
Response of Jugular Ven
ous Pressure to Exercise in
aDepartme

Japan; bDepar

Japan; and cD

Medical Scien

Manuscript rec

accepted Febru

See page 1

*Correspo

E-mail add

0002-9149/© 2

https://doi.org/
Patients With Heart Failure and Its Prognostic
Usefulness
Kenichi Kasai, PTa,*, Tatsuya Kawasaki, MD, PhDb, Shingo Hashimoto, PTa, Shiho Inami, PTa,
Atsushi Shindo, PTa, Hirokazu Shiraishi, MD, PhDc, and Satoaki Matoba, MD, PhDc
nt o

tme

epar

ce,

eive

ary

528

ndin

res

020

10.
Jugular venous pressure (JVP) has been established for the assessment of central venous
pressure in patients with heart failure (HF), but data are limited regarding the response of
JVP to exercise because of its complicated methods. Simplifying the estimation of JVP may
be applied in such situations. JVP was assessed before and after the 6-minute walk test
(6MWT) in 81 patients with HF using a simple method by which the JVP was considered
high when the internal jugular venous pulsation on the right side was visually identified
above the right clavicle in the sitting position. The primary outcome was a composite of car-
diovascular death and hospitalization for worsening HF. None of the patients exhibited high
JVP before the 6MWT and 11 patients (14%) had a high JVP after. The 6MWT distances
were lower in patients with a high JVP after the 6MWT (338§ 114 m) than those in patients
without a high JVP (417 § 78 m, p = 0.04). During a follow-up period of 13.4 § 6.9 months,
11 patients died and 8 patients were hospitalized for worsening HF. The incidence of adverse
cardiac events was higher in patients with a high JVP after the 6MWT (64%) than in
patients without a high JVP after (64% vs 17%; hazard ratio, 7.52; 95% confidence inter-
val, 2.69 to 20.83; p<0.001). In conclusion, high JVP after exercise was associated with exer-
cise intolerance and poor prognosis. The response of JVP to exercise using this simple
technique of physical examination may be a new approach for patients with HF for risk
assessment. © 2020 Elsevier Inc. All rights reserved. (Am J Cardiol 2020;125:1524−1528)
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Physical examination is essential even in the era of
advanced imaging and laboratory techniques. In the manage-
ment of patients with heart failure (HF) in particular, assess-
ment of the jugular venous pressure (JVP) is important for
the assessment of central venous pressure.1 A high JVP is
independently associated with adverse outcomes in patients
with HF,2 but assessment of JVP is inadequately performed
in clinical practice because of its complicated methods (i.e.,
vertical distance measurement between the sternal angle and
the top of the jugular vein at 45˚ position).3,4 More recently,
attention has been paid to simplifying the estimation of JVP,
by which the right internal jugular vein above the right clavi-
cle is visually assessed in the sitting position� either visible
or not visible.5 This simple technique can also be applied to
JVP assessment after exercise. The objectives of this study
were to assess the response of JVP to exercise, and its clini-
cal significance in patients with HF.
Methods

This study consisted of 81 patients with HF (59 inpatients
and 22 outpatients) who underwent cardiac rehabilitation and
the 6-minute walk test (6MWT) at Matsushita Memorial Hos-
pital between September 2017 and July 2019. A diagnosis of
HF was made based on the guidelines for diagnosis and treat-
ment of acute and chronic HF.6 Exclusion criteria were sub-
jective symptoms of HF within the past week, severe valvular
heart diseases, being unable to walk >200 m, untreated severe
arrhythmias, severe left ventricular outflow tract obstruction,
and active myocarditis.7 The causes of HF were ischemic
heart disease in 22 patients, dilated cardiomyopathy in 15,
valvular heart diseases in 14, arrhythmias in 10, hypertrophic
cardiomyopathy in 7, hypertensive heart disease in 5, and
others in 8. This study was approved by the ethics committee
of Matsushita Memorial Hospital and written consent was
received from all patients.

