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Summary

To elucidate the characteristics of venous inflow into the heart in cardiac tamponade, transmitral
(TMEF), transtricuspid (TTF) and superior vena cava (SVC) flows were examined using pulsed
Doppler echocardiography in nine mongrel open-chest dogs. Cardiac tamponade was produced by
the slow infusion of warmed normal saline into the pericardial sac. With increment of pericardial
infusion, right atrial collapse (RAC) developed followed by right ventricular collapse (RVC). The
systemic blood pressure became depressed and the left ventricular end-diastolic diameter decreased,
even in the RAC state, indicating that RVC is not of the primary significance for cardiac tamponade.
Characteristically, peak velocities of TMF and TTF in early diastole decreased concomitantly with
RAC and RVC. Neither early diastolic filling time nor its acceleration time was altered during tam-
ponade. These changes in blood flow were accompanied by decrements of transmural filling pressure
and abnormal motion of the right ventricle. In SVC flow, the diastolic wave characteristically disap-
peared. This change seemed to be a reflection of the decrease in peak velocity of early diastolic filling
flow into the right ventricle. That is, impairment of cardiac relaxation during cardiac tamponade is
represented as decreased filling flow velocity in early diastole.
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Fig. 1. Measurements from Doppler echocar-
diograms.

In transmitral and transtricuspid flow (upper dia-
gram), peak velocities at early diastole (E) and atrial
systole (A), duration of early diastolic filling (T), and
duration of its acceleration time (accT) were measured.
In superior vena cava flow (lower diagram), peak
velocities at systole (S) and diastole (D) were measured.
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Fig. 2. Echocardiograms illustrating right atrial collapse in four-chamber view (left) and
right ventricular collapse in long-axis view (middle).

Right atrial collapse is observed in systole. Right ventricular collapse is observed in early diastole
(middle), but not in systole (right).

RA =right atrium; RV =right ventricle; LA=left atrium; LV =left ventricle; E=pericardial effu-
sion ; Ao=aorta.
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Fig. 3. Hemodynamic changes in cardiac tamponade.
IPP=intrapericardial pressure; LVDd=left ventricular end-diastolic diameter; AoP =aortic peak
pressure; C=base line; RAC=right atrial collapse; RVC=right ventricular collapse.
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Fig. 4. Transmitral flow velocity patterns at base line (left), RA collapse (middle), and RV

collapse (right).

Note that peak velocity of early diastolic filling flow decreases with progression of cardiac

tamponade.
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Fig. 5.

Measurements of transmitral flow velocity profiles.

The peak velocity in early diastole decreases without change in acceleration and filling time in
cardiac tamponade. The peak velocity in atrial systole decreases at RV collapse but not at RA collapse.

For abbreviations : see Fig. 3.
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Fig. 6. Transtricuspid flow velocity patterns at base line (left), RA collapse (middle) and RV

collapse (right).

Note that peak velocity of early diastolic filling flow decreases with progression of cardiac tamponade

as in the case of transmitral flow.
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Fig. 7. Measurements of transtricuspid flow velocity profiles.
Changes with progression of cardiac tamponade are the same as those in transmitral flow.

For abbreviations : see Fig. 3.
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Fig. 8. Blood flow in the superior vena cava at base line (left), RA collapse (middle) and
RYV collapse (right).

Note that the diastolic flow diminished in cardiac tamponade. The peak velocity in systole decreased
with progression of cardiac tamponade.
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Fig. 9. Changes in peak velocity of blood flow in the superior vena cava.
S wave =systolic wave ; D wave =diastolic wave.

