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Objective— 1o compare the effects of 3 types of noninva-
sive respiratory support systems in the treatment of acute
pulmonary edema: oxygen therapy (O,), continuous positive
airway pressure, and bilevel positive pressure ventilation.

Methods — We studied prospectively 26 patients with
acute pulmonary edema, who were randomized into 1 of 3 ty-
pes of respiratory support groups. Agewas 69+7 years. Tenpa-
tients were treated with oxygen, 9 with continuous positive
airway pressure, and 7 with noninvasive bilevel positive pres-
sureventilation. All patients received medicamentous therapy
according to the Advanced Cardiac Life Support protocol. Our
primary aimwas to assess the need for orotracheal intubation.
We also assessed the following: heart and respiration rates,
blood pressure, PaO,, PaCO,, and pH at begining, and at 10
and 60 minutes after starting the protocol.

Results— At 10 minutes, the patients in the bilevel po-
sitive pressure ventilation group had the highest PaO, and
the lowest respiration rates, the patients in the O, group
had the highest PaCO, and the lowest pH (p<0.05). Four
patients inthe O, group, 3 patients in the continuous posi-
tive pressure group, and none in the bilevel positive pres-
sure ventilation group were intubated (p<0.05).

Conclusion — Noninvasive bilevel positive pressure
ventilation was effective in the treatment of acute cardio-
genic pulmonary edema, accelerated the recovery of vital
signs and blood gas data, and avoided intubation.

Keywords: acute pulmonary edema, noninvasive venti-
lation, respiratory failure

Instituto do Coragdo do Hospital das Clinicas - FMUSP

Mailing address: Marcelo Park — Estrada de Itapecerica, 1187/52 — Bl. 1 — 05835-002
SZ0 Paulo, SP, Brazil — E-mail: mpark@uol.com.br

English version by Stela Maris C. Gandour

Application of positive pressure ventilation with a
face mask has been suggested in association with the
conventional medicamentous treatment as an effective
therapeutical modality in acute cardiogenic pulmonary
edema. It provides morerapid recovery of vital signsand
blood gas parameterswhen compared with the conventio-
nal treatment with oxygen by face mask *2. A few studies
haveal so shownareductionintheneedfor tracheal intuba-
tion and mechanical ventilation 5. Themechanismsinvol-
ved inimproving the respiratory discomfort of patients
with acute pulmonary edemaby using positivepressureare
multiple, and wecan citethefollowing: improvement of hy-
poxemia, areduction in the left ventricul ar preload and
afterload, and anincreasein pulmonary compliance dueto
recruiting of previously collapsed alveolar units®2,

Two noninvasive methods for applying positive res-
piratory pressureexist asfollows: by mask with continuous
positive pressurein theairways(continuouspositiveairway
pressure) or by ventilationwith 2 level sof pressure (bilevel
positivepressureventilation). Inthecase of continuouspo-
sitiveairway pressure, the predetermined val ue of pressure
remains constant during the entire respiratory cycle, and
therespiratory work iscompletely performed by the patient.
During bilevel pressureventilation, the pressureishigher
duringinspiration and decreasesduring expiration. Itisamo
dality that supportsinspiration and, therefore, directly
reducesthepatient’ srespiratory work.

Eventhough evidenceexistsintheliterature about the
advantages of the use of the face mask with positive pres-
sureintheairwaysfor treating patientswith acute cardioge-
nic pulmonary edema, doubts about the best ventilatory
modality persist, because most studieshavebeenlimited to
analyzing the effects of using thismethod3, Acuteische-
mic heart diseaseisthemajor cause of doubtinregardtothe
indication for noninvasive ventilatory support. Evidence
suggeststhat noninvasiveventilation may bedeleteriousin
this case'*+*8, However, ischemic heart diseaseisby itself a
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determinant of poor evolution, and, when accompanied by
pulmonary edema, it has even higher morbidity and mor-
tality. Therefore, no absolute definition existsinregard to
the use of noninvasive ventilation in acuteischemic heart
disease.

