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NEONATAL AND PEDIATRIC INTENSIVE CARE

Diastolic function in neonates
after the arterial switch operation:
effects of positive pressure ventilation

and inspiratory time

Abstract Objective: To determine
the effects positive pressure ventila-
tion have on left ventricular diastol-
ic function in neonates after the ar-
terial switch operation.

Design: Prospective case series.
Setting: Pediatric cardiac and multi-
disciplinary intensive care units in
two university-affiliated children’s
hospitals.

Patients and participants: The pa-
tient population consisted of 12 ne-
onates weighing 2.5-4.2 kg with D-
transposition of the great arteries
(DTGA) who underwent arterial
switch operation.

Interventions: All patients were me-
chanically ventilated in a volume-
targeted mode with a square wave
flow pattern. The positive end-expi-
ratory pressure was held constant. A
long inspiratory time was set by ex-
tending it over three cardiac cycles.
Measurements and results: Pulsed
Doppler measurements of left ven-
tricular diastolic function were per-
formed during the following cardiac
cycles: (1) the last diastolic period of
expiration (E,), (2) first, second and
third diastolic periods of inspiration
(I, L, I5) and (3) the first diastolic
period of expiration (Eg). Doppler
measurements of peak E wave, peak
A wave, E area/A area, E area frac-
tion, A area fraction, 0.33 area frac-
tion and the deceleration time were
made. Doppler tracings were digi-
tized and the data obtained from
three sequential study periods were

averaged. Data were statistically
analyzed using the repeated mea-
sures analysis of variance procedure.
During (I,), there was a 21 % in-
crease in the peak E wave (0.53 =
0.06 vs 0.64 + 0.08 m/s, p < 0.01)
and 28 % increase in peak A wave
(0.47 £ 0.07 vs 0.60 + 0.08 m/s,

p < 0.01) compared to (E; ). There
was a 24 % increase in total area un-
der the E and A waves when I, was
compared to E; (0.059 + 0.008 vs
0.073 + 0.009, p < 0.01) and there
was no change in mitral valve decel-
eration time. Compared to the ini-
tial diastolic period during inspira-
tion (I,), the third diastolic period
during inspiration (I;) had a 38 %
decrease in peak E (0.64 + 0.08 vs
0.40 + 0.05 m/s, p < 0.01) and 33 %
decrease in peak A (0.60 + 0.09 vs
0.40 + 0.05 m/s, p < 0.01). In addi-
tion, there was a 16 % reduction in
total area under the E and A waves
(0.073 = 0.009 vs 0.061 = 0.008,

p < 0.01). There were no changes in
the other diastolic indexes that re-
flect changes in ventricular compli-
ance or relaxation.

Conclusions: In neonates with
transposition of the great arteries
(TGA) after the arterial switch op-
eration, positive pressure ventila-
tion augments left ventricular filling
during the early phase of inspira-
tion. Prolonging the inspiratory time
over three cardiac cycles results in a
reduction in left ventricular filling
during the third diastolic period.
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There were no changes in the other
diastolic indexes that reflect changes
in ventricular compliance or relax-
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Introduction

After the arterial switch operation, neonates are at high
risk for developing left ventricular dysfunction [1, 2, 3, 4,
5, 6] due to cardiopulmonary bypass, period of deep hy-
pothermic circulatory arrest and coronary artery reim-
plantation. Pharmacological approaches have been de-
veloped to improve left ventricular systolic function
[6]. In addition, newer strategies for mechanical ventila-
tion combined with advances in ventilator technology
have been used to assist cardiac function in children [7,
8, 9] and adults [10, 11, 12].

Assessment of diastolic function using Doppler ultra-
sound techniques was initially studied in adults and cor-
related to invasive hemodynamic and nuclear angiog-
raphic studies [13, 14, 15]. In recent years, Doppler
echocardiography has been used to measure diastolic
function in normal neonates and children and detect ab-
normalities in those with cardiac disorders [16, 17, 18,
19,20, 21,22,23,24,25,26]. Previous studies have exam-
ined the effect normal tidal breathing has on the diastol-
ic indexes in children [23]. An additional study exam-
ined the effects of positive pressure ventilation on dias-
tolic filling in premature infants [24]. Abnormalities in
diastolic function in the immediate postoperative period
have been correlated with increased morbidity and mor-
tality in neonates and children after cardiac surgery [25,
26]. For these reasons, understanding abnormalities in
diastolic function and developing strategies for treating
diastolic dysfunction in intubated, mechanically venti-
lated neonates with congenital heart disease in the im-
mediate postoperative period is of utmost importance.