— 952 —



E #

L DE, LEROEKRTR
SEORFHIBRE LB ERT H 5 25, BEK
il & FIEk, £ARKBEAKR X B OLEANED LR L L
biz, IBROT 2 —Fic X 255, GREQR
BRTRBALh, Zh o OLHHERSERERS
hic, —RENC AEBERB S OEIRIC X 5 OE
BARWLLEIREER HENCRE L LD L
&h, zhit, AEEER%tkbik v AREERDB
BHIZ VARF—FRELELLRATWSY. L
LABEERBLO H0RET b KBIIRECIET, £
BB IBRONSZ LIIERTRET, A
EEERICESHIC, Bic—EoOMitEREE L
LT OMfTEIEBEPBE > TnWs L EZDZRE
Ths. ThbbAREOERSOEBIEREIC
LoTE—BHUTHZDOTIEIRL, BOERMNM
VT, WHhBLFVERF—TFTOIRERTER LT
W5 Z Lichs. LEEOBRS S T miTERE
WCREPELZZ LT, FIRNCREENRLED
B DA THITEBRBRESELEL 0L R
ThHHH.

2. DE~OMEEFHEE
SEIOKRETHL M ENTL ¥ VRS —FiT
B 50E~ O MR OREIE, IRRHC—
7 EEDRT Th ol & ORI DA REERRE
BEPICBYT B0HRTH o, —RTHIEYIH
DILNE~OFAMFEE I FTATT b 2 LEEI
BELERT 2. LFVEF—FTRLE~D
RBETHBOLEENEWICL 2hb b F, Ik
HEPETT203HFRR2ZLTHS. Lidl,
DEEOEMEIE T, DEANELZE LKL
DEE, TRbbLEZHFME (transmural pres-
sure) FEK<, ZABLZ VAT —FOEXETH
5HLTFRERTNSNN, AEOBEICEWT
b, ARRBEIEL, EEHC— 7 HWE O
TE2+ABHALES. SbICEKEORL 0BT
DRRE T, ERLEFICBWT, BiATE b s
ECHLNDEBELIREMHC— 7 FE L OE

DF vRF—FIC BT 3 MkshEE

REFROEE I, DROYFENBTRAR S, £
BEORD VICHEPHFRMETHILT 5 &, LIEY)
BEI%CR—DEE 2 HE LB H>T 3B,
TRbLLE~OMFRIICIE, LEE T A
<, LENEL OETH5HEDFME S EEBR
T2LEDbNSE. 0k ) hBERCESTE, O
FURF—FT L, LENLEEABEORFERKC X
DVRESHIRTERWRETH B L E D XY
3, ARRBEDCETIC X 3.0B~DBREHIK
D LIREE, +a2bbLRIAR OB L Rk ORE
ThdLExD. BHLFVRF—F TR, EH
DLEERBIZL b b ¥, AEFIREIML
PERT, TR L YV REZRELBS L
333, PEnEXFEXFELTWS. EhEA
ETHAREE EREICHE T 5 EFICR SN B IEE
Ly VR F =T OIFEL, BRRBENK
TRIZHAWOED L LTIRX2 L BB TE
5.

2L, SRBIOKRET, AEBEN L AREE
BeDETERNRBEDEE RWIEER ol
LIZEBEIRS. DRECHBIBR I FHE~< £ —
F—Thnrl, FPHETORN L THBZ LY
DI, FFEEHAMLRERPAHER WO 2 b4
nnd, FEELLENEIZIELACFRETH
eV EEMBIhe 3, EEE, REBELL
TOBEAFEREHM I LD TH B 5. b
L, BEERRIPECIBRETOLAVEF—F
Tix, LB~ MERA T LT, BEESHRE
DEBEBIRENEEREDbNhS. AEBEERSECT
WRWERT b TIIfTEIBRESE LTS
ZEhG, BEEHRENRECAGTIRARAWIZL
5, REREEBRI zhBEREZERO KL £,
ABRRHEOEMELGT2L5 1< L PR s h
5. L2 bEREORHZIRREH LY, 2hig,
Z DR MERHE AR 6t LB v T v
ZLEEXTREEITHS.

