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ABSTRACT

Background The independent prognostic value of
elevated jugular venous pressure or a third heart
sound in patients with heart failure is not well estab-
lished.

Methods We performed a retrospective analysis of
the Studies of Left Ventricular Dysfunction treatment
trial, in which 2569 patients with symptomatic heart
failure or a history of it were randomly assigned to
receive enalapril or placebo. The mean (+SD) follow-
up was 32*+15 months. The presence of elevated jug-
ular venous pressure or a third heart sound was as-
certained by physical examination on entry into the
trial. The risks of hospitalization for heart failure and
progression of heart failure as defined by death from
pump failure and the composite end point of death
or hospitalization for heart failure were compared in
patients with these findings on physical examination
and patients without these findings.

Results In multivariate analyses that were adjust-
ed for other markers of the severity of heart failure,
elevated jugular venous pressure was associated
with an increased risk of hospitalization for heart fail-
ure (relative risk, 1.32; 95 percent confidence interval,
1.08 to 1.62; P<0.01), death or hospitalization for heart
failure (relative risk, 1.30; 95 percent confidence in-
terval, 111 to 1.563; P<0.005), and death from pump
failure (relative risk, 1.37; 95 percent confidence inter-
val, 1.07 to 1.75; P<<0.05). The presence of a third heart
sound was associated with similarly increased risks
of these outcomes.

Conclusions In patients with heart failure, elevat-
ed jugular venous pressure and a third heart sound
are each independently associated with adverse out-
comes, including progression of heart failure. As-
sessment for these findings is clinically meaningful.
(N Engl J Med 2001; 345:574-81.)

Copyright © 2001 Massachusetts Medical Society.

HERE is concern that physicians are becom-
ing less proficient at performing the physical
examination.* For example, physicians in
residency programs have been shown to have
poor cardiac auscultatory skills.5¢ This decline in phys-
ical-examination skills may be due in part to an increas-
ing availability and reliance on forms of technology
such as echocardiography.l4 In an era of evidence-
based medicine,” the demonstration that physical find-
ings provide useful information in patients with a
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common illness such as chronic heart failure may mo-
tivate physicians and trainees to refine their diagnos-
tic skills. Our study tested the hypothesis that the find-
ing of elevated jugular venous pressure or a third
heart sound (also called S, gallop) on physical exam-
ination would provide important and independent
prognostic information in patients with heart failure.

METHODS

The Studies of Left Ventricular Dysfunction (SOLVD) treatment
trial has been described in detail previously.®? A total of 2569 pa-
tients with symptomatic congestive heart failure or a history of it
and a left ventricular ejection fraction of 0.35 or less were ran-
domly assigned to receive enalapril or placebo. Patients were en-
rolled from June 1986 to March 1989. A prerandomization run-in
phase consisted of a single-blind active-drug phase (2 to 7 days)
followed by a placebo run-in phase (14 to 17 days). Patients with
worsening heart failure during this phase were excluded from the
trial. Treatment was initiated predominantly in the outpatient set-
ting (in 99 percent of cases). The participants were followed for an
average (£SD) of 32+15 months. The study protocol was approved
by the appropriate review boards of the participating centers, and
written informed consent was obtained from the patients.

Data Collection and Definitions

Base-line demographic data including the New York Heart As-
sociation (NYHA) functional class and information on the med-
ical history and current use of medications were obtained from all
patients at the time of enrollment. Data on race and ethnic back-
ground were obtained from the SOLVD eligibility form, on which
the ethnic and racial categories were American Indian, Asian, black,
white, Hispanic, and other. At the time of enrollment, investigators
evaluated patients for the presence or absence of elevated jugular
venous pressure and a third heart sound on the basis of a routine
physical examination. On separate lines of the SOLVD base-line
visit form completed at the time of enrollment, the presence of el-
evated jugular venous pressure or a third heart sound was indicated
in a “yes” or “no” format.

Definition of End Points

The primary end point of the SOLVD treatment trial was death
from any cause. The cause of death was also classified on standard
forms after a review by the principal investigator at each center of
the circumstances surrounding each death. Deaths from cardiovas-
cular causes could be classified as due to pump failure, probable ar-
rhythmia with some antecedent worsening of heart failure, or prob-
able arrhythmia with no antecedent worsening of heart failure. As
previously described,'®!! in this study we classified all deaths at-
tributed to pump failure and those attributed to probable arrhyth-
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mia with some antecedent worsening of heart failure as due to
pump failure. Deaths due to probable arrhythmia with no ante-
cedent worsening of heart failure were classified as deaths from
arrhythmia. The primary SOLVD investigator at each center also
classified the primary cause of hospitalization. As in a previous
study,!! we prespecified that both death from pump failure and
the composite end point of death from all causes or hospitaliza-
tion for heart failure would represent progression of heart failure.