The purpose of this investigation was to determine
the effect positive pressure ventilation, in particular, a
prolonged inspiratory time, has on left ventricular dias-
tolic function in intubated neonates after the arterial
switch operation.

Materials and methods

Patients

The patient population consisted of 12 neonates weighing
2.5-4.2 kg with DTGA with intact ventricular septum who under-
went the arterial switch operation before 3 weeks of age (median
age = 5 days). Patients were stabilized in the pediatric intensive
care unit for 12-24 h and were paralyzed prior to initiation of the
single study period. No alterations in inotropic agents or fluid ad-

ministration were made during the study period. There were no
changes in the patient’s hemodynamic status during the study peri-
od. This study was approved by the Institutional Review Board
and informed consent was obtained.

Echocardiographic examination

A two-dimensional echocardiographic examination was perform-
ed to exclude the presence of residual intracardiac shunting, mitral
regurgitation, left ventricular outflow tract obstruction and quali-
tatively abnormal systolic function, using a 128 element 5 or
7 MHz phased linear array transducer (Acuson, Mountainview,
Calif.). Pulsed Doppler examinations of the left ventricular inflow
were obtained using the apical four chamber view. The Doppler
sample volume was placed in the mitral valve funnel at an angle
as parallel to flow as possible. The sample volume position was ad-
justed so as to record maximal velocities through the mitral valve
(usually at the tips of the leaflets). A respirometer was placed in-
line with the ventilator and the respiratory cycles were recorded si-
multaneously with the Doppler tracing. All Doppler examinations
were recorded at a paper speed of 100 mm/s. The Doppler areas
were traced from the paper recordings using a digitizing tablet
with a crosswire cursor, a personal computer and commercially
available computer software (Freeland Medical Systems). The
Doppler velocities and areas were measured by tracing the outer-
most border of the spectral recordings.

From the mitral valve Doppler tracing, several indexes of ven-
tricular diastolic function were measured using standard tech-
niques [13, 17] (Fig.1). Specifically, the peak velocity during rapid
ventricular filling, the peak E velocity, the peak velocity during
atrial contraction, the peak A velocity and the ratio of the peak E
to peak A velocities (E/A ratio) were measured to describe the pat-
tern of ventricular diastolic filling. The deceleration time was mea-
sured from the time of peak E to baseline. In addition, the follow-
ing Doppler areas were measured: the Doppler area in the first
third of diastole (0.33 area), during early diastolic inflow (E area),
during atrial contraction (A area) and total area under the Dop-
pler curve. The area fractions were calculated by dividing the indi-
vidual areas by the total area under the Doppler curve. Standard
techniques were used to determine area velocities when separate
E and A waves were not present [16]. Samples were chosen for
analysis when inspiration occurred over three complete cardiac cy-
cles (Fig.2).

Pulsed Doppler measurements of left ventricular filling were
calculated for the following diastolic periods: the last diastolic peri-
od of expiration prior to inspiration (E,), first, second and third di-
astolic periods of inspiration (I;, I,, I5) and the first diastolic period
of expiration (Ep) (Fig.2).

Mechanical ventilation

Patients were placed in a volume-targeted mode of ventilation
with a square flow pattern (Siemens 900 C, Siemens Elma, Stock-
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Fig.1 Schematic representa-
tion of left ventricular Doppler
filling patterns. The E wave oc-
curs during the passive filling
period while the A wave occurs
during atrial contraction. The
peak E and A waves and areas
under the E and A waves are
shown

Velocity
(m/sec)

Velocity
(m/sec)

Fig.2 Schematic representa-
tion of the experimental proto-
col. Inspiration and expiration
are shown below a representa-
tion of the airway pressures
generated by the ventilator.
Measurements of diastolic fill-
ing were made during the fol-
lowing: last expiratory diastolic
period (E, ), during the first
three inspiratory diastolic peri-
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ods (1)), (I), (1) and the first
expiratory diastolic period (Ep)
after inspiration

Time (secs)

| Expiration |

Inspiration | Expiration

Diastolic Periods

holm, Sweden). The tidal volume was set at 10 ml/kg (delivered)
resulting in peak inspiratory pressures of 30 + 2 cmH,0 and mean
airway pressures of 11 + 3 cmH,0. The ventilator rate was set at
25 + 5 breaths/min. The positive end-expiratory pressure was held
constant at 4 + 2 cmH,0. The inspiratory time was adjusted to oc-
cur over three cardiac cycles (1.2 + 0.1 s).

