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BACKGROUND: Acquired immunodeficiency syndrome (AIDS) is a pandemic disease commonly
associated with respiratory infections, hypoxemia, and death. Noninvasive PEEP has been shown to
improve hypoxemia. In this study, we evaluated the physiologic effects of different levels of non-
invasive PEEP in hypoxemic AIDS patients. METHODS: Thirty AIDS patients with acute hypox-
emic respiratory failure received a randomized sequence of noninvasive PEEP (5, 10, or 15 cm H2O)
for 20 min. PEEP was provided through a facial mask with pressure-support ventilation (PSV) of
5 cm H2O and an FIO2

of 1. Patients were allowed to breathe spontaneously for a 20-min washout
period in between each PEEP trial. Arterial blood gases and clinical variables were recorded after
each PEEP treatment. RESULTS: The results indicate that oxygenation improves linearly with
increasing levels of PEEP. However, oxygenation levels were similar regardless of the first PEEP
level administered (5, 10, or 15 cm H2O), and only the subgroup that received an initial treatment
of the lowest level of PEEP (ie, 5 cm H2O) showed further improvements in oxygenation when
higher PEEP levels were subsequently applied. The PaCO2

also increased in response to PEEP
elevation, especially with the highest level of PEEP (ie, 15 cm H2O). PSV of 5 cm H2O use was
associated with significant and consistent improvements in the subjective sensations of dyspnea and
respiratory rate reported by patients treated with any level of PEEP (from 0 to 15 cm H2O).
CONCLUSIONS: AIDS patients with hypoxemic respiratory failure improve oxygenation in re-
sponse to a progressive sequential elevation of PEEP (up to 15 cm H2O). However, corresponding
elevations in PaCO2

limit the recommended level of PEEP to 10 cm H2O. At a level of 5 cm H2O, PSV
promotes an improvement in the subjective sensation of dyspnea regardless of the PEEP level
employed. Key words: acquired immunodeficiency syndrome; respiratory insufficiency; noninvasive
positive-pressure ventilation; acute lung injury; pneumonia; critical illness. [Respir Care 2012;57(2):
211–220. © 2012 Daedalus Enterprises]

Introduction

Acquired immunodeficiency syndrome (AIDS) is a pan-
demic,1 and pulmonary infections are a leading cause of
morbidity and mortality.2 Respiratory failure secondary to

pulmonary infection is the most common cause of inten-
sive care unit (ICU) admission for AIDS patients.3,4 AIDS
patients with hypoxemic respiratory failure frequently re-
quire invasive mechanical ventilation, which is indepen-
dently associated with death.3,5
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The use of noninvasive mechanical ventilation is known
to improve oxygenation and dyspnea in patients with acute
hypoxemic respiratory failure without AIDS,6–8 and it is
possible that the use of PEEP with pressure-support ven-
tilation (PSV) could reduce the need for invasive mechan-
ical ventilation and its complications.7

SEE THE RELATED EDITORIAL ON PAGE 321

Pulmonary histopathological examinations of AIDS pa-
tients have shown findings that are consistent with acute
interstitial pneumonia and local inflammation.9 However,
pulmonary physiopathological characteristics are well de-
scribed only for AIDS patients with severe Pneumocystis
jiroveci pneumonia,10 which is characterized by the ab-
sence of an inferior inflection point on the inspiratory limb
of the pressure/volume curve. These histopathological and
physiopathological findings in the lungs of AIDS patients,
point to the paucity of alveolar recruitment, a key feature
of the oxygenation improvement in patients using positive
pressure mechanical ventilation.

