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Critical Care Ultrasonography Differentiates ARDS,
Pulmonary Edema, and Other Causes in the Early
Course of Acute Hypoxemic Respiratory Failure

Hiroshi Sekiguchi, MD, Louis A. Schenck, MS,; Ryohei Horie, MD; Jun Suzuki, MD; Edwin H. Lee, MD,
Brendan P. McMenomy, MD, Tien-En Chen, MD,; Alexander Lekah, MD,; Sunil V. Mankad, MD, FCCP;
and Ognjen Gajic, MD, FCCP

BIEAE S R R K RIARDS  fifizK it Kz HiAth J5
FESPERE TR R

2013 AF Bel= . 455
JeSZIM. i a4




=CHEST

BACKGROUND

Acute hypoxemic respiratory failure (AHRF) is a
commonly encountered condition in the ICU.! The
pathogenesis of AHRF can be classified into neuro-
muscular in origin; acute and chronic obstructive
airway disease; alveolar processes, such as cardio-
genic pulmonary edema (CPE) and noncardiogenic
pulmonary edema; and vascular diseases, such as pul-
monary embolism.2 Although early recognition and

treatment of a specific cause of AHRF are paramount,

diagnosis can be challenging in the early stage of
illness.
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BACKGROUND

Critical care ultrasonography (CCUS) has been gaining
attention because of its noninvasiveness and absence of
radiation exposure. Several studies have reported on

the value of thoracic CCUS to assist physicians in differ
entiating alveolar processes from other causes of AHRF
in the ED and prehospital settings.?7 For intensivists,
CCUS is beneficial in identifying a component of CPE
or noncardiogenic pulmonary edema, such as ARDS,
among the various AHRF etiologic factors secondary to
alveolar processes. A previous study identified key
thoracic CCUS findings that could help in discerning
cardiogenic edema from noncardiogenic edema,? but
other studies have suggested that using thoracic
CCUS alone is limited in differentiating between

the two types.+82 Although basic cardiac CCUS is
helpful in the global assessment of left ventricular
(LV) systolic fraction