- external oscillatory technique. When compared 1o thar with intermirrent positive pressure ventilation, ventilation .-
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Ventilation with external high frequency oscillation around a .
negative baseline increases pulmonary blood flow after the Fontan
operation |
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Abstract In this prospeciive study, pulmonary blood flow was micasured using transesophageal Doppler
pressure bascline can increase pulmonary bload Row, compared 1o intermittent positive pressure ventiladon, in five

of intermittent positive pressure vendiladon and again during cquivatent negative pressure veatilation using the -

“pacients after the Fontan operation. Pulmonary blood flaw was measured when patients were ventitated by mecans

", Using external high frequency oscillation increased pulmonary blood fow by 116 + 61,5% (p=0.013); These results ..
show that ventilation using an external oscillatory device with a mean negative chamber pressure may provide -
- hemodynamic advancages in patients requiring assisted veatilation after the Fontan operation. Co

he principal cause of mortality in paricats after
the Fontan operation’ is low cardiac oucpur.
. This usually occurs because of reduced pulme-
nary blood flow, itsclf occurring as a consequence of
poot perfision of the pulmonary vascular bed, which is
At systemic venous pressure. Intermittent positive pres-

- sureventilation is widely used in the postoperative care

of patients who require respiratory suppore after this
operation. The use of intermittent positive pressure
vendilation in patients after the Fonwan operation, how-
ever, may jtself be associated with a significant redue-
tion in pulmonary blood flow.? Converscly, we have
demonstrated large inceases in pulmanary blood flow
in conscions patients after 2 toral cavopulmonary shuar,
when they are additionally veadilated using an external
high frequency oscllfation around a mean nepative

* chamber pressure bascline, with a mean ainvay pressure

atzero. In thisstudy, we cxamine the potential benehis

of thistechnique as the only form of respiratory support
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in paventsaficr the Fontan operation in whom an aial

chamber is incorporated into the pulmonacy circula- -

tion.
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Meuthods

Five paticacs with a median apc of 108 months (range

51-107) were studied at a median incerval of 38 months

(19-60) after the Fontan cperation. In three, the pri-
mary diagnosis was classical tricuspid atresia, with con-
cordant ventriculoarterial connections, The other two
had doubleinlet Ieftventrlcte with discordantventriculo-
arteriaf connections. Direct atriopulmonary anastomo-

ses had been performed in all, All patientswere in Class -

1 of the catcgorization of the New York Heary Associa~

tion. In four paticats, cardiac cathecerization was per-.

formed to exclude atriopulmonary obsteuction, Ope

échocardiography to assess whether ventilation by means of external high frequency oscillation acound negative. -

patient underwent cardiac catheterization in’orderto- -

asscss the sticoess of 2 previous ballaon difatation of the

pulmonary areery, Approval for the study protocol was -

LR

obtained from the local Hospital Ethics Commitregiv -

Tuis our policy to perform cardiac cacheterization

with gencral anesthesia. Ac theend ofthe catheterization ..

procedure, while gencral anesthesia and paralysis were -,
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-+ maintained, @ transcsophageal ulieasonic probe, inter-
. faced with 2 Hewletr Packard Sonos 1000 ulerasound
- machine, was inroduced into the csophagus of cach
+ patient, The position of che atrtopulinonary anastomo-
. sis was idencificd, and a pulsed-wave Doppler sample
volume was placed ia the center of the signal showiny
“pulmonary flow, at or just discad (0 the anasiomosis. b
all, the angle of incidence between the Doppler ulira-
. sonic beam and uie pulmonary flow approached 0°,
~ . Recordings of pulmanary Doppler flow velocities
* were made while the patient was venuilated using a
peessure-limited positive pressuce vencilaror (Nuflield,
- Penlon) with gascs delivered via a Bains co-axial circuic.
. This was then discontinued and replaced by an oscilla-
. tory device producing negative pressure, with a mean
chamber pressure of —8.5 mm lp. This was achieved
using a Hayek oscillator* (Flexce Medical Insteuments,
Zurich),
~ This device is composed of a clear, flexible plastic
chambes, with rubber flanges, which maintain an ad-
equate aie-tighe scal. The size of the cuirasse can be
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assumed to refleet aleerations in pulmonary blood flow, | ..o
The swatistical significance of diffecences observed ™ -
between intermittent positive pressure and oscillatory..-.
negative pressurc was assessed using Students ciest, All -
resules are presented s mean #1 standard deviadon 5. 7 "

Results .

There were no significant hemodynamic abnormali;i-ﬁ -
in any of the paticnts studied, and adequate and dom- -

parable ventilation was maincained with both techs

niques. Inuroduction of the transesophageal probe was .
not associated wich any significant hemodynamic' of

ventilatory disturbance, In one patient, however,s ex: .
tretise anteflexion of the probe caused transient airway -

obstruction both during inermitient positive pressure

ventilation, and during veatilation by means of the . .

oscitlator. In all patients, anterograde pulmonary Aowy.
accurred during most of ventricular systolc which wag
augmented by aurtal systwle. Low-velocity retrograde
Row was obscrved during carly ventricular systole in

selected so that it extends from the clavicle to helow the four paicnts (Fiure). There was no retrograde flowin .. .
costal margin. The chamber is connected by a tube to one. gt

i L
the power unit (the asciliaror), which creates the nega-

Heare rate was 6248.9 beats per minute during’
" tive pressurc baseline and produces cyclical changes of  intermittent positive pressure vendilationand 60.2£10.8
- . pressure within the chamber. The ventilation rate, the

beats per minute during vemilation with the oscillatog™
chamber pressure during inspication and expiration