Taking the above information into account, one can
expect a poor response to PEEP in AIDS patients with
hypoxemic respiratory failure. By contrast, continuous pos-
itive airway pressure (CPAP)11–14 and PEEP plus PSV15

have been noninvasively applied to the respiratory support
in AIDS patients with respiratory failure, with promising
clinical results. The cited case series11–15 have used dif-
ferent levels of PEEP, and have reported different degrees
of hypoxemia improvement. In addition, some patients
with severe respiratory failure due to pneumonia, who
might be expected to exhibit poor responses to PEEP,
exhibit improvements in hypoxemia using noninvasive
ventilation.16

The use of high levels of PEEP without progressive
increments in airway pressure could lead to distention of
more compliant alveoli, which would compress the nearby
less compliant respiratory units, causing alveolar derecruit-
ment and leading to impaired blood oxygenation and lung
mechanics. In contrast, stepwise elevations of PEEP dur-
ing alveolar recruitment maneuvers have been associated
with full recruitment in many patients with severe respi-
ratory failure.17

Based on these uncertainties about the oxygenation re-
sponses to PEEP in AIDS patients with acute hypoxemic
respiratory failure, and the reasoning that progressive air-
way pressurization may have potential benefits in blood
oxygenation, we have hypothesized that sequentially in-
creasing PEEP levels (up to 15 cm H2O) could improve
blood oxygenation in several ways without negatively im-
pacting hemodynamics or patient comfort. The aim of this

study was to investigate the effects of different sequences
of noninvasive treatments with varying PEEP levels on
gas exchange, the sensation of dyspnea, and hemodynamic
patterns in AIDS patients with acute respiratory failure.

Methods

Between January and December 2000, 30 AIDS patients
with severe respiratory failure were prospectively enrolled.
This study was conducted in the emergency department of
the Emilio Ribas Institute of Infectious Diseases, a 197-
bed teaching hospital in São Paulo, Brazil. This study was
approved by the institutional ethics committee, and in-
formed consent was obtained from each patient or next of
kin. All enrolled patients were evaluated by an on-call
investigator, who was responsible for the implementation
of respiratory support. The emergency medical staff was
responsible for all other medical interventions, including
decisions regarding tracheal intubation, without any input
from the researchers. In the emergency room, tracheal in-
tubation has been routinely encouraged in patients with
severe respiratory failure with at least one of the following
findings: a Glasgow coma scale score � 13, persistent
respiratory distress, PaO2

� 60 mm Hg or SpO2
� 90%

despite advanced respiratory support (FIO2
� 0.6 and

PEEP � 5 cm H2O), or elevated PaCO2
levels.

Study Sample

Patients were included in the study if they satisfied the
following inclusion criteria: dyspnea; peripheral oxygen
saturation � 90% or PaO2

� 60 mm Hg in ambient air;
respiratory rate � 30 breaths/min; and signs of increased
respiratory work (active use of inspiratory accessory mus-
cles or paradoxical abdominal breathing).

Patients were excluded if they had any of the follow-
ing characteristics: pregnancy; age � 18 years; chronic
obstructive pulmonary disease, previously diagnosed ac-

QUICK LOOK

Current knowledge

Hypoxemia is a common finding in patients with AIDS
and respiratory infections. Treatment with invasive ven-
tilation results in significant morbidity and is indepen-
dently associated with death.

What this paper contributes to our knowledge

Noninvasive application of PEEP results in improved
oxygenation without requiring intubation. At PEEP
� 10 cm H2O hypercapnia and dyspnea can be allevi-
ated by 5 cm H2O of pressure support.
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cording to the Global Strategy for the Diagnosis, Manage-
ment, and Prevention of Chronic Obstructive Pulmonary
Disease of the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) criteria18; hemodynamic insta-
bility (systolic arterial pressure � 90 mm Hg) at the time
of admission; a Glasgow coma scale score � 14 at the
time of admission; intractable vomiting; upper gastro-
intestinal tract bleeding; and unrelenting respiratory dis-
tress at the time of presentation that required immediate
tracheal intubation.

