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ic and ic data were in nine
closed clml dogs during graded cardiac tampanade (pericardial
pressure 5, 10, 15 mm Hg) before and aftev production of diffuse
acute ischemic right ventricular dysfunction. Right ventricutar
dysfunction was pr duced by intracoronary injection of nanradie-
active microspheres (mean diameter == SD 54 = 4 pm) and caused
a significar:t increase in right atrial pressure (7.6 = L3 vs, 1.6 *
1 mm Hg, p < 0.001) and cross-sectional areas of both the right
atrium (8.3 £ 0.3 vs. 5.4 + 0.2 em?, p < 0.001) and right ventricle
(8.8 = 8.4 vs. 5.7 0.4 em?, p < 0.001).

Right atrial and ventricular collapse required a significantly
larger pericardial effusion and pericardial pressure after vight

ventricular infarctian than before. Mean aortic pressure had
fallen 1.9 = 2% and 6.5 = 6.9% a1 the time of right atrial collapse
{p = NS before vs. after right ventricolar dysfunction) and 3 =
4.1% and 28.1 = 20.8% at the time of right ventricular collapse
(p < 0.03) before and after right ventricular dysfunetion, respec-
tively,

In the presence of ischemic iight ventricuiar dysfunctiom,
echocardiographic signs of cardiac tamponade are less sensitive
and oceur later in the hemodynamic progression of cardisc

de. Pulsus parad with cardiac was not
prevented by coexisting ischemic right ventricular dysfunction.
(J Am Coll Cardiol 1991:15:1787-93)

Cardiac tamponade is a hemodynamic condition c'mractar-
ized by equal elevation of atrial and pericardial pressures, an
exaggerated inspiratory decrease in arterial systolic pressure
{pulsus paradoxus) and arterial hypotension. Pulsus para-
doxus and echocardiographic evideace of right atrial and
right ventricular collapse are useful signs because they may
differentiate hemodynamically insignificant pericardial efiu-
sion from cardiac tamponade {1-5). However, cardiac tam-
ponade complicating coexisting heart disease may be diffi-
cult 10 diagnose. For example, in an animal model of cardiac
tamponade and left veatricalar dysfunclion we recently
showed that pulsus paradoxus may be absent (1.6): con-
versely. in that study right-sided cardiac chamber collapse
occurred with small, otherwise insignificant pericardial effu-
sions (6). Although cardiac tamponade may also complicate
right ventricular dysfunction, there are o available data on
the hemod of cardiac t: in this setting. In
addition, aithough it has been reported that right ventricular
diastolic collapse is sensilive to abrupt alterations in right
and left ventricular toads (7.8), the effect of right ventricular
dysfunction on echocardiographically determined chamber
collapse durring cardiac tamponade has not heen systemati-
cally examined.
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Accordingly, we studied cardiac 1amponade in an ammat
model of ischemia-induced right ventncular dysfunction to
test the kypothesis that right atrial and ventricular collapse
oceur with larger pericardial effusions and later in the
hemodynamic course of tamponade when ischemic right
veniricular dystunction is present. We also compared the
hemodynamics of cardiac tamponade with coexisting right
ventricular dysfunction with those of cardiac tamponade
alone.

Methods

Initial experimental prepucation. Studies were performed
in nine heartworm-free mongrel dogs of either gender (mean
\\uuhl = SD 22,1 = 5.7 kg) anesthetized with intravenously
sodium p bital (25 mgrkg body weight).
intubated and \ennlatcd with & positive pressure respirator,
The chest was opened through a left laterat thoracotomy at
the fourth intercostal space and Tygon catheters were se-
cured in the lefl atrial appendage and pericardial space. The
pericardinm vas closed and the catheters were tunneled
subcutaneously to exit at the neck. Catheters were hlied with
heparinized 0.9% saline olition and sealed. The thoracot-
oIy Was e it (he pneumothorax reduced. Azymy-
cin (Shering Kenilworth), 2 ml intramuscularly. was admin-
istered daily.

