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Abstract

Objective—To investigate the effects of
cuirass negative pressure ventilation on
the cardiac ourput of a group of anaesthe-
tised children after occlusion of an asymp-
tomatic persistent arterial duct, and a
group of paediatric patients in the early
postoperative period following cardiopul-
monary bypass.

Design—Prospective study.

Setting—The paediatric intensive care
unit and catheter laboratory of a tertiary
care centre.

Patients—16 mmechanically ventilated chil-
dren were studied: seven had undergone
surgery for congenital heart disease, and
nine cardiac catheterisation for trans-
catheter occlusion of an isolared asympto-
matic persistent arterial duct.
Interventions—Cardiac ourput was meas-
ured using the direct Fick method during
intermittent positive pressure ventilation
and again after a short period of negative
pressure ventilation. In five of the post-
operative patients a third measurement
was made following reinstitution of posi-
tive pressure ventilation.
Results—Negative pressure ventilation
was delivered without complication, with
no significant change in systemic arterial
oxygen and carbon dioxide tension. The
mixed venous saturation increased from
74% to 75.8% in the healthy children, and
from 58.9% to 62.3% in the postoperarive
group. Negative pressure ventilation in-
creased the cardiac index from 4.0 1o 4.5
Ymin/m® in the healcthy children, and from
2.8 to 3.5 VYmin/m' in the surgical group.
The increase was significantly higher in
the postoperative patients (28.1%) than
the healthy children (10.8%).
Conclusions—While offering similar ven-
tlatory efficiency to positive pressure ven-
tilation, cuirass negative pressure
ventilation led to a modest improvernent in
the cardiac output of healthy children, and
to” a greater increase in postoperative
patients. There are important cardiopul-
monary interactions in normal children
and in children after cardiopulmonary
bypass, and by having beneficial effects on
these interactions, negative pressure venti-
lation has haemodynamic advantages over
conventional positive pressure ventilation.
(Hearr 1997;78:587-593)

Keywords: cardiopulmonary interactions; congenital
heart disease; ventilaton: children

The intreduction of positive pressure ventila-
ton has made a dramatic impact on the
outcaome of intensive ¢are in both adults and
children. Although historically predated by
negative pressurc ventilation, its obvious prac-
tcal advanrages and undispured beneficial
effects on gas exchange allowed it quickly to
become the method of choice in most patients
requiring mechanical respiratory support.

The detrimental effects of positive pressure
ventilation on the cardiovascular system are
well understood, and an appreciation of these
problerus is essential for aprimal intensive care
management.' ' The haemodynamic effects of
different negative pressure vendlation devices
have been compared with those of posirive
pressure ventilation and reported in many ani-
mal models,*” and in some paediatric patient
groups.” Although there s litde doubt rthat
negative pressure venilation, while providing
similar ventilatory efficiency, does not cause
any more hae¢modynamic compromise than
positive pressure venalation,' the question of
whether it has any potential advanrages de-
pends on several factors related to the device
used and to the characteristics of the pauent.
Whole body negative pressure ventilators have
a rather ditferent effect on the systemic vencus
return than “cuirass™ devices which enclose
only the chest and upper abdomen. Similarly, it
is not surprising that the cardiovascular effects
of ventilation using negative inspiratory pres-
sures may differ from those of continuous
negative extrathoracic pressure with the patient
receiving  intermittent  positive  pressure
breaths.

Dynamic and structural properties of the
heart and lungs and their close anatomical and
functional relation play an important role in
determining the haemodynamic influences of
negative pressure ventlation. Indeed, when
considering the haemodynamic effects of any
mode of ventilation it is essential to consider
the heart and lungs as an integral cardiopulmo-
nary unit rather than as two separate systems.

There are clinically obvious interactions
between the heart and the lungs in selected
postoperative patients with congenital heart
disease; indeed we have previously reposted 2
marked haemodynamic improvement when
cuirass negative pressure ventilation replaced
intermitent positive pressure ventilation in the
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early postoperative period following tetralogy
of Fallot repair or rtotal cavopulmonary
connection.” In this srudy we have therefore
compared and contrasted the effects of cuirass
negative pressure ventilation with conventional
intermittent positive pressure ventilation on
the cardiac output of a different group of chil-
dren 1n the early postoperative period following
cardiac surgery, and a group of anaesthetised
children with structurally normal hearts.