Study Procedures

Patients fulfilling all inclusion criteria were admitted to
the emergency room. Within a period of 2–5 min (the
baseline time point), a blood sample for blood gas, bio-
chemical, and hematological analysis was collected from
the radial artery, with the patient breathing ambient air
(FIO2

� 0.21). A second sample was also taken for blood
culture. Blood gas samples were analyzed using an ABL-5
(Radiometer Medical, Copenhagen, Denmark). Clinical
data, including age, sex, time of AIDS diagnosis, the use
of high activity antiretroviral therapy (HAART) drugs,
lymphocyte count, CD4 cell count, and risk factors for
AIDS, were recorded from the patients’ folders at the time
of admission. Physiological data, such as heart rate, respi-
ratory rate, body temperature, arterial blood pressure, and
the subjective sensation of dyspnea, were collected at the
data collection time points. After the baseline data were
collected, noninvasive respiratory support was initiated by
first using a PEEP of 0 cm H2O, a PSV of 5 cm H2O, and
an FIO2

of 1 for 20 min. During this time, patients were
randomly assigned to one of 6 groups, each of which
received a different sequence of PEEP (5, 10, and 15; or
5, 15, and 10; or 10, 15, and 5; or 10, 5, and 15; or 15, 10,
and 5; or 15, 5, and 10 cm H2O), using a closed box with
the sequences inside of sealed envelopes. Each PEEP value
was applied for a period of 20 min. Between each PEEP
treatment, a washout period of 20 min using a Venturi

mask with an FIO2
of 0.5 was performed. At the end of

each PEEP trial, an arterial blood sample was obtained,
and physiological variables were measured (PEEP � 0, 5,
10, and 15 cm H2O; for data collection time points, see
Fig. 1).

After the conclusion of the study, each patient’s care
was conducted exclusively by the emergency department
staff. All other outcome data, such as survival at 28 and
60 days, ICU admissions, ward admissions, renal replace-
ment therapy, invasive mechanical ventilation, and the re-
sults from cultures and biopsies, were retrieved from the
patient’s medical record.

All patients were ventilated with a face mask and a
Newport Wave-E 200 ventilator (Newport Medical Instru-
ments, Costa Mesa, California). To ascertain each patient’s
subjective sensation of dyspnea, the investigators asked
the patients to quantify their degree of subjective sensation
of dyspnea as very intense, intense, somewhat intense, or
none, in reference to their level of dyspnea at the time of
admission. A chest x-ray was performed within a period of
2 hours after admission, and the characterization of lung
injury was performed and recorded by 2 independent ob-
servers (CFDA and VSS). Three possible x-ray images
were predefined: alveolar consolidation images, alveolo-
interstitial images, and pleural effusion images.

Statistical Analysis

Based on our previous unpublished data, the minimum
number of subjects required in this study to detect statis-
tically significant differences in PaO2

/FIO2
ratio � 60 with

a standard deviation of 50 was 24 patients. The possibility
of type I error was 0.05, and of type II error 0.80. The
normality of the data was tested with the Shapiro-Wilk
goodness-of-fit model, and the data were presented as
occurrences, percentages, the mean and standard deviation
(SD) or the median with the 25th and 75th percentiles.
Comparisons between the data of survivors and non-
surviving patients were performed using Student t tests

Fig. 1. Data collection time points over the course of the study. Black arrows indicate the time points of data collection. These time points
corresponded to the time of admission (baseline) and 20 min after each PEEP treatment. PSV � pressure support ventilation.
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and Mann-Whitney U tests for parametric and non-para-
metric data, respectively. Categorical data were compared
with the Fisher exact test or the chi-square test whenever
appropriate. The time course data investigating different
end-positive airway pressures were analyzed using one
way analysis of variance for repeated measures (ANOVA-
RM), with Bonferroni correction for 5 comparisons, which
results in a significance level of 0.01. The Tukey test was
used for the post hoc analysis of ANOVA-RM results. To
assure the sphericity of data analyzed with the ANOVA–
RM, Mauchly W tests were used, with a significance level
� .05. Kaplan-Meier curves were used to present the pa-
tients’ probability of survival at 60 days and to present the
patients’ probability of being free from invasive mechan-
ical ventilation at 28 days. All statistical tests were per-
formed using the commercial package SPSS 16.0 for Win-
dows (SPSS, Chicago, Illinois).

