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Acute Respiratory Failure

» Acute Hypoxemic Failure - Impairment in
oxygenation

« Acute Hypercarbic Failure - Impairment in
ventilation with hypoxemia and hypercarbia



Acute Hypoxemic Fallure -
Acute Respiratory Distress Syndrome

« Acute Lung Injury (ALI): Acute in onset

- Pa02/F102 <300 mm Hg (regardless PEEP level)
- Bilateral infiltrates

- PAOP <18 mm Hg or no clinical evidence of left atrial
hypertension

« ARDS: Acutein onset

- Pa02/F102 <200 mm Hg (regardless PEEP level)
- Bilateral infiltrates

- PAOP <18 mm Hg or no clinical evidence of left atrial

hypertension
Am J Respir Crit Care Med 1994; 149:818



Chinical Disorders Assoclated with ARDS

Direct Lung Injury

Common causes

* Pneumonia
 Aspiration

Less common causes
« Pulmonary contusion
« Fat emboli

« Near-drowning
 |Inhalational injury

» Reperfusion pulm.edema
after lung transplant or
pulm. embolectomy

Indirect Lung Injury

Common causes
« Sepsis
e Severe trauma with

shock and multiple
transfusions

Less common causes
« Cardiopulm bypass
« Drug overdose

« Acute pancreatitis

e Transfusion of blood
products



Factors that Increase ARDS Risk

Age

Female gender (trauma only)
Genetic Factors

Severity of illness

Acute Physiology and Chronic Health Evaluation
(APACHE) 11

Cigarette smoking
Chronic alcohol abuse
Combination of risk factors



Pathogenesis

« Two layers lead to alveolar-
capillary barrier

- microvascular endothelium
- alveolar epithelium

 Acute phase of ALI/ARDS:
Influx of protein-rich
edema fluid into air spaces
due to increased
permeability of the
alveolar-capillary barrier
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The Normal Alveolus (Left-Hand Side) and the Injured Alveolus in the Acute
Phase of Acute Lung Injury and the Acute Respiratory Distress Syndrome
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Findings on Light Microscopy and Electron Microscopy during the Acute Phase (Panels A and
D) and the Fibrosing-Alveolitis Phase (Panels B, C, and E) of Acute Lung Injury and the Acute
Respiratory Distress Syndrome

Ware, L. B. et al. N Engl J Med 2000;342:1334-1349
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Radiographic and Computed Tomographic (CT) Findings in the Acute, or Exudative, Phase
(Panels A and C) and the Fibrosing-Alveolitis Phase (Panels B and D) of Acute Lung Injury
and the Acute Respiratory Distress Syndrome

Ware, L. B. et al. N Engl J Med 2000;342:1334-1349



Physiologic Derangements

» Impaired Gas Exchange:

Physiologic shunting Ventilation/Perfusion mismatch are the
major causes of hypoxemia

» Decreased Lung Compliance:

One of the hallmarks of ARDS. Decreased compliance iIs due to
stiffness of poorly aerated lung and to a smaller extent on
pressure-volume characteristics of residual functioning units

* Pulmonary Hypertension: seen in about 25% of ARDS pts
on mech.vent. It is due to hypoxic vasoconstriction and vascular
compression by positive pressure ventilation



Clinical Stages of ARDS

« Exudative Stage: Diffuse Alveolar damage (DAD)

 Proliferative Stage: There is resolution of
pulmonary edema, proliferation of type Il alveolar
cells, squamous metaplasia, interstitial infiltration
by myofibroblasts and early deposition of collagen

 Fibrotic Stage: Some patients progress to this stage
In which there Is obliteration of normal lung
architecture, diffuse fibrosis and cyst formation



Clinical Features in ARDS - Early Stage

» Early Stage: day 1-7
- Clinical features of underlying disease
- Then rapidly developing worsening of
tachypnea, dyspnea and hypoxemia (severe)
 Lab findings are not specific for ARDS.

Edema i Interstitial inflammation



Clinical Features in ARDS - Proliferative
day 7-21
* In the first week, resolution of pulmonary edema

occurs. Oxygenation may improve

» Majority of patients require mechanical ventilation
due to continued hypoxemia and high minute
ventilation (poor lung compliance)

« Complication such as barotrauma,
nosocomial infection and

multi-organ system failure occur




Clinical Features in ARDS - Late Stage
day >21

In late stages, difficulty in oxygenation is due to
- large dead space ventilation

- high minute ventilation requirement
- surfactant dysfunction.