Patientswith acute pulmonary edemahaveincreased
respiratory work. We hypothesized that bilevel positive
pressure ventilation is a better ventilatory modality than
continuous positive airway pressure, because it addsthe
beneficial effects of expiratory positive pressure to a
reduction in the respiratory work provided by inspiratory
support. Inthisstudy, we prospectively compared the need
for orotracheal intubation and observed the clinical
response of patients with acute pulmonary edema, who
wererandomizedinto 1 of 3 groups, each using adifferent
form of respiratory support, asfollows: oxygen therapy,
continuous positive airway pressure, or bilevel positive
pressureventilation. All formsof treatment wereappliedin
anoninvasive way, using aface mask. M edicamentous
treatment was standardized inthe 3 groupsaccordingtothe
Advanced Cardiac Life Support protocol 2.

Methods

We studied 26 patients, 16 females and 10 males,
whoseagesranged from 51t0 87 years(mean of 6917 years).
They sought emergency treatment because of severe
respiratory failure due to acute cardiogenic pulmonary
edema during the period from May to October '97. The
patients were consecutively randomized asfollows: 10 of
these patients were treated with oxygen therapy, 9 with
continuous positive airway pressure, and 7 with bilevel
positivepressureventilation. Theinclusion criteriawereas
follows: dyspneaof acute onset or worsening, respiration
rate >25 inspirations per minute, and pulmonary findings
compatiblewith pulmonary congestion, which wasradio-
graphically confirmed later. Patients with the following
findings were excluded from the study: systolic blood
pressure<90mmHg, cardiac arrhythmiasrequiring el ectric
cardioversion, decrease of the consciousness level,
bradypnea, lack of cooperation or agitation, repetitive
vomiting despite the use of antiemetics, upper digestive
hemorrhage, facia deformities, or any other decompensated
respiratory disease.

After formal consent provided by the patient or
guardian, randomizationto 1 of the 3ventilationmodalities
was performed. The patients were kept in the sitting
position, monitored with continuous el ectrocardiography,
their blood pressure was measured noninvasively, and
pulse oxymetry was performed with a56S Hewl ett Pa-
ckard™ monitor. If the patient had systolic blood pressure
>100mmHg, 5mg of isosorbide dinitratewassublingually
administered. A venousaccesswasacquired by apuncture
intheupper limbwith aflexiblecatheter. Concomitantly, vital
signs, such as heart and respiration rates, blood pressure,
and noninvasive oxygen saturation, were recorded, and
analysis of arterial blood gases collected in the environ-
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mental air wascarried out. After collecting thesedata, the
randomized ventilatory modality wasapplied.

Vital signsand arterial blood gaseswerereassessed at
10 and 60 minutes after randomization. M edicamentous
therapy was the same for all patients, regardless of the
modality of ventilation.

Thecriterion for intubation was clinical and was not
determined by any member participatingintheprotocol but
by the physician responsiblefor the patient.

The patientswererandomizedinto 3groupsreceiving
different modalities of respiratory support, asfollows: 1)
oxygen group (group ) —oxygen was provided by an open
semirigidfacial mask (Oxigd ™) at acontinuousflow of 15L/
min; 2) continuouspositiveai rway pressuregroup (group 1)
—aclosed face mask was used with ahigh continuousflow
of compressed air provided by aflow generator of the
Venturi typefedwith 15 L/minof humidified O, inparallel
and proximally to the circuit. At the end, avalve of conti-
nuouspositivepressureintheairwayswasinstalled, and it
wasregulatedwithacoil (Vital Signs™), initialy with 5cmof
H,O, whichwasgradually increased by 2.5cmH_ Oevery 5
minutes, uptoamaximumof 12.5cmH. 0O, if O, saturation
waslower than 90% or if the presence of bronchospasmwas
observed; 3) bilevel positive pressure ventilation group
(group 111 —ventilationwas applied by nasal mask withthe
BiPAP ST/D 30° Respironics® system, in the spontaneous
modality with expiratory pressureof 3cmH,O andinspira-
tory pressureof 8cmH,Ofedwithhumidified O, at therate
of 15L/minin parallel and proximally to thecircuit. If the
patient persisted with respiratory discomfort, theinspiratory
pressure was elevated by 2cm H,O every 5 minutes; if O,
saturation was lower than 90%, or if bronchospasm
occurred, ingpiratory and expiratory pressureswereequally
elevated by 2cm H,O, with the difference between these
pressureskept constant, until improvement of O, saturation
(higher than or equal to 90%) or of bronchospasm.