Patient characteristics, including age, height, weight, body
mass index, resting heart rate, the presence of comorbidities
(hypertension, diabetes, dyslipidemia, and atrial fibrillation),
and medicines (beta blockers, angiotensin converting enzyme
inhibitor/angiotensin receptor blockers, and diuretics) were
investigated by reviewing medical records. Furthermore, lev-
els of plasma brain natriuretic peptide, serum hemoglobin,
and serum albumin were examined. The estimated glomerular
filtration rate was calculated according to the formula by the
Japanese Society of Nephrology.8 The geriatric nutritional
risk index was calculated as follows: 14.89£ serum albumin
(g/mL) + 41.7£ (body weight in kilograms/22£ square of
height in meters).9

The 6MWT was conducted in accordance with the guide-
lines of the American Thoracic Society.10 In brief, all patients
were instructed to walk the corridor from one end to the other
at their own pace, as many times as possible within 6 minutes.
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The rating of perceived exertion scale, heart rate before and
after the 6MWT, and maximum walk distance were measured.
The 6MWT was performed before discharge for patients who
started cardiac rehabilitation during hospitalization, whereas
outpatients underwent 6MWT as an initial assessment of car-
diac rehabilitation.

The JVP was examined just before and after 6MWT
without breath control in the sitting position. It was consid-
ered high when the internal jugular venous pulsation on the
right side was visually identified above the right clavicle.5

Although the external jugular vein, compared with the
internal jugular vein, is easier to visualize, the internal jugu-
lar vein on the right side was assessed because of its fea-
tures, including a larger vessel and lack of competent
valves with a straight line to the superior vena cava and
right atrium.11 Interobserver agreement for the presence or
absence of a high JVP was assessed in 36 patients.

Handgrip strength was measured for both the left and right
hands in a standing position using a dynamometer (Grip-D
handgrip dynamometer, Takei Scientific Instruments, Tokyo,
Japan) in units of kilograms.12 In brief, patients were instructed
to hold the dynamometer at thigh level and encouraged to exert
the strongest possible force. The average of 2 measurements
for the left and right maximum grip strengths was used for the
present analysis. Quadriceps isometric strength was also mea-
sured using a hand held dynamometer (mtas; ANIMA, Tokyo,
Japan).13 In brief, patients sat on a bench, and the dynamome-
ter was fixed to a rigid bar. Five-second maximal isometric vol-
untary contractions of the quadriceps were measured twice for
both legs with the knee joint angle fixed at 90˚ of flexion. The
highest strength values on the left and right sides were aver-
aged, and expressed as an absolute value as well as relative
value to body weight. The 1-leg standing time was measured
using a digital mirror (Panasonic Digital Mirror, Panasonic,
Osaka, Japan). In brief, patients were instructed to maintain the
standing position with their eyes open for a maximum time of
60 seconds, and the time until the lower limbs other than the
support side touched the floor was measured. The average of
the maximum times on the left and right legs was used for the
present analysis.

Echocardiography was performed using echocardiogra-
phy equipment (Vivid E9; GE Healthcare, Milwaukee, Wis-
consin) by a standard method.14 The left ventricular ejection
fraction, left ventricular end-diastolic and end-systolic diam-
eter, left atrial diameter, left atrial volume index, mitral valve
E wave peak velocity, and septal mitral annular early peak
velocity (E’) were measured by tissue Doppler imaging. The
maximum and minimum diameters of the inferior vena cava
at rest and during sniffing were measured. The degree of tri-
cuspid regurgitation (none to severe), the peak velocity of tri-
cuspid regurgitation, and the tricuspid regurgitation pressure
gradient were measured by the Doppler method.

All patients were followed up from the 6MWT. Patient
information was obtained from available medical records and
interviews with the patients and/or their physicians in charge.
The primary outcome was a composite of cardiac death and
hospitalization for worsening HF requiring initiation of intra-
venous treatment with inotropic, vasodilator, and/or diuretics,
mechanical ventilation, or circulatory support.