Early studies. Five to 7 days later, the dogs were anes-
thetized with sadium penteharbital (25 mg/kg body weighl
intravenously) and allowed to breathe spontancously. Addi-
tional doses of angstiesia were adminisicred as necessary.
Prophylactic quinidine. 320 mg. was administered intramus-

ed
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cularly before surgery. Arterial blood gases were monitored
thranghout the expenmem and supplcmcmal oxygen and
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Figure . Transesophageal echocardiographic im-
ages illustrating cardiac chambers in the four-
chamber (lef) and short-axis {right) orientation.
LA = left atrium: LV = left ventricle;
RA = right atrium; RV = right ventricle.

placement was verified by test injections of contrast me-
diunt. N di tracer h (M) 54 * 4 um

bicarbonate were

y 1o

normal arterial blood Po, and ac:d base balance A ﬂow-
directed triple-lumen thermodilution catheter was advanced
into the pulmonary artery through a jugular vein for mea-
surement of cardiac output and right atrial pressure. A 7F
Goodale-Lubin catheter was advanced into the ascending
aorta for recording central aortic pressure. A Tygon catheter
was placed in the femoral vein for infusion of intravenous
fluids. All catheters were inserted under fluoroscopic guid-
ance.

A Hewlett-Packard 21362A tr: | imaging

in pended in 20% dexiran, were prepared, as
previously descnbed (6). One milliliter of mlcrospheres
(approximately 6 X (0% spheres) was mixed in a syringe with
1 mi of angiographic contrast medium (Angiovist 370, Berlex
Labs) and injected into the right coronary artery. Boluses of
microsphere solution were followed by a 1 ml flush of
angiographic contrasi medium. Intracoronary injectians
were repeated until the mean right atrial pressure was
elevated 1o at least twice baseline. After 15 min of hemody-
namic stability, d phic and hemodynamic mea-

transducer was covered with a disposable sheath, lubricated
and advanced into the esophagus behind the Ieft atrium
(approximately 45 cm from the incisors). This instrument
consists of a § MHz imaging and 2 MHz Doppler phased
array transducer mounted on the distal tip of a 100 cm
gastroscope and permits imaging of shoit- and long-axis
views of the heart.

Fiuid-filled catheters were connected to Statham 23Db
pressure transducers with 0 pressure set at the level of the
mid-right atrium, Temperature was m onitored with the ther-
mistor at the tip of the pulmonary arte:y catheter and a table
warmer was used to maintain hody t-mperature at 38°C,

Experlmenlnl protacol. Hemodynamic and two-dimen-
sional ech data were ded before and
during cardiac tamponade a1 three steady siate levels of
pericardial pressure (approximately S, 10 and 15 mm Hg).
Cardia~ tamponade was created by the stepwise infusion of
10 to 20 m! aliquots of physiologic saline solution at 38°C into
the pericardial space. Two-dimensional echocardiographic
images were recorded after each aliquot to determine the
relation between the volume of pericardial fluid and the
appearance of cardiac chamber collapse. In four of the dogs,
cardiac output determinations were also performed at the
time of right atrial and ventricular collapse. The pericardial
fluic was withdrawn after observations at three levels of
pericardial pressure and the dogs were allowed to recover
until cardiac pressures stabilized for approximately 30 to
60 min.

Acute right ventricular infarction was then produced in
the following manner. A Judkins right coromary artery
catheter was udvanced through a carotid ariery to the right
coronary artery under fluoroscopic control. Catheter tip

were d during staged cardiac tamponade

at pericardial pressures of approximately 5, 10 and
15 mm Hg.
The el di flows and

were recorded at slow and rapld paper speeds (10 and 100
mm/s) on a Grass 7D multichannel recorder. Two-
dimensional echocardiographic studies were performed in
the spontanteously breathing dogs with a Hewlett-Packard
7750C ultrasonograph, with data recorded on 0.5 in.
{1.27 ¢m} VHS videotape. The experimental protocol was
approved by the Institutional Animal Care and Use Commit-
tee at the University of Cincinnati. The study conforms to
the “*Position of the American Heart Association on Re-
search Animal Use."

