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The Valsalva maneuver was performed during car- 
diac catheterization in 9 patients who had under- 
gone a Fontan operation (Fontan group) and in 10 
control subjects. The Fontan group had higher right 
atrial (RA) pressure (16 f 1 vs 4 f 0.5 mm Hg, p 
<O.OOi), lower cardiac index (2.5 f 0.1 vs 3.7 f 0.2 
liters/min/m*, p <0.05), lower stroke index (32 f 
2 vs 44 f 2 ml/beat/m*, p <0.05), and higher sys- 
temic vascular resistance (31 f 1 vs 24 f 1 units, 
p <0.05) than the control group. Four patients in the 
Fontan group had a normal 4-phase Valsalva re- 
sponse, and 5 did not (p <0.05). RA pressure was 
similar in those who responded normally and those 

who did not (16 f 0.5 vs 17 f 1 mm Hg), whe 
in those who responded normally cardiac index 
higher (2.9 f 0.2 vs 2.2 rf: 0.1 liters/min/m 
<0.05), stroke index was higher (36 f 1 vs 28 rt 1 
ml/beat/m*, p <0.05), and systemic vascu 
sistance was lower (28 f 1 vs 31 f 1, p <0 
is concluded that cardiac output is a better pr 
of a normal response to the Valsalva maneuver than 
RA pressure in patients after the Fontan procedure. 
A normal response to the supine Valsalva 
neuver suggests a cardiac index greater 
2.4 liters/min/m* and stroke index greater tha 
ml/beat/m*. (Am J Cardiol 1985;56:905- 

The Valsalva maneuver-maximal expiration against 
a closed glottis-is considered an excellent physiologic 
test for congestive heart failure.1-4 During the maneu- 
ver, systemic venous return is obstructed, cardiac out- 
put decreases, and a reflex increase in systemic vascular 
resistance and heart rate occur. After release of strain, 
cardiac output increases and a characteristic overshoot 
in aortic pressure and pulse pressure occurs, as does 
reflex bradycardia. In patients with congestive heart 
failure, systemic venous return is not effectively di- 
minished and a “square-wave response” with absence 
of the overshoot is observed (Fig. 1). 

Elevated right atria1 (RA) pressure and low cardiac 
output have been associated with an abnormal response 
to the maneuver.1-3s5,6 Patients who have undergone the 
Fontan operation for repair of congenital heart disease 
(direct RA-to-pulmonary trunk or RA-to-right ventricle 
communications) usually have elevated RA pressure or 
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low cardiac index as sequelae of the operation.7-10 We 
performed the Valsalva maneuver in patients who bad 
undergone successful repair by Fontan operation to 
determine if a normal aortie pressure response to the 
Valsalva maneuver is present, and if so, whether the 
patient’s RA pressure or cardiac output are a better 
determinant of the normal response. 

Nlethods 
The Valsalva maneuver was performed in 19 patients dur- 

ing routine diagnostic cardiac catheterization. A Fontan or 
modified Fontan operation was performed in 9 patients (6 for 
tricuspid atresia, 2 for single ventricle and 1 for pulmonary 
atresia with intact ventricular septum). Ten patients served 
as control subjects. Mild congenital heart disease was present 
in 5 (mild aortic stenosis in 2 and mild pulmonic stenosis, 
mitral valve prolapse and cervical aortic arch in 1 patient each) 
and 5 were undergoing electrophysiologic study for localiza- 
tion of an accessory bypass tract. The mean age of patients 
with a Fontan operation was 15 f 2 years and that of control 
subjects was 15 f 1 years. The mean interval between opera- 
tion and cardiac catheterization in the Fontan group was 3 
i 1 years. The operation performed was U-to-pulmonary 
artery anastomosis in 7 patients, RA to right ventricular 
anastomosis in 1 patient and RA to pulmonary artery valved 
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TABLE I Hemodynamic Values at Rest in the Fontan 
Group and the Control Group 

Fontan Group Control Group 
(n = 9) (n = 10) p Value 

Change in PAP, 46 f 7.0 36 f 4.0 NS 
end strain (phase II 
to phase III) (mm Hg) 

Mean RAP 16f 1 4 f 0.5 <O.OOl 
(mm Hg) 

Cardiac index 
(liters/min/m*) 

Stroke index 
(ml/beat/m2) 

SVR 
(Wood units) 

2.5 f 0.1 3.7 f 0.2 <0.05 

32 f 2 44 f 2 <0.05 

31 f 1 24f 1 <0.05 

NS = not significant; PAP = pulmonary artery pressure; RAP = right 
atrial pressure; SVR = systemic vascular resistance. 

conduit in 1. This latter conduit was stenotic (15-n-m Hg mean 
gradient) at the time of catheterization. In the Fontan group, 
3 patients were in New York Heart Association (NYHA) 
functional classification class I, 3 were in class II and 3 were 
in class III. All control patients were class I. 