Statistical Analysis

Patients with incomplete data were excluded from analysis,
leaving 2479 participants. The following variables were treated as
continuous: age, left ventricular ejection fraction, systolic blood
pressure, heart rate, serum creatinine level, and serum sodium level.
Dichotomous variables included elevated jugular venous pressure
(yes or no) or audible third heart sound (yes or no); black race
(yes or no); cause of left ventricular systolic dysfunction (ischemic
or nonischemic); NYHA functional class (I or II vs. IIT or IV);
electrocardiographic evidence of atrial fibrillation at base line (yes
or no); history of medical conditions (yes or no for each), including
diabetes, hypertension, myocardial infarction, and stroke; base-line
use of medications at the time of randomization (yes or no for
each), including diuretics, beta-blockers, digoxin, and antiarrhyth-
mic agents; and random assignment to the enalapril group or the
placebo group. We used Student’s t-test to compare continuous
data, assuming where appropriate that the variance was unequal,
and the chi-square statistic to compare binary data. We used Cox
proportional-hazard models to assess the univariate and multi-
variate association of independent variables with the outcome.

The risk of an outcome associated with the presence of physical-
examination findings was assessed in three separate models, one for
elevated jugular venous pressure, one for a third heart sound, and
one for elevated jugular venous pressure or a third heart sound
alone or in combination. We constructed two sets of Kaplan—
Meier curves for the composite end point of death or hospitaliza-
tion for heart failure, one according to the presence or absence
of elevated jugular venous pressure and one according to the pres-
ence or absence of a third heart sound. We used the log-rank test
to determine event-free survival according to the presence or ab-
sence of these findings. A two-sided P value of less than 0.05 was
considered to indicate statistical significance in all analyses. The
SOLVD data base, which is held by the National Heart, Lung, and
Blood Institute, was acquired by the study investigators and in-
dependently analyzed at the Donald W. Reynolds Cardiovascular
Clinical Research Center in Dallas.

RESULTS
Base-Line Characteristics of the Patients

The base-line characteristics of the patients with
either elevated jugular venous pressure or a third
heart sound are shown in Table 1. Patients with ele-
vated jugular venous pressure and those with a third
heart sound had more advanced heart failure than
those without these physical findings, as assessed on
the basis of other measures of the severity of heart
failure, including NYHA functional class, left ven-

TABLE 1. BASE-LINE CHARACTERISTICS OF THE PATIENTS, ACCORDING TO THE PRESENCE OR ABSENCE
OF ELEVATED JUGULAR VENOUS PRESSURE AND A THIRD HEART SOUND.*

CHARACTERISTIC ELEVATED JUGULAR VENOUS PRESSURE THIRD HEART SOUND
PRESENT ABSENT PRESENT ABSENT
(N=280) (N=2199) P VALUE (N=597) (N=1882) P VALUE

Age (yr) 63*10 61*10 0.001 60*11 61x10 0.13
Male sex (%) 72 82 <0.001 76 82 0.002
Left ventricular ejection fraction 0.23+0.07 0.25*0.07 <0.001 0.23+0.07 0.25*0.07 <0.001
Black race (%) 19 15 0.09 18 14 0.02
Ischemic cardiomyopathy (%) 64 72 0.002 61 75 <0.001
NYHA functional class (%) <0.001 <0.001

Torll 37 71 54 72

III or IV 63 29 46 28
Systolic blood pressure (mm Hg) 123+19 12518 0.07 123+18 12517 0.003
Heart rate (beats/min) 84x15 79+13 <0.001 85+14 78+13 <0.001
Serum creatinine (mg/dl)} 1.3+0.3 1.2+0.3 0.001 1.3+£0.3 1.2+0.3 0.32
Serum sodium (mmol/liter) 139+4 140+£3 0.003 139=*3 140+£3 0.007
Atrial fibrillation (%) 13 9 0.04 11 9 0.29
Medical history (%)

Diabetes 34 25 0.001 26 26 0.95

Hypertension 49 41 0.01 44 41 0.16

Myocardial infarction 63 66 0.19 58 69 <0.001

Stroke 7 8 0.54 8 8 1.0
Use of medications (%)

Diuretic 90 85 0.03 87 85 0.24

Beta-blocker 6 8 0.32 4 9 <0.001

Digoxin 64 68 0.21 66 68 0.46

Antiarrhythmic agent 23 22 0.78 21 22 0.69
Assigned to receive enalapril (%) 51 50 0.78 51 50 0.58

*Plus—minus values are means =SD. NYHA denotes New York Heart Association.

1To convert values for serum creatinine to micromoles per liter, multiply by 88.4.
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tricular ejection fraction, and heart rate. Patients with
elevated jugular venous pressure and those with a
third heart sound were also more likely to be women
and to have a nonischemic cause of left ventricular
dysfunction. Patients with elevated jugular venous
pressure were more likely than those without elevat-
ed jugular venous pressure to have atrial fibrillation
and a history of diabetes and to be treated with di-
uretics. Patients with a third heart sound were less
likely than those without a third heart sound to have
a history of myocardial infarction and to be treated
with beta-blockers. Patients with elevated jugular
venous pressure or a third heart sound and patients
without these physical findings were equally likely to
be assigned to receive enalapril.

Incidence of End Points

The incidence of death from all causes, hospital-
ization for heart failure, or a composite end point of
death or hospitalization for heart failure is shown in
Table 2 according to the presence or absence of ele-
vated jugular venous pressure and a third heart sound.
In both cases, patients with these physical findings
had significantly increased rates of death, hospital-
ization for heart failure, the composite end point of
death or hospitalization for heart failure, and death
from pump failure, but not of death from arrhyth-
mia. The event-free survival curves are shown in Fig-
ure 1 according to the presence or absence of elevat-
ed jugular venous pressure and a third heart sound.

