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Thisstudyanalyzedtheregionalpatternof rightventric-
ular (RV)dysfunctionontransthoracicechocardiograms
inpatientswithandwifhoutacutepulmonaryembolism.
Quantitative(centerline)and qualitative(wall motion
score)analysesof segmentalRVfreewallmotionwere
performedon a “training”cohortof4 patients(group
1),including1 patientswithacutepulmonaryembo-
lism,9 patientswithprima~ pulmonaryhypertension,
and 18 narmalsubiects.Patientswithacutepulmona~
embolismhada distinctregionalpatternof RVdysfunc-
tion,withakinesiaof themid-freewall (centerlineex-
cursion:-0.2 t 0.8 mm, p = 0.0001 vs normal)but
normalmotionat theapex(centerlineexcursion:5.7 ~
0.8 mm, p=NS vs normal).In contrast,patientswith
primary pulmonay hypertensionhad abnormalwall
motionin all regions(p <0.03 vs normal).Thisecho-

cardiagraphicfindingof normalwallmotionattheaPx
andabnormalwallmotionin themid-freewallin acute
pulmonaryembolismwasthentestedin a “validation”
cohortof 85 patients(group2), consistingof hospital-
ized patientswith RV dysfunctionfrom any causerin-
cluding1 patientswithacutepulmonaryembolism.The
findinghad a 77%sensitivityand a 94% specificityfor
thediagnosisof acutepulmanaryembolism,witha pos-
itivepredictivevalueof 71% and a negativepredictive
valueof 96%.Thus,a distinctechocardiographicpattern
of regionalRVdysfunction,inwhichtheapexisspored,
occursinacutepulmonaryembolism.Thisfindingshould
raisethelevelof clinicalsuspicionfor thediagnasisof
acutepulmonaryembolism.

(AmJ Cardiol1996;78:469-473)

Acute pulmonary embolism is an important
cause of morbidity and mortality, but it is of-

ten unsuspected and underdiagnosed.1)2Right ven-
tricular (RV) dysfunction is a frequent conse-
quence of pulmonary embolism and correlates
with larger pulmonary emboli and increased risk
for recumence.s-s The finding of RV dysfunction
not specific, because it may be observed in a

variety of cardiovascular diseases. Prior echocar-
diographic studies of RV function in pulmonary
embolism have focused on global measures of RV
dysfunction, such as qualitative hypokinesia ors_sMore specific echo-changes in RV dimensions.
cardiographic findings would be clinically useful
to increase the clinical suspicion of acute pulmo-
nary embolism.GBased on clinical observations in
several patients, we hypothesized that RV dys-
function in acute pulmonary embolism may have
a regional pattern on echocardiography. This study
analyzes segmental RV wall motion in patients
with acute pulmonary embolism and tests this pat-
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tern for its diagnostic sensitivity and specificity in
a separate cohort.

METHODS
Patients:A total of 126patients were studied ret-

rospectively: a ‘‘training’ cohort of
(group 1) and a separate “validation” cohort of 85
patients (group 2). Group 1 included 14 hemody-
namically stable patients studied within 24 hours of
the diagnosis of acute pulmonary embolism (part
of 2 multicenter randomized trials4>7)with RV dys-
function, 9 patients with a diagnosis of primary pul-
monary hypertension and RV dysfunction, and 18
patients referred for atypical chest pain with normal
echocardiograms. RV dysfunction was based on
prior clinical echocardiographic assessment (exclud-
ing mild dysfunction due to variability in this inter-
pretation). Echocardiograms had to have good qual-
ity images of the entire RV free wall in the apical
4-chamber view for =3 cardiac cycles.
Group 2 patients were identified by a search of