Fibrosis may occur:

- A\ In alrway pressure

- progressive pul. HTN

- honeycomb changes
on CXR




ARDS Treatment

« Mechanical ventilation
« Treatment of underlying etiology

 Other supportive measures



Mechanical Ventilation
» Most important treatment modality for ARDS

» Mechanical ventilation provides:
» reliable oxygen supplementation
» decreased work of breathing

» decreased venous return leading to decrease In

transvascular hydrostatic pressure and edema
formation

» recruitment of atelectatic lung units



Mechanical Ventilation - Goal

 Effective ventilator strategy Is aimed to
achieve adequate oxygenation with FIO2 less

than 50-60%

 Select appropriate level of PEEP and a safe
mode of ventilation to

- augment gas exchange

- limit ventilator-associated lung injury
(micro and macro barotrauma)



Macrobarotrauma Microbarotrauma

Pneumothorax » Less obvious but causes
Interstitial emphysema more lung injury
Subcutaneous emphysema « QOverdistension of
Pneumomediastinum alveoli = microvascular
Air embolism Injury and high

13% suffered barotrauma. ~ Permeability edema

Only 2% contributed to ~ * Low tidal volume
mortality ventilation showed

Higher levels of PEEP is a S|gnt|f||(_:tantly lower
risk factor for barotrauma MOrtality



Barotrauma

Bilateral pneumothoraces Patient with ARDS, increased

permeability pulmonary edema, and barotrauma. Supine chest

radiograph shows right subpulmonic and left apicolateral
pneumothorax. Streaky lucencies are permeating the
otherwise consolidated lungs as a reflection of interstitial
pulmonary emphysema. The patient has a tracheostomy tube
inplace wnth markedly hyperexpanded cuff, due to
tracheomalacia. Courtesy of Paul Stark, MD.

Sofrt tlssue emphysema following alveular disruption

&ir from torn




Effect of Atelectactic Units

Nonfunctional Functional
portion of lung portion of lung

Baby lung and ARDS Th
"baby lung”, b anly

Shear forces ‘wWhen lung unit
atelectatic lung units and create damaging shear force

funtional lung.



Pressure-VVolume Curve in ARDS
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Mode of Ventilation:
Volume Cycled versus Pressure Controlled
Ventilation

Volume-cycled

Advantages

Guaranteed tidal volume (TV)

and minute ventilation (VE)

Clinician familiarity
Disadvantages

Airway pressure not controlled
Worse patient tolerance

Pressure controlled

Advantages
Airway pressure controlled
Patient tolerance

Disadvantages
Less clinician familiarity
TV and VE not guaranteed



Positive End Expiratory Pressure (PEEP)
NWARIDN

Increased end expiratory volume
Recruitment of unventilated alveoli
Decreased perfusion of unventilated alveoli
Improvement in V/Q matching

Decreased intrapulmonary shunt

Arterial oxygenation and PEEP
Qxygenation goal Palz 33-80 mmHg or SplZ 88-93 percent

Uze these Fi02/PEEP combinations to achieve oxygenation goal:

Fil2 0.2 0.4 0.3 0.6 0.y 0.8 0.2
PEEFP 2 a5 2-10 10 10-14 14 14-18

PEEF should be applied starting with the minirnorn valoe for a given FiQ2,



Low Tidal Volume Ventilation

« Animal experiments with normal lungs showed
alveolar overdistension causes microbarotrauma to
vessels (VILI)

« Adults: initiate TV at 6-8 ml/Kg

« Low TV ventilation reduces
ventilator associated lung injury
(VALI)




Mean ( SE) Mortality Rate among 257 Patients with Acute Lung Injury and the Acute
Respiratory Distress Syndrome Who Were Assigned to Receive Traditional Tidal Volumes and
260 Such Patients Who Were Assigned to Receive Lower Tidal Volumes, According to the
Quartile of Static Compliance of the Respiratory System before Randomization

0 Lower tidal volumes
B Traditional tidal volumes

0.15-040 0.41-050 0.51-0.62 0.63-1.5

Quartile of Static Compliance
(ml/ecm of water/kg of predicted body weight)