Univariate Analysis

Univariate analysis showed that patients with ele-
vated jugular venous pressure were at significantly
higher risk than patients without elevated jugular
venous pressure for death from all causes (relative

risk, 1.52; 95 percent confidence interval, 1.27 to
1.82; P<<0.001), hospitalization for heart failure (rel-
ative risk, 1.78; 95 percent confidence interval, 1.47
to 2.17; P<<0.001), the composite end point of death
or hospitalization for heart failure (relative risk, 1.69;
95 percent confidence interval, 1.45 to 1.97; P<
0.001), and death from pump failure (relative risk,
1.99; 95 percent confidence interval, 1.57 to 2.52;
P<0.001), but not death from arrhythmia (relative
risk, 1.10; 95 percent confidence interval, 0.72 to
1.68; P=0.60).

The findings in patients with a third heart sound
were similar to those in patients with elevated jugu-
lar venous pressure. On univariate analysis, patients
with a third heart sound were at significantly higher
risk than those without a third heart sound for death
from all causes (relative risk, 1.35; 95 percent confi-
dence interval, 1.17 to 1.55; P<<0.001), hospitaliza-
tion for heart failure (relative risk, 1.70; 95 percent
confidence interval, 1.46 to 1.97; P<<0.001), the com-
posite end point of death or hospitalization for heart
failure (relative risk, 1.42; 95 percent confidence in-
terval, 1.26 to 1.60; P<<0.001), and death from pump
failure (relative risk, 1.77; 95 percent confidence in-
terval, 1.46 to 2.15; P<<0.001), but not death from
arrhythmia (relative risk, 1.22; 95 percent confidence
interval, 0.90 to 1.65; P=0.20).

Multivariate Analysis

Multivariate analysis showed that patients with el-
evated jugular venous pressure and those with a third
heart sound were at significantly increased risk for
hospitalization for heart failure, the composite end
point of death or hospitalization for heart failure, and
death from pump failure, but not death from ar-
rhythmia (Table 3).

TABLE 2. INCIDENCE OF END POINTS ACCORDING TO THE PRESENCE OR ABSENCE OF ELEVATED JUGULAR VENOUS PRESSURE
AND A THIRD HEART SOUND.*

Enp PoINT ELEVATED JUGULAR VENOUS PRESSURE
PRESENT (N=280)
no. of incidence/ no. of
events (%) 100 person-yr events (%)
Death from all causes 137 (49) 20.3 796 (36)
Hospitalization for heart 120 (43) 23.8 658 (30)
failure
Death or hospitalization 192 (69) 38.1 1118 (51)
for heart failure
Death from pump failure 84 (30) 12.4 374 (17)
Death from arrhythmia 24 (9) 3.6 190 (9)

ABSENT (N=2199)

THIRD HEART SoUND

PRESENT (N=597) ABSENT (N=1882)

incidence/ no. of incidence/ no. of incidence/
100 person-yr events (%) 100 person-yr events (%) 100 person-yr
13.3t1 265 (44) 17.5 668 (35) 13.0%
13.01 247 (41) 209 531 (28) 12.1%
22.0t 366 (61) 30.9 944 (50) 21.4%
6.3%1 157 (26) 10.4 301 (16) 5.9%
3.2 57 (10) 3.8 157 (8) 3.1

*The unadjusted incidence is expressed as the rate per 100 person-years of follow-up.

1P<<0.001 by the log-rank test for the comparison with patients with elevated jugular venous pressure.

1P<<0.001 by the log-rank test for the comparison with patients with a third heart sound.
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Figure 1. Kaplan—Meier Analysis of Event-free Survival Accord-
ing to the Presence or Absence of Elevated Jugular Venous
Pressure (Panel A) and a Third Heart Sound (Panel B).

The end point was a composite of death or hospitalization for
heart failure. In Panel A, the 280 patients with elevated jugular
venous pressure were significantly more likely than the 2199 pa-
tients without elevated jugular venous pressure to reach the
composite end point (P<0.001 by the log-rank test). In Panel B,
the 597 patients with a third heart sound were significantly more
likely than the 1882 patients without a third heart sound to reach
the composite end point (P<0.001 by the log-rank test).

Of the 2479 patients, a total of 706 had elevated
jugular venous pressure, a third heart sound, or both:
109 had elevated jugular venous pressure in the ab-
sence of a third heart sound, 426 had a third heart
sound in the absence of elevated jugular venous pres-
sure, and 171 had both elevated jugular venous pres-
sure and a third heart sound. Multivariate analysis
with the use of the same covariates as described
above showed that, as compared with the 1773 pa-
tients with neither finding, patients with elevated jug-
ular venous pressure, a third heart sound, or both
were at significantly increased risk for death from all
causes, hospitalization for heart failure, the composite
end point of death or hospitalization for heart failure,
and death from pump failure, but not death from ar-

N Engl ] Med, Vol. 345, No. 8 -

rhythmia (Table 3). In addition, a multivariate analy-
sis in which the 171 patients who had both elevated
jugular venous pressure and a third heart sound were
compared with the 535 patients who had only one
of these physical findings showed that the risk of all
outcomes, including hospitalization for heart failure
(relative risk, 1.13; 95 percent confidence interval, 0.86
to 1.48; P=0.38) and the composite end point of
death or hospitalization for heart failure (relative risk,
1.05; 95 percent confidence interval, 0.84 to 1.30;
P=0.69), was similar.