Statistical analyses

Three cardiac cycles were measured and averaged to obtain
each individual data point. Statistical comparisons between car-

E, R E; |

b |

diac cycles were made using the repeated measures analysis of
variance procedure. All values are reported as mean + standard
deviation.

Results

The data are summarized in Table 1. The heart rate,
blood pressure and right atrial filling pressures re-
mained constant throughout the study periods.
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Table 1 Doppler parameters of diastolic filling (bpm beats per
min, E, last diastolic period prior to inspiration, E first diastolic
period after inspiration, /; first diastolic period of inspiration,

I, second diastolic period of inspiration, /; third diastolic period of
inspiration, m meters, s seconds)

Total area

(m)

Peak E Peak A Peak E/Total
(m/sec) (m/sec) E/A area

Al/Total
area

0.3/Total
area

E/A
area

Deceleration Heart rate
time (sec)  (bpm)

E. 053%£0.06 047+0.07 1.07+0.07
I, 0.64+0.08* 0.60+0.08 1.04+0.06
I, 055+£0.05 051+£0.05 1.19%0.08
I; 0.40£0.05" 0.40+0.05° 1.01 £0.06
Er 036%0.04° 0.36+0.04° 1.02+0.07

0.059 £ 0.008
0.073 +£0.009*
0.064 £ 0.008
0.061 +0.008"
0.049 £ 0.006¢

0.73 +£0.02
0.73 £ 0.03
0.71 £ 0.03
0.68 +£0.02
0.71£0.03

0.55+0.05
0.59 £ 0.06
0.51£0.06
0.56 £0.05
0.54 £0.05

0.30+0.14
0.29£0.13
0.31+0.14
0.31£0.15
0.30£0.13

1.44+0.14
1.32+0.13
1.56+£0.16
1.26 £0.15
1.33+0.14

0.045+.006 158+7
0.046 £.006 157+6
0.049+£.005 156+8
0.050£.008 157+6
0.049£.005 157+7

2p<0.05E; vsI;
"p<0.05L,vs I,
‘p<0.051; vs Ep

Last expiratory diastolic period (E; )versus initial
inspiratory diastolic period (1)

There was a 21 % increase in the mitral valve peak E
wave (0.53+0.06 vs 0.64 £ 0.08 m/s, p<0.01) and a
28% increase in peak A wave (0.47+0.07 vs
0.60 + 0.08 m/s, p < 0.01) during the first diastolic period
of inspiration (I;) when compared to the last diastolic
period of expiration (E;) (Table 1). There was also a
24 % increase in total area under the Doppler curve
when comparing the same time periods (0.059 + 0.008
vs 0.073 +£0.009, p <0.01) (Table 1). There were no
changes in mitral valve deceleration time, E/A ratio or
area fractions (Table 1).

Initial inspiratory diastolic period (I,) versus subsequent
inspiratory diastolic periods(I,,15)

Left ventricular filling during late inspiration (I;) was
decreased when compared to early inspiration (1.
There was a 38% decrease in mitral valve peak E
(0.64 = 0.08 vs 0.40 = 0.05 m/s, p < 0.01) and a 33 % de-
crease in peak A (0.60£0.09 vs 0.40 +0.05 m/s,
p <0.01) when comparing these two diastolic periods
(Table 1). In addition, there was a 16 % reduction in to-
tal area, (0.073 £ 0.009 vs 0.061 + 0.008, p < 0.01) (Ta-
ble 1). There were no significant changes in the deceler-
ation time, E/A ratio or area fractions (Table 1). There
were no significant changes in any diastolic parameter
when comparing I, to I, or I, to L.

Initial inspiratory diastolic period (I,) versus first
expiratory diastolic period (Ep)

When comparing the first diastolic period of inspiration
(I,) to the first diastolic period of expiration (Eg), there
was a 44 % decrease in mitral valve peak E (0.64 + 0.08
vs 0.36 £0.04 m/s, p <0.01) and a 40% decrease in
peak A (0.60 +0.08 vs 0.36 +0.04 m/s, p <0.01) (Ta-

ble 1). There was also a 31 % reduction in total area
when I; was compared to Ep (0.073 £0.009 vs
0.049 + 0.006) (Table 1). There were no changes in the
deceleration time, E/A ratios or area fractions (Ta-
ble 1).