Results

All patients completed the entire study. The randomized
sequences of PEEP levels were administered to the fol-
lowing numbers of patients: 5, 10, and 15 cm H2O to 8
patients; 5, 15, and 10 cm H2O to 4 patients; 10, 5, and
15 cm H2O to 5 patients; 10, 15, and 5 cm H2O to 4
patients; 15, 5, and 10 cm H2O to 7 patients; and 15, 10,
and 5 cm H2O to 2 patients. The demographic, etiological,
and physiological data of all patients at the time of admis-
sion, the supportive measures each patient required during
his or her hospital stay, and the outcome for each patient
are shown in Table 1. We found that noninvasive PEEP
was associated with improvements in blood oxygenation,
sensations of subjective dyspnea, and heart rate (Fig. 2,
Fig. 3, and Table 2). The use of 5 cm H2O of pressure
support (PSV) with a PEEP of 0 cm H2O markedly im-
proved reports of subjective dyspnea sensation, when com-
pared to baseline (see Fig. 3). Compared to baseline, a
statistical improvement in oxygenation, as measured by
the PaO2

/FIO2
ratio, was reached only when a PEEP of

5 cm H2O was added to a PSV of 5 cm H2O (see Table 2
and Fig. 2). The PaO2

/FIO2
ratio improved linearly in re-

sponse to elevations in PEEP levels, but only a PEEP of
15 cm H2O statistically increased the PaO2

/FIO2
ratio when

compared to a PEEP of 0 cm H2O (see Fig. 2). The PaO2
/

FIO2
ratio behaviors of all subgroups of patients during the

study were similar, regardless of their diagnosis (pneumo-
nia, pneumocystosis, or tuberculosis) (see Fig. 2, panel A).
PEEP levels of 10 and 15 cm H2O significantly decreased
alveolar-arterial oxygen difference (P(A-a)O2

) when com-
pared to a PEEP of 0 cm H2O (see Table 2). After the
initial improvement of subjective dyspnea sensation ob-
served in response to PSV application (with a PEEP of
0 cm H2O), subsequent increments in PEEP levels did not

result in significant further improvements in respiratory
comfort (see Fig. 3).

During PEEP randomization, 12 patients received an
initial PEEP level of 5 cm H2O, 9 patients initially re-
ceived a PEEP of 10 cm H2O, and 9 patients received an
initial PEEP level of 15 cm H2O after the preliminary
PEEP of 0 cm H2O was applied. Figure 4 shows that the
3 subgroups exhibit similar levels of blood oxygenation
and similar respiratory rates. PaCO2

levels were somewhat
higher in patients who had received an initial PEEP of 10

Table 1. General and Physiological Characteristics at Admission,
Diagnosis, Supportive Measures, and Outcomes of the 30
Patients

General Characteristics
Age, y 39 � 8
Sex, no. (%)

Male 19 (63)
Female 11 (37)

APACHE II score 14 � 3
Lymphocytes - CD4, median (25th–75th

percentiles), cells/mL
66 (23–163)

Time from HIV diagnosis, median (25th–75th
percentiles), d

1,179 (658–1,914)

Physiological Characteristics
Temperature, °C 37.5 � 1.3
Heart rate, beats/min 118 � 18
Mean systemic arterial pressure, mm Hg 92 � 18
Respiratory rate, breaths/min 42 � 10
pH 7.47 � 0.04
PaO2

, mm Hg 50 � 9
PaO2

/FIO2
, mm Hg 238 � 43

Alveolar-arterial oxygen difference, mm Hg on
FIO2

� 0.21
55 � 10

PaCO2
, mm Hg 26 � 4

Standard base excess, mEq/L �3.6 � 3.4
Etiology of Respiratory Failure/Distress, no. (%)

Community-acquired pneumonia 16 (53)
Pneumocystosis 6 (20)
Tuberculosis 5 (16)
Histoplasmosis 1 (4)
Cardiogenic acute pulmonary edema 2 (7)

Supportive Measures and Outcomes, no. (%)
Stay, d 14 � 9
Conventional mechanical ventilation (up to 28 d) 9 (30)
Renal replacement therapy 0 (0)
Death to 60 d 8 (27)
Intensive care unit admission 8 (27)
Ward admission 18 (27)
Home discharge without hospital admission 4 (13)
Free time from mechanical ventilation during the

first 28 d after admission (intubated patients), d
3 � 2

� values are mean � SD.
APACHE � Acute Physiology and Chronic Health Evaluation
HIV � human immunodeficiency virus
ICU� intensive care unit
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or 15 cm H2O than in patients who had received an initial
PEEP of 5 cm H2O (see Fig. 4).

