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Summary

The purpose of this study is to assess the usefulness of contrast echocardiography in estimating
flow velocity (FV) changes and evaluating right ventricular function in terms of FV. Twelve normal
subjects and 35 patients with heart disease were studied. Each of the participants received repeated
injections of indocyanine green and saline via the antecubital vein. The linear contrast echo which
appeared within 120 msec following tricuspid and pulmonic valve opening was used for calculation of
the contrast flow velocity (CFV) as measured by the linear contrast echo angle. The validity of the
method was estabilshed by combined catheter-echocardiographic studies in 14 cases, in which FV
at the tricuspid and pulmonic valve orifices was measured via an electromagnetic catheter-tip flow
velocity probe simultaneously. Instantaneous changes in CFV significantly correlated with FV changes
measured by the probe at the tricuspid valve orifice (mean, r=0.87) and at the pulmonic valve orifice
(mean, r=0.92), respectively.

The CFV at the tricuspid valve orifice in 12 normal subjects was 345+30 mm/sec and was signifi-
cantly reproducible by repeated injections. The CFV increased immediately after 45 degree passive
elevation of both legs by an average maximum of 40%. It gradually decreased during the 5 sec leg
elevation and returned to the control level within 2 sec after the legs were returned to the horizontal
position. By comparison in 12 patients with elevated venous pressure, the increase in CFV was
significantly lower and recovery to the control level required a significantly longer time than that of
normal subjects. Five of those 12 patients whose venous pressure improved to the normal range by
medical therapy, showed the same CFV changes as shown in normal subjects. In 4 patients with a
mean cardiac index of only 1.87 //min/m2, the increase in CFV was much lower than that of normal
subjects and CFV returned to the control level before the legs were returned to the horizontal posi-
tion. In patients with pulmonary hypertension associated with mitral stenosis, a rapid increase in
CFV and a rapid return to the control level were observed. In a patient with nephrotic syndrome,
in a state of dehydration the increase in CFV was far less than normal; also, CFV was less than con-
trol level during both legs elevation. By comparison in a state of overhydration in the same patient,
the CFV increase was rapid and extensive and thereafter CFV showed the same pattern as that shown
by normal subjects.
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We conclude that the linear contrast echo which is obtained by contrast echocardiography indicates
the FV changes and facilitates evaluation of right ventricular function.
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Ta—EFEk: FIE$#IK XY indocyanine
green 1ml #44 10ml 2k vy &FITHEAL,
ZERARB X BRI R = 2 — 2% b h 5
T, CEBRVFBILPERTTHRIR=AVFF 2T
Ta—%EF L. ZDE, ZRFRIa—IF

Table 1. Description of heart disease
in patients studied

Myocardial infarction 1
Hypertension

Cardiomyopathy, congestive type
Hypertrophic cardiomyopathy
MSI+ASI

MSI+ASI+PH
MS+ASI+PH+af

MS+PH

Al

ASD +PH +af

Uhl’s disease

Sick sinus syndrome

Angina pectoris

Cor pulmonale

o R N R W o NN R R WO

Nephrotic syndrome

Total 35 cases

MSI=mitral stenosis and insufficiency; ASI=aortic
stenosis and insufficiency; PH=pulmonary hyperten-
sion; af=atrial fibrillation; ASD =atrial septal defect.
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Fig. 1. Schema showing the method for meas-
urement of the FV by the linear contrast echo
angle (0) at the tricuspid valve orifice.

A horizontal line is drawn through the position
of tricuspid valve opening. Within 120 msec of tri-
cuspid valve opening, the peak FV is calculated as
a/b mm/sec.
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Fig. 2. Schema showing the method for meas-
urement of the FV by the linear contrast echo
angle (0) at the pulmonic valve orifice.

A horizontal line is drawn at the position of
pulmonic valve opening. Within 120 msec of pulmo-
nic valve opening, the peak FV is calculated as a/b
mm/sec.
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Fig. 3. Simultaneous recording of the contrast echo at the tricuspid valve orifice, right
ventricular pressure, and FV curve obtained by the probe in one patient.

A vertical line is drawn through the point of tricuspid valve opening. Note that the FV pattern
obtained by the probe is very similar to the tricuspid valve motion.

RVP=right ventricular pressure; FV=flow velocity.
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Fig. 4. Instantaneous changes in FV measured at the tricuspid valve orifice by the contrast
echo angle and in simultaneously recorded FV measured by the probe during elevation
of both legs in the patient shown in Fig. 5a.

A =flow velocity measured by the probe; O)=flow velocity measured by the contrast echo angle.
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Fig.5. Correlation between instantaneous changes in FV measured at the tricuspid valve
orifice by the probe and contrast echo angle during elevation of both legs in 3 patients.

Each dot represents one cardiac cycle.
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Fig. 6. Correlation between the instantaneous
changes in FV measured at the pulmonic valve
orifice by the contrast echo angle and the probe
in a patient.
Each dot represents one cardiac cycle.
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Fig. 7. Simultaneous recording of the contrast echo at the pulmonic valve orifice, right
ventricular pressure, and FV obtained by the probe at the same orifice in one patient.
Vertical lines are drawn through the point of pulmonic valve opening. Note that when the FV

curve is higher, the contrast echo angle is steeper.