The Acute Respiratory Distress Syndrome Network, N Engl J Med 2000;342:1301-1308

The NEW ENGLAND
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Outcome Variables Lower vs Traditional TV

TABLE 4. MAIN OUTCOME VARIABLES. *

Grour Grour
ReceEvING RecENING
Lower TipaL TrADTIONAL
VARIABLE VOLUMES TioaL VoLumes P Vawe

Death before discharge home 31.0 39.8 0.007
and breathing without
assistance (%)

Breathing without assistance
bv day 28 (%)

No. of ventilator-free days,
davs | to 28

Barotrauma, davs 1 to 28 (%)

No. of days without failure
of nonpulmonary organs
or systems, davs 1 to 28

The Acute Respiratory Distress Syndrome Network, N Engl J Med 2000;342:1301-1308



ARDSnet Trial Recommendations

Calculate predicted body weight

Set mode to assist control

Start with 8ml/kg TV & W it to 6 ml/kg in 1-3 h
Set initial rate to <35/mt to match baseline VE
Plateau pressure (Pplat) goal is <30 mmH,O

Arterial oxyqenation and PEEP
Dxvygenation goal PalZ 33-20 mmHg or SplZ 22-93 percent

Ilze these FiO2/PEEP combinations to achieve oxywgenation goal:

Fidz2 0.z 0.4 0.3 0. 0.7 0.2 0.3 1.0
FEEF a = ==10 10 10-14 14 14-12 15-22

FEEF =should be applied starting with the minirnumn value for a given Fid2Z.




Treatment of ARDS - Other Strategies

Use of sedatives and analgesics
Prone position

Other modes of ventilation such as inverse
ratio, Pressure release ventilation, high
frequency ventilation, liguid ventilation,

extracorporeal membrane oxygenator
Pharmacologic interventions




Sedatives and Analgesics

Pharmacology of Commonly Used Sedatives and Analgesics

Drug

Fentany|
Marphine
Midazalam
Lorazepam
Fropofil

Haloper idol

Initial
dose

22=100 rncg
2-2mg
0.9-2

0.2-2 mQ

0.5 mg/kq

2=10 myg

Maintenance
dosage

0.5-2 megfkglh
2-10mg/h
0.01-0.2 mgfkqh
0.01-0.1 mgfkgh
5-73 rcg kg rin

259% of load I:|E- hrs

Duration
after bolus,
min

30-45
120-240
30-120
ZE0-480
5-10

Wariable (hours)




Prone Positioning of Patient

Re-expansion of gravity induced atelectasis
Improvement of VV/Q matching
Increased FRC

Mobilization of secretions



Prone Position:

Contraindications Complications

Shock Nerve compression

Acute bleeding Crush injury

Multiple trauma Venous stasis

Spinal instability Alirway security

Pregnancy Diaphragm limitation

A Intracranial pressure Pressure sores

Abdominal surgery Dislodging vascular cath
Retinal damage

Ryan DW,; Pelosi, P BMJ 1996; 312:860



Inhaled Nitric Oxide (NO) in ARDS

Comparison of Pa02/FI02 Among NO- and Placebo-Treated Patients with
Acute Respiratory Distress Syndromet?

Flacebo Nitric oxide
Baseline 129+ 328 (n=57) 127+329 (n=119)
Day 21 +42 (n=57] 166 + 54% (n=120]
+46 (n=114)
2 in=102)

142 + 62 (n=40) 55+ 50 (n=195)

Day 5 142 + €5 (n = 23] 50 +42 (n=24)

Day & 140+ &3 (n = 23] S52+52 (n=71)

Day 7 150 + 533 (n=28) 60 +52 (n=g7)

1 Data from Dellinger, RF, Zimrmerman, JL, Taylor, %, et al. Crit Care Med 1993; 26:15,

*p - mipared with placebo group

Oxygenation improves. But no benefit in number days on
mechanical ventilation or mortality with use of NO



Liquid Ventilation in ARDS

Ventilation with perfluorocarbon liquids
Partial or total liguid ventilation
Perfluorocarbon liquid evaporates

No benefit over traditional ventilation in
ARDS
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Results of Clinical Trials of Pharmacologic
Treatment for Acute Lung Injury and the Acute
Respiratory Distress Syndrome

Glucocorticoids in early stage - no benefit
Alprostadil - no benefit

Surfactant - no benefit in adults
Inhaled nitric oxide - no benefit
Ketoconazole - no benefit