Methods

PATIENTS

The effects of negative pressure ventilation on
the cardiac output were studied on 16
mechanically venrilated children, of whom nine
had a structurally normal heart (group 1), and
seven had undergone surgery for congenital
heart disease (group 2). At the rime of study, no
child had any evidence of an intracardiac
shunt, and all children had radiologically clear
lung fields on a routine chest x ray.

Group 1 _

Nine children (four boys, five girls, median age
three years) were studied following successful
rranscatheter occlusion of an asymptomatic
1sotated persistent arterial duct under general
anaesthesia, Patient derails are given in table 1.
No patient in this group had ever been oxygen
dependent, had previously undergone heart or
tung surgery, or was receiving any cardiac
drugs or bronchodilator treatment at the time
of study. Children were excluded from the
study if a routine postocclusion angiogram
showed evidence of residual ductal flow.

It is the policy of our unit to perform cardiac
catheterisation under general anaesthesia. All
children were orally premedicated with 1.5 mg/
kg rtrimeprazine, 30 pg/kg atropine, and
0.5 mgrkg morphine (Triatromorph, Royal
Brompton Hospital, London, UK) one to two
hours before the procedure. Anaesthesia was
induced with an inhalational agent (1-2% iso-
flurane in 100% oxygen; two patients) or with
an intravenous bolus of thiopentone (Intraval
Sodium, Rhéne-Poulenc Rorer, Eastbourne,
UK; 4-7 mg/kg; seven patients). All patients
then received an intravenous bolus of atracu-
rium  (400~630 pg/kg; Tracrium, Wellcome,
Manchester, UK). Anaesthesia was subse-
quently maintained with an intravenous infu-
sion of midazolam (100-150 pgrkg/h; Hyp-
novel, Roche, Hertfordshire, UK), and regular
intravenous boluses of fentany! (2-3 ng/kg;

Sublimaze, Janssen, High Wycombe, Bucking-
hamshire, UK), and atracurium {1530-250 ugs
kg). Nitrous oxide was not used for mainte-
nance of anaesthesia as its molecular mass (44
would have rendered it indistinguishable from
carbon dioxide for the purpose of respiratory
mass spectrometry (see below).

The pulmonary to systemnic flow ratio was
calculated in seven of the nine patients before
duct occluston (table 1). All childeen had an
aortogram before the study, and patent arterial
ducts were occluded using a 12 mm umbrella
device (Bard, Galway, [reland; patient 3), or
one or more 5 mm detachable coils (William
Cook Europe, Denmark). Following duct
occlusion, a 4 F pigtail catheter (Cordis
Europa, The Netherlands) was positioned in
the descending aorta for arterial biood sam-
pling, and a 6 F Berman angiographic catherer
(Arrow International, Reading, Pennsylvania,
USA) in the right atrium or right ventricle for
mixed venous blood samples.

Group 2
This group consisted of seven children (four
boys, three girls, median age 1.3 years) who
were ventilated on the paediatric intensive care
unit in the early postoperative period following
open heart surgery. Cardiac output measure-
ments were made between three and six hours
after discontinuing cardiopulmonary bypass.
Anthropometric data and details of cardiac
surgery are given in table 1. None of these
patients had previously undergone cardiac
catheterisation, and so preoperative shunts—
where present—had not been measured.
Children were selected for study on the basis
of various criteria. Only patients who were
considered haemodynamically stable at the
intended time of study were included. Studies
were carried out only on patients in whom
rapid ventilatory weaning was not intended,
and continued sedation would therefore have
been part of the standard early postoperative
management. All patients were receiving
intravenous infusions of doparmine (3-8 pg/kg/
min) at the time of study and no child was
recelving more than one inotropic agent. All
children were receiving an intravenous infusion
of vecuronium {Norcuron, Organon-Teknika,
Cambridge, UK) at a dose of 40-80 pg/kgh,
and were fully sedated with intravenous
morphine (2040 pg/kg/h) and midazolam
(100300 pg/kg/h). No changes were made to
pharmacotherapy in terms of inotropic support
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or colloid administration during the study
period,

Patients in group 2 had indweling peripheral
arterial (five patients) or left atrial catheters
(two patients), and pulmonary arterial cath-
eters for arterial and mixed venous blood sam-
pling, respectively.