RVP=right ventricular pressure; FV=flow velocity.
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Fig. 8. Contrast echo tracing at the tricuspid valve orifice in a normal subject during

respiration.
Vertical lines are drawn at the point of tricuspid valve opening. Note that CFV at deep inspira-

tion (left) is fast, while at maximum expiration (right), it is slow.
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Fig. 9. Changes in CFV and heart rate during respiration in a normal subject.
CFV changes in relation to changes in heart rate and respiratory phase.
Insp=inspiration; Resp=respiration; HR=heart rate; CFV=contrast flow velocity.
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Fig. 10. Relative changes in CFV due to 45° passive rapid elevation of both legs in 12 nor-
mal subjects.
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Fig. 11. Relative changes in CFV due to 45° passive rapid elevation of both legs in 12 cases
with elevated venous pressure.
Compared with the CFV change in 12 normal subjects (shown by two solid lines), the increase

in CFV is significantly lower, and recovery to the control level requires significantly longer time
(hatched area).
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Fig. 12. Relative changes in CFV due to passive elevation of both legs in 5 patients with
elevated venous pressure, before and after treatment.
After improvement of venous pressure, CFV change due to both legs elevation shows the same
patternas that shown by normal subjects.
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Fig. 13. Relative changes in CFV due to passive elevation of both legs in 4 patients with
pulmonary hypertension associated with mitral stenosis.
A rapid increase in CFV and rapid return to the control level are observed.
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Fig. 14. Relative changes in CFV due to passive elevation of both legs in 4 myocardial

infarction patients with low cardiac indices.

An increase in CFV is much lower than normal and CFV returns to the control level before the

legs are returned to the horizontal position.
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Fig. 15. Relative changes in CFV due to passive elevation of both legs in one patient with

nephrotic syndrome.

In a state of dehydration, the increase in CFV is much lower than normal and the CFV is less
than the control level during both legs elevation. In contrast, in a state of overhydration, the CFV
increase is rapid and extensive and thereafter CFV shows the same pattern as that shown by normal

subjects.
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it LTAE~ORARTHO L ICHIR S L T
BLEELK

F 7 v —¥EEHIC BT BIFERMBE D BRI
DR E &I EBBRERA~D FFREICE > T 5.
7 CHRIEE T R v FHBREICER R EThiT,
Fhez Fic X 5 dehydration B 0 K GIE F &
overhydration Bf 237 FIHIMFHEEE LA,
TFTROUCETE LR DA LR~ DREDOEZ D
FEERMLTWB LEL bR

PERR7zZE L, MFEELCE =LA
i CFV 0B Lk BIRERIREO Bl L,
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ZHIEI R THREOREERR LT 5. +
bbb, MFCETR~OHFBMKRE L, THE
LITfE D FiE (B AREED ~ — X 2 BEHET 3) »5E
BrEz, BECIEBIVOREBATICHES AR
DIZHERTEIS & 2 HITfE S compliance DZE{L A
BHELTVWBEEZXLRS.

CFV i3z h & AT O E{Licxt LT #kic
KT 20T, DlEd 3V EBERLBREEOH
FRHALMIRBE, ThEhhFORT, T4
bHLTHRESCHIRRD b —X 20E%E % F
RT3 LRRELRBZTHAH. &HIEER,
FRDEB IR OEEHEDTEC., F—EKS
KRITAEEEHECLER L Bbhr.

L3 ¥

Ta—EREEH, miEE (flow velocity:
FV) % HEOfBic, Lavb 27 0 o KT
fliL>5ahtke ZLL, ZoFkz ATk
7z FV 21818 L LT AR RAa .
KIREESF 124, FEOKEB IS Gl FEPH
kL v indocyanine green 1ml #%4# 10 ml/
KX VREICHEAL, ZLAFB L WIHBIIRSFL=
a—-RROhBMNETHRRI L F2bza—%
gk L. RRBAMBRIANIED R B L LT,
FrBAME % 120 msec LINDHIR = = — R AFER
(mmfsec) ML 14 HICOEY 7 —7 A
1ThE 0 7 SEEREFCERGT B & CfEE 2 v, =4
FHE B L O BRSOEHO FV LARED 5
VI TBIARE 2R T = — L RIBREESR L 7. BT
e B2k 3, &5\ DEMBE T ETOES
DEIZES FV oMLl &, Bk a—
DEFARED S FH#l L7z FV (contrast flow ve-
locity: CFV) &, #57—5 ko2 FV 0
ETHELRLE ZS, WERIZIX r=0.87 (=4
FOE), r=0.92 (MBARFOE) & B VR %
bhiz.

=RFf0OE CFV i3 &% # ¢ 345+30mm/
sec THIMELRIF Thork. BE 12 flicov
TiTolc il 45° ZHNBTRE Lic kv,

BRR= 2 —iz X 3 A DR

CFV 3493 #ikic K TE 40% oz TR
L, RTHK 2B THRITAMEICELZ hick
L, 12 flo#ARE E&-#l<i CFV #m®xiz
7% <, POMITRIECET 2BERAEEICER L
. ZOBBTICE VEBIRESER{L LIS FiT
%, CFV Z{bd EEL L. FEHAR EORK
(CI: 1.87 [/min/m?) %55 L 4 ffl<ix, CFV 14
Mz <, ZEETHENICT ClTlfTRMEICE L
z. FEMLE & fF 5 BRI EEEE 4 4] < ik, CFV
DEHZEME ZDOHOE LVET AR bz,
* 7w — CIEGHEED 1 4T BiAKRE © B i
CFV #mix &b Thi <, FEEhicthrrb
LYMEITRIMELL T & 22> 7z @ iZ 5t L, overhy-
dration opg#iciz CFV z&skicssme, =0
BEEG L RO - ER L.

PEDZ &<, AERIFBMATA L BREST Mk
ELTHRMICERTH 5.

BEKZ3ICYY, BRERKEEREBARMAR
—BiR 0 RISV LET
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