Last (E;) and first (Ey) expiratory diastolic periods

The last diastolic period of expiration (E,) prior to in-
spiration was then compared to the first expiratory dias-
tolic period after inspiration (Ep) in order to compare
the delayed effects of inspiration. There was a signifi-
cant reduction in left ventricular filling during the first
(Ep) expiratory diastolic period after inspiration. Specif-
ically, there was a 32 % decrease in mitral valve peak E
(0.53 £ 0.06 vs 0.36 = 0.04 m/s, p < 0.01) and a 23 % de-
crease in peak A (0.47+£0.07 vs 0.36 = 0.04 m/s,
p <0.01) when E; was compared to E; (Table 1). There
was a 16% reduction in total area (0.059 + 0.008 vs
0.049 + 0.006) but no significant difference in the decel-
eration time, E/A ratio or area fractions (Table 1).

Discussion

The neonatal myocardium differs significantly from the
adult myocardium in its intrinsic structure and function,
leading to decreased relaxation and compliance [22, 27].
The decrease in ventricular compliance may in part be
due to the decreased number of contractile elements
found in neonatal myocardium [27]. Several Doppler-
derived indexes have been developed in adults and ap-
plied in children to measure diastolic function [16]. The
newborn’s indexes of left ventricular diastolic function
compared to normal adults reveal: decreased peak E
wave, peak E/A ratio, E / A area, E area / total area
and 0.33 area fraction; prolonged isovolemic relaxation
time and deceleration time and no change in the peak
A wave and A area / total area [22]. These indexes are
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influenced by heart rate, preload, afterload, age and
phase of respiratory cycle [16, 23].

Abnormalities of diastolic function have important
implications for critically ill neonates and children after
repair of complex cardiac lesions. Cullen et al. found
that mechanically ventilating children following repair
of tetralogy of Fallot with restrictive diastolic physiolo-
gy results in prolonged ICU and hospital stays [25]. Li
et al. [26] found that mid diastolic flow reversal on the
mitral valve Doppler inflow in neonates after repair of
complex cardiac defects leads to increased ICU and hos-
pital stays with a greatly increased mortality (33 %).
Therefore, understanding and improving diastolic func-
tion in these neonates and children has the potential
for reducing both morbidity and mortality.

Patients with DTGA were the subjects of interest in
this study since they represent a group of relatively ho-
mogenous patients who undergo cardiopulmonary by-
pass with deep hypothermic circulatory arrest and coro-
nary transfer resulting in myocardial injury and dysfunc-
tion. It is likely that they would benefit most from un-
derstanding and improving diastolic function, as would
other patient groups, such as those with cardiomyopa-
thy/myocarditis or left ventricular outflow track ob-
struction.

Positive pressure ventilation primarily affects cardiac
output by increasing intrathoracic pressure and altering
lung volume, which results in changes in ventricular pre-
load and afterload [22, 23, 24, 28, 29, 30]. While altera-
tions in heart rate and intrinsic contractility may occur,
their roles are minor. The thoracic pump mechanism ex-
plains a phasic increase in intrathoracic pressure which
increases cardiac output by augmenting left ventricular
preload and decreasing left ventricular afterload [31,
32]. These complex cardiopulmonary interactions con-
stantly affect mechanically ventilated neonates after re-
pair of complex congenital heart disease.

Extrapolation from our data would suggest that using
positive pressure ventilation with a short inspiratory
time will prevent the decrease in left ventricular filling
that occurs after a long inspiration and, therefore, maxi-
mize cardiac output. The increase in peak E, peak A
wave and total area under the Doppler curve indicates
that there is an increase in total left ventricular filling
during early inspiration. The lack of change in area frac-
tions, E/A velocity ratio and deceleration time suggests
that no significant changes occurred in the measures of
left ventricular relaxation or compliance. As the dura-
tion of inspiration lengthens, a decrease in left ventricu-
lar filling occurs. A significant reduction in left ventricu-
lar filling, as evidenced by the decrease in the Doppler
flow velocities, occurs by the third diastolic period after
inspiration has begun. This reduction in left ventricular
filling is multifactorial. When intrathoracic pressure in-
creases, systemic venous return, right atrial volume and
right ventricular volume decrease, and right ventricular

output falls. In response to the decrease in right ventric-
ular output, left ventricular filling falls dramatically dur-
ing late inspiration and reaches a nadir during the first
diastolic period of expiration (Eg). While these effects
are occurring, left ventricular afterload is simultaneous-
ly decreased by the rise in intrathoracic pressure, caus-
ing a decrease in left ventricular transmural pressure.
Cardiac output is the net result of these complex cardio-
pulmonary interactions [28, 29, 30].