Multivariate Analysis Stratified According to NYHA
Functional Class and Treatment Assignment

In the light of the disparities at base line in the
NYHA functional class between patients with and
those without the physical findings, we performed a
multivariate analysis that was stratified according to
the NYHA class (1671 patients were in NYHA class I
or II and 808 were in NYHA class III or IV). With
the exception of the NYHA functional class, the same
covariates included in the primary analysis were en-
tered into these models. As shown in Table 4, the re-
sults of this subgroup analysis were consistent with
those of the primary analysis. In both NYHA class
strata the presence of elevated jugular venous pres-
sure alone; a third heart sound alone; or elevated jug-
ular venous pressure, a third heart sound, or both was
associated with a relative risk of more than 1.00 in the
case of hospitalization for heart failure, the composite
end point of death or hospitalization for heart fail-
ure, and death from pump failure, though not all val-
ues reached statistical significance.

To determine whether treatment with angioten-
sin-converting—enzyme inhibitors altered the prog-
nostic value of the physical-examination findings, we
also performed a multivariate analysis that was strat-
ified according to treatment assignment. With the ex-
ception of treatment assignment, the same covariates
included in the primary analysis were entered into
these models. As shown in Table 4, the presence of el-
evated jugular venous pressure alone; a third heart
sound alone; or elevated jugular venous pressure, a
third heart sound, or both was associated with similar
risks for most outcomes in the two treatment groups.
In addition, there was no evidence of a statistically
significant interaction between treatment assignment
and elevated jugular venous pressure or between treat-
ment assignment and a third heart sound with re-
spect to the risk of death, hospitalization for heart
failure, the composite end point of death or hospital-
ization for heart failure, and death from pump failure
when these interaction terms were included in mul-
tivariate models (P>0.1 for all comparisons).

DISCUSSION

These data suggest that the finding of elevated jug-
ular venous pressure or a third heart sound on phys-
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TABLE 3. RESULTS OF THE MULTIVARIATE ANALYSIS. *

ELEVATED JUGULAR
VENOUS PRESSURE,
THIRD HEART SouND,
OR BoTtH (N=706)

ELEVATED JUGULAR
VENOUS PRESSURE
(N=280)

THIRD HEART SouND

Enp PoINT (N=597)

relative risk (95% confidence interval)

Death from all causes 1.15 (0.95-1.38)

1.32 (1.08-1.62)t

1.15 (0.99-1.33)
1.42 (1.21-1.66)§

117 (1.02-1.35)t

Hospitalization for heart 1.43 (1.23-1.66)1
failure

Death or hospitalization
for heart failure

1.30 (1.11-1.53)]| 1.22 (1.08-1.38)** 1.28 (1.14-1.45)]

Death from pump failure 1.37 (1.07-1.75)1t

0.96 (0.62-1.49)

1.40 (1.14-1.71)**
1.13 (0.82-1.54)

1.47 (1.21-1.79)]

Death from arrhythmia 1.08 (0.80-1.46)

*Each model also included age, left ventricular ejection fraction, New York Heart Association class,
treatment assignment (enalapril or placebo), sex, cause of left ventricular systolic dysfunction (ische-
mic or nonischemic), black race (yes or no), electrocardiographic evidence of atrial fibrillation at base
line (yes or no), serum sodium level, serum creatinine level, presence or absence of a history of dia-
betes mellitus or hypertension, and presence or absence of base-line use of a beta-blocker, digoxin,
or a diuretic.

1P<<0.05 for the comparison with patients with neither elevated jugular venous pressure nor a third
heart sound.

1P<<0.01 for the comparison with patients without elevated jugular venous pressure.
§P<<0.001 for the comparison with patients without a third heart sound.

{P<0.001 for the comparison with patients with neither elevated jugular venous pressure nor

a third heart sound.

[|[P<0.005 for the comparison with patients without elevated jugular venous pressure.

**P<0.005 for the comparison with patients without a third heart sound.

11P<0.05 for the comparison with patients without elevated jugular venous pressure.

ical examination conveys important prognostic in-
formation in patients with symptomatic heart failure.
The presence of these signs was associated with sub-
sequent hospitalization for heart failure and an in-
creased risk of progression of heart failure, as as-
sessed by the incidence of death from pump failure
and the composite end point of death or hospitaliza-
tion for heart failure. The subgroup of patients with
elevated jugular venous pressure, a third heart sound,
or both was also at increased risk for death from all
causes. These associations persisted even after ad-
justment for many other markers of the severity of
heart failure, including the left ventricular ejection
fraction, the NYHA functional class, and the serum
sodium level.