Procysteine - lack of efficacy
_ysofylline - lack of efficacy
Glucocorticoids In late stages - beneficial

Ware, L. B. et al. N Engl J Med 2000;342:1334-1349




Predictors of mortality

« APACHE Score
e SAPS

 Dead Space ventilation Rz
at time of presentation




Prognosis of ARDS

In the first 2-3 days, underlying etiology
Nosocomial infection, barotrauma
Late stages: progressive pulmonary fibrosis

Survivors of ARDS: May have normal lung
function, some have mild to modest
pulmonary function limitation . Few have
severe pulmonary impairment



Acute Respiratory Failure- ARDS
sSummary

Mechanical ventilation is critical

Low tidal volume ventilation iIs assoclated with
less VALI

Survival benefit Is seen with LTV ventilation
PEEP improves oxygenation

In late stages corticosteroids may benefit
HFV shows promise for adults









The Normal Alveolus (Left-Hand Side) and the Injured Alveolus in the Acute Phase of Acute
Lung Injury and the Acute Respiratory Distress Syndrome (Right-Hand Side)
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Survival and Discharge to Home by Treatment
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CHEST

The Cardiopulmonary and Critical Care Journal




ARDS- Common Causes

Sepsis

Aspiration

Infectious pneumonia
Severe trauma

burns

Multiple blood transfusions
L eukoagglutinin reactions
Drug overdose

Near drowning

Smoke inhalation

Acute Eosinophilic P

Pancreatitis
Cardiopulmonary bypass
pulmonary contusion
Multiple fractures
Following UAO obstruction
BOOP

Bone marrow transplant
Drug reaction

Air embolism

Amniotic fluid embolism
Miliary TB
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Yolume Cycled versus Pressure Controlled Yentilation

Yolume cycled
Advantages

Guaranteed tidal volurne and YE
Clinician familiarity

Dizadvantages

Airway pressures not controlled
wWorse patient tolerance

Pressure controlled
Advantages

Birway pressures controlled
Better patient tolerance

Dizadvantages

Less clinician familiarity
YT and VE not quaranteed




How PEEF Improves Oxygenation in ARDS

Increased end-expiratory lung volume
Fecruitrment of unventilated alveali
Lecreased perfusion of unventilated alveali

Irnpavemnent in Y /0 matching
Lecreazed intrapulmonary shunt




Prone Position: Rationale

Reexpansion of gravity-induced atelectazis

Improvement of ¥ /0 matching
Increased FRC
Mobilization of secretions




End—expiratory
" alveolar pressure

Pressure

Pressure controlled inverse ratio ventilation Depiction of flow

shortened expira
aped. & pr ure limited breath
imilar pre » gnd flow characteris
at the end of expiration, and there is no auto-PEEP present.
wn fram Marcy, Tw, Marini, JJ, Chest 1991; 100:494)
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Slow inspiratory flow Constant flow with pause Decelerating Flow

Preszure
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Protocol for Jet Yentilator Settings

Driving pressure of 35 psit

Inspiratory time of 30 percent

Frequency of 150 breaths per minute

Fidz of 1.0

FPEEF of O craH20 or equal to that used during conventional ventilation

Check arterial blood gaz in 15 minutes

JEN

I+ the PaCO2 appropriate? Is the POZ appropriate?

If by posi i ™

If hypercapnic *

® Add PEEP in 3-crHZ20 to S-craHZ20 increments

® |ncrease driving pressure by S-psi increments up
ta raxirum of S0 psi

#® [ncrease inspiratory time in S percent incrernents
up to maximur of 40 percent

® Increasze driving pressure by S-psi increments
up to maxirmurn of S0 pEi
Increaze inspiratory tirme in 5 percent
incrernents up 1o maximurn of 40 percent
Increase frequency in 10 breaths/minute
increrments up to maximumn of 250
Can add conventional tidal walurme breaths or If by peroxic %
pressure support

& [Decrease Fil2

If hypocapnic :* & [ecrease PEEF if present

® [ecrease driving pressure by S-p=i
dectrernents

& [Decreaze inspiratory tirne by 5 percent
decrerments to minirmurn of 20 percent