all clinical echocardiographic studies at our institu-
tion over a 14-month period for RV systolic dys-
function (excluding mild dysfunction) by prior clin-
ical assessment. Ninety-five hospitalized patients
were identified and 10 were excluded because of in-
adequate images of the RV free wall on the apical
4-chamber view. Causes of RV dysfunction in the
remaining 85 patients were obtained from review of
hospital records and included acute pulmonary em-
bolism (n = 13) (hemodynamically stable patients
studied within 36 hours of high probability lung
scanning and/or pulmonary angiography), ischemic
cardiomyopathy (n = 15), dilated (nonischemic)
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Quantitativeanalysis:A custom-designed com-
puter program was used for quantitativeRV free wall
motion analysis of the 41 patients in the initial train-
ing cohort. Video images from a videocassette re-
corder were displayed on a computer screen (with
no patient information), and a ‘‘mouse’ device was
used to trace the RV free wall endocardium in the
apical 4-chamber view by an investigator blinded to
patient diagnosis. Only the apical 4-chamber view
was displayed, without Doppler information, and
studies were analyzed in random sequence. End-di-
astolic images were identified by the onset of the R
wave on the simultaneously recorded electrocardio-
gram. End-systolic images were identified at the ter-
minal portion of the T wave. The RV free wall was
traced from base to apex (Figure 1) at end-systole
and end-diastole for 3 separate cardiac cycles. For
each tracing, no prior tracings were displayed on the

ApicalFour-ChamberView monitor sc;een. The excursion of the RV-free wall
from end-diastole to end-systole was measured by

FIGURE1. Schematicdiagramof theapical4-chomberviewfrom the centerline method.8 A centerline was defined
a transthomcic2-dimensionalechocardicmmm.Qualitativewall midway between the diastolic and systolic curves,
motionscoreswereassignedat4 location-sof therightventricu-
larfreewall/shadedareasJLV= leftventricle;RV= rightven-
tricle.

cardiomyopathy (n = 15), chronic pulmonary hy-
pertension (n = 11), valvular heart disease (n = 9),
congenital heart disease (n = 7), RV infarction (n
= 6), cardiac transplant rejection (n = 2), postop-
erative cardiac transplantation (n = 2), postopera-
tive cardiac tamponade (n = 1), acute respiratory
distress syndrome (n = 1), and amyloid heart dis-
ease (n = 1).

and chhrd lengths were then defined-perpendicular
to the centerline extending from the diastolic to the
systolic curve. The chord lengths were averaged for
3 cardiac cycles.

Qualitativeanalysis:A qualitative wall motion
analysis of group 1 was also performed because
quantitative off-line analysis is not a routine clinical
tool. RV wall motion from the apical 4-chamber
view was assessed independently by 2 experienced
echocardiographers blinded to the patient diagnosis.
Echocardiograms were evaluated in random se-
quence without Doppler information or other views.
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FIGURE2. $sgmerrtcdrightven-
tricularfreewallexcursion(mean
f SEM)by centerlineanalysisin
group1 patientsasa functionof
rightventricularfreewallseg-
ment.Centerlineexcursionin pa-
tientswithacukpulmonaryem-
bolism(PE)wasnearnormal(p =
NSvsnormai,p <0.03 vs pri-
marypulmonaryh

r
tiension

[PPH])attheapex( atchedarea),
butabnormalatthemid-free
wallandbase(p <0.02 vsnor-
mal).Centerlineexcursionin pa-
tieniswithprimarypulmonaryhy-
pertensionwasreducedcam-
paredwiththatin normalsub@cts
in allsegments(p <

A J C A 1



A qualitative wall motion score (O = normal, 1 =
hypokinesia, 2 = akinesia or dyskinesia) was as-
signed to 4 locations along the RV free wall in the
apical 4-chamber view: apex, midapical free wall,
midbasal free wall, and base (Figure 1). After in-
dependently assigning wall motion scores, discrep-
ancies between the 2 observers were resolved by
consensus. Interobserver agreement was 9090(group
1 analysis) and 92% (grQup 2 analysis).
Statistics:For quantitative analysis, centerline RV

free wall excursion was compared for the 3 patient
groups at 40 RV segments by analysis of variance.
Post-hoc testing between pairs of patient groups at
each RV segment was performed using a Student’s
t test with Bonferroni’s correction. For qualitative
analysis in group 1, wall motion scores were com-
pared for the 3 patient groups at the 4 RV locations
by the Kruskal-Wallis test for equality of popula-
tions. Then, direct comparisons between pairs of pa-
tient groups at each RV location were subject to the
2-sample Wilcoxon rank-sum test for equality.