Two-di toanal schacardi 0

Im-
ages were analyzed with use of an off-line image analysis
system (GTI. Freeland Medical). The right ventricular cham-
ber area was d from the hageal four-
chamber view and that of the righi atrium fram the transe-
sophageal short-axis view (Fig. 1). End-diastolic atrial
chamber areas were determined by planimetry from the
video frame with the largest atrial area just before atrial
systole and veniricular areas were determined by planimetry
fram the video frame containiug 1he largest venlricular area.
Three 1o five area determinations were made for each
cardiac chamber and averaged. In addition, at baseline
(before instillation of saline solution into the pericardial
space) and before and after production of ischemic right
v dy d-systolic right ventricular areas
were delermmed by planimetry from the video frame con-
taining the smallest ventricular area. The right ventricular
area shortering fraction was calculated as:
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Table 1. Hemodynamic Values in Nine Dogs
No RV Dysfunction RV Dysfunction
Baseline Tamp | Tamp 2 Tamp 3 Buseline Tamp | Tamp 2 Tamp 3
Peri P -08 =21 5.0 £ 0 102 = 0.4+ 148 = 0452 Al=1s 52203 29 £ 0.3 146 = 1.675%
{mm Hg)
RAP 161 S3= L M2z e 6= 09 76 = 148 RS« 13§ 116z 19" 151 £ 20t
fmm He)
AoP 1272+ 144 1256 =151 1156 = 18.1F 883 = 233 128.1 = 153 1233 =15 T8 = 115
(mm Hg)
Ag insp S8 =L 10.9 = 36° 16 = 4.8 17 = 3878 88 = 3¢ 104226 18 39
(mm Hg}
LAP 47 L6 59=*11 W3 e L [EHIEN e Bi«y 93 =28 3= 18
{mm Hg)
R 1694 £ 266 1728+ 186 1939 = 30.1 185 + N8 B9 = 328 A4 = 309% 1500 £ 398 1480 = 33.98
{beals/min)
co 1.57 x 047 1.41 = 047 12036 053 £ 01677 0.98 = v.388 039 0288 07220287 047 =097
tliters/min)
sV 9221 Bx18 SS9 29 =08 EE RN R 66 = L4 49 = 1.2 332090
(ccibeat)

*p < 0.05 versus Baseline, p < 0.05 versus Tamp 1. 1p < 0.03 versus Tamp 2, $p < 0.05 versus no rignt ventricutar dysfunction. Aa insp
in aortic systolic pressure; AoP = mean aortic pressure; CO = cardiac output;

RAP = mean right atrial pressure; RV = right ventricular; SY =

End-diastolic area — End-systolic area

End-diastolic area

Right atrial collupse was identified by inversion of the
respective atrial free wall at any point of the cardiac cycle
(3). Right ventricular diastolic collapse was identified by a
persistent inward motion of any portion of the endocardial
surface during diastole 2fter tricuspid valve opening (4). Real
time, sfow motion and frame by frame analysis were used to
identify these events. Videotape replay was also used to
confirm chamber collapse in the four dogs swudied with
cardiac output determinations at the time «{ collapse.

Interobserver differences. Thirty right atrial and right
ventncular images were mndomly selectea and digitized by
two i observers. 1 bserver differences were
calculated as the difference between two observations di-
vided by the mean of the two observations. The onset of

= inspiratery fall
HR = heart rate; LAP = meun teft atdal pressure: Peri P = pericardial pressure:

stroke volume: Tamp = tamponade level.

volume of infused pericardial fiuid and cardiac and pericar-
dial pressures at the time of atrial and ventricutar chamber
collapse before and after production ef right ventricular
dysfunction were compared with Studen's paired ¢ tests.
Pericardial pressure and cardiac output were compared with
linear regression both before and after left ventricular dys-
function. The slopes of the linear regression were compared
with a ¢ test. Dala are expressed as mean values = SD. Inall
comparisons, a p value <0.0S was considered statistically
significant.