® [ecrease frequensy in 10-breaths Aminute
decrements to minirnurn of 100




Ware, L. B. et al

TaABLE 3. HISTORY OF ALT

VENTILATORY STRATEGY

High levels of positive
end-expiratory pressure
Extracorporeal membrane
oxvgenation
High-fre quency jet ventila-
tion
Prophylactic positive end-
tory pressure
(8 cm of water)
Pressure-controlled in-
verse-ratio ventilation
Ext rporeal removal
of carbon dioxide
Liquid ventilation
High-fre quency oscillatory
ventilation
Prone positioning during
ventilation
Prone positioning during
ventilation
“Open-lung” approach

Low tidal volumes

Low tidal volumes
Low tidal volumes

Distress Syndrome

CRNA

AND THE ACUTE RESPIRATORY DISTRESS SYNDROME.

YEearR

1975

1979

1983

1984

1994

1994

1996
1997

1997

2000

1998

TyPE OF
Stupy

Observational

Phase 3 multi-
center trial
Phase 3 single-
center trial
Phase 3 single-
center trial

Observational
Phase 3 single-
center trial
Observational
Observational
Observational
Observational
Phase 3 single-
center trial

Phase 3

Phase 3
Phase 3

No. oF
PaTiENTS

28

Fmpings

High incidence of pneumothorax

No benefit
No benefit

No benefit in patients at risk for
the acute respiratory distress
svndrome

Inconclusive, needs further study

No benefit

Probably safe ,needs further study
Probably safe ,needs further study

Inconclusive, needs further study
Inconclusive, needs further study

Decreased 28-day mortality but
not in-hospital mortality {as
compared with conventional
ventilation)

No benefit in patients at risk for
the acute respiratory distress
syndrome

No benefit

Decreased mortality by 22 per-
cent (as compared with tradi-
tional tidal volumes)

. N Engl J Med 2000;342:1334-1349

History of Alternative Ventilatory Strategies for Acute Lung Injury and the Acute

i INJURY

Stupy
Kirby et al.94
Zapol et al93
Carlon et al 95

Pepe et al.9%

Lessard et al.%7
Morris et al.98

Hirschl et al.99
Fort et al. 100

Mure et al. 101
Nakos et al.102

Amato et al. 103

Stewart et al.1*

Brochard et al.105

Network10s

&

£

Respiratory
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Yentilator Management in PFPatients with
Acute Respiratory Distress Syndromes or Acute Lung Injury®

Imitial ventilator setting=

Calculate predicted body weight [FPEW)

FHMale = S0 + 2.3 [height Cinche=) — &0] DR
S0 + 0.91 [height Com) — 152 .41
Female = 455 + 2.5 [height Cinche=sl — &0] OR

455 + 021 [height (o) — 152 .4 ]
Set mode to volume as=sist—contral
Set initial tidal volume to 2 mlAkg PEY
FReduce tidal volurme ta 7 and then to & mlAkgq aver 1-= hour=
Set initial wentilator rate £ 25 breath=sSmin to match baseline Mminute ventilation
Subseqguent tidal vwolume adjustment

Flateau pre==ure [Fplatl] goal = S0 craHZ0

Check inspiratory plateau pressure with 05 =econd inspiratory pause at least every
four hour= and atter s=ach change in PEEF or tidal waolume.

ITf Pplat > 20 cmHZ0 , decreas=e tidal wolums in 1 mlAkg FEW =steps ta S or if
neces=ary to 4 mbl kg PEY .

IT Pplat <« 25 cmHZ20 and tidal volume < & mlAkg, increase tidal volume by
1 mL kg PEY until Pplat > 25 cmHZ0 or tidal walums = & milSkg.

IT breath =tacking CautoFPEEF) or sewvere dy=spnea occur=s, tidal wolume may be
increased to 7 or 2 mbLSkg PEY if Fplat remains = S0 crmH20.

Arterial oxygenation and FEEF

Dzwgenation goal PalOz2 55-20 mmHg or Sp02 S5-35 percent

U=e the=e FiOZ SFPEEF combination=s to achiewve oxwgenation goal:

F ahz> o= S 3 0= 0.5 0.7 o.= o= 1.0
FEEF = S5-= =-—10 10 10-14 14 14-13= 1522

FEEF =hould be applied =tarting with the mininurn walue for a given FiQl2 .