Categorical variables were compared by the chi-square test
or Fisher’s exact test as appropriate. Continuous variables were
expressed as the mean § standard deviation and were com-
pared using the Student’s t test. Time-to-event data were evalu-
ated with the use of Kaplan-Meier estimates and Cox
proportional-hazards models, stratified according to JVP
response to exercise. Cox models were used to calculate hazard
ratios, 95% confidence intervals (CI), and p values. A 2-sided
p <0.05 was considered significant. The Cohen’s kappa coeffi-
cient was used to assess the interobserver agreement for JVP
response to exercise.
Results

None of the patients had a high JVP before the 6MWT
and all the patients completed the 6MWT without compli-
cation. After the 6MWT, 11 patients (14%) had a high JVP.
There were no significant differences in the causes of HF
between patients with and without a high JVP after the
6MWT (p = 0.62; e.g., 27% vs 27% with ischemic heart dis-
ease and 19% vs 18% with dilated cardiomyopathy). The
presence of a high JVP was significantly associated with a
higher incidence of atrial fibrillation, lower levels of hemo-
globin, and lower geriatric nutritional risk index (Table 1).

Patients with a high JVP after the 6MWT, compared
with those without, had significantly higher left ventricular
end-diastolic and end-systolic diameters, higher maximum
and minimum diameters of the inferior vena cava, and
higher peak velocity and pressure gradient of tricuspid
regurgitation (Table 2). The 6MWT distances were signifi-
cantly lower in patients with a high JVP after the test than
those in patients without a high JVP (Table 2). There were
no significant between-group differences in other physical
functions such as quadriceps isometric strength or one-leg
standing time (Table 2).

Follow-up data on the outcome were available for all
patients. During a follow-up period of 13.4 § 6.9 months,
19 patients (23%) developed cardiac events. Of patients with
a high JVP after the 6MWT, 5 died and 2 were hospitalized
for worsening HF. Of patients without a high JPV after the
6MWT, 6 died and 6 were hospitalized for worsening HF.
The incidence of a composite of cardiac death and hospitali-
zation for worsening HF (the primary outcome) was higher
in patients with a high JVP after the 6MWT than in those
without (64% vs 17%; hazard ratio, 7.52; 95%CI, 2.69 to
20.83; p <0.001), as shown in Figure 1. The incidence of car-
diac death did not significantly differ between the 2 groups
(18% vs 7%; hazard ratio, 4.11; 95%CI, 0.74 to 22.72;
p = 0.10).

In 36 patients in which interobserver agreement was
assessed, disagreement regarding the presence or absence of
a high JVP was observed in 2 patients. The Cohen’s kappa
coefficient was calculated as 0.89 (excellent agreement).
Discussion

We assessed the JVP before and after the 6MWT using a
simple method (i.e., visibility of the right internal jugular vein
above the right clavicle in the sitting position) in 81 patients
with HF. The new development of high JVP after the 6MWT
was significantly associated with decreased exercise capacity
and adverse cardiac events.



Table 1

Characteristics of the patients at baseline

Variable Overall (n = 81) High JVP p

Present (n = 11) Absent (n = 70)