During the course of this study, 8 patients died, with the
last death being recorded on day 35 of the study. In addi-
tion, several patients required intubations during the course
of this study, with the last intubation occurring 7 days
following ICU admission. The relevant survival data for
patients in the hospital are shown in Table 3. In this study,
15 out of the 30 patients examined (50%) were using
HAART. Of the 8 patients who passed away at the hos-
pital, only 2 were using HAART, and both of these pa-
tients were using HAART only irregularly. Diagnoses of
pneumocystosis, tuberculosis, and histoplasmosis were
confirmed by skin (1 patient) or lung biopsy (4 patients),
sputum analysis (4 patients), or bronchoalveolar lavage
(3 patients). Baseline chest x-rays revealed 3 distinct
patterns: unilateral pleural effusion associated with unilat-
eral alveolar consolidation (1 case), bilateral alveolo-
interstitial infiltrates (26 cases), and unilateral alveolar con-

solidation (3 cases). No patients exhibited barotrauma
during the hospital stay, including the period of conven-
tional or noninvasive ventilation.

Several complaints and adverse effects were associated
with noninvasive mechanical ventilation use: substantial
escape of air from the facial mask (4 cases), the presence
of mild reddish skin on the nasal bridge (1 case), mild pain
in the nasal bridge (2 cases), and psychomotor agitation
(1 case). All complaints and adverse effects were resolved
by protecting the nasal bridge with silicone or cotton bands
or by adjusting the facial mask strips. The patient exhib-
iting psychomotor agitation was successfully treated with
haloperidol.

Discussion

In approximately 40% of patients with AIDS, the lung
is the primary site for life-threatening illnesses, and hy-
poxemia is common in those patients.4 The main mecha-

Fig. 2. Respiratory variables of patients during the CPAP titration periods. Panel A shows the PaO2
/FIO2

ratio (analysis of variance for
repeated measures [ANOVA-RM] one way, P � .001). Panel B shows the PaCO2

) (ANOVA-RM one way, P � .001). Panel C shows the
respiratory rate (ANOVA-RM one way, P � .001). Panel D shows the tidal volume (ANOVA-RM one way, P � .044). Tidal volume was not
measured at the baseline time point. Error bars represent standard deviations. * P � .05 versus baseline via Tukey post hoc analysis.
† P � .05 versus expiratory positive airway pressure (EPAP) � 0 cm H2O via Tukey post hoc analysis.
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nism underlying hypoxemia is the pulmonary shunt.19,20

As a result, the use of PEEP is a good option to improve
blood oxygenation, possibly through alveolar recruitment.8

In our study, we observed a significant improvement of
blood oxygenation in response to PEEP of 10 and
15 cm H2O, in comparison with the PEEP � 0 cm H2O. In
contrast, the use of PEEP of 5 cm H2O significantly im-
proved the oxygenation only in comparison to the baseline
and not in comparison with the PEEP of 0 cm H2O. This
fact could be explained by the slight improvement in blood
oxygenation observed with the use of PSV of 5 cm H2O,
which likely results from tidal recruitment.21