RESULTS
Quantitativeanalysis:Centerline analysis of group

1 revealed a distinct pattern of segmental RV wall
motion in acute pulmonary embolism (Figure 2).
Patients with pulmonary embolism had near-normal
RV free wall excursion at the most apical segments
(5.7 t 0.8 mm [mean ~ SEM] for pulmonary em-
bolism vs 6.2 t 0.7 mm for normal at segment 40,
p = NS). However, wall motion was markedly de-
creased in the mid–free wall segments ( –0.2 f 0.8
mm for pulmonary embolism vs 6.3 ~ 0.7 mm for
normal at segment 20, p = 0.0001). Abnormal wall

motion persisted at the base (4,2 ~ 0.3 mm for pul-
monary embolism vs 8.5 i 0.7 mm for normal at
segment 1, p = 0.001). In contrast, patients with
primary pulmonary hypertension had decreased RV
free wall excursion in all regions (p <0.03 vs normal
for all segments). Segmental wall motion at the apex
was significantly greater in pulmonary embolism
than in primary pulmonary hypertension (p <0.03
for segments 36 to 40). Thus, quantitative analysis
showed marked regional changes in RV function in
acute pulmonary embolism, with a pattern of normal
wall motion at the apex and absent wall motion in
the mid-free wall.

Qualitativeanalysis:Qualitative wall motion anal-
ysis of group 1 also demonstrated a regional pattern
of RV dysfunction in acute pulmonary embolism
(Figure 3), with normal wall motion at the apex
(wall motion score 0.1 ~ 0.1 [mean t SEM], p =
NS vs normal) and impaired wall motion at the mi-
dapical free wall (wall motion score 1.9 ~ 0.1, p =
0.0001 vs normal), midbasal free wall (wall motion
score 1.4 ~ 0.1, p = 0.0001 vs normal), and base
(wall motion score 0.6 A 0.1, p = 0.01 vs normal).
By comparison, patients with primary pulmonary hy-
pertension had global RV dysfunction, with abnor-
mal wall motion at all 4 locations (p <0.0005
vs normal). Wall motion scores at the apex were
significantly different between pulmonary embo-
lism and primary pulmonary hypertension (p =
0.002). Thus, findings of qualitative analysis were
similar to those of quantitative analysis, with re-
gional RV dysfunction in acute pulmonary embo-
lism and global RV dysfunction in primary pul-
monary hypertension,
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FIGURE3. Qwlitativewallmotionscores(O= normal,1 = hypokinesia,2 = akinesio/dyskinesia)(meanf SEM)in group1 vsright
ventricularfreewalllocation.Patientswithacutepulmonaryembolism(PE)hadnormalwallmotionattheapexandakinesiaof the
midapicalfreewall.Patientswith rimarypulmonaryhypertension(PPH]hadabnormalwallmotionatall4 locations.*p <0.02, PE

7n * “= N SPEvsnormaandp = 0.002,PEvs WV+.