T Adapted from : Yentilation with lower tidal walumes as compared with traditional
tidal vwolume=s for acute lung in jury and the acute respiratory distres=s =ywndrome. The
acute Respiratory Distre=s=s Swyndrome Metwork. M Engl J FHed 2000 ; 5421301 .







L
[ —
LT
L]
[
Lo
[— 9

-
i
L
m
[
=
=
o
L
m
(¥

Tear
Declining mortality rates in ARDS Data from the Univers

S during the early =, n from HMilberg, Jé&,
=, DR, Steinberg, KF, et al. JAMA 1995; 273:306.)




I.?
E
[z
L]
"
L]
=
=
=
5
-4
-
-8

ctrl 1 10 235
FGlz, ng/kg/min NO, ppm

Effects of inhaled prusta[:_',rt:lln and inhaled nltrl[: oxide on
o efficacy of

IjI:!HII_
sequent
Habler,




Change in A-a02/Fi02, mmHg
|
)
(=]

82 hr=s 16 hrs

Time after onset, hours

Benefit of APRY in ARDS I ]

divided by the Tr‘al"rlllrl of the o : = "Fid2) in r'r'lr'r'ng in
patient: e ] i Nigg¥=t ntrol ||=-|:| = led inverse
rati rltll.:|t||_lr| = ; ai ntilation
CAPRY: red circles) = E||:||:Ii’ri|lr|-:|| alw uitment
by Ir:- bravr i e & ; =] y y ¥ asi r||T|rar|1 decr 4

; . Liswdapted Tr
EL F'l—- I:llr‘l rit Care Med 1'—"—'-—1 149:1550.)




AFRE valve closed APE valve closed APR walwe open

CPFAF valve open CPFAF valwve open CPAF valve closed

CP AP CHAF

—— CF AP
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rway pressure release (APR) ventilation A Continuous flow CPAP. B. During
ith CP& the CPAP walve opens and the APR walwve clo C. During
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TABLE 4. MAIN OUuTCOME VARIABILES. *

Grour Grour
ReEcENING RecenvING
Lower TipaL TRADTIONAL
VARIABLE VOLUMES TipaL VoLUMES P Vawe

Death before discharge home 31.0 39.8 0.007
and breathing without
assistance (%)

Breathing without assistance
by day 28 (%)

No. of ventilator-free davs,
davs 1 to 28

Barotrauma, davs 1 to 28 (%)

No. of davs without failure
of nonpulmonary organs
or svstems, davs 1 to 28

*Plus—minus values are means =SD. The number of ventilator-free days
is the mean number of days from dayv 1 to dav 28 on which the patient had
been breathing without assistance for at least 48 consecutive hours. Baro-
trauma was defined as anyv new pneumothorax, pneumomediastinum, or
subcutaneous emphysema, or a pneumatocele that was more than 2 cm in
diameter. Organ and system failures were defined as described in the Meth-
ods section.




Clinical Disorders Associated with the Development of the Acute Respiratory Distress
Syndrome

TABLE 2. CLINICAL DISORDERS ASSOCIATED
WITH THE DEVELOPMENT OF THE ACUTE
RESPIRATORY DISTRESS SYNDROME.

Direct LunG INJURY

Common causes

Pneumonia

Aspiration of gastric contents

Less common causes

Pulmonary contusion

Fat emboli

Near-drowning

Inhalational injury

Reperfusion pulmonary edema
after lung transplantation or
pulmonary embolectomy

InpIRECT LUNG INJURY

Common causes

Se psis

Severe trauma with
shock and multiple
transfusions

Le SS COMMOn causes

Cardiopulmonary byvpass

Drug overdose

Acute pancreatitis

Transfusions of blood
products

Ware, L. B. et al. N Engl J Med 2000;342:1334-1349
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 Ventiltion with perfluorocarbon liquids

« Partial or total liquid ventilation

 Perfluorocarbon liquid evaporates
PHYSICAL PROPERTIES OF PERFLUBRON

Perflubron Normal
Saline
Density (g/mL; at 25'C) 1.93 1
Vapor pressure (torr; at 37C) 11
Surface tension (dynes/cm; at 25'C) 18 75
Oxygen solubility (mL /100 mL; at 25'C) 53 2
Carbon dioxide solubility 210 70

(mL /100 mL; at 37'C)

Modified from Shaffer TH, et al. Pediatr Pulmonol 14:102-109, 1992.