One important negative finding revealed in this study
was that, in the early postoperative period after repair
of TGA, ventricular compliance and relaxation were
not affected by prolonged increases in intrathoracic
pressure. We had hypothesized that this might have oc-
curred due to a more favorable septal position induced
by a decrease in right ventricular preload [33] with a si-
multaneous decrease in left ventricular afterload. While
we were unable to demonstrate this with our pulsed
Doppler techniques, newer methods using Doppler tis-
sue imaging may be more sensitive.

The limitations of this study include the following:
changes that occur in left ventricular filling with pro-
longed inspiration may not necessarily result in a change
in stroke volume or cardiac output since this could not
be simultaneously measured with ultrasonography. In
addition, this study did not compare normal intubated
neonates to neonates after repair of DTGA nor evalu-
ate those neonates before operation. This would have
been helpful in separating the effects of surgery from
the diastolic dysfunction that already exists in all neo-
nates.

In summary, in neonates with TGA after the arterial
switch operation, positive pressure ventilation aug-
ments left ventricular filling during early inspiration, as
evidenced by the changes in the Doppler flow velocities.
When the inspiratory time is long in comparison to the
intrinsic heart rate, there is a reduction in left ventricu-
lar filling during late inspiration and early expiration,
also evidenced by the changes in the Doppler flow ve-
locities. There were no changes in the Doppler mea-
sures of left ventricular relaxation and compliance.



955

References

1.

10.

11.

Bove EL, Beekman RH, Snider AR,
et al. (1988) Arterial repair for transpo-
sition of the great arteries and large
ventricular septal defect in early infan-
cy. Circulation 78 (5): II126-11131

. Kirklin JW, Blackstone EH, Tcherven-

kov CI, et al. (1992) Clinical outcomes
after the arterial switch operation for
transposition. Patient, support, proce-
dural and institutional risk factors. Cir-
culation 86: 1501-1515

. Castaneda A (1991) Arterial switch op-

eration for simple and complex TGA-
indication criteria and limitation rele-
vant to surgery. Thorac Cardiovasc
Surg 39 (suppl 2): 151-154

. Serraf A, Bruniaux J, Lacour-Gayet F,

etal. (1991) Anatomic correction of
transposition of the great arteries with
ventricular septal defect. Experience
with 118 cases. J Thorac Cardiovasc
Surg 102: 140-147

. Lupinetti FM, Bove EL, Minich LL,

et al. (1992) Intermediate-term survival
and functional results after arterial re-
pair for transposition of the great arter-
ies. J Thorac Cardiovasc Surg 103:
421-427

. Chang AC, Atz AM, Wernovsky G,

etal. (1995) Milrinone: systemic and
pulmonary hemodynamic effects in ne-
onates after cardiac surgery. Crit Care
Med 23 (11): 1907-1914

. Kocis K, Meliones JN, Dekeon MK,

et al. (1992) High frequency jet ventila-
tion for respiratory failure after congen-
ital heart surgery. Circulation 86 (2):
11127-132

. Dekeon MK, Kocis KC, Rosen HK,

et al. (1993) Pressure regulated volume
control vs volume control ventilation in
infants after surgery for congenital
heart disease (abstract). Respir Care
38:1252

. Meliones JN, Bove EL, Dekeon MK,

et al. (1991) High-frequency jet ventila-
tion improves cardiac function after the
Fontan procedure. Circulation 84:
111364-368

Fuhrman BP (1990) Assisted ventila-
tion and cardiac disease. In: Moller JH,
Neal WA (eds) Fetal, Neonatal and In-
fant Cardiac Disease. Appleton &
Lange, Norwalk Conn, pp 969-982
Pinsky MR Summer WR (1983) Cardi-
ac augmentation by phasic high intra-
thoracic pressure support in man. Chest
84 (4): 370-375

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Pinsky MR, Summer WR, Wise RA,
etal. (1983) Augmentation of cardiac
function by elevation of intrathoracic
pressure. J Appl Physiol: Respir Envi-
ron Exerc Physiol 54 (4): 950-955
Appleton CP, Hatle LK, Popp R (1988)
Relation of transmitral flow velocity
patterns to left ventricular diastolic
function: new insights from a combined
hemodynamic and Doppler echocardio-
graphic study. J Am Coll Cardiol 12:
426-440