M IV D P E



Sensitivityand spsicificiiy:The pattern of regional
RV dysfunction in acute pulmonary embolism
found in group 1 was then tested in the separate
validation cohort of 85 hospitalized patients with
RV dysfunction from a broad range of causes
(group 2) in order to assess diagnostic sensitivity
and specificity. Qualitative analysis of”group2 em-
ployed the simple criterion of normal wall motion
at the RV apex with abnormal wall motion at the
midapical RV free wall in the apical 4-chamber
view. This echocardiographic finding was present
in 10 of the 13 patients in group 2 with acute pul-
monary embolism (sensitivity of 77%), and absent
in 68 of the 72 patients with RV dysfunction from
other causes (specificity of 94Yo). The positive
predictive value of this pattern for the diagnosis of
pulmonary embolism was 71% and the negative
predictive value was 96% for an overall diagnostic
accuracy of 92%.

DISCUSSION
This study demonstrates that among patients

with acute pulmonary embolism and RV dysfunc-
tion, there is a distinct, regional pattern of abnor-
mal RV wall motion. Both quantitative and
qualitative analyses of 2-dimensional echocardi-
ograms in patients with acute pulmonary embo-
lism revealed normal wall motion of the RV apex
but akinesia of the mid–RV free wall. This echo-
cardiographic pattern was both sensitive and spe-
cific for the diagnosis of acute pulmonary embo-
lism in hospitalized patients with RV dysfunction.
Previous investigators have shown that abnor-

malities of RV size and function are common in
patients with pulmonary embolism. Kasper et a13
reported that 7570 of 93 patients with proven pul-
monary embolism had RV dilatation. Kasper et a19
subsequently reported that ‘‘asynergy’ of the RV
free wall was present in 8170 of pulmonary em-
bolism patients with pulmonary hypertension.
Goldhaber et a14found RV hypokinesia by a qual-
itative global wall motion score in 46?Z0of 101 pa-
tients with acute pulmonary embolism, and Wolfe
et a15showed that these patients were at high risk
for recurrent pulmonary embolism. These and
other previously described echocardiographic
findings in acute pulmonary embolism3-c’9’10have
not been shown to be specific for this diagnosis,
because they are often present in a variety of other
cardiovascular conditions, including primary and
secondary pulmonary hypertension, tricuspid valve
disease, dilated cardiomyopathy, RV infarction,
and congenital heart disease. Therefore, our find-
ing of a distinct, regional pattern of RV dysfunc-
tion may be clinically useful in prompting further
diagnostic evaluation for acute pulmonary embo-
lism.

Potentialmechanisms:Three mechanisms may
help explain our findings. First, tethering of the RV
apex to a contracting and often hyperdynamic left
ventricle in acute pulmonary embolism may ac-
count for the preserved wall motion at the apex.

Second, the right ventricle may be assuming a
more spherical shape to equalize regional wall
stress when subjected to an abrupt increase in af-terload.ll,lz A more spherical shape with sYstolic
contraction would correspond to a bulging of the
mid–RV free wall relative to the apex and base.
Chronic pulmonary hypertension, in contrast,
causes RV hypertrophyGwhich may limit tethering
effects and shape changes, resulting in a more dif-
fuse pattern of RV dysfunction, A third potential
mechanism is localized ischemia of the RV free
wall due to increased wall stress,

Siudylimitations:Two-dimensional echocardiog-
raphy is inherently limited in depicting the com-
plex 3-dimensional shape and function of the right
ventricle. Three-dimensional echocardiography13
or magnetic resonance imaging14 could yield a
moreprecisedescriptionof segmentalRV function
in pulmonary embolism. Although this regional
pattern of RV dysfunction was relatively sensitive
and specific for acute pulmonary embolism when
tested in the larger patient cohort, patients with
other causes of an acute increase in RV afterload
may have similar findings. For example, one of our
“false positive” cases had acute respiratory dis-
tress syndrome.
This study focused on the utility of identifying

a regional RV wall motion pattern in patients in
whom abnormal RV function had already been
identified. This study was not designed to estab-
lish the overall utility of echocardiography in the
diagnosis of acute pulmonary embolism, and
these data do not provide justification for per-
forming echocardiography routinely to establish
the diagnosis of pulmonary embolism. However,
since completion of this study, we have found that
heightened awareness of this regional RV dys-
function pattern in our echocardiography labora-
tory has led to the otherwise unsuspected diag-
nosis of acute pulmonary embolism in several
patients.