All 3 ventilatory support modalities were applied
according to apre-established pattern, varying accordingto
theneedsof each patient. Thereduced pressuresused were
based on prior reports of successin cases of severe
respiratory failuredueto acute pulmonary edema'® and also
based ontheinterest of researchersin better understanding
theclinical effectsof low pressuresinthesecircumstances.
Oxygenflow wasmaintained constant at 15L/mininthe3
groupsduring thefirst 10 minutes. When the patientswere
abletomaintain O, saturation above 90% and acomfortable
respiratory pattern with arespiration rate below 30 breaths
per minute, we started to withdraw ventilatory support
slowly and gradually every 10-20 minutes. Initially, we
reduced oxygen flow by 2 L/min at each step up to a
minimum value of 5 L/min. In the continuous positive
pressuremask modality, pressuresweregradually reduced
by 2.5 cm H,O until aminimum value of 5cm H,O was
obtained. Inthe bilevel positive pressure ventilation mo-
dality, westarted to reducetheinspiratory pressureby 2cm
H,O until thedifference betweeninspiratory and expiratory
pressures was 5 cm H,O. Then, both inspiratory and
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expiratory pressureswere simultaneously reduced by 2cm
H,O until theinitial values of 8cm H,O and 3cm H,0,
respectively, were reached. Once the minimum val ues of
continuouspositive pressureor inspiratory and expiratory
pressurewere reached, the mask wasremoved and oxygen
support was provided with acatheter.
Wecomparedtheneedfor tracheal i ntubation between
the groups and also vital signs and blood gas data at 3
particular times (at randomization, and 10 and 60 minutes
after starting the protocol). We used two-way variance
analysis (treatment and time) and the Friedman test,
adoptingasignificancelevel of 0.05.

Results

Ten patients(5femalesand 5 mal es) wererandomized
for the use of an oxygen mask, 9 patients (6 femalesand 3
males) for the use of amask with continuous positive
pressure, and 7 patients (5 femalesand 2 males) for theuse
of bilevel positive pressureventilation. The causesof acute
pulmonary edemainthe 3 groupsareshownintablel.

Theperiod of timeduringwhich therespiratory support
was used did not significantly differ among nonintubated
patients, andtheoxygen group did not haveitstimemeasured.

Respiration rates (breaths per minute) at the time of
randomizationwere32+11ingroupl,50+10ingroupll,and
42+6ingroupl11. At 10 minutes, therespirationrateswere
39+2ingroupl, 34+£5ingroupll,and 28+6ingrouplll. At60
minutes, therespirationrateswere30£6ingroup|, 25t5in
group I, and 234 in group I11. The difference between
group |11 and the 2 other groups was significant at 10
minutes(fig. 1).

Heart rates (bpm) at randomization were 120+36 in
groupl,101+13ingroupll, and 75+15ingroup 1. At 10
minutes, heart rateswere 112+19ingroup|, 118+22ingroup
I1,and 106£29ingroup 1. At 60 minutes, heart rateswere
100+15ingroupl,89+16ingroupll,and84+16ingrouplil.
Thisdifferencewasnot significant.

Systolic blood pressures (mm Hg) at randomization
were173+48ingroupl, 169+40ingroup 1, and 139+44in

Table I — Distribution of patients according to the ventilatory modality,
duration of mask use, and causes of acute pulmonary edema
Group Oxygen Continuous pressure Bilevel
pressure
N 10 9 7
Duration of * 170+ 90"’ 155+ 38"
mask use
Etiology
2 acute myocardial 1 acute myocardial 1 acute myocardia
infarctions infarction infarction
5 hypertensive 5 hypertensive 4 hypertensive
emergencies emergencies emergencies
1 acute ischemic 2 acute ischemic 2 acute ischemic
heart disease heart diseases heart diseases
1 undetermined
1 infectious endocarditis
* time not measured

228

Arq Bras Cardiol
2001; 76: 226-30.

