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Negative right ventricular diastolic pressure after
operation for pulmonary valve stenosis: the
phenomenon and its relation to volume load and
conal contraction
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SUMMARY The phenomenon of negative right ventricular diastolic pressure immediately after
operation for relief of isolated pulmonary valve stenosis was investigated in 11 patients. Pressures
in the right ventricle and pulmonary artery were measured with a catheter tip micromanometer.
One patient had a negative right ventricular diastolic pressure before operation. At the end of
operation right ventricular diastolic pressure was negative in all 11 patients. The greater the right
ventricular hypertrophy, the lower were these diastolic pressures. Negative right ventricular
diastolic pressure is thus common in patients after pulmonary valvotomy, but fluid adminis-
tration may eliminate it. Negative right ventricular diastolic pressure may be the result of
hypercontraction and reduced volume of the hypertrophied right ventricle after relief of right
ventricular outflow tract obstruction.

Negative diastolic pressure mostly in the left ven-
tricle has been demonstrated in animal and in
human experiments, - 5 as well as in conditions such
as mitral stenosis56 or after rapid exsanguination.78

Sabbah and Stein among others showed that
negative diastolic pressures can also be demon-
strated in the right ventricle.910 Diastolic pressure
in the right ventricle of a patient with pulmonary
stenosis may be normal or raised when severe
obstruction or right ventricular failure is present.11
Our incidental observation that negative right ven-
tricular diastolic pressure was common after pul-
monary valvotomyt2 prompted us to more detailed
study of right ventricular pressure after pulmonary
valve operation.

Patients and methods

Eleven patients (aged 2-58, median 14 7 years)
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undergoing elective operation for isolated pul-
monary valve stenosis were studied prospectively.
Table 1 shows their preoperative clinical character-
istics and right ventricular catheterisation data. Pre-
operative symptoms included cyanosis in three,
finger clubbing in three, effort dyspnoea in three,
and congestive heart failure in two. Three of the
patients were symptom free. Right ventricular
hypertrophy was noted in 10 patients.
Mean right ventricular systolic pressure was 107-5

(52 5)mmHg (range 46-240). Preoperative right
ventricular diastolic pressure ranged from -2 to
25mmHg (mean 11-36 (8-5)mmHg). Only one
patient had negative diastolic pressure before oper-
ation. Three of the patients had appreciable conal
contraction on preoperative angiograms, but all
three showed' relaxation of the right ventricular
outflow tract during diastole. All operations were
performed by means of an open heart technique.
Dome shaped valves were treated by sharp commis-
surotomy up to the valve ring. Four patients who
had dysplastic valves underwent partial or complete
excision of the valve (valvectomy). A transannular
patch was used in a patient with a dysplastic valve
and small pulmonary annulus. Infundibular
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resection was used in one patient with infundibular
muscular hypertrophy and important obstruction of
the right ventricular outflow tract. In three patients
who had either associated atrial septal defect or

patent foramen ovale had it closed. We measured
pressures in the right ventricle and pulmonary
artery with a catheter tip micromanometer (Millar
Instruments) immediately after discontinuation of
cardiopulmonary bypass. The frequency response of
the pressure sensor was almost flat (± 2%) at 5 kHz.
The zero baseline of the transducers was adjusted to
atmospheric pressure before each set of mea-
surements. Recordings were obtained on Electronics
for Medicine VR-6. The frequency response of the
recording system was flat to 700 Hz.

Diastolic pressures were measured twice in the
right ventricle; firstly after the end of cardio-
pulmonary bypass. At this stage the heart did not
appear to be distended or collapsed and the level of
the blood in the oxygenator was about the same as
before onset of cardiopulmonary bypass (central
venous pressure (4-7mm Hg). The second mea-
surement was taken while the chest was still open,
approximately 10 to 15 minutes later, after the
patient's condition had stabilised and after an addi-
tional volume of blood (mean 10 ml/kg pump blood)
had been administered. Preoperative and post-
operative right ventricular pressures were compared
by the paired Student's t test.

Results

In all eleven patients postoperative right ventricular
diastolic pressure was negative (-14 (7-2))mm Hg
and significantly lower than the preoperative pres-

sure (p < 0-001) (Table 2, Fig. 1). Pressures as low as

-28mmHg were noted (Fig. 2). The negative
diastolic pressures were measured in the body and in
the infundibulum of the right ventricle. Pulmonary
artery diastolic pressure was negative in three
patients after pulmonary valvectomy (cases 1, 3, 4)
and in one after infundibular resection and trans-
annular patching (case 7). The pressure in the right
ventricle was negative during most of diastole. In all
patients right ventricular diastolic pressure was low-
est during the early phase of rapid ventricular filling
(Fig. 3).
Volume load tended to reduce or eliminate the

negative pressure (Fig. 4, Table 2). Negative
diastolic pressures below -10mmHg were
observed only in patients with preoperative right
ventricular: left ventricular systolic pressure ratios
higher than 0 9 (Fig. 5).
The subgroup of patients with low right

ventricular: left ventricular ratios (< 0 9) had
significantly higher postoperative diastolic right
ventricular pressures compared with the subgroup
in which the ratio was high (-6-75 (2 9) vs -18-2
(6)mm Hg) (p< 0 001).