There are limited data regarding the prognostic
value of the detection of elevated jugular venous pres-
sure on physical examination in patients with heart
failure.!2 An increased right atrial pressure is associ-
ated with a poor prognosis in patients with heart
failure.1314 Such data may not be applicable to esti-
mates of jugular venous pressure obtained by physical
examination, since the latter correlate poorly with
findings derived from invasive measurements of right
atrial pressure.!5-20 Recent suggestions may improve
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the accuracy of the clinical assessment of venous
pressure.2! There is an association between a finding
of elevated jugular venous pressure on physical ex-
amination and a finding of elevated left-sided filling
pressures on right heart catheterization in patients
with heart failure.22-25 A recent study of patients with
a history of NYHA class IV symptoms showed that
a low congestion score, as assessed by a five-point
clinical scoring system that included one point for
elevated jugular venous pressure, was associated with
a favorable outcome.26

Although the finding of a third heart sound is re-
ported to be an unfavorable prognostic sign in pa-
tients with heart failure,?” this association is based
on relatively small observational studies.12.13:28-31 In
addition, the majority of these studies did not adjust
for other markers of the severity of heart failure such
as the left ventricular ejection fraction. In a study of
50 patients with advanced heart failure, nearly all
(96 percent) had a third heart sound,?? suggesting
that this sign would have limited use as a discrimina-
tory factor. Several studies have shown that the agree-
ment between observers with respect to the presence
of a third heart sound is moderate or low3235 even
among experienced physicians, raising serious ques-
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TABLE 4. RESULTS OF THE MULTIVARIATE ANALYSIS STRATIFIED ACCORDING TO THE NEW YORK HEART ASSOCIATION
(NYHA) CrAss AND TREATMENT ASSIGNMENT.*

ENnD PoINT AND Risk FACTOR
I orII (N=1671)

Death from all causes
Elevated jugular venous pressure 1.13 (0.81-1.57)
Third heart sound 1.29 (1.05-1.59)%
Elevated jugular venous pressure, 1.23 (1.01-1.51)t
third heart sound, or both
Hospitalization for heart failure
Elevated jugular venous pressure
Third heart sound
Elevated jugular venous pressure,
third heart sound, or both
Death or hospitalization for heart failure
Elevated jugular venous pressure
Third heart sound
Elevated jugular venous pressure,
third heart sound, or both
Death from pump failure
Elevated jugular venous pressure
Third heart sound
Elevated jugular venous pressure,
third heart sound, or both

1.30 (0.92-1.84)
1.36 (1.09-1.71)§
1.37 (1.10-1.70)q

1.22 (0.92-1.61)
1.28 (1.07-1.52)§
1.25 (1.05-1.48)t

1.50 (0.96-2.32)1
1.59 (1.18-2.14)§
1.61 (1.21-2.15)Y

NYHA CLass

TREATMENT ASSIGNMENT

IIT or IV (N=808) PLACEBO (N=1241)  ENALAPRIL (N=1238)

relative risk (95% confidence interval)

1.16 (0.92-1.46)
1.01 (0.82-1.25)
1.12 (0.91-1.36)

1.35 (1.05-1.73)}
1.44 (1.16-1.80)]
1.46 (1.18-1.82)]

1.36 (1.11-1.65)
1.15 (0.96-1.37)
1.30 (1.10-1.54)]

1.31 (0.98-1.77)t
1.23 (0.94-1.61)
1.34 (1.03-1.74)t

1.26 (0.98-1.63)t
1.10 (0.89-1.34)
1.13 (0.93-1.37)

1.33 (1.01-1.74)f
1.57 (1.28-1.93)]
1.50 (1.22-1.83)|

1.33 (1.07-1.65)t
1.26 (1.06-1.49)§
1.28 (1.09-1.51)f

1.49 (1.06-2.08)t
1.42 (1.08-1.87)f
1.45 (1.11-1.89)§

1.04 (0.79-1.38)
1.23 (1.00-1.53)t
1.26 (1.02-1.55)%

1.23 (0.90-1.68)
1.21 (0.95-1.55)
1.29 (1.02-1.64)t

1.22 (0.96-1.55)t
117 (0.97-1.42)t
1.27 (1.06-1.52)§

1.26 (0.87-1.82)
1.37 (1.02-1.85)f
1.53 (1.14-2.04)§

*Each model also included age, left ventricular ejection fraction, sex, cause of left ventricular systolic dysfunction (ischemic or nonischemic),
black race (yes or no), electrocardiographic evidence of atrial fibrillation at base line (yes or no), serum sodium level, serum creatinine level,
presence or absence of a history of diabetes mellitus or hypertension, and presence or absence of base-line use of a beta-blocker, digoxin, or
a diuretic. In the case of the models that were stratified according to NYHA class, treatment assignment (enalapril or placebo) was entered
as a covariate. In the case of the models that were stratified according to treatment assignment, NYHA class was entered as a covariate.

1P<0.10 for the comparison with the patients without the respective physical examination finding or findings.

$P<0.05 for the comparison with the patients without the respective physical examination finding or findings.

§P<0.01 for the comparison with the patients without the respective physical examination finding or findings.

{P<0.005 for the comparison with the patients without the respective physical examination finding or findings.

[P<0.001 for the comparison with the patients without the respective physical examination finding or findings.

tions about the usefulness of this sign.3¢ Such find-
ings are probably representative of an overall decline
in cardiac auscultatory skills in physicians, as docu-
mented by assessments of recent medical school grad-
uates.>¢ Our findings nevertheless suggest that the
detection of a third heart sound on physical exami-
nation is an important independent prognostic fac-
tor in patients with heart failure.