Results

Hemodynamic measurements (Table 1). Microsphere in-
Jjections imo the right main coronzry artery resulted in
significant increases in mean right and left atrial pressures

cardiac chamber coltapse was determined by a of
two observers.

Hemodynamic data. Pulsus paradoxus was define-! by an
absolute decrease in aartic systelic pressure of 210 mm Hg
during inspiration {(expiratory minus iaspiratory systolic
pressure). Thermodilution cardiac output determinations
were made in triplicate and averaged.

Statistical analysis. Changes in hemodynamic and echo-
cardiographic measurements at each stage of cardiac tam-
ponade, before and after production of veatricular dysfunc-
tion, were compared by a repealcd mcasures analvsxs of
variance with usc of a
program (SuperANOVA, Abacus Concepls) When a signif-
icant interaction between severity of tamponade and right
venticular dysfunction was found. contrasts wene used to
determinc where those differences were significant. The

and in cardiac output. stroke volume
and heart rate without significant changes in mean aortic or
pericardial pressure.

When cardiac tamponade was produced at threz stages of
intrapericardial pressure, pericardial and right airial pres-
sures increased significantly both before and after micro-
snhere administration. Cardiac output decreased signifi-
cantly with tamponade and, except at the third level of
lamponade. was significantly lower at each stage after pro-
duction of ischemic right ventricular dysfunction. There was
a significant negative correlation between pericardial pres-
sure and cardiac output both before and after ischemic right
ventricular dysfunction (both p < 0.001) (Fig. 2). The
difference in slopes (—0.067 + 0.010 [SF] versus —0.033
0.008) was significant {p < 0.05). Thus. despite a lower
baseline cardiac output, a greater increase in pericardial
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CARDIAC OUTPUT (CO, L/min)

10
PERICARDIAL PRESSURE (mmHg)

20

Figure 2. Plot of linear regression between cardiac output (CO) and
pericardial pressure before (NL RV, closed circles) and after pro-
duction of acite right ventricular dysfunction (RVI. open circles) in
nine dogs. The slope of the two regression lines are significantly
different. See text for details. NL RV = normal right ventricular
function.

pressure {and larger effusion) was needed to effect a similar
decrease in cardiac output after right ventricular dysfunc-
tion. Despite these differences, the mean arterial blood
pressure decreased only in the latter stages of tamponade
both before and after ischemic right ventricular dysfunction.

After ischemic right ventricular dysfunction, pulsus par-
adoxus was seen in four dogs without tamponade. The mean
inspiratory fall in aortic systolic pressure was significantly
greater after production of ischemic right ventricular dys-
function (8.8 = 3 vs. 5.8 = 1.1 mm Hg, p < 0.05). With
cardiac tamponade, the magnitude of pulsus paradoxus was
similar at each stage of tamponade before and after produc-
tivn of ischemic right ventricular dysfunction.

Echocardiographic chamber areas and chamber collapse.
Microsphere injections resulted in significant increases in
right atrial (8.3 + 0.3 vs. 5.6 = 0.2 cm?, p < 0.001) and
ventricular (8.8 = 0.4 vs. 5.7 0.4 cm?, p < 0.001) areas and
decreased right ventricular area shortening fraction (0.45 =
0.09 vs. 0.16 = 0.08, p < 0.001). Significant decreases in both
right atrial and ventricular chamber areas occurred at cach
stage of cardiac tamponade before and after production of
ischemic right ventricular dysfunction (tig. 3).