PROCEDURES
Venrilarion

All patients were intubated with cutfed endo-
tracheal tubes (Mallinckrodt Medical, North-
ampton, UK), and were initially ventilated
using volume cycled intermittent positive pres-
sure ventilation (Servo ventilaror $00C, Sie-
mens Medical Systems, Soina, Sweden).

Negative pressure ventilanon was delivered
using the Hayek external high frequency oscils
lator, (Medicomy Hendon, Middlesex, UK.
This consists of a flexible cuirass which is
attached to a fully programmable bedside
power unit. The cuirass was placed over the
patient’s chest and upper abdomen, and sealed
easily using Velcro straps placed around a bean
filled pillow on which the patient was lying (fig
1).

The ventilatory settings during intermittent
positive pressure ventilation and negative
pressure ventilation are given in table 2; and
during negarive pressure ventilation these were
adjusted to give similar end tidal carbon diox-
ide levels and minute volumes to those used

Table 2 Venridatory variables during intermistent pusttite
pressure ventifotion (IPPV) and negative pressure
ventidarton (NPLD)

Foruhle PP AYid
Minute volume (mlikg) 130 e 220 148 to 220
Frequency (breaths/min} 150 22 W 50
Tida} volume (mlbkg) 10w 15 t07
P (ecm H.D

éronp t +16 to +20 =18 ~24

Group 2 +18 1o +23
P, (ecm H.O) Gro2 +leo+4
P, (cm H.O) +*S5m+9 - 6w -9
Pressure support (cm H.O} +* 3l +S
Fin. Group 1 0.25 a2 (1.3% as [PPYV

| CGiroup 2 0.3t 0.6 as PPV

P, inspiratary pressure; P, expiratory pressure; P., mean
Iy e adtret bevir b trad " _
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during positive pressure venf: P
inspired oxygen fraction was not ;  r= 1
the mode of ventilation was change. Pate 5
remained intubated throughour the o iy
period, and during negative pressure wer. a-
tion, the positive pressure ventilator was used
1o provide a constant flow of inspired oxveen,
with a trigger sensitivity of —4 cm H.O o
deliver a brief period of pressure support of 3
to 3 em H.O. This was necessary 1o overcome
arrway resistance from the endotracheal tube.

Pavient monitoring

All parients had surface monitoring of heart
rate and peripheral oxygen saturation, non-
invasive monitoring of end tidal cart-on diox~
ide, and invasive monitoring of svstermic blood
pressure. Patients in group 2 had additional
monitoring of pulmonary arrerial pressure,

Cardiac output measurement

Pulmonary blood flow was calculated using the
direct Fick method. This requires steady stare
measurement of oxygen consumption and of
artertal and mixed venous oxygen content. All
children in group 1 had angiographic confir-
mation of complete arterial duct occlusion, and
no patient in either group had echocardio-
graphic evidence of any additional intracardiac
shunt at the time of study. Pulmonary blood
flow was therefore assumed to be equal to sys-
temic, and hence cardiac, output.

Oxygen consumption was measured using
on line respiratory mass spectrometry. The
Amis 2000 mass spectrometer (Innovision ASS,
Odense, Denmark) was adapted for use in ven-
tilated patients, and the mixed expirate method
was used for on line measurement of oxvegen
consumption.” '* We have previously described
in detail our method of measurement of axvgen
consumption, together with the modifications
required for gas collection within the ventilator
circui."

Prococol

The protocol for this study was approved by
the ethics committee at the Royal Brompton
Hospital, and informed consent was obtained
from parents.