A @ Oxygen
© *
= 190 —C—Continuous pressure
% 5 160 l\\ l A Bilevelpressure
a T 130 - e 0005
g E 100 _ .
- 1 ~
= 40 : ‘ ‘
0 10 60
B
©
E 60 *
g 50 I
2 ~
= >
2 I
B E 40 e l
5 & a2 =
[+%
Q' 20
O T T T
0 10 60
C
2 50 ¢
g <
E *
§5 - s
= T -
28 a3 S \f\ It
2 s \\ﬁ
o —_——
20
T T T
0 10 60
Time (min)

Fig. 1—Partial oxygen pressure was higher and respiration rate was lower in the
bilevel positive pressure ventilation group as compared with the other groups at 10
minutes, when the group treated with oxygen therapy had ahigher valuefor PaCO,
as compared with the other groups (p<0.05).

group I11. At 10 minutes, systolic blood pressures were
163+35ingroupl, 149+30ingroup|l, and 139+30ingroup
[11. At 60 minutes, systolic blood pressureswere 123+27in
group |, 122+8ingroup I, and 124+17 ingroup I11. This
differencewasnot significant.

Diastolic blood pressures (mmHg) at randomization
were102+23ingroupl, 100£36ingroup 1, and 114+23in
group I11. At 10 minutes, diastolic blood pressures were
94+16ingroupl, 95+25ingroupll,and 91+25ingrouplil.
At 60 minutes, diastolic blood pressureswere82+8ingroup
[,70£9ingroupll,and82+17ingrouplll. A differenceoc-
curred at 60 minutes, when the results of the continuous
positivepressure group weresignificantly lower compared
with those of the other 2 groups. Thismay have happened
casually duetothesmall sample.

Partia oxygen pressures(mmHg) at randomizationwe-
re46x1lingroupl,47+12ingroupll,and53+9ingrouplil.
At 10 minutes, partia oxygen pressureswere80+29ingroup
[,89+29ingroupll, and 138+43ingrouplil. At 60 minutes,
partial oxygen pressureswere 9524 ingroup |, 77+17in
group I, and 121+37 in group I11. The difference was
statistically significant at 10 minutes, when the partial oxy-
genpressureingroup 11 washigher thanthat intheother 2
groups, which did not differ among themselves(fig. 1).

Partial carbon dioxidepressures(mmHg) at randomi-
zationwere39+7ingroupl,41+11ingroupll,and 39+15in
group I11. At 10 minutes, partial carbon dioxide pressures
wered7+11ingroupl, 34+4ingroupll,and 35x6ingrouplll.
At 60 minutes, partial carbondioxidepressureswere41+8in
group |, 36£2ingroup |1, and 34+6 in group I11. At 10
minutes, the resultsin group | were significantly higher
thanthoseingroupsll andlll (fig. 1).
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At randomization, pH was 7.33+£0.05 in group I,
7.30+0.1ingroupll,and 7.35+0.12ingroup 1. At 10minu-
tes, pH was7.23+0.08ingroupl, 7.38+0.05ingroup1, and
7.3620.07ingroupl. At 60 minutes, pH was7.35+0.04in
groupl, 7.41+0.02ingroup 1, and 7.38£0.06ingroup11. At
10 minutes, acidosis occurred in group |, but not in the
other 2 groups. Thisfact wasal so associated with anincrea-
sedPaCO, ingroup| at 10 minutes; therefore, weconclude
that the origin of this alteration may be predominantly
respiratory.

In regard to the need for tracheal intubation and
deaths, 4 patients were intubated in the oxygen group, 3
patients in the continuous positive pressure group, and
noneinthebilevel positive pressureventilation group. One
death occurredinthe continuouspositive pressuregroup 3
daysafter theacuteevent, and it was caused by anew acute
myocardial infarction.

Discussion

Our resultsindicate that the patients with acute pul-
monary edema of cardiogenic origin benefited from the
noninvasiveventilationwith 2 pressurelevels(noninvasive
bilevel positive pressure ventilation). This benefit was
evident not only by assessment of the analyzed data but
also by the good acceptance by and cooperation of the pa-
tients, inaddition tothereport of improvement of dyspnea.
Even though the use of continuous positive pressure has
also had good acceptance by the patients, thiswas not as
immediate asthat for the patientstreated withthenoninva
sivebilevel positive pressureventilation. Eventhough the
patients received standardized medical assistanceinthe3
groups, only the patientsrandomized tothebilevel positive
pressureventilation modality needed lesstracheal intuba-
tion as compared with those of the remaining groups. In
addition, therespirationrate, the PaO,, the PaCO,, and the
pH of the patients undergoing bilevel positive pressure
ventilation improved more rapidly. On the other hand,
patients treated with continuous positive airway pressure
showed anintermediate result as compared with the other
groups, becausethey had amorerapidimprovementinvital
signs and in blood gases only when compared with the
group onoxygen. Our resultsare consistent with our initial
hypothesis. The bilevel positive pressure ventilation
modality combinesthe beneficial effects of intrathoracic
positive pressure, provided by the continuous positive
airway pressure modality, and the ventilatory assistance,
provided by the additional inspiratory pressure.