All patients were supine. In each patient resting values of 
heart rate (average of 3 RR intervals), aortic pressure, RA 
pressure, pulmonary artery pressure and left ventricular 
end-diastolic pressure were simultaneously measured. Cardiac 
output was determined by thermodilution and indexed to 
body surface area. Stroke index and systemic vascular resis- 
tance were calculated. In 7 patients in the Fontan group left 
ventricular ejection fraction was determined from the left 
ventricular cineangiograms using Simpson’s rule. 

To perform the Valsalva maneuver each patient was asked 
to place his thumb in his mouth and expire maximally without 
allowing any air to escape. The maneuver was sustained until 
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FIGURE 1. Normal and abnormal aortic pressure responses to the 
Valsalva maneuver in patients after Fontan operation. Phase I repre- 
sents the onset of strain. Phase II, which has been shortened, represents 
the maintenance of strain. Phase Ill is the release of the strain. Phase 
IV is referred to as the overshoot period. In the normal response during 
phase I, there is an immediate increase in systolic blood pressure, 
corresponding to the increase in transthoracic pressure. In phase II, 
systemic venous return is obstructed by the increased transthoracic 
pressure. As a result, systolic blood pressure and pulse pressure fall. 
Heart rate and systemic resistance increase as cardiac output de- 
creases. During phase Ill, systolic pressure decreases well below values 
at rest, reflecting the decrease in transthoracic pressure and cardiac 
output. Pulse pressure remains low and tachycardia persists. In phase 
IV, systemic venous return and cardiac output rapidly increase, causing 
an increase in systolic pressure and pulse pressure. These pressures 
increase above values at rest because of the increased systemic re- 
sistance and produce a reflex bradycardia. In the patient with congestive 
heart failure, the obstruction to venous return does not alter cardiac 
performance. Therefore, pulse pressure and heart rate remain constant 
during phase II, and return to baseline values at end strain, giving the 
characteristic “square-wave” appearance to the response curve. 

the characteristic rise and plateau in aortic diastolic pressure 
was observed, indicating an increase in peripheral resistance. 
Total duration of effort was between 10 and 15 seconds. Heart 
rate, aortic pressure and pulmonary artery pressure were re- 
corded throughout the effort and for 20 cardiac cycles there- 
after. Effort was assessed by measuring the decline in pul- 
monary artery systolic pressure (or a-wave) at the release of 
strain. This decrease was considered to reflect transthoracic 
pressure induced by the strain since there is no significant 
change in cardiac output at the transition from end strain 
(phase II) to release (phase III).11J2 A difference of more than 
20 mm Hg indicated a satisfactory effort (Table I). The re- 
sponse to the Valsalva maneuver was quantitated by assessing 
changes in aortic systolic pressure, aortic pulse pressure and 
heart rate during the maneuver (Fig. 2). For each variable, the 
difference from values at rest was determined at the release 
of strain (phase III) and at the peak pulse pressure during the 
overshoot (phase IV). The number of beats from release of the 
strain to peak pulse pressure was calculated for each patient 
with a normal response curve. A normal response curve was 
defined as having all 4 phases of the characteristic response 
present for each variable (systolic pressure, pulse pressure and 
heart rate). All other responses were classified as abnormal. 

Within each group, mean and standard error of the mean 
were calculated for each variable at rest. The Fontan group 
was further subdivided into normal and abnormal responders. 
Group comparisons were made using the unpaired t test. A 
level of 0.05 was selected as the criterion for significance of a 
positive result. 

Results 
Hemodynamic values measured at rest are presented 

in Table I. The Fontan group has significantly higher 
mean RA pressure, lower cardiac index, lower stroke 
index and higher systemic vascular resistance than the 
control group. Systolic blood pressure at rest (114 f 3 

A Aortic Blood Pressure (Ao p) 

a) Ao p phase III - Ao p rest 

b) Ao p phase IV - Ao p rest 

A Aortlc Pulse Pressure (Ao pp) 