Wiiit cardiac tamponade, right atrial collapse was identi-
fied in all dogs and right ventricular colapse was seen in
eight of nine dogs both before and afier production of
ischemic right ventricular dysfunction, The volume of peri-
cardial fluid at the onset of atrial and ventricular collapse is
shown in Figure 4. Right atrial and ventricular collapse
occurred with larger volumes of pericardial fluid after isch-
emic right ventricular dysfunction. Cardiac pressures at the
time of chamber collapse are shown in Table 2. Pericardial
and atrial pressures at right atrial and ventricular collapse
were significantly higher after ischemic right ventricular
dysfunction. Mean aortic pressure was significantly less at
the time of right ventricular, but not atrial, collapse after
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Figure 3, Effeci of cardiac tamponade (TAMP) and right ventricular
dysfunction (RV DYS) on right atrial (top panel) and ventricular
(bottom panel) areas measured from transesophageal short-axis and
long-axis views, respectively. With cardiac right atrial
and right ventricular areas d d. At each level of d
chamber areas were larger after right ventricular dysfunction. *p <
.05 versus normal right ventricular function. Other abbreviation as
in Figure 2.

right ventricular dysfunction was produced. Mean aortic
pressure had fallen 1.9 + 2% and 6.5 % 6.9% at the time of
right atrial collapse (p = NS before vs. after right ventricular
dysfunction) and 3 + 4.1% and 20.1 = 20.8% at the time of
right ventricular collapse (p < 0.03) before and after isch-
emic right ventricular dysfunction, respectively.

1n the four dogs in which cardiac output determinations
were made at the time of chamber collupse, cardiac output
had fallen 3.2 = 5.5% and 19.2 = 18.7% at the time of right
atrial collapse {p = NS) and 6.3 + 5% and 38.2 = 11.2% at
the time of right ventricular collapse (p < 0.05) before and
after ischemic right ventricular dysfunction, respectively
(Fig. 5).

Interobserver differences. The percent interobserver er-
ror for measurements of right atrial and ventricular areas
was 16,3 £ 9.4% and 3.5 * 15.6%, respectively. Observers
agreement on the onset of cardiac chamber collapse was
within 20 ml of pericardial fluid in each dog.
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Figue 4. Amount of flvid added to the pe c
right atrial collapse {RAC) and right ventricular collapse {RVC).
Larger pericardial fluid volumes were needed for right alrial and
vight ventricular collapse .iter production of right ventiicular dys-
function «RV DYS). *p < 0.05 versus norsral right ventricular
function. Other abbreviation ss in Figure 2.

Discussion

The study results indicate that in the presence of acuie
ischemic right ventricular dysfunction cardiac chamber coi-
lapse occurs later in the hemodynamic progression of acute
cardiac tamponade in the anesthetized dog; that is. right
atrial and ventricular collapse required larger pericardial
effusion and higher pericardial and atrial pressures. At the
time of right ventricular collapse, the percent decrease in
mean aortic pressure and cardiac output from baseline value
was greater in dops after production of ischemic right
ventricular dysfunction.

Relation hetween intracardiac pressures and volume and
chamber collapse. Previous studies (8.9) have shown that in
normovolemic conscious animals the onset of right ventric-
ufar diastolic collapse occurs when cardiac output has fallen
11% 1o 20% from control levels but before a significant
decrease in mean arterial pressure. We found that both right
atrial and ventricular collapse occurred carly in the acute
anesthetized dag; cardiac output had fallen only 3% and 6%
from baseline at the time of right atrial and ventricular
collapse, respectively. Expansion of the intravascular vol-
ume delays the onset of right ventricular diastolic collapse
{8), which occurs at higher aortic. atrial and pericardial
pressures. In contrast, hypovolemia hastens the onset of

Table 2. Pressures at the Time of Chamber Collapse in Ninc Dogs
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Figure 3. The decrease in cardiac output eapressed as a percent of
baseline vutput at the time of right atrial collaps: (RAC) and right
ventriculuar collapse (RVC) befare and after production of acute right
ventricular dystunction (RV INFARCT). *p < 0.05 versus hefore
right ventricular dysfunction. Values are expressed as mean values

right ventricular diastolic vollapse. which occurs at lower
aortic, atrial and pericardial pressures (8). Thus, the early
appearance of right heart chamber collapse in our dogs might
be explained by refative hypovolemia in our preparation.