Age (years) 71 § 10 75 § 7 70 § 10 0.11

Men 61% 63% 61% 0.89

Height (cm) 161 § 10 161 § 10 161 § 11 0.97

Body weight (kg) 61 § 12 58 § 13 61 § 12 0.42

Body mass index (kg/m2) 23 § 3 22 § 4 23 § 3 0.30

Resting heart rate (beats/min) 71 § 11 72 § 11 71 § 11 0.87

Hypertension 60 (74%) 9 (81%) 51 (73%) 0.74

Diabetes mellitus 27 (33%) 7 (64%) 20 (40%) 0.11

Dyslipidemia* 30 (37%) 5 (45%) 25 (36%) 0.57

Atrial fibrillation 26 (32%) 7 (64%) 19 (27%) 0.04

Brain natriuretic peptide (pg/mL) 229.7 § 238.2 355.4 § 256.6 209.7 § 230.5 0.10

Hemoglobin (g/mL) 13.2 § 2.1 11.6 § 2.4 13.4 § 2.4 0.02

Albumin (g/mL) 3.9 § 0.5 3.8 § 0.7 4.0 § 0.4 0.39

eGFR (mL/min/1.73 m2) 50.7 § 17.1 42.4 § 15.9 51.9 § 17.1 0.07

Geriatric nutritional risk index 102 § 10 93 § 11 104 § 10 0.02

Medications

Beta blockers 58 (72%) 9 (82%) 49 (70%) 0.39

Angiotensin-converting enzyme inhibitors/angiotensin receptor blockers 26 (28%) 3 (33%) 23 (72%) 0.72

Diuretics 52 (72%) 8 (63%) 44 (72%) 0.72

eGFR = estimated glomerular filtration rate; JVP = jugular venous pressure.

Data are means § standard deviation or number (%).

*Dyslipidemia was defined as low-density lipoprotein cholesterol ≥140 mg/dL, high-density lipoprotein cholesterol <40 mg/dL, triglycerides ≥150 mg/dL,

or use of cholesterol-lowering medications.

Table 2

Echocardiography and physical functions

Variable Overall (n = 81) High JVP p

Present (n = 11) Absent (n = 70)

Echocardiography data

Left ventricular ejection fraction (%) 47 § 16 40 § 17 48 § 15 0.19

Left ventricular end-diastolic diameter (mm) 51 § 10 59 § 10 51 § 9 0.02

Left ventricular end-systolic diameter (mm) 40 § 12 48 § 12 39 § 12 0.04

Left atrial diameter (mm) 41 § 6 42 § 7 41 § 7 0.83

Left atrial volume index (ml/m2) 56 § 23 58 § 28 56 § 23 0.86

E/e’ 17 § 8 17 § 8 17 § 8 0.91

Inferior vena cava

Maximum diameter (mm) 14 § 4 19 § 6 14 § 4 0.02

Minimum diameter (mm) 8 § 4 12 § 6 7 § 3 0.02

Tricuspid regurgitation grade 0.06

Mild 48 (59%) 5 (45%) 43 (53%)

Moderate 26 (32%) 3 (27%) 23 (28%)

Severe 7 (9%) 3 (27%) 4 (5%)

Peak velocity of tricuspid regurgitation (m/s) 2.4 § 0.5 2.9 § 0.7 2.3 § 0.5 0.03

Tricuspid regurgitation pressure gradient (mm Hg) 25 § 11 36 § 17 23 § 8 0.03

6MWT

Distance (meters) 406 § 88 338 § 114 417 § 78 0.04

Maximum heart rate (beats/min) 111 § 24 108 § 38 112 § 21 0.75

Rest rating of perceived exertion scale 10 § 2 11 § 1 10 § 2 0.29

Peak rating of perceived exertion scale 13 § 1 13 § 1 13 § 1 0.57

Hand grip strength (kg) 29 § 10 24 § 9 30 § 10 0.11

Quadriceps isometric strength (%body weight) 49 § 2 45 § 1 50 § 2 0.35

One leg standing time (seconds) 30 § 23 17 § 16 32 § 23 0.07

E/e’ = peak mitral inflow early velocity to tissue Doppler E’ ratio of the intraventricular septum; JVP = jugular venous pressure; 6MWT = 6-minute walk

test.

