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In low—resource settings it is not always possible to acquire the
information required to diagnose acute respiratory distress syndrome (A
RDS). Ultrasound and pulse oximetry, however, maybe available in

these settings. This study was designed to test whether pulmonary
ultrasound and pulse oximetry could be used in place of traditional
radiographic and oxygenation evaluation for ARDS
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This study was a prospective , single—center study in the |ICU of
Harborview Medical Center, a referral hospital in Seattle, Washington, U
SA. Bedside pulmonary ultrasound was performed on |ICU patients
receiving invasive mechanical ventilation. Pulse oximetric oxygen
saturation (Sp02), partial pressure of oxygen (PaO2), fraction of
inspired oxygen (FiO2), provider diagnoses, and chest radiograph
closest to time of ultrasound were recorded or interpreted.
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One hundred and twenty three ultrasound assessments were performed on
/7 consecutively enrolled patients with respiratory failure. Oxygenation
and radiographic criteria for ARDS were met in 35 assessments . Where
Sp0O2=< 97%, the Spearman rank correlation coefficient between SpO2
/FiO2 and PaO2/FiO2 was 0.83, p < 0.0001. The sensitivity and specificity
of the previously reported threshold of SpO2/FiO2< 315 for PaO2/Fi02< 30
0 was 83%(95 % confid ence interval (Cl) 68-93), and 50 % (95 % Cl 1 -9
9) , respectively . Sensitivity and specificity of SpO2/Fi0O2< 235 for PaO
2/Fi02< 200 was 70% (95 % Cl 47-87), and 90 % (95 % CI 68-99),
respectively. For pulmonary ultrasound assessments interpreted by the
study physician, the sensitivity and specificity of ultrasound interstitial
syndrome bilaterally and involving at least three lung fields were 80 % (95 %

11 Cl 63-92) and 62 % (95 % CI| 49— 74)for radiographic criteria fgiA%S Co

| } | { mbining SpO2/FiO2 with ultrasound to determine oxygenation

| radiographic criteria for ARDS, the sensitivity was 83 % (95 % CI‘E 98)

and specificity was 62 % (95 % Cl 38-82) .For moderate —severe S

criteria (PaO2/FiO2< 200), sensitivity was 64 % (95 % ClI 31—@9) and
I specificity was 86%(95 % Cl 65 —97). Excluding repeat assessme

independent interpretation of ultrasound images did not significantly alter
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Conclusions:

Pulse oximetry and pulmonary ultrasound may be
useful tools to screen for, or rule out, impaired
oxygenation or lung abnormalitie s consistent with ARDS
In under-resourced settings where arterial
blood gas testing and chest radiography are not
readily available.
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Study flowchart — daily assessment

Adult patients in ICU who are receiving
invasive mechanical ventilation

v

Study U/S performed in last 72 hours? ke
\ No
Planned for extubation today, age<18, Yes
incarcerated, or without identifiers?
\J/ No Exclude subject that day

Very clinically unstable, prone, or unable Yes
to access chest per nurse or attending?

\]{No

Yes
Receiving palliative care only?
Mo
Previously consented?
Yes No
¢ A
Attempt to obtain written consent from | declined = :
P patient or designee Exclude subject entirely
Consent provided
or unable to
] request consant L:nable to
Perform U/S, record FiO2, ventilator consent Attempt to obtain written or
setting, and SpO2 phone consent from patient or
designee x 3 days
Consent Consent declined
provided Consent orunable to
provided v request consant
Obtain CXR, Pa02, age, sex, and R
diagnoses from medical record Drscard qata ant.i picae
subject entirely
Fig. 1 Study flow chan. OXR chest x-ray, FIO2 fraction of inspired oxygen, Pa02 partial pressure of oxygen, SpO2 pulse oximetric oxygen saturation,

(/S ultrasound
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Fig. 2 Placement of the ultrascund prebe at six locations on the chest. a zone 1 is 2 an below the anterior mid-clavicular line on the right side

of the chest: b zone 2 is 4 cm inferior and 4 cm lateral to zone 1; € zone 3 is 2 cm inferier to zone 2 along the mid-axillary line. d—f The identical
positions on the left side of the chest

-
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Fig. 3 a"A lines™ distinct horizontal reflections in a patient with normal lungs (arrows). b B lines™; three vertical lines in a single frame extending

from the pleura to the bottom of the screen in a patient with ultrasound interstitial syndrome (between arrows)
% J
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Table 1 Baseline characternistics of subjects and study =

Charactersix Numiber
Patients 77
Ma e 52 &=
Sage, median (28] 56 {(41-67)
Number undergaing 2 assessimernts 13 17
Number undergaing 2 assessmeants 3 -1
Number undergoing =4 assessments 8 10
Assesments 123
St
b.J - amac u 45 37
AS «&'% 8 o5 =
NX U 29 4
Dragnows
S psis 16 z2S
Trauma 21 25
Postsurgary Z4 20
WA, 21 17
Cardxogenic pulmonary edema 21 17
" Pricumoana 20 16
H PEA oar VT armrest 13 i1