a) Ao pp phase III - Ao pp rest 

b) Ao pp phase IV - Ao pp rest 

Beats to Peak Ao pp 

FIGURE 2. Calculation used to quantitate the shape of the Valsalva 
response curve. A, B and C demonstrate the beats selected to make 
measurements of systolic pressure, pulse pressure and beats to peak 
pulse pressure respectively. Heart rate was calculated as the average 
of 3 RR intervals before strain, at phase Ill, and during reflex 
bradycardia. 
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vs 119 f 3 mm Hg), pulse pressure (34 f 3 vs 37 f 2 mm 
Hg) and heart rate (78 f 5 vs 86 f 4 beats/min) were 
similar in both groups. Whereas all 10 control patients 
had a normal 4-phase response to the maneuver, 4 
Fontan patients had a normal response and 5 had an 
abnormal response (Fig. 3). At end strain (phase III), 
patients in both control and Fontan groups with a 
normal response had a similar decrease in systolic 
pressure (40 f 5 vs 37 f 9 mm Hg), decrease in pulse 
pressure (18 f 2 vs 25 f 4 mm Hg), and increase in heart 
rate (29 f 4 vs 20 I 4 beats/min) (differences not sig- 
nificant [NS]). D uring the overshoot (phase IV) these 
groups had similar (NS) increases in systolic pressure 
(27 f 4 vs 30 f 4 mm Hg), and pulse pressure (17 f 3 vs 
20 f 2 mm Hg); reflex bradycardia (-21 f 3 vs -21 f 
4 beats/min). However, the number of beats to peak 
pulse pressure during the overshoot was significantly 
lower in the control group (9 f 1 vs 12 f 1 beats, p 
<0.05), suggesting delayed transmission of the systemic 
venous return to the left heart in the Fontan group. 

PHASE III PHASE IV 
(End Strain) (ournhool) 

FIGURE 3. Change from values in response to the Valsalva maneuver 
in 3 groups: control patients (triangles), Fontan patients with a normal 
qualitative response (circles) and Fontan patients with an abnormal 
response (dots). Statistical differences (‘p <0.05, Fontan abnormal 
response group vs control group) were found between the control group 
and the group with an abnormal response in aortic systolic pressure, 
pulse pressure and heart rate at end strain and during the overshoot. 

The 5 patients in the Fontan group with an abnormal 
Valsalva response had no significant change from rest 
values to the release of strain or during the overshoot 
in systolic pressure (-6 f 8 mm Hg, end strain; -2 P: 4 
mm Hg, overshoot), pulse pressure (1 f 6 mm Hg, end 
strain; 5 f 2 mm Hg, overshoot), or heart rate (2 f 3 
beats/min, end strain; 3 f 2 beats/min, overshoot). 
Compared with patients in the control group, patients 
in the Fontan group with an abnormal response had 
statistically different systolic pressure, pulse pressure 
and heart rate responses at end strain and during the 
overshoot (Fig. 3). 

Figure 4 is a comparison of RA pressure, cardiac 
index, stroke index and systemic vascular resistance 
between the 2 Fontan groups. RA pressure did not differ 
significantly between the 2 groups (16 f 0.5 vs 17 f 1 
mm Hg); however, those with a normal response had a 
higher mean cardiac index (2.9 f 0.2 vs 2.2 f 0.1 
liters/min/m2, p <0.05) and higher stroke index (36 rt 
1 vs 28 f 1 ml/beat/mz, p CO.05). A cardiac index of 2.4 
liters/min/m2 or less and a stroke index less than 31 
ml/beat/m2 were associated with an abnormal Valsalva 
response. Systemic vascular resistance was also signif- 
icantly lower in the normal response group (28 & 1 vs 31 
f 1 units, p <0.05). In both groups mean left ventricular 
end-diastolic pressure was 8 f 1 mm Hg. Among the 7 
patients with Fontan operation in whom an ejection 
fraction was measured, the 3 patients with the highest 
ejection fractions (70%, 76% and 78%) had a normal 
response to Valsalva maneuver and 4 (range 31 to 61%) 
had an abnormal response. Three of the 4 patients with 
a normal response were in NYHA functional classifi- 
cation I and 1 patient was in class II. All patients who 
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FIGURE 4. Hemodynamic measurements at rest in Fontan patients with 
a normal response to the Valsalva maneuver (circles) and those with 
an abnormal response (dots). Crossed symbols represent mean values. 
Right atrial pressure was similar in both groups. However, cardiac index 
and stroke index were statistically higher and systemic vascular re- 
sistance was lower (“p <0.05) in the normal response group. 
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responded abnormally were in functional class II or 
greater. Thus, in our patients who have undergone a 
Fontan operation, response to the Valsalva maneuver 
is independent of RA pressure and appears to be related 
to cardiac performance as reflected by assessment of 
cardiac output, stroke volume, ejection fraction and 
NY HA functional classification. 