Before starting the cardiac output study,
blood was sent for haemoglobin estimation.
The cuff of the endotracheal tube was inflated
(leakage around the tube was excluded by
sampling for carbon dioxide with a probe con-
nected to 2 mass spectrometer inlet) to ensure
collection of all expired gas. Oxygen consump-
tion monitoring was started, and a cardiorespi-
ratory steady state was established with a stable
systemic blood pressure and heart rate. At the
end of a |5 minute period of steady stare
recording during intermittent positive pressure
ventilation, a cardiac output measurement was
made. A cuirass of the appropriate size was
then fitted over the patient’s chest, and negative
pressure ventilation was begun, using the same
inspired oxygen fraction. Rate and prsisures
during negative pressure ventilatice: were
adjusted to maintain a similar minute i:ome
and end tdal carbon dioxide to iiter: it nt
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Cardiac index (Fminim’) Vi, fodivminion)

a-v Difference (mbidl} " MY saturation %}

Paiert  IPPLT NPV rpey, PPy NPV IPPY. PPy Ner iPPL, wPry NPV fPry,
1 kA H 182 119 fLs +.39 4.11 738 5.5

2 3.4 6.10 179 190 1.3 312 T4.0 75.8

3 4.10 4.57 164 163 4.00 350 773 8.9

+ +.36 +.91 218 223 5.00 +.54 7Lt 742

5 +.29 4.8 L4 141 340 336 8.3 7T

H 3.78 410 197 2t 5.20 5.24 7.6 720

7 1o 35 134 132 4.350 4.00 687 e

H 3.08 LT 133 156 +.36 + 14 75.4 7.2

@ 5.2 6.09 205 194 a2 115 770 754

1 240 .20 133 181 f.46 5.69 544 63.3

Il 1.50 1.43 1.59 L1 oy 108 5.94 3.50 679 352 55.1 30.14
12 i.1c 1.38 1.24 103 125 i3l 9.36 5.05 106 6.0 48.8 41.0
i3 2.54 277 .70 113 200 16 8.37 7.54 7.88 54.0 38.1 37.2
14 6.82 8.00 8.0 294) 3o 306 +4.25% 3.84 .70 . 742 75.a
3 2.37 +. 08 271 [20 143 138 5.06 3.50 3.10 67.1 7.9 632
th L orird 3.28 173 187 625 5.74 61.7 647

Table 4 Haemodymnanue data

Vo, oxygen consumption; a-v diference,

a I35 minute steady state period of negative
pressure ventilation a second cardiac output
measurement was made. The cuirass was then
removed and positive pressure venrtilation was
reinstituted. A routine aortogram was per-
formed in group 1 patients to confirm success-
ful arterial duct closure. [n five patients in
group 2 patents a chird cardiac output
measurement was made after a further 15
minute period of intermitrent positive pressure
ventilation. No other therapeutic interventions
were made during the study period.

STATISTICAL ANALYSIS

Data are expressed as mean (SD). Results
within the two groups were anaiysed using an
analysis of variance, with Bonferroni’s cotrec-
tion for multiple comparisons. Between group
data (group 1 v group 2) were compared using
the Mann-Whitney U test. In all cases, the null
hypothesis was rejected for p values of greater
than 0.05.

Results

The study proceeded without complicaton in
all patients, and efficient ventilation was
achieved easily during negative pressure venti-
lation. All children in group I had a satisfactory
result from arterial duct occlusion, with no
residual leak detecrable on angiography follow-
ing the procedure,

Jor group | and gronp 2 during intermitient

artertovenous oxygen ditference; MV saturation, mixed venous 0XYgen saturation.

Dara for individual patients are given in table
3, and group data are shown in table 4. Similar
gas exchange was achieved during both modes
of ventilation, as shown by the systemic arterial
carbon dioxide tension and OXygen saturation,
both of which were unchanged during negative
pressure ventilation. Mean arterial blood pres-
sure and heart rate within each group were also
unchanged.

GROUP 1 (arrea nuer CUCLUSON)

The mean oxygen consumption was un-
changed during negative pressure ventilation,
but the mixed venous saturation and oxygen
content increased significandy (p = 0.02), and
so the arteriovenous oxygen content difference
fell from 4.23(0.7) to 3.9 (1.2) mlidl
{p < 0.01}. The cardiac index fell slightly dur-
ing negative pressure ventilation in patient 3
(by 2.3%), but increased in the remainder. The
mean increase in cardiac index during negative
pressure ventilation was 10.8(7.1)% (p<0.01;
fig 2).

