artery, and decreases the wave reflection

and ascending aortic systolic pressure, but sphygmom-

anometer could not detect the pressure decrease of

ascending aorta after NTG. We observed no significant

differences in carotid arterial diameter and carotid blood

flow, but calculated carotid vascular resistance s howed

significant increase in the hypertensives compared to the

normal controls at baseline. In this study, after sublingual

nitroglycerin, an agent for decreasing the arterial stiffness,

the P was increased, the T decreased, the P- Tc pro-

longed, the P/T increased in the hypertensives. These

findings were considered to be resulted from apparent

decrease in T wave, which might be influenced by

decreased wave reflection from the peripheral vessel.

Thus, we suggest that wave reflection itself is one of the

important determinants of abnormal hemodynamics in the

hyperten- sives and the carotid Doppler echography

seems to be a simple non- invas ive method, which can

be used to assess, not only the changes of the peripheral

vascular hemodynamics, but also the effects of hypoten-

s ive agents on peripheral vessels such as carotid artery

after pharmacological treatment in hypertensive subjects .

LIMITA T IO NS

In this study, the mean age of the hypertens ives was

higher than the normal controls so that there were some

limitations to compare the precise changes of the carotid

Doppler flow velocity pattern between the two groups

and, also, aging itself made some additive changes to

hypertensive hemodynamics.
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