1. Goldhaber SZ, Morpurgo M. Diagnosis, treatment, and prevention of pul-
monary embolism. Report of the WHO/International Society and Federation of
Cardiology Task Force. JAMA 1992;268:1727-1733.
2. Diebold J,’Lobrs U. Venous thrombosis and pulmomwyembolism. A study
of 5039 autnpsies. Path Res Pract 1991;187:260-266.
3. Kasper W, Meinertz T, Henkel B, Eissner D, Hahn K, Hofmann T, Zeiher
A, Just H. Echocardiographic findings in patients with proved pulmomny em-
bolism. Am Heart J 1986;112:1284-1290.
4. Goldhaber SZ, Haire WD, Feldstein ML, Miller M, Toltzis R, Smith JL,
Taveira Da Silva AM, Come PC, Lee RT, Parker JA, Mogtader A, McDonough
TJ, Brarmwald E, Alteplase versus heparin in acute pulmonary embolism: ran-
domised trial assessing’ right-venticular function and pulmonary perfusion.
Lancet 1993;341:507-511.
5. Wolfe MW, Lee RT, Feldstein ML, Parker JA, Come PC, Goldfraber SZ.
Prognostic significance of right ventricular hypokinesis and perfusion lung scarr
defects in pulmomny embolism. Am Heart J 1994;127:1371-1375.
6. Come PC. Echncardiographic recognition of pulmonary arterial disease arrd
determination of its cause. Am J&fed 198S;S4:384–394.
7. Goldhaber SZ, Agnelli G, Levine MN on behalf of the Bolus Alteplase Pul-
monary Embolism Group. Reduced-dose bolus alteplase versus conventional
alteplase infusion forpulmormry embolism tfrrombolysis. An international mul-
ticenter randomized trial. Chest 1994; 106:718-724.
8. Sheehan FH, Bolson EL, Dodge HT, Mathey DC, Schofer J, Woo HW.
Advantages rmdapplications of the centerline method forcharacterizing regional
verrtricukwfunction. Circulation 1986;74:293-305.

A J C V A 1



9. Kaspcr W, Geibcl A, Tiede N, Bassenge D, Kauder E, Konstantinides S,
Meineru T, Just H. Distinguishing betweenacuteandsubacutemassiwpub
monary embolism by convemirnml and Doppler echowdiogmphy. Et’Heart J
1993;70:352–3.56.
10.Jtmdin F, Dubourg O, Ourwet P, Delorme G, Bnurdarias JP. Qurmtitative
two dimensiunul twhorxwdiugraphyin massiv~ pulmonary embolism: emphasis
on ventricular interdependence and lef~ward wptal di~placement. J Am Cd
Cardioi 1987;10;1201–1206.
11. Cafvin JE, Pressure segmen~ length amdysiti nf right ventrirmlar function:
influence of loading conditions. ArnJ t%ysid 1991;260;H1087– H1O97.

12. Janz RF, Kubed BR, Pate EF, Motiwty ‘f’f?Effect of shape on prcs$ure
volume relationships of ellipsoidal shells. Am J Phy$iol 198Ct:23ft!H917-
H926.
13. Jiang I,, WI SC, Handschumachm MD, CJueremnJL, Vaz,quezde Prada JA,
King ME, Picard MH, Weyman AE, Levine RA, Three-dimensional echocar-
diograpby. In vivo vafidatiost for right ventricular volume and function, Cir-
CldQticVl1994:89:2342-235(J
Id. Sacks MS, Chuong CJ, Templeton GH, Peshock R. In vivo 3-D rewmstmti-
tion and geomerric characrerizmion of the right ventricular free wall, Ann fJiu-
mrzfEnx 1993;21:26?–275.

M IV D P E