It is possible that the level of oxygenation at baseline is
not comparable to that observed with a PEEP of 0 cm H2O,

due to the different levels of FIO2
used at the time of

measurement. The use of different levels of FIO2
results in

non-linear variation of the PaO2
/FIO2

ratio and the alveolar-
arterial oxygen difference.22 The finding of reduced hy-
poxemia with a PEEP of 0 cm H2O and a higher FIO2

in
comparison to the baseline level could be spurious in pa-
tients with a large amount of poorly aerated pulmonary
regions, and consequently low ventilation-perfusion-ratio-
associated hypoxemia. In such patients, the increase of
FIO2

might induce a disproportional elevation of the PaO2
/

FIO2
ratio and a disproportional decrease in the alveolar-

arterial oxygen difference.23 In contrast, in patients with a
high pulmonary shunt level, the elevation of FIO2

may be
associated with a decreased PaO2

/FIO2
ratio.22 In the results

shown in Figures 2 and 4, the improvements in the PaO2
/

FIO2
ratio observed with a PEEP of 5 cm H2O, when com-

pared to baseline situations, occur primarily at the point at
which PEEP was added, indicating that PEEP is likely an
important factor for this increase in blood oxygenation.

It is interesting to note the similar degree of improve-
ment in the PaO2

/FIO2
ratio with all 3 PEEP values em-

ployed (5, 10, or 15 cm H2O, see Fig. 4). The instanta-
neous application of high pressure to the airway could
result in regions with alveolar overdistention and areas
with alveolar collapse, an effect that would result in hy-
poxia or a limited improvement in blood oxygenation.24

This possibility is supported by the fact that PaCO2
eleva-

tion occurs when PEEPs in excess of 5 cm H2O are applied
after an initial PEEP of 0 cm H2O (see Fig. 4). The PaCO2

elevation in this scenario could be explained by the over-
distention of some pulmonary regions, which would be
predicted to add dead space to the airway, as has been
described previously by Tusman et al in an elegant animal
experiment using a swine model of acute lung injury and
normal lung ventilation.25 Although this hypothesis seems
plausible, we do not have any data showing the presence
of alveolar dead space or alterations in pulmonary com-

Table 2. Respiratory, Hemodynamics, and Metabolic Data of Patients During the Study*

PEEP (cm H2O)

Variable Baseline 0 5 10 15 P
Alveolar-arterial oxygen difference (mm Hg) 55 � 10 334 � 71† 296 � 66† 271 � 61†‡ 264 � 81†‡ � .001
PaO2

(mm Hg) 50 � 9 287 � 70† 323 � 66† 348 � 61†‡ 354 � 82†‡ � .001
SpO2

(%) 86 � 8 100 � 0.25† 100 � 0.25† 100 � 0† 100 � 0.91† � .001
pH 7.46 � 0.04 7.45 � 0.06 7.47 � 0.06 7.46 � 0.06 7.45 � 0.04 .50
HCO3 (mEq/L) 19 � 3 15 � 3† 17 � 3 17 � 3 17 � 3 .002
Standard base excess (mEq/L) 3.6 � 3.3 �6.5 � 3.3 �4.5 � 3.0 �4.7 � 3.3 �4.9 � 3.5 .02
Mean systemic arterial blood pressure (mm Hg) 92 � 18 100 � 18 95 � 14 96 � 14 96 � 11 .38
Heart rate (beat/min) 118 � 18 105 � 21 95 � 22† 94 � 19† 93 � 15† � .001

* Values are mean � SD. At baseline the FIO2 was 0.21, and afterwards FIO2 was 1.
† P � .05 vs baseline, via Tukey post hoc analysis.
‡ P � .05 vs PEEP � 0 cm H2O, via Tukey post hoc analysis.

Fig. 3. Subjective quantification of the subjective sensations of
dyspnea reported by patients. * P � .001 in the chi-square test for
all clinical situations (contingency table 5 � 4), and in the post hoc
analysis, the baseline was different from all values of PEEP (con-
tingency table 2 � 4, P � .001).
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pliance. Thus, we cannot definitively exclude the possi-
bility that an elevation of carbon dioxide production (V̇CO2

)
occurs with the use of higher PEEP. This elevation of
VCO2

could occur due to increased anxiety or difficulty
breathing, secondary to the elevation of PEEP; however,
the observed reduction in respiratory rate weakens this
hypothesis.