Why elevated jugular venous pressure or a third
heart sound was associated with an increased risk of
progressive heart failure is uncertain. Elevated jugular
venous pressure reflects increased right atrial pressure,
which itself correlates with elevated left-sided filling
pressures in patients with chronic heart failure.3” El-
evated left-sided filling pressures have been associated
with adverse outcomes in patients with heart fail-
urel21430,38.39 possibly as a result of apoptosis*® due
to myocardial stretch or enhanced activation of the
sympathetic nervous system.*#2 Patients with heart
failure may have a third heart sound as a result of
low ventricular compliance, increased filling pressures,

N Engl ] Med, Vol. 345, No. 8 -

or increased early diastolic filling rates.*3-4¢ A similar
combination of pathophysiological events in diastole
in patients with left ventricular systolic dysfunction
as assessed by echocardiography+748 has been associ-
ated with an unfavorable prognosis.4-51

Our retrospective analysis has several important
limitations. There may have been residual confound-
ing by unmeasured and measured variables despite
our cfforts to adjust for known risk factors with the
use of multivariate modeling. The manner in which
the physical examination was performed to detect el-
evated jugular venous pressure or a third heart sound
was not standardized in the SOLVD trials, although
the approach was probably representative of clinical
practice. Physical examination has inherent inaccura-
cies, and no confirmatory test was performed (e.g.,
phonocardiography for a third heart sound), although
any random misclassification resulting from physi-
cians’ errors would bias the results toward the null
hypothesis. A physician’s estimate of the overall sever-
ity of the patient’s condition may have affected his
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or her assessment of whether elevated jugular venous
pressure or a third heart sound was present. Howev-
er, such estimates of disease severity would probably
also affect the NYHA classification, and our conclu-
sions were based on multivariate models that adjust-
ed for the NYHA class. Furthermore, the findings of
a subgroup analysis stratified according to the NYHA
class were consistent with those of the primary
analysis.

The decision to hospitalize a patient with heart
failure may have been affected by the presence of ei-
ther elevated jugular venous pressure or a third heart
sound. Such bias is unlikely to explain the results of
our study, since the findings of the physical exami-
nation were noted at the time of enrollment and
hospitalization for heart failure often occurred many
months later, since the presence of a third heart sound
by itself would probably not be an indication for
hospitalization, and since the presence of at least one
of the physical-examination findings was associated
with an increased risk of death from all causes in ad-
dition to end points incorporating hospitalization.
The classification of the cause of death as pump failure
may also have been affected by the finding of elevated
jugular venous pressure or a third heart sound near
the time of death, although these findings would of-
ten have been noted well after the base-line physical
examination had been performed.

Because of the infrequent use of beta-blockers in
the SOLVD trials, we could not determine whether
beta-blockers affect the prognostic value of the finding
of elevated jugular venous pressure or a third heart
sound. However, the multivariate models in this study
did adjust for the use of beta-blockers. We also did
not address the usefulness of the finding of elevated
jugular venous pressure or a third heart sound as an
indicator of left ventricular systolic dysfunction?s:52
since the entry criteria for the SOLVD treatment tri-
al included an ejection fraction of 0.35 or less.

In conclusion, the detection of elevated jugular
venous pressure or a third heart sound in patients
with heart failure was associated with adverse out-
comes, including progression of heart failure, even
after adjustment for other markers of the severity of
disease. These findings may increase confidence in
the belief that focused bedside assessment is clinical-
ly meaningful and may give physicians in training
further impetus to refine their skills in physical ex-
amination.

Drs. Drazner, Rame, and Dries received support from the Donald W. Rey-
nolds Cardiovascular Clinical Research Center, Dallas. Dr. Drazner was a re-
cipient of a Clinical Scientist Development Award from the Doris Duke
Charitable Foundation. The SOLVD treatment trial was sponsored by the
National Heart, Lung, and Blood Institute. Study drug and placebo were
provided by Merck.

We are indebted to the investigators and coordinators involved in
the SOLVD treatment trial without whom this study would not have
been possible.

REFERENCES

1. Fletcher RH, Fletcher SW. Has medicine outgrown physical diagnosis?
Ann Intern Med 1992;117:786-7.

2. Craige E. Should auscultation be rehabilitated? N Engl ] Med 1988;
318:1611-3.

3. Weitz HH, Mangione S. In defense of the stethoscope and the bedside.
Am ] Med 2000;108:669-71.

4. Adolph RJ. In defense of the stethoscope. Chest 1998;114:1235-7.

5. Mangione S, Nieman LZ. Cardiac auscultatory skills of internal medi-
cine and family practice trainees: a comparison of diagnostic proficiency.
JAMA 1997;278:717-22. [ Erratum, JAMA 1998;279:1444.]

6. St Clair EW, Oddone EZ, Waugh RA, Corey GR, Feussner JR. Assess-
ing housestaff diagnostic skills using a cardiology patient simulator. Ann
Intern Med 1992;117:751-6.

7. Levin A. Evidence-based medicine gaining supporters. Ann Intern Med
1998;128:334-6.

8. Studies of Left Ventricular Dysfunction (SOLVD) — rationale, design
and methods: two trials that evaluate the effect of enalapril in patients with
reduced ejection fraction. Am J Cardiol 1990;66:315-22. [Erratum, Am J
Cardiol 1990;66:1026.]