Role of ischemic right ventricular dysfunclion in cardiac
tamponade. {n our study, ischemic right ventricufar dys-
function changed the relation hetween pericardial pressure
and cardiac output, so that a preater change in pericardial
pressure was necessary to effect a similar decrease in cardiac
output. Similar results were found with cardiac tamponade
in animals with volume expansion (8). These data suggest
that resistance 1o right heart compression. whether from
volume loading or right ventricular dysfunction, attenuates
the decrease in cardiuc output with tamponade. Further-
more, these data support the contention (10} that right heart
compression is an important mechanism of this decrease.
Because of this “protective effect.” echographic signs of
cardiac tamponade occur later and, at Jeast for right ventric-
ufar diastolic collapse. they occur when there has been a
significant deterioration of mean aorlic pressure and cardiac
output. We cannat ¢xclude the possibitity that elevated left
atrial pressure influenced the compression effects of cardiac
tamponade on cardiac output.

Right atrial versus right veatricular collapse. Right atrial
collapse is a more sensitive but Jess specific marker for

Right Arial Collapse

Right Ventricular Collapse

Before RVD After RVD Before RVD After RVD
Peri P 2500 LRI -0 S3z 1R
RAP (mm Hg) 14 51z
Ao¥ {mm Hg} L 1218 = 168
Ao insp (mm Hg) 7124 n2=46
LAY {mm Hg} 41+ 11 S5=12

*p < .05 versus before right ventricular dysfunction (RVD). Other shbreviations ay in Tudle 1.
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cardiac tamponade compared with right ventricular collapse
(3.5). Both phenomena have been explained by a transient
negative transmural pressure gradient across the chamber
wall and both indicate increased pericardial pressure relalive
lo pressure in the respective cardiac chamber. The earlier
appearance of right atrial collapse is probably due io greater
atrial than ventricular compliatice. At the time of right atrial
collapse, mean aortic pressure and cardiac oulput were not
changed significantly from baselinc. either before or after
production of ischemic right ventricular dysfunction.

An interesting observation is that right heart chamber
coliapse occurred at a time when mean right atrial pressure
exceeded mean pericardial pressure. This is probably due to
the phasic nature of chamber collapse: thus, right atrial
collapse occurs during late diastole and early systole and
right ventricular collapse occurs during early diastole when
the i pericardial p exceeds the pressure
in the respective chamber. However, regional hydrostatic
differences in intrapericardial pressure and ventricular dias-
tolic suction {11} cannot be excluded.

Role of elevated right heart pressures, Isolated reports in
animal studies (9) and humans (5,12) have suggested that
right-sided chamber collapse may be absent when right heart
pressures are elevated. Right ventricular collapse was absent
in a single dog with right ventricular hypertrophy (9). In a
patient with severe pulmonary hypertensmn and normal left
heart p s, cardiac was d by

JACC Vol. 18, No. 7
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tion (14). An inspiratory decrease in sortic systolic pressure
sufficient to constitute pulsus paradoxus was present in
several dogs after production of right ventricular dysfunction
but before infusion of pericardial fluid. Thus, the hemody-
namics in our model resemble clinical right ventricular
infarction in many respects.

The hemodynamics of cardiac tamponade were similar
before and after production of acute right ventricular dys-
function. Pericardial and atrial pressures increased and
cardiac output and stroke volume decreased al each stage of
cardiac lamponade; mean aorlic pressure did not fall until
late in the course of tamponade. Although pulsus paradoxus
may be absent during tamponade in patients with chrenic
right ventricular hypertension (i2,15), we noted a similar
mean inspiratory decrease in aortic systolic pressure before
and after production of acute right ventricular dysfunction at
each stage of cardiac tampanade. We have shown previously
(6) in animuls with ischemic left veniricular dysfunction and
cardiac that pulsus may be absent
when atrial pressures are unequal. Thus, the presence of
pulsus paradoxus in the present study may be explained by
the nearly equal right and left atrial pressures with cardiac
tamponade in dogs with right ventricular dysfunction. How-
ever. it should be emphasized that our study was not

dto the mechanisms of pulsus in
|schcm|c nght Vc,nlrlcular dysfunction.