GROUP 2 (rustorsraTive PATIENTS}

The oxygen consumption in the postoperative
patients increased by 10.6% during negative
pressure ventilation (p < 0.01). The mixed
Venous oxygen saturation and content in-
creased during negative pressure ventilation,
from 58.9(8.0)% to 62.3(9.1)% (p = 0.03).
The arteriovenous oxygen difference thus fell

postrive pressute venulation (IPPV A, and A), negative pressure veneiation

(NP B, and B), and followsing retnsaution of 1PPYV c.).
Group | Group 2
A B, AL B. c.-
Variable reyv NP PPV NPV IPPV, p<0.05
Haemeglobin (g/d)) 11.8(L1.2) 11.7 (£.3) -
Paco, (kI*a) 5.0(L.2) 5303 5.2(1.48 5.3(1.41) 4.9 (1.2) -
Sao, (%) 9r9 2.3 98.1 (1.9) 98.3({1.3 58 (1.4) 99.1 (L.5) -
CI (Yminim®) 4.0 (1.0) 45{1L.1) 2.8(1.9) 522 32(2.9) AwB; AvBy; Aud,
Increase in CI (%) 10.8(7.1) 28.1 (21) 8 uR,
Vo, (mYmin/m?) 166 (15) 171 (40) 163 (T1) t80 (68} 180 (68) AR AL,
MV saturation (%) 74 (4.0) 75.8 (1.0) 58.5 (8) 62.3 (9.1) 57.5 (13.1) AbRi A, vA,; AuB,; B,eB. B, oC,
a-v Difference (mlidl) +.23 (0.7 3Ly 6.93 (1.8) 5.88 (1.9) 6.87{2.6) AvB A vA;AuB,; BB B.vC,;
MAP (mm Hg) 7511 30 at (T 59 (9) 60 (12) AvA,; B oB,
Heart rate (beaty/min) 108 (27) 108 (313 138 (21.%) 138 (I1) [29 20 AvA, B,uB,

Vajucs are mean (SD). Significant djtferences are indicated by p<0.05,

*Five patienty;
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Figure 2 Cardiac index during imiermittent positive
pressure und negative pressure venttlarion in the two patient
groups,

from 6.5 (1.8) 10 5.88 (1.9) mi/d] (p = 0.03).
The cardiac index increased in all patients dur-
ing negative pressure ventilation, from
2.8 (1.8) to 3.5 (2.2) V/minm’, and the mean
increase was 28.1(21)% (p < 0.001; fig 2).
Following reinstitution of intermittent positive
pressure ventilation, the oxvgen consumption
was unchanged, and the mixed venous satura-
tion and oxygen content fell in the five patients
in whom a rthird measurement was made
(p =0.01). The cardiac index fell in four
patients, and increased by 4% in the remaining
child, but the overall change did not reach s1a-
stical significance.

GROUP 1 V GROUP 2

The mixed venous oxygen safuration was
significantly lower for group 2 than for group 1
during both intermittent positive pressure and
negative pressure ventilation (group | v group
2: p=0.001 and p < 0.01 for positive and
negative pressure ventilation, respectively).
The cardiac index during intermittent positive
pressure ventilation was significantly lower for
group 1 than for group 2 (p = 0.02); but the
difference during negative pressure ventilation
was not significant (p =0.07). This was
reflected by the fncrease in cardiac index during
negative pressure ventilation, which was signifi-
cantly higher in the postoperative patients than
in the healthy children (p = 0.02).

Discussion
We have shown that negative pressure ventita-
tion using a cuirass device improves the cardiac
output of children with a healthy cardiorespira-
tory system and, encouragingly, further im-
proves the cardiac output of children in the
early postoperative period after cardiopulmo-
nary bypass.

There is little doubt that in selected patients
following repair of tctra!ogy of Failot or
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blood flow can be critically dependent on the
pressure changes generated by spontaueous
breathing, negative pressure ventilation may
have an important role in patient management
as a haemodynamic tool. Such profound physi-
ological cardiopulmonary interactions do not
exist in all patients tequiring mechanical venti-
lation. Having previously shown a 15% to 809
improvement in cardiac output during negative
pressure ventilation after right heart surgery,™
we applied a similar protocol in a group of chil-
dren undergoing other types of cardiac surgery,
and in a group of healthy children with
structurally normal hearts.