Data are the median § standard deviation or number (%).
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Figure 1. Cardiovascular outcomes. The primary outcome was a composite of cardiovascular death and hospitalization for worsening HF. Event rates were

based on Kaplan-Meier estimates. On Cox proportional-hazards models stratified according to the response of the JVP to exercise, the 95% confidence inter-

val of the hazard ratio was 2.69 to 20.83 for the primary outcome (Panel A) and 0.74 to 22.72 for cardiovascular death (Panel B).
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The main finding of our study is that a high JVP devel-
oped after exercise in 14% of our patients with HF who did
not have a high JPV before exercise. This is not surprising
because in a study of HF patients who underwent upright
treadmill exercise testing with hemodynamic monitoring,
pulmonary vascular resistance frequently increased during
exercise.15 Although the JVP has been commonly used as
an objective end point in the management of patients with
HF,3 caution is needed because it has been mostly assessed
only at rest due to methodological limitations. Data are lim-
ited regarding the response of JVP to exercise in patients
with HF. In our study, simplifying the estimation of JVP5

made it possible to assess the response of JVP to exercise.
As all our HF patients with a high JVP after exercise had a
normal JVP before exercise, JVP as assessed by the conven-
tional technique or only at rest may be undervalued for risk
assessment of HF.

Another notable finding of this study is that high JVP
after exercise was significantly associated with exercise
intolerance and poor outcomes in patients with HF. As exer-
cise intolerance results in a poor quality of life and a poorer
prognosis,16 it is intuitive that HF patients who had a high
JVP after exercise have a higher risk than HF patients who
did not. Our results suggest that the response of JVP to
exercise, as compared with the conventional JVP assess-
ment at rest, will provide additional information for the risk
stratification of patients with HF. Precise recognition of
high-risk patients with HF is needed because many medical
and interventional treatments should be considered for such
patients not only to improve their outcomes, but also to
reduce the increasing socioeconomic burden.17

In the present study, the 6MWT was used to assess exer-
cise capacity. Although cardiopulmonary exercise testing is
generally regarded as the gold standard for the evaluation of
exercise capacity, the 6MWT has been more widely used in
clinical practice for HF patients because of its patient-
friendly profile and similar prognostic value to cardiopulmo-
nary exercise testing.18 As the JVP assessment used in this
study was simple, this technique can also be applied even for
patients who are incapable of completing the 6MWT because
a high JVP may be easily recognized even during walking. In
addition, exercise may be discontinued when a high JVP is
noted during low-grade exercise. Physical examination with
this simple method may be considerably useful and practical
for the management of patients with HF.

The exact mechanisms of the association of a high JVP
after the 6MWT in our study remain unclear, but a high
central venous pressure may be due to worsening left-sided
HF after the 6MWT. Chronic increases in left-sided pres-
sures were reported to be frequently and reliably transduced
to the pulmonary circulation and the right ventricle.19 This
may be supported by the echocardiographic findings of our
study. Patients with a high JVP after 6MWT, compared
with those without, had higher left ventricular end-diastolic
and end-systolic diameters, findings indicative of higher
ventricular strain. In addition, inferior vena cava diameters
and pressure gradient of tricuspid regurgitation were higher
in patients with a high JVP than in those without, findings
suggestive of more stress on the pulmonary circulation and
right ventricle.

The current study has several limitations. First, it was
conducted at a single center on highly selected patients.
Therefore, the results may not be generalizable to the global
HF population. Second, high JVP was visually assessed
(i.e., qualitatively rather than quantitatively) before and
after the 6MWT; it is unclear whether the timing and degree
of the new onset during 6MWT provides more useful infor-
mation for the management of patients with HF. Third,
there are many determinants of the 6MWT other than car-
diac function in patients with HF, such as peripheral vascu-
lar function and mental condition,7 none of which were
assessed in our study. Lastly, there are patients in whom
JVP may be difficult to access for different reasons, such as
body habitus or obesity, although the JVP was able to be
assessed for all patients in our study.

In conclusion, a high JVP after the 6MWT, which was
assessed by visibility of the right internal jugular vein above
the right clavicle in the sitting position, was associated with
exercise intolerance and poor outcomes in patients with
HF. The response of JVP to exercise using this simple tech-
nique of physical examination may be a new approach for
patients with HF for risk assessment.
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