9. The SOLVD Investigators. Effect of enalapril on survival in patients
with reduced left ventricular ejection fractions and congestive heart failure.
N Engl ] Med 1991;325:293-302.

10. Dries DL, Exner DV, Gersh BJ, Domanski MJ, Waclawiw MA, Steven-
son LW. Atrial fibrillation is associated with an increased risk for mortality
and heart failure progression in patients with asymptomatic and sympto-
matic left ventricular systolic dysfunction: a retrospective analysis of the
SOLVD trials. ] Am Coll Cardiol 1998;32:695-703.

11. Dries DL, Exner DV, Gersh BJ, Cooper HA, Carson PE, Domanski
M]J. Racial differences in the outcome of left ventricular dysfunction.

N Engl ] Med 1999;340:609-16. [Erratum, N Engl ] Med 1999;341:
298.]

12. Aaronson KD, Schwartz JS, Chen TM, Wong KL, Goin JE, Mancini
DM. Development and prospective validation of a clinical index to predict
survival in ambulatory patients referred for cardiac transplant evaluation.
Circulation 1997;95:2660-7.

13. Unverferth DV, Magorien RD, Moeschberger ML, Baker PB, Fetters
JK, Leier CV. Factors influencing the one-year mortality of dilated cardio-
myopathy. Am J Cardiol 1984;54:147-52.

14. Morley D, Brozena SC. Assessing risk by hemodynamic profile in pa-
tients awaiting cardiac transplantation. Am J Cardiol 1994;73:379-83.
15. Connors AF Jr, McCaffree DR, Gray BA. Evaluation of right-heart
catheterization in the critically ill patient without acute myocardial infarc-
tion. N Engl ] Med 1983;308:263-7.

16. Cook DJ. Clinical assessment of central venous pressure in the critical-
ly ill. Am J Med Sci 1990;299:175-8.

17. Currie PJ, Seward JB, Chan KL, et al. Continuous wave Doppler de-
termination of right ventricular pressure: a simultaneous Doppler-catheter-
ization study in 127 patients. ] Am Coll Cardiol 1985;6:750-6.

18. Davison R, Cannon R. Estimation of central venous pressure by ex-
amination of jugular veins. Am Heart J 1974;87:279-82.

19. Eisenberg PR, Jafte AS, Schuster DP. Clinical evaluation compared to
pulmonary artery catheterization in the hemodynamic assessment of criti-
cally ill patients. Crit Care Med 1984;12:549-53.

20. Stein JH, Neumann A, Marcus RH. Comparison of estimates of right
atrial pressure by physical examination and echocardiography in patients
with congestive heart failure and reasons for discrepancies. Am ] Cardiol
1997;80:1615-8.

21. McGee SR. Physical examination of venous pressure: a critical review.
Am Heart ] 1998;136:10-8.

22. Stevenson LW, Perloft JK. The limited reliability of physical signs for
estimating hemodynamics in chronic heart failure. JAMA 1989;261:884-8.
23. Chakko S, Woska D, Martinez H, et al. Clinical, radiographic, and he-
modynamic correlations in chronic congestive heart failure: conflicting re-
sults may lead to inappropriate care. Am J Med 1991;90:353-9.

24. Butman SM, Ewy GA, Standen JR, Kern KB, Hahn E. Bedside car-
diovascular examination in patients with severe chronic heart failure: im-
portance of rest or inducible jugular venous distension. ] Am Coll Cardiol
1993;22:968-74.

25. Badgett RG, Lucey CR, Mulrow CD. Can the clinical examination
diagnose left-sided heart failure in adults? JAMA 1997;277:1712-9.

26. Lucas C, Johnson W, Hamilton MA, et al. Freedom from congestion
predicts good survival despite previous class IV symptoms of heart failure.
Am Heart ] 2000;140:840-7.

27. Braunwald E, Colucci WS, Grossman W. Clinical aspects of heart fail-
ure: high-output heart failure: pulmonary edema. In: Braunwald E, ed.
Heart disease: a textbook of cardiovascular medicine. 5th ed. Vol. 1. Phil-
adelphia: W.B. Saunders, 1997:445-70.

28. Likoft MJ, Chandler SL, Kay HR. Clinical determinants of mortality

580 - N Engl ] Med, Vol. 345, No. 8 - August 23,2001 - www.nejm.org

Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission.
Copyright © 2001 Massachusetts Medical Society. All rights reserved.



IMPORTANCE OF ELEVATED JUGULAR PRESSURE AND A THIRD HEART SOUND IN PATIENTS WITH HEART FAILURE

in chronic congestive heart failure secondary to idiopathic dilated or to is-
chemic cardiomyopathy. Am J Cardiol 1987;59:634-8.

29. Glover DR, Littler WA. Factors influencing survival and mode of
death in severe chronic ischaemic cardiac failure. Br Heart J 1987;57:125-
32.

30. Campana C, Gavazzi A, Berzuini C, et al. Predictors of prognosis in
patients awaiting heart transplantation. J Heart Lung Transplant 1993;12:
756-65.

31. Harlan WR, Oberman A, Grimm R, Rosati RA. Chronic congestive
heart failure in coronary artery disease: clinical criteria. Ann Intern Med
1977;86:133-8.