Discussion 

The Valsalva maneuver initiates a complex sequence 
of hemodynamic and reflex responses in the normal’” 
subject (Fig. 1) and fails to initiate this sequence in the 
patient with congestive heart failure because systemic 
venous return is not sufficiently obstructed during the 
maneuver.3y5p11,12 The characteristic fall in systolic 
press;lre and pulse pressure below baseline at the release 
of strain, subsequent overshoot of systolic pressure and 
pulse pressure, and reflex heart rate responses are ab- 
sent in the latter group. Several studies indicate that 
elevated RA pressure and right ventricular dysfunction 
cause an abnormal response to the Valsalva maneuver. 
An abnormal response has been found in patients with 
right ventricular failure secondary to car pulmonale or 
pulmonic stenosis.1-3 Judson et al2 correlated the 
presence of an abnormal response with elevation of right 
ventricular end-diastolic pressure and speculated that 
patients with left-sided heart failure or left-sided ob- 
struction would not develop an abnormal response un- 
less elevations of right ventricular end-diastolic pressure 
were also present. By producing an acute volume load 
in patients with a normal response and thus increasing 
RA pressure, Judson changed the response to a “square 
wave.” Conversely, maneuvers that diminished RA 
pressure, such as venesection or the placement of thigh 
cuffs altered abnormal responses to normal. O’Neill and 
Cudkowicz6 studied patients with normal and abnormal 
responses to Valsalva maneuver and demonstrated el- 
evated RA pressures (mean 16 mm Hg) in patients with 
an abnormal response. Wilkinson et al” performed 
Valsalva-like maneuvers in anesthetized dogs and 
studied the effects of changes in blood volume and RA 
pressure. They concluded that an abnormal response 
could be induced by increasing central blood volume. 
Elevation of RA pressure produced by the increased 
blood volume increased effective RA pressure (RA 
pressure - transthoracic pressure), prevented ob- 
struction of venous return, and thus caused an abnormal 
response to the maneuver. 

Because patients who have undergone a Fontan op- 
eration have elevated RA pressures7- i0,i4-16 and either 
lack or have a poorly functioning right ventricular 
pump, the above clinical and experimental studies 
would suggest that patients should have an abnormal 
response to the Valsalva maneuver after they undergo 
the Fontan procedure. Why, then, did 4 of our 9 patients 
have a normal response? The data suggest that the most 
important determinant is left ventricular performance. 
The Fontan operation establishes an essentially passive 
channel between the systemic venous return and the 
pulmonary circulation. Pulmonary flow and RA pres- 
sure are, in large measure, dependent on left ventricular 
end-diastolic pressure, resistance of the pulmonary 

circulation and resistance of the conduit. RA pressure 
under these circumstances is expected to be elevated 
because it will reflect the total resistance to flow. Our 
patients with elevated RA pressure hut higher cardiac 
index, stroke index, and left ventricular ejection fraction 
had normal responses to the Valsalva maneuver. We 
postulate that in those patients, the left ventricle drains 
the pulmonary vasculature during the strain. Effective 
RA pressure is sufficiently low to obstruct venous return 
and remains low because of an effective left ventricular 
pump. When strain is released, the dammed venous 
return is transmitted to the left side of the heart, pro- 
ducing overshoot. Patients with low cardiac index be- 
cause of left ventricular dysfunction will not have low 
effective RA pressures at the onset of strain and will not 
effectively drain their pulmonary circulation during the 
strain. Systemic venous return will not be occluded and 
cardiac output will remain unchanged, thus producing 
a “square-wave response.” 

Patients with right ventricular failure secondary to 
car pulmonale or pulmonic stenosis have elevated RA 
pressures because of obstruction to pulmonary flow, 
poor right ventricular compliance and increased blood 
volume in the venous capacitance vessels.17 These fac- 
tors contribute to maintaining a higher effective RA 
pressure during the Valsalva strain, failure to diminish 
venous return, and the subsequent abnormal re- 
sponse.2p5 Indeed, in 1 of our patients with an obstructed 
conduit, obstruction contributed to a low cardiac index 
and an abnormal Valsalva response. 

Patients who responded abnormally after the Fontan 
operation had poorer cardiac function as assessed by 
cardiac index, stroke index and ejection fraction, but 
their left ventricular end-diastolic pressures were sim- 
ilar to those of the patients who responded normally and 
were within the normal range of values. This similar left 
ventricular end-diastolic pressure value accounts for the 
similarity in RA pressure between groups (the only 
exception being that patient with an obstructed valved 
conduit and RA pressure of 22 mm Hg). The explana- 
tion for the similarity in pressures, despite marked 
differences in measured overall cardiac performance, 
may relate to the difference in the determinants of left 
ventricular preload in Fontan patients compared with 
patients with structurally normal hearts. In the struc- 
turally normal heart, left ventricular failure results in 
pulmonary congestion, elevation of pulmonary venous 
pressure and, when severe, right ventricular failure. In 
patients who have undergone the Fontan operation, and 
have direct RA to pulmonary artery continuity, there 
is no pulmonary valve and no effective right ventricular 
pump. When the left ventricle fails, it has not only the 
pulmonary circulation, but the whole venous capaci- 
tance as a reservoir. Thus, a much larger increase in 
blood volume may be necessary to increase left ven- 
tricular end-diastolic pressure in patients who undergo 
the Fontan procedure.‘a 
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