{not significant). :
and the ratio of inspiration to cxpiration were adjusted

in order to keep canstant, the end tidal fevel of carbun
dioxide and the arterial saturation of exyyen. A racio of
inspiration 1o expiration of 1:1 was used in chree and a
ratio of 2:1 in two. Mcasurements of arterial blood gases
were_made prioe 10_cach Doppler study. Tn order 1o
 ensure comparzble venulaion with the two methods.
. Alter approximacely five minwes of ventifadon by
© means of the oscillaor, measurements of pulmanary
blood Raw were repeated with the sample velume Tn an
- identical position in the palmonary aftery.
+*: 7 Pareerns of Doppler flow were recorded at a paper
- speed of 100 mm per second. Velocity-time integrals
~ were measurcd by planimetry over 10 consccutive car-
diac cycles, using a Sutnmagraphics digitizing plate
~interfaced with-a Prime mainfpune computer, The
.- mean velocity-time incegeal for an averaged cacdiac
eycle was then caleulated and the minute velocity-time
intepral derived front the hearr race. In four paticnts,
rewrograde Bow was observed during early ventricular
s}'stoFc;'In these instances, the integral associated wids
the retrograde flow was subtracted from tha related to
forward flow, so that the net forward velocicy-time
integral could bic caleulated. No attempt was madce to

.+ mssess the cross-sectional acea of the pulmonary artery,
-+ which was assunied to remain constant throughout the
* . study, Thus, changes in the velocity-time integral were

wpy
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Figuse, Pulmonary artery Doppler flow in a patient afler the .
Fosan operation, during intermittent positive presure
vetilation (upper panel) and during cuirasse vemsilasion, .. -,
using a Hayek Oicillasor, with a negative mean chamber e
presure (lower panel). The wse of the vsciflator is assoctated .
with a large increase in forward flow., !
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Total forward pulmanary low per averaged cardiac
cycleduring negative pressurc oscillation was 198464%
of total forward Row during inrermitrenc pasitive pres-
sure ventilation (p=<0.022). Total retrograde pulmo-
nary flow per cardiac cycle during Negative pressure:
oscillation was 85£17% of that during intermirtent
positive pressure ventilation, but this difference was nor
statistically significant. Thus, net forward flow per
cardiac cycle during negative pressure oscillation was
228+85% of net forward fow during intermittenc
positive pressure ventitation (p=0.017).

Inalfpatients, an inercase in forward pulmanary fiow
was observed during negative pressure oscillatian, such
that when corrected for heart rate, net forward pulino-
nary flow per minute during (he oscillatary negative
pressure was 216£61.5% of net forward flow during
Intermitient positive pressure ventilation (p=0.013),

Discussian

Themajor cause of mortality associated with the Fontan
operation s relared to an inability (o perfuse the pulmo-
nary vascular bed under systemic venous pressures,
Inicemittene positive pressure ventilation, while jm-

roving acterial oxygenation may reduce pulmonary
Elo_bd aw by impeding systemic venous return and by
. Increasing pulmonary vascular resistance. One suudy

- demonstrated 2 progressive reduction in cardiac outpur
with increasing positive cud-expirarory pressure in pa-
teats after the Fontan operation.* We have previausly
demonstrated the profound: effeee of alierations in
intrathoracic pressure in patients alter a total
cavopulmonary shunt,® and have demonstrated thae the
use of external high frequency ascillacion with & mean
negative chamber pressure may increase pulmonary
arceelal flow in these patients.? Furthermore, aur obser-
vations in 16 patents have suggested that normal
inspiration is assoclated with an augmentation in pul-
monary blood flow in patients afier the Fontan opera-
fon in whom an atrial chamber is incorporated tnto the
pulmonary circulation.

- This study demonstrates that respiratary suppor,
usingexternal ascillation with a negative mean chamber
pressure, is associated with a significant increase in
pulmonary blood flow when campared to ventilacion at
posliive pressure in convalescent patients aficr the Fontan
operation. While the effects of Jung inflation using

- hegative pressure are unclear, some experimental stud-

-, ic§ have demonstrated that expansion of the isolated

" Jung by negative pressure may lead to a fall in pulmo-
nary vascular resistance.” This ¢ffect may be invaked,
.but has not been addressed in the cucrent study, The
principle effect of this technique would appear to be
~ related to a reduction in mican airway pressuee, therehy
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remaving the adverse effeces of intermiteent positive
pressure ventilation, An additional effect of augmenta-
tion in pulmonary blood flow, by actively drawing
hload from the systemic venous reservair, needs to b
invoked, nancthcless, 1o explain siich a large increase in
wotal pulmonary blood Row 8 1 this s the case, then thig
cffectwould not be achieved using an i ron-lung’ respi-
rator, in which all but che head is exposed to subatmo-
sphesic pressure. Indecd, in these circumstances, a fallin
cardiac ourput may be expected.* There are also practi- |
cal advantages 1o ventilation using 2 cuirasse. Access to
the patient is casy, and ventilation can be achieved with
the paticnt in a siering position, -
While ics cffect on cardiac output in convaleseent
Patients have been demanserated in this study, the
cfficacy of ventilation using an oscillatory negative
extrathoracic pressurc in the immediace postoperative
patients has not been demonstrated. We are cuerently
examining the effects of changes in respiratory rate, the -
ratio of inspiration and expiration and electrocardio-
praphicgatingin patients in the inceasive care unit. The
effects of more prolonged support on the incidence of
pleural cffusionsand edema in the extubated patientare”
also being explored. e
Insummary, these data suggesc that vencilation using
a cuirasse device to provide a negative oscillatory pres-
sure will make a significant contribution to the post-
operative care of patients who requirc respiratory sups o
part aficr the Fontan opcration. LT
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