ARDS 10 =
Overdo= =] 7
Sexure 7 &
Pancreatites 7 L=
COPD (S S
HO, at time of ABG,. median {(¥OR) Q40 0 20-0.50) l
PaO_ 45, median §4OQR) 250 {(180-337)
S0 96 at time of ABG, median OR) QO I9TF-T100
Bilateral agpacites an CXR 42 3%

Patients may have more than one diagnosis at the time of assessment ABG artenal
blood gas, ARDS acute resp raory distress sy ndsome. CGOPD dhwonic obstaactive
pulmonary disease, CUA Cerebwovascular Accdent, OO0F cdhest xaay, R interguartie
range, MU Meadical mtensive Care Umnit, NACU Newrological Intensive Case Umnit, PE

Pulimonary Embolism, PEA Pulselass Becrical Activity, SN Surgkal intensivwe Care
Unit, Sp02 puise cotmetrnic ooaygen satua tion, VF Ventricular Fibrillation
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Table 2 Performance of SpO./FiO, as a marker of PaO./FiO-
when SpO, = 97 %

Number of observations (n=43) Test characteristic 95 % Cl
PaO./FO,
<300 >300 Sensitivity 83 % 68—-93
SpO-/FiO> =315 34 1 Specificity 50 % 1-99
>315 ¥ 1 PPV 97 % 85—100
NPV 13 % 0-53
PaOx/FiO;
—] <200 >200 Sensitivity 70 % 47-87
SpO5/FiO, <235 16 2 Specificity 90 % 68—-99 N
>235 7 18 PPV 89 % 65—99
NPV 72 % 51-88
Cl confidence interval, FiO; fraction of inspired oxygen, NPV negative predictive -

value, PaO, partial pressure of oxygen, PPV positive predictive value, SpO, pulse
oximetric oxygen saturation
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Table 3 Performance of ultrasound diagnosis of ultrasound interstitial syndrome (UIS) as a marker of bilateral pulmonary opacities
consistent with acute respiratory distress syndrome

UIS threshold Number of observations (n=101) Test characteristic 95 % Cl
I lung field bilaterally Bilateral opacities on chest radiograph
Present Absent Sensitivity 86 % 70-95
UIS Present 30 41 Specificity 38 % 26-51
Absent 5 25 PPV 42 % 31-55
NPV 83 % 65-94
Bilateral; 3 lung fields minimum Bilateral opacities on chest radiograph
Present Absent Sensitivity 80 % 63-92
uis Present 28 25 Specificity 62 % 49-74
Absent 7 41 PPV 53 % 39-67
NPV 85 % 72-94
2 lung fields bilaterally Bilateral opacities on chest radiograph B
Present Absent Sensitivity 60 % 42-76
Uls Present 21 15 Spacificity 77 % 65-87
Absent 14 51 PPV 58 % 41-75
I NPV 79 % 67-88 -

{ confidence interval, NPV negative predictive value, PPV positive predictive value
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Table 4 Performance of SpO-/FiC: and ultrascund interstitial syndrome (UIS) as a marker for with acute respiratory distress
syndrome (ARDS) criteria when Sp0O. < 97 %

Number of observations (n = 33) Test characteristic 95 9% Cl
Study physician Oxygenation and radicgraphic criteria for ARDS
Present Absent Sensitivity 83 % 52-98
SpC,/FiO,; =315 and UIS Present 10 8 Specificity 62 % 38-82
Absent 2 13 PPV 56 % 31-79
NPV 87 % 60-98

Oxygenation and radiographic criteria for moderate-severe ARDS

Present Absent Sensitivity 64 % 31-89
SpC4/FiO; < 235 and UIS Present 7 3 Specificity 86 % 65-97
Absent 4 19 PPV 70 % 35-93
NPV 83 % 61-95
Independent physician Oxygenation and radiographic criteria for ARDS
Present Absent Sensitivity 91 % 62-100
.SpC,‘y*FiO; <315 and UIS Present 11 11 Specificity 48 % 26-70
Absent | 10 PPV 50 % 28-72 \
NPV 91 % 59-100
Oxygenation and radiegraphic criteria for moderate—severe ARDS
Present Absent Sensitivity 73 % 39-94
SpO,/FiC, = 23S and UIS Present 8 S Specificity 77 % 55-92
Absent 3 17 PPV 62 % 32-86
I NPV 85 % 62-97 I

UIS defined as 3 or more B lines bilaterally and involving a minimum of three lung fields. Cf confidence interval, FiO, fraction of inspired oxygen, NPV negative
predictive value, PaO, partial pressure of oxygen, PPV positive predictive value, SpO, pulse oximetric oxygen saturation

Company System LOGO




ADD SUB TITLE @ CRITICAL CARE

Thank. 17014
I B