Courtois M, Kovacs SJ, Ludbrook PA
(1988) Importance of regional pressure
gradients in the left ventricle during di-
astole. Circulation 78: 661-671

Rokey R, Kuo L, Zoghbi WA, et al.
(1985) Determination of parameters of
left ventricular diastolic filling with
pulsed Doppler echocardiography:
comparison with cineangiography. Cir-
culation 71: 543-550

Snider AR (1997) Methods for obtain-
ing quantitative information from the
echocardiographic examination. In:
Snider AR, Serwer GA, Ritter SB
(eds) Echocardiography in Pediatric
Heart Disease (2nd edn). Mosby, St.
Louis, pp 204-223

Minich LL, Snider AR, Meliones JN
(1992) Doppler evaluation of normal-
ized peak filling rate in normal children
and children with left ventricular out-
flow obstruction. J] Am Soc Echocardi-
ogr 5: 598-602

Snider AR, Gidding SS, Rocchini AP,
et al. (1985) Doppler evaluation of left
ventricular diastolic filling in children
with systemic hypertension. Am J Car-
diol 56: 921-926

Vermilion RP, Snider AR, Meliones JN,
et al. (1990) Pulsed Doppler evaluation
of right ventricular diastolic filling in
children with pulmonary valve stenosis
before and after balloon valvuloplasty.
Am J Cardiol 66: 79-84

Meliones JN, Snider AR, Serwer GA,
et al. (1989) Pulsed Doppler assessment
of left ventricular diastolic filling in
children with left ventricular outflow
obstruction before and after balloon
angioplasty. Am J Cardiol 63: 231-
236

Leung MP, Lo PT, Lo RN, et al. (1991)
The changes in right ventricular diastol-
ic indices in babies with pulmonary
atresia and intact ventricular septum
undergoing corrective surgery: a pulsed
Doppler echocardiographic study. Car-
diol Young 1: 114-122

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Riggs TW, Rodriguez R, Snider AR,
et al. (1989) Doppler echocardiograph-
ic evaluation of right and left ventricu-
lar diastolic function in normal neo-
nates. J] Am Coll Cardiol 13: 700-705
Riggs TW, Snider AR (1989) Respirato-
ry influence on right and left ventricular
diastolic function in normal children.
Am J Cardiol 63: 858-861

Maroto E, Fouron JC, Teyssier G, et al.
(1990) Effect of intermittent positive
pressure ventilation on diastolic ven-
tricular filling patterns in premature in-
fants. J Am Coll Cardiol 16: 171-174
Cullen S, Shore D, Redington A (1995)
Characterization of right ventricular di-
astolic performance after complete re-
pair of tetalogy of Fallot. Restrictive
physiology predicts slow postoperative
recovery. Circulation 91: 1782-1789

Li JS, Bengur AR, Ungerleider RM,
etal. (1998) Abnormal left ventricular
filling after neonatal repair of congeni-
tal heart disease: association with in-
crease mortality and morbidity. Am
Heart J 136: 1075-1080

Heyman MA (1989) Fetal and neonatal
circulations. In: Adams FH, Emman-
ouilides GC, Riemenschneider TA
(eds) Heart Disease in Infants, Children
and Adolescents. Williams & Wilkins,
Baltimore, pp 24-35

Goertz A, Heinrich H, Winter H, et al.
(1991) Hemodynamic effects of differ-
ent ventilatory patterns. Chest 99:
1166-1171

Pinsky MR (1984) Determinants of pul-
monary arterial flow variation during
respiration. J Appl Physiol 56:
1237-1245

Scharf SM, Brown R, Saunders N, et al.
(1979) Effects of normal and loaded
spontaneous inspiration on cardiovas-
cular function. J Appl Physiol: Respir
Environ Exerc Physiol 47 (3): 582-590
Cohen TJ, Tucker KJ, Lurie KG, et al.
(1992) Active compression-decompres-
sion. A new method of cardiopulmo-
nary resuscitation. JAMA 267 (21):
2916-2923

Cohen TJ, Tucker KJ, Redberg REF,
etal. (1992) Active compression-de-
compression resuscitation: a novel
method of cardiopulmonary resuscita-
tion. Am Heart J 124 (5): 1145-1150
Pearlman A, Clark C, Henry W, Morgan-
rothJ, Itscoitz S, Epstein S (1976) Deter-
minants of ventricular septal motion. In-
fluence of relative right and left ventricu-
lar size. Circulation 54 (1): 83-91