B4 EOKRE iz PEP/ET <R O8EEE
ETERET, LDFVARF—TFTTOAERAL—
7 EEDRTBPLEERERTICES b0

— 953 —



Euﬁ: m_t) ﬁ) (£

BN LEBALITHS.
3. DEAQMABRIRE

D Ry —FICB T B KEIRILIE T, LK
BT OERM DI T b o 7. ILEH O FHARMLE
BODEOEMEIRE, ThbbarF gy MRE
PIFETH Y, LDE~OWAEZRKBLTWEZ L
e, LE~OTAEEOET M D £ KFHIK
Z~DOWMHEETICORBobDLt Exbh3.
DE VRSP —FCORERNERFOHETHS Y
BoHEREY, ERBIRLKEEF O D EofHk
LRELIbDTH S Y. —F, HRARETH
AAERERMIEHCROAZZ 0D, 20
B KRIRILIEIC 5 2 2 BRI K TH B L T
LS, HEPLABRY, BELEILETRTD
oD, OETEIRE b o7

4. INiBMEOEER & DEE

DF v EF—F LD ER 23 1 5 MR
FREORFRIEED S ATHH. IREMEDBER
CiX, BECHE Lz, IRRHMA M OR
R RIERE L, K ALROEREO 2D, Wil
ETOENNSLLRY, PoxORHoE— 7l
AFEOKRTORWT & HBERFICK T 258 T
H 5%, +hbLIEEELER TRLE~ORE
HABEOEmEIEETHBOIIHL, LF VR
F—FTRAERANMKEREDIK T THEZ L
WREOABEHERTHS. MEOERILE~
DMIEBERIC L RO, L& vyRF—FT TOILR
ORI L, IREHE IR T IR 0
BYBRH LB,

& £

HERERL R IC B 1) 2 ERIRAT T, DEERITE
i X B 0EAE ER I, AEREER, >vwT
AEREERSHERE L. & o—EoBLiZEEES
LRETH 0. oo mMITEIRE, HEREE
BLICES v AREEER T L BEiCEBlbE R L.
DE~OMBETICHE LT, MLEL bR
BHOBARMIAETH D, To— 7 HE
DIET BT, ZhiCBEYRBEDIET & B

Ey‘]gﬁﬁ;ﬁg‘ LTwW3 & 1%!\}9“7\'_. JE\E/\@I&L
PORMBIE T, MIEHIMARE D & — 7 FEOE
THARETH oI

-2 #

DF VRS —FIBIT B MIKERERES B S
It Blebic, BEHRK ITHICT, LT a—XE,
Fy 75— v, BERARALE =XR%H#
AFAMLTE, EXSIROLIEEZ RS L. DF R
F—=FROLBENICHIBAERAKEFRICEALTE
FR U7z, (DEEREICfEWIER, EREER, A
FEBRAHIA LR, AEEERICBVT LEE
S hRBRERT, E2EREOHE/NERD
7e. ThOLAEBEOBERILE VRF—FT0E
—BHBRFRTRAVWEE LN, LE~OML
WERICEA LTI, EALEL bIBRMHIOFHA
HWEOET BHFHNT, 2 0RBREZERBRTRO
HRICHHR UTe. JE5R R A R i o sy
kLot 2h b oz, OEAE
XY 5 E (BRI FRME) 0& T & BEESRE OW
ErEMmLiEzbo L Bbhic. EREIRILTEEE
TRILRBRA ©— 7 BE OERBPIGFBHT, =
NZABEA~OIIREYFHAEE QR T & KL
b tBbhi.

o, L& vRF—FI2BT 5.0
EEZ, IBERHOMARENET L LTHEHSL
%.