Only when the initial PEEP was 5 cm H2O did further
increases in PEEP result in an elevation of the PaO2

/FIO2

ratio (see Fig. 4). This subgroup of patients probably con-
tributed to the mean progressive improvement in oxygen-
ation of the 30 patients (see Fig. 2). The mechanism of
this progressive gain in oxygenation is likely due to in-
creased alveolar recruitment during the time of PEEP ex-
posure, in addition to the elevation of PEEP itself. This
time-recruitment mechanism is thought to collapse respi-
ratory units in which the airway pressure is slightly higher

than the opening pressure.26 This progressive improve-
ment of oxygenation was not observed when the first PEEP
used was 10 or 15 cm H2O. We suggest, as already dis-
cussed, that pulmonary overdistention might occur with
these high PEEP values and could potentially explain this
observation. Alveolar overdistention could cause alveolar
derecruitment by altering alveolar interactions.27 The wash-
out period of 20 min would likely partially mitigate this
possibility, but it is possible that lung hysteresis could
extend alveolar patency after the initial recruitment (with
the initial PEEP of 5 cm H2O) throughout the entire 20 min
washout period.27,28 In this case, the washout period was
probably insufficient to restore pulmonary mechanics to
those observed under baseline conditions. Furthermore,
the initial PEEP of 5 cm H2O should be added to the
physiological end-expiratory pressure and likely causes
some initial alveolar recruitment that is further increased

Fig. 4. Changes in PaO2
/FIO2

ratio, PaCO2
, and respiratory rate from the initial baseline time point to the first randomized PEEP treatment.

Panel A shows the data obtained from the 12 patients whose first level of PEEP treatment was 5 cm H2O (8 patients with the sequence 5,
10, and 15 cm H2O, and 4 patients with the sequence 5, 15, and 10 cm H2O). Panel B shows the data obtained from the 9 patients whose
first level of PEEP treatment was 10 cm H2O (5 patients with the sequence 10, 5, and 15 cm H2O and 4 patients with the sequence 10, 15,
and 5 cm H2O). Panel C shows the data obtained from the 9 patients whose first level of PEEP exposure was 15 cm H2O (2 patients with
the sequence 15, 10, and 5 cm H2O and 7 patients with the sequence 15, 5, and 10 cm H2O). The dashed gray lines represent the PaO2

/FIO2

ratio, PaCO2
, and respiratory rate observed when the level of PEEP was 5 cm H2O in patients in which the first randomized PEEP was

5 cm H2O to facilitate the comparison with the means of those variables of patients with other first randomized PEEPs.
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with progressively higher PEEP values. However, these
arguments are only speculative.

It is also interesting to note that PaO2
/FIO2

ratios im-
proved to a similar extent during PEEP elevation in mul-
tiple subgroups of patients, including those with pneumo-
nia, tuberculosis, and pneumocystosis (see Fig. 2, panel A).
This fact indicates that PEEP may have similar beneficial
effects for a wide range of different respiratory failure
etiologies.

The use of PSV of 5 cm H2O and a PEEP of 0 cm H2O,
in comparison with the baseline, was associated with a
significant reduction in the respiratory rate and in the PaCO2

.
These effects are most likely due to the elevation of tidal
volume and the reduction in inspiratory load, resulting in
more effective alveolar ventilation, a finding similar to a
previous study in patients with cardiogenic pulmonary
edema.29

Regarding hemodynamic effects, we observed decreased
heart rate in patients after the PSV was installed. This
finding is similar to the results of previous clinical studies
testing noninvasive ventilation in various settings7,30,31 and
probably reflects an improvement in patients’ respiratory
comfort in addition to the potential cardiac benefits of
positive airway pressure.32 The mean arterial blood pres-
sure remained stable even with the highest PEEP level
employed and the observed reduction in heart rate, thus
showing the remarkable stability that can be achieved with
high levels of PEEP. However, this finding must be ex-
trapolated with caution.