In 1948, Cournand er af showed that the
cardiac ourput was reduced in patients receiv-
ing intermittent positive pressure ventilation by
mask. This study—one of the first to investigate
cardiopuimonary dynamics physiologically
during mechanical ventilation—showed thar
the cardiac output was inversely related to right
ventricular filling pressures, which were in turn
directly influenced by the ventilatory settings.'*
We now know that the effects of intermittent
positive pressure ventilation on the cardiovas-
cular systermn are complex, multifactorial, and at
least parually tnfluenced by the cardiorespira-
tory status of the model being studied.

In the absence of a left to right shunt, the
cardiac cutput is equivalent 10 systemic venous
return, and for a given preload, right hearr fill-
ing is influenced by the pressure gradient
between the peripheral veins and the right
atrium. By reducing this gradient, an increase
in intrathoracic pressure thus lowers the
cardiac output,” and the converse occurs with
a reduction in intrathoracic pressure. There is
little doubt that systemic venous return is a
major determinant of cardiac output, but
several studies have suggested that this may not
be the only factor. Henning showed that in a
healthy animal model receiving positive pres-
sure ventilation with high levels of positive end
expiratory pressure, an infusion of collotd did
not restore the cardiac output despite an
adequate increase in right ventricular volume,
and suggested thar there must be other
determinants of cardiac output during me-
chanical ventilation.'” If the lungs are expanded
beyond the functional residual capacity, a sec-
ondary increase in pulmonary vascular resist-
ance results in an increase in right ventricular
afterload. This may independently limit right
ventricular stroke volume, and hence cardiac
ougpur.”* **

Various studies have reported the effects of
positive pressure ventilation using high levels of
positive end expiratory pressure on left ven-
tricular performance. It has been suggested
that impaired diastolic left ventricular compli-
ance as a direct mechanical consequence of
lung inflation,™ or as a result of leftward
displacement of the interventricular seprum
during right ventricular filling,*" could limit the
cardiac output during positive pressure ventila-
tion. In certain patient groups, therefore, we
should bear in mind the possibility of depres-
sion of lcft venmcuiar function with 1. reasing



Cardiopulmonary bvpass and reperfusion
result In an intense generalised inflammatory
reaction. Activation of neutrophils, endothe-
lium, platelets, complement, and the coagula-
tion cascade leads to diffuse endothelial damage
with an increase in vascular permeability.” **
Multiorgan dysfunction occurs (albeit to the
greater extent reversible), and a certain amount
of pulmonary and myocardial injury is therefore
an inevitable consequence of bypass. Alveolar
and interstitial oedema, which may or may not
be clinically apparent, reduce dynamic lung
compliance—the ratio of the tidal volume to the
peak  inspiratory pressure’'—and  increase
ventilation/perfusion mismatch. Therefore in
post-bypass patients receiving positive pressure
ventilation, of whom a significant proportion
already require myocardial support, a higher
mean airway pressure may be necessary to pro-
vide equivalent gas exchange in the less compli-
ant lungs, potentially further jecpardising the
cardiovascular system.

MECHANISM FOR THE IMPROVEMENT TN CARDIAC
OUTPUT DURING NEGATIVE PRESSURE
VENTILATION

The major mechanisms by which positive pres-
sure ventilation can influcnce the cardiac
output have been discussed, but how was the
improvement in cardiac output achieved in our
study groups during cuirass negative pressure
ventilation? Lockhat & a/ showed that the
cardiac outputofnormatdogs receiving thoraco-
abdominal negative pressure venclation was
significantly improved by augmentation of the
systemic venous return—a phenomenon not
present during whole body negative pressure
ventilation or continuous positive pressure
ventilation.' Skaburskis er af observed the same
mechanism in dogs with non-cardiogenic
pulmonary oedema receiving cuirass negative
pressure ventlation,” It is highly unlikely that
major changes in right ventricular afterload or
left ventricular performance would have re-
sulted from the relatively conservarive mean
airway pressure which we used during intermit-
tent positive pressure ventilation. The Hayek
oscillator 1s currently unique in its property of
actively inducing the expiratory phase of vent-
fation. By doing so, it dees not rely on the pas-
sive recoil which normally enables expiration in
conventional positive and negative pressure
ventilators.