left, but not right, ventricular diastolic collapsc (12). Al-
though not specifically examined in our study, left atrial
collapse did not occur before right hearl collapse; left
ventricular diastolic collapse was not observed. This finding
may be a consequence of elevated left heart diastolic pres-
sures, reflected in the incrcase in mean lefl atrial p

Our results should be inter-
prctcd in the conlcxt of the experimental model and extrap-
olated cautiously to cardiac in humans. Acute
cardiac tamponade in anesthetized dogs differs from cardiac
tamponade in patients on a general medical ward (16). In
addition, although right coronary artery embolization pro-

measired afler production of ischemic right ventricular
dysfunction,

Hemodynamics of right ventricular dysfunction and car.
diac tamponade. Right coronary microembolization caused
an increase in right atrial and right ventricular size, increased
right atrial pressures and a decrease in cardiac output due o
decreased stroke volume and heart rate. Pericardial restraint
of the dilated right heart chambers and ventricular interac-
tion could explain the equalization of elevated right and left
atrial pressures. Another possible explanation for the ele-
vated left atrial pressure after right coronary embolization is
that portions of the interventricular septum were infarcted.
Some degree of septal involvement was present in nearly
60% of right ventricular infarctions created in dogs by
injections of metallic mercury into the right coronary artery
(13), In that study there was no evidence of sepial involve-
ment in 6 of 14 dogs; in 6 other dogs <5% of the septum was
necrotic. In the remaining two dogs, infarction involved 15%
and 20% of the septum. Thus, it is unlikely that septal
infarction contributed significantly to our findings. Motion of
the interventricular septum was not evaluated in the present
study.

Pulsus paradoxus may be seen in right ventricular infarc-

duces a b dynamic picture of right ventricular infarction
with elevated right heart pressures and volumes, most pa-
tients with right ventricular dysfunction have chronic eleva-
tion of pressures and associated changes in the compliance
of the pulmonary vascufature and right ventricle. These
changes are likely to have an influence on the development
of cardiac chamb llapse and pulsus parad Thus,
our findings may be most relevant to the acute right ventric-
ular dysfunction that may occur with right ventricular inf-
arction and may not necessarily apply to other and more
chronic causes of right ventricular dysfunction.

Chamber collapse. like cardiac tamponade, represents a
spectrum. In this study we examined hemodynamics at the
onset of chamber collapse, a period that is relatively easy to
recognize and is reproducible. However. lhe clinical utility
of chamber collapse is | by its durati
relative to the cardiac cycle (3 (7). Although the rapld heart
rates in our study precl ion of the
percent duration of collapse, we observed progressive car-
diac compression as pericardial pressure increased, as has
been noted by others (17),

Finally, cross-scclional area measurements of the right
veatricle in a single plane do not accurately reflect volume
changes in a complex three-dimensional structure, such as
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the right ventricle. However, we were interested primarily in
an estimate of the magnitude of right heart chamber size and
relative changes wilh cardiac tamponade. Because of the
gramatic changes in right ventricular arcas with right ven-
tricular dysfunction and cardiac tamponade. it is likely that
the right ventricular areas we measured represent relative
changes in volume.

Conclusions. In this canine model of ischemic right ven-
tricular dysfunction, characterized by equal and clevated
right and left atrial pressures. decreased cardiac output and
normal mean aortic pressures. incremental cardiac tampon-
ade caused progressive increases in pericardial and atrial
pressures, pulsus paradoxus and, as a late event, decreased
mean arterial pressure, Although cardiac output decreased.
right ventricular dysfunction attenuated the decrease in
cardiac output with cardiac tamponade. Right atrial and
ventricular diastolic collapse occurred at higher pericardial
and atrial pressures and with larger effusions c.*er produc-
tion of ischemic right ventricular dysfunction,

In a recent study {6} we showed that nzht hearl (.hdmbz.r
collapse occurs with small, hemod
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