This study is characterized by a number of limitations.
First, the use of sequential PEEP can induce carry-over
effects. However, we used a randomized sequence of
PEEP to minimize the occurrence of carry-over phenom-
ena. Second, we did not use a validated score of dyspnea,

Table 3. Relevant Characteristics of In-Hospital Survivors Versus Non-Survivors Patients (n � 30)

Survivors
(no. � 22)

Non-Survivors
(no. � 8)

P

Age, y 36 � 8 39 � 8 .38
APACHE II score 12 � 3 16 � 3 .02
Time from HIV diagnosis, median (25th–75th percentiles), d 1,186 (548–2,411) 842 (236–1,798) .57
Etiology of Respiratory Failure/Distress, no. (%)

Community-acquired pneumonia 14 (64) 2 (25) .10
Pneumocystosis 1 (5) 5 (63) .002
Tuberculosis 5 (23) 0 (0) .29
Histoplasmosis 0 (0) 1 (13) .27
Cardiogenic acute pulmonary edema 2 (9) 0 (0) .99

Baseline Data
Lymphocytes - CD4, median (25th–75th percentiles), cells/mL 66 (23–163) 55 (15–187) .80
PaO2

/FIO2
, mm Hg on FIO2

� 0.21 253 � 31 199 � 49 .001
Alveolar-arterial oxygen difference, mm Hg on FIO2

� 0.21 51 � 8 63 � 11 .004
pH 7.47 � 0.04 7.46 � 0.05 .74
Standard base excess, mEq/L �3.3 � 2.1 �4.5 � 2.9 .38
PaCO2

, mm Hg 26 � 4 25 � 5 .59
Heart rate, beats/min 117 � 17 123 � 21 .41
Respiratory rate, breaths/min 37 � 7 54 � 7 � .001
Mean systemic arterial blood pressure, mm Hg 92 � 21 91 � 9 .95

PEEP � 10 cm H2O data
PaO2

/FIO2
, mm Hg on FIO2

� 0.21 360 � 60 313 � 52 .055
Alveolar-arterial oxygen difference, mm Hg on FIO2

� 0.21 258 � 60 306 � 53 .054
pH 7.47 � 0.06 7.44 � 0.04 .23
Standard base excess, mEq/L �4.3 � 3.6 �5.8 � 2.3 .29
PaCO2

, mm Hg 25 � 5 24 � 3 .83
Heart rate, beats/min 94 � 21 94 � 15 .96
Respiratory rate, breaths/min 28 � 6 40 � 5 � .001
Mean systemic arterial blood pressure, mm Hg 98 � 15 92 � 6 .32

� values are mean � SD.
APACHE � Acute Physiology and Chronic Health Evaluation
ICU� intensive care unit
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but, rather, had patients refer to their sensations based on
their baseline level of dyspnea. Third, the sample was
calculated to the primary end point of oxygenation, which
could allow a type 2 error for other variables analyzed.
Fourth, the mechanical ventilator used was not built spe-
cifically for noninvasive ventilation, but using this type of
ventilator for this purpose was common practice at the
time of data collection.33 Fifth, a substantial time delay
occurred between the time of data collection and publica-
tion, and the data might be less relevant to today’s pa-
tients. However, very few studies regarding noninvasive
mechanical ventilation in AIDS patients have been pub-
lished, a fact that stimulated this research. Sixth, our data
could not differentiate between improvements in blood
oxygenation resulting from increased time and those re-
sulting from increased pressure in patients who had ini-
tially used a PEEP of 5 cm H2O. Finally, this is a short-
term limited physiological study.

Conclusions

In conclusion, AIDS patients with hypoxemic respira-
tory failure exhibit an optimal gain of oxygenation in re-
sponse to the progressive sequential elevation of PEEP
from 5 to 15 cm H2O. However, the parallel elevation of
PaCO2

could limit the PEEP elevation up to 10 cm H2O.
The use of a PSV of 5 cm H2O promotes improvements
in subjective sensations of dyspnea regardless of the use
of PEEP. The use of PEEP up to 15 cm H2O was shown
to be associated with a PSV of 5 cm H2O and is hemo-
dynamically safe.
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