32. Westman EC, Matchar DB, Samsa GP, Mulrow CD, Waugh RA,
Feussner JR. Accuracy and reliability of apical S3 gallop detection. ] Gen
Intern Med 1995;10:455-7.

33. Lok CE, Morgan CD, Ranganathan N. The accuracy and interobserv-
er agreement in detecting the ‘gallop sounds’ by cardiac auscultation.
Chest 1998;114:1283-8.

34. Gadsboll N, Hoilund-Carlsen PE, Nielsen GG, et al. Symptoms and
signs of heart failure in patients with myocardial infarction: reproducibility
and relationship to chest X-ray, radionuclide ventriculography and right
heart catheterization. Eur Heart J 1989;10:1017-28.

35. Ishmail AA, Wing S, Ferguson J, Hutchinson TA, Magder S, Flegel
KM. Interobserver agreement by auscultation in the presence of a third
heart sound in patients with congestive heart failure. Chest 1987;91:870-3.
36. Joshi N. The third heart sound. South Med J 1999;92:756-61.

37. Drazner MH, Hamilton MA, Fonarow G, Creaser J, Flavell C, Steven-
son LW. Relationship between right and left-sided filling pressures in 1000
patients with advanced heart failure. ] Heart Lung Transplant 1999;18:
1126-32.

38. Keogh AM, Baron DW, Hickie JB. Prognostic guides in patients with
idiopathic or ischemic dilated cardiomyopathy assessed for cardiac trans-
plantation. Am J Cardiol 1990;65:903-8.

39. Stevenson LW, Tillisch JH, Hamilton M, et al. Importance of hemo-
dynamic response to therapy in predicting survival with ejection fraction
less than or equal to 20% secondary to ischemic or nonischemic dilated car-
diomyopathy. Am J Cardiol 1990;66:1348-54.

40. Leri A, Claudio PP, Li Q, et al. Stretch-mediated release of angioten-
sin IT induces myocyte apoptosis by activating p53 that enhances the local
renin-angiotensin system and decreases the Bcl-2-to-Bax protein ratio in
the cell. J Clin Invest 1998;101:1326-42.

41. Azevedo ER, Newton GE, Floras JS, Parker JD. Reducing cardiac fill-

ing pressure lowers norepinephrine spillover in patients with chronic heart
failure. Circulation 2000;101:2053-9.

42. Kaye DM, Lambert GW, Lefkovits J, Morris M, Jennings G, Esler
MD. Neurochemical evidence of cardiac sympathetic activation and in-
creased central nervous system norepinephrine turnover in severe conges-
tive heart failure. ] Am Coll Cardiol 1994;23:570-8.

43. Shah PM, Yu PN. Gallop rhythm: hemodynamic and clinical correla-
tion. Am Heart J 1969;78:823-8.

44, Van de Werf E, Boel A, Geboers J, et al. Diastolic properties of the left
ventricle in normal adults and in patients with third heart sounds. Circula-
tion 1984;69:1070-8.

45, Ishimitsu T, Smith D, Berko B, Craige E. Origin of the third heart
sound: comparison of ventricular wall dynamics in hyperdynamic and hy-
podynamic types. ] Am Coll Cardiol 1985;5:268-72.

46. Folland ED, Kriegel BJ, Henderson WG, Hammermeister KE, Sethi
GK, Participants in the Veterans Affairs Cooperative Study on Valvular
Heart Disease. Implications of third heart sounds in patients with valvular
heart disease. N Engl ] Med 1992;327:458-62.

47. Pinamonti B, Di Lenarda A, Sinagra G, Camerini E Restrictive left
ventricular filling pattern in dilated cardiomyopathy assessed by Doppler
echocardiography: clinical, echocardiographic and hemodynamic correla-
tions and prognostic implications. ] Am Coll Cardiol 1993;22:808-15.
48. Pozzoli M, Febo O, Tramarin R, Pinna G, Cobelli F, Specchia G.
Pulsed Doppler evaluation of left ventricular filling in subjects with patho-
logic and physiologic third heart sound. Eur Heart J 1990;11:500-8.

49. Pozzoli M, Traversi E, Cioffi G, Stenner R, Sanarico M, Tavazzi L.
Loading manipulations improve the prognostic value of Doppler evalua-
tion of mitral flow in patients with chronic heart failure. Circulation 1997;
95:1222-30.

50. Rihal CS, Nishimura RA, Hatle LK, Bailey KR, Tajik AJ. Systolic and
diastolic dysfunction in patients with clinical diagnosis of dilated cardio-
myopathy: relation to symptoms and prognosis. Circulation 1994;90:
2772-9.

51. Xie GY, Berk MR, Smith MD, Gurley JC, DeMaria AN. Prognostic
value of Doppler transmitral flow patterns in patients with congestive heart
failure. ] Am Coll Cardiol 1994;24:132-9.

52. Patel R, Bushnell DL, Sobotka PA. Implications of an audible third
heart sound in evaluating cardiac function. West ] Med 1993;158:606-9.

Copyright © 2001 Massachusetts Medical Society.

N Engl J Med, Vol. 345, No. 8 - August 23,2001 - www.nejm.org - 581

Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission.
Copyright © 2001 Massachusetts Medical Society. All rights reserved.