In our study, we used relatively low pressure levels
(mean continuous positive pressure of 7.5cm H,O, mean
expiratory positivepressureof 4cmH, O, and meaninspira-
tory pressure of 12cm H,O). We aimed to assess whether
lower pressureswould havealower effect inprel oad, which,
theoretically, would expose the patient to alower risk of
hypotension. Most studies availablein theliterature used
continuouspositiveairway pressurevaluesof 10cmH_ O
Ideal levels of continuous positive pressureto be used in
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thetreatment of acute pulmonary edemahavenot yet been
established. A recent study suggeststhat afinal expiratory
pressureof 10cmH, Oinseverdly ill patientswith significant
ventricular dysfunction improves heart work without im-
pairingthecardiacindex . Thisleve of pressuredetermines
alow transmural pressureintheventricular wall and an ef-
ficient recruiting of collapsed alveolar units. Thisrecruiting
improves the pulmonary shunt, reduces hypoxemia, and
increases the residual functional capacity and pulmonary
compliance. In addition, the use of positive pressurein-
creasesthe caliber of theairways, leading to adecreasein
their resistance®**2, All theseeffectsresultinareduction
intheventilatory and cardiac work inthisphase, wherethe
respiratory stress may cause muscle fatigue and death by
relative hypoventilation 2. However, these beneficial ef-
fects of the positive pressurein the airways may be can-
celled by the noxious action on heart prel oad, which may
cause hypotension. In our study, the patients undergoing
continuous positive airway pressure required anumber of
intubationssimilar to that required by patientsin the oxy-
gengroup. Thismay be explained because of therelatively
low number of patientsand also thelow values of positive
pressure used.

Bilevel positive pressure ventilation asamodality of
treatment for acute pulmonary edema has been studied
little. Only onestudy ** existsintheliteraturecomparing, in
a prospective and randomized way, the effects of con-
tinuous positive airway pressure with bilevel positive
pressure ventilation in the treatment of acute pulmonary
edema. Thisstudy showsthat patientswho underwent bi-
level positive pressure ventilation had more marked im-
provement ascompared with patientswho underwent con-
tinuous positive airway pressure. Unfortunately the study
wasinterrupted because of an unexpected result; thegroup
treated with bilevel positive pressureventilation had asig-
nificantly greater number of patientswith acutemyocardia
infarction. The causesof thisresult, which ledto theearly
interruption of the study, areunknown. Theauthorsraised
the hypothesisthat the group treated with bilevel positive
pressure ventilation had a significant drop in blood
pressure. They speculate that they may have used very
high pressurevaluesintheairways(inspiratory pressureof
15cmH_ O and expiratory pressureof 5cmH,0), whichmay
have led to asignificant reduction in cardiac preload,
hypotension, and consequent worsening of cardiac is-
chemia. Inour study, weused aninspiratory pressureof 8cm
H,O and anexpiratory pressureof 3cmH_O, ie, mean pres-
sures equivalent to those of the group treated with conti-
nuous positive airway pressure.

Inconclusion, ventilatory support with positive pres-
sureisan adjuvant nonmedicamentous modality for trea-
ting severeacute pulmonary edema, resultingin morerapid
improvement of clinical findingsand of blood gasesaswell,
inadditionto avoiding orotracheal intubation. Theresults
of our study should be carefully interpreted, according to
the pressure levels used, observing the variationsthat the
diverse causes of acute pulmonary edemamay have, and
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also because our case serieswas small. Studieson modali-
tiesof ventilatory support using noninvasive pressure and
their methodol ogy should continuewith larger case series

and higher pressures to better elucidate their potential
benefitsin thetreatment of patientswith acute pulmonary
edemaof cardiogenicoriginin emergency services.
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