?able 1 Characteristics of 1I patients before pulmonary valve operation

'ase Age Sex Symptoms RVH Sys BP RV sys RV dias RV/LV Subvalvar Associated Dysplastic Operation
To (mm Hg) (mm Hg) (mm Hg) obstruc PFO valve

1 4 M Tiredness + 100 130 12 1-3 - - + Valvectomy* and
transannular
patch

2 5 F Cyanosis, + 100 98 0 0-98 - -(?) + Valvectomy
clubbing

3 4-5 F Cyanosis, + + 115 104 25 -0-9 - + + Valvectomy
clubbing

1 58 F CHF, + + 120 120 10 1 + - + Valvectomy
dyspnoea

5 2 F - + 102 88 22 0-86 - - - Valvotomy
5 6-5 M CHF, + 100 100 20 1 - - - Valvotomy
7 15 F effort + + 120 240 20 2 + + - - Valvotomy and

dyspnoea infundibular
resection

3 6 M Cyanosis (-) 118 46 -2to +4 0 39 - + - Valvotomy and
incomplete
closure of PFO

6 M - + 110 62 0 0-56 - - - Valvotomy and
closure ofASD

48 M Dyspnoea, + 126 134 2 1-06 + + - Valvotomy and
palpitation closure ofASD

l 7-5 F Dyspnoea + 105 60 16 0 57 - - - Valvotomy
Lean 14-7 107-5 11-36 0-96
;D) (16) (52-5) (8-5) (0-43)
Valvectomies were performed only in patients with dysplastic pulmonary valves.
HF, congestive heart failure; RVH, right ventricular hypertrophy on electrocardiogram; Sys BP, systemic blood pressure (systolic); RV sys, systolic right
mtricular pressure; RV dias, diastolic right ventricular pressure; PFO, patent foramen ovale.
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Fig. 1 Effect ofpulmonary valve operation on right
ventricular pressure.
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Fig. 2 Effect ofpulmonary valve operation on minimum
diastolic pressure in the right ventricle. Minimal diastolic
pressure after administration of bloodfor volume replacement
is also shown.II
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Fig. 3 Right ventricular pressure tracing after pulmonary
valvotomy.
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Fig. 4 Increase of right ventricular diastolic pressure after
volume replacement in a patient after pulmonary valvotomy.
(a) After valvotomy and (b) after volume replacement.
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Fig. 5 Relation between preoperative right ventricle: left
ventricle pressure ratio and postoperative right ventricular
diastolic pressure.

Iable 2 Right ventricular and pulmonary artery pressures at end of cardiopulmonary bypass in 11 patients after pulmonary valvotomy

ase BP (mm Hg) RV initial (mm Hg) Infundibulum (mm Hg) Pulmonary artery (mm Hg) RV after volume load (mm Hg)
'0

Sys Dias Sys Dias Sys Dias Sys Dias Sys Dias

1 120 80 120 -10 119 -10 15 -5 118 -16
110 80 116 -28 100 -6

3 130 80 200 -17 200 -17 30 -14 130
L 110 80 214 -17 128 -12 18 -6 135 4
; 105 57 207 -1 200 -1 113 -4
i 110 70 105 -24 117 -15
7 130 80 285 -24 195 -18 40 -12 170 -17
3 101 70 35 -9 14 3 48 0

120 80 111 -8 110 -8 12 4 100 -1
107 90 109 -8 75 -6 23 7 88 -3
121 67 31 -9 38 -8

Lean(SD) 115 (9 8) 139-3 (78 4) -14 (8-5) 105-1 (37-7) -6-6 (7 2)

P, systemic blood pressure; RV, right ventricular pressure; dias, diastolic; sys, systolic.
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Discussion

Postoperative right ventricular diastolic pressure
was negative in all 11 patients operated upon. In
nine of the eleven cases volume loading reduced the
degree of the negative pressure in the right ventricle.
This may indicate some degree of hypovolaemia in
these patients. Indeed, exsanguination and hypo-
volaemia have been reported in association with the
development of negative ventricular pressure.68

Hypercontraction of the hypertrophied right ven-
tricle after relief of long standing overload may be
the main factor producing negative pressure in the
present series. This is supported by the lower right
ventricular diastolic pressure in patients with the
greater preoperative right ventricular hypertrophy
(right ventricular: left ventricular ratios > 0-9)
(Fig. 5).

It has been shown that reduced end systolic vol-
ume is associated with negative diastolic ventricular
pressures.23 It is also recognised that once pul-
monary stenosis is relieved the contraction of the
right ventricular conus is more complete,'3 and this
may result in further contraction of end systolic
right ventricular volumes. Whether the main factor
in producing negative ventricular diastolic pressure
is hypovolaemia or hypercontractility, end systolic
volume always seems to be reduced.'8
We found negative diastolic pressures in the pul-

monary artery after valvectomy or valvectomy with
transannular patching. By causing pulmonary valve
insufficiency these procedures may have a delete-
rious effect on the right ventricle.'4

It has been suggested that negative diastolic pres-
sures may be associated with a suction effect.2 3 15
Under such circumstances, the ventricles contract to a
volume smaller than that of their "elastic equilibrium
volume" and smaller than that achieved at rebound
by "elastic recoil", and thus cause the negative pres-
sure and its suction effect.23 1' Deformation of some
components of the ventricle during systole may pro-
duce the potential energy for an elastic recoil during
diastole.' 15

It is clear that negative right ventricular diastolic
pressure is common immediately after isolated pul-
monary valvotomy and should be taken into account
during volume loading at the end of cardio-
pulmonary bypass.
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