X #

1) Craig R], Whalen RE, Behar VS, MclIntosh HD:
Pressure and volume changes of the left ventricle
in acute pericardial tamponade. Am ] Cardiol 22:
65-74, 1968

2) Isaacs JP, Berglund E, Sarnoff SJ: The pathologic
physiology of acute cardiac tamponade studied by
means of ventricular function curves. Am Heart J
48: 66-76, 1954

3) Sharp JT, Bunnell IL, Holland JF, Griffith GT,
Greene DG: Hemodynamics during induced car-
diac tamponade in man. Am J Med 29: 640-646,
1960

4) Shabetai R, Fowler NO, Guntheroth WG: The

— 954



hemodynamics of cardiac tamponade and con-
strictive pericarditis. Am J Cardiol 26: 480489,
1970

5) Reddy PS, Curtiss EI, O’Toole JD, Shaver JA:
Cardiac tamponade: Hemodynamic observations
in man. Circulation 58: 265-272, 1978

6) Janicki JS, Weber KT': The pericardium and ven-
tricular interaction, distensibility, and function.
Am J Physiol 238: 494-503, 1980

7) Manyari DE, Kostuk W], Purves P: Effect of
pericardiocentesis on right and left ventricular
function and volumes in pericardial effusion. Am
J Cardiol : 52 159-162, 1983

8) Shiina A, Yaginuma T, Kondo K, Kawai N, Hoso-

da S: Echocardiographic evaluation of impending

cardiac tamponade. J Cardiogr 9: 555-563, 1979

(in Japanese)

Schiller NB, Botvinick EH: Right ventricular com-

pression as a sign of cardiac tamponade: An analy-

sis of echocardiographic ventricular dimensions

and their clinical implications. Circulation 56:
774-779, 1977

Engel PJ, Hon H, Fowler NO, Plummer S: Echo-
cardiographic study of right ventricular wall mo-

tion in cardiac tamponade. Am J Cardiol 50: 1018-
1021, 1982

Armstrong WF, Schilt BF, Helper D], Dillon JC,

Feigenbaum H: Diastolic collapse of the right ven-

tricle with cardiac tamponade: An echocardio-

graphic study. Circulation 65: 1491-1496, 1982

Leimgruber PP, Klopfenstein HS, Wann LS,

Brooks HL: The hemodynamic derangement as-

sociated with right ventricular diastolic collapse in

cardiac tamponade: An experimental echocardio-

graphic study. Circulation 68: 612-620, 1983

13) Singh S, Wann LS, Schuchard GH, Klopfenstein
HS, Leimgruber PP, Keelan MH, Brooks HL:
Right ventricular and right atrial collapse in pa-
tients with cardiac tamponade: A combined echo-
cardiographic and hemodynamic study. Circula-
tion 70: 966-971, 1984

14) Shono H, Yoshikawa J, Yoshida K, Kato H, Oku-
machi F, Shiratori K, Koizumi K, Takao S, Asaka
T, Akasaka T': Value of right ventricular and atrial
collapse in identifying cardiac tamponade. J Car-
diogr 16: 627-635, 1986 (in Japanese)

15) Singh S, Wann LS, Klopfenstein HS, Hartz A,
Brooks HL: Usefulness of right ventricular dia-
stolic collapse in diagnosing cardiac tamponade
and comparison to pulsus paradoxus. Am J Car-
diol 57: 652-656, 1986

16) Conrad SA, Byrnes TJ: Diastolic collapse of the

9

~

10

=

11

~

12

~

left and right ventricles in cardiac tamponade. Am
Heart J 115: 475-478, 1988

17) Spitz HB, Holmes JC: Right atrial contour in car-
diac tamponade. Radiology 103: 69-75, 1972

18) Gillam LD, Guyer DE, Gibson TC, King ME,
Marshall JE, Weyman AE: Hydrodynamic com-
pression of the right atrium: A new echocardio-
graphic sign of cardiac tamponade. Circulation 68:
294-301, 1983

19) Kronzon I, Cohen ML, Winer HE: Diastolic atrial
compression: A sensitive echocardiographic sign
of cardiac tamponade. J] Am Coll Cardiol 2: 770~
775, 1983

20) Fraser DG, Ullyot DJ: Mediastinal tamponade
after open-heart surgery. J] Thorac Cardiovas Surg
66: 629-631, 1973

21) Hutchins GM, Moore GW: Isolated right atrial
tamponade caused by hematoma complicating
coronary artery bypass graft surgery. Arch Pathol
Lab Med 104: 612-614, 1980

22) Kronzon I, Cohen ML, Winer HE: Cardiac tam-
ponade by loculated pericardial hematoma: Limi-
tations of M-mode echocardiography. J] Am Coll
Cardiol 1: 913-915, 1983

23) Tanaka N, Beppu S, Kumon K, Ikegami K, Miya-
take K, Nagata S, Park YD, Ohmori F, Izumi S,
Yamagishi M, Masuda Y, Sakakibara H, Nimura
Y: Coagula tamponade: Specific pathophysiology
after open heart surgery as a cause of low cardiac
output syndrome (LOS) and the role of transeso-
phageal echocardiography. Jpn J Med Ultrason 14
(Suppl-I): 913-914, 1987 (in Japanese)

24) Smiseth OA, Frais MA, Kingma I, White AVM,
Knudtson ML, Cohen JM, Manyari DE, Smith
ER, Tyberg JV: Assessment of pericardial con-
straint: The relation between right ventricular fill-
ing pressure and pericardial pressure measured

after pericardiocentesis. ] Am Coll Cardiol 7: 307—
314, 1986

25) Freeman GL, LeWinter MM: Determinants of
intrapericardial pressure in dogs. J Appl Physiol
60: 758-764, 1986

26) Kidner PH, Kakkar VV, Cullum PA, Armstrong
P: Left atrial tamponade: Report of a case after

right heart catheterization. Br Heart J 35 : 464—
465, 1973

27) Fowler NO, Gabel M: The hemodynamic effects
of cardiac tamponade: Mainly the result of atrial,
not ventricular, compression. Circulation 71: 154—
157, 1985

28) Fowler NO, Gabel M: Regional tamponade: A
hemodynamic study. J Am Coll Cardiol 10: 164—

— 955 —



B, kb, SR, @2

169, 1987

29) Choong CY, Abascal VM, Thomas JD, Guerrero
L], McGlew S, Weyman AE: Combined influence
of ventricular loading and relaxation on Doppler
echocardiography. Circulation 78: 672-683, 1988

30) Fowler NO, Shabetai R, Braunstein JR: Trans-
mural ventricular pressures in experimental car-
diac tamponade. Circ Res 7: 733-739, 1959

31) Boltwood CM Jr: Ventricular performance related
to transmural filling pressure in clinical cardiac
tamponade. Circulation 75: 941-955, 1987

32) Nakatani S, Beppu S, Miyatake K, Nimura Y:
Effect of pericardium on left ventricular early
filling assessed by pulsed Doppler echocardio-
graphy. J] Am Soc Echo 4: 29-34, 1991

33) DeCristofaro D, Liu CK: The haemodynamics of
cardiac tamponade and blood volume overload in
dogs. Cardiovasc Res 3: 292-298, 1969

34) Kerber RE, Gascho JA, Litchfield R, Wolfson P,
Ott D, Pandian NG: Hemodynamic effects of

volume expansion and nitroprusside compared
with pericardiocentesis in patients with acute car-
diac tamponade. N Engl J] Med 307: 929-931,
1982

35) Antman EM, Cargill V, Grossman W: Low-pres-
sure cardiac tamponade. Ann Intern Med 91: 403—
406, 1979

36) Labib SB, Udelson JE, Pandian NG: Echocardio-
graphy in low pressure cardiac tamponade. Am J
Cardiol 53: 1156-1157, 1989

37) Tyberg JV, Taichman GC, Smith ER, Douglas
NWS, Smiseth OA, Keon WJ: The relationship
between pericardial pressure and right atrial pres-
sure: An intraoperative study. Circulation 73: 428—
432, 1986

38) Izumi S, Beppu S, Miyatake K, Yamagishi M,
Akiyama T, Hiraoka H, Yamamoto K, Suzuki S,
Sakakibara H, Nimura Y: Significance of distur-
bances of cardiac filling in constrictive pericarditis.
J Cardiol 19 : 529-539, 1989 (in Japanese)

— 956 —