We speculate that in our models of cuirass
negative pressure veatilation, it is the differen-
tial effects on systemic wenous return which are
the most important determinants of the
increases in cardizc ousput that were seen in
both of our study growps. The increase in
venous return may be firther augmented in the
post-bypass group by o mechanisms: first,
negative pressure ventilation may improve lung
compliance by ventlatimg around much lower
mean airway pressures than intermittent posi-
tive pressure veniilation; second, by delivering
active expiration, negatie pressure ventilarion
may overcome the linitstions to passive recoil
which are present in the bypass injured lung.

T e e it iy, ML

LIMITATIONS OF THE $TUDY

As far as we are aware, this is the firse study thag
has compared and contrasted the effects of
cuirass negative pressure ventilation and inter-
mittent positive pressure ventilation on the
cardiac output of healthy children and children
who have undergone cardiac surgery. Cardiac
output was measured using the direct Fick
method, generally considered to be the most
accurate method, and all our haemodynamic
data were directly measured rather than
derived or assumed.

For ethical reasons the protocol was specifi-
cally designed not to invoive additional instru-
mentation or invasive monitoring, other than
that routinely used in the catheter laboratory or
on the paediatric intensive care unit. Thus, in
the absence of pulmonary arterial and left atrial
pressure monitoring, the pulmoenary vascufar
resistance could not be calculated. It would
have been informative to monitor the intra-
thoracic pressure when comparing two very
different methods of ventilation, and parucu-
larly valuable with this protocol as it was
necessary to deliver the inspitatory gas with a
brief period of pressure support. This addi-
tional pressure support was NeCcessary 10 over-
come the flow resistance of the endotracheal
tube and to allow an adequate minute volume,
but may have partially obviated the beneficial
effects of negative pressure ventilation.

In this study, our guidelines of intrathoracic
pressure were the “mean airway pressure™ dur-
ing intermittent positive pressure ventilation,
and “mean cuirass chamber pressure” during
negative pressure ventilation. In previous stud-
1es involving invasive instrumentation of ani-
mals undergoing thoracotomy, or of adults
undergoing open heart surgery, infrapericar-
dial balloon catheters have been used to meas-
ure ntrathoracic pressures,”’ Other groups
have investigated the measurement of cesopha-
geal pressure as a less invasive alternative to
pericardial  pressure, and have reported a
reasonable corretation.”* This may be an option
for future studies in other clinical situations.

The children with a patent arterial duct had
been exposed to higher than normal puimo-
nary blood flow before the study because of an
(albeit smalf) arterial duct. They cannot there-
fore be considered truly “normal,” as it is
impossible to know the residual effects of the
shunt on their subsequent cardiopulmonary
haemodynamics following duct occlusion. Al-
though the lack of invasive monitoring did not
allow calculation of pulmonary vascular resist-
ances, all patients had a normal preocclusion
pulmonary arterial pressure, and as such they
are as close to normality as is likely to be
achieved in a clinical study of this kind.

CONCLUSION

We have shown that negative pressure ventifa-
tion leads to a modest but significant improve-
ment in cardiac output when compared to
conventional intermittent positive pressure
ventilation in healthy children, and further
improves the cardiac output following open
heart surgery. While none of the patients in
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their cardiac outpur, the early postoperative
period following cardiopulmonary bypass for
even simple defects can be a tme when a small
decline can precipitate significant haemo-
dynamic instability. In this situation, a non-
pharmacological means of improving the
cardiac output by manipulation of important
cardiopulmonary interactions may occasionally
be a welcome management option. In selected
cases, therefore, neganve pressure ventilation
using a cuirass device may be preferable to
intermittent positive pressure ventilation in
terms of combining similar ventilatory efi-
ciency with additional haemodynarnic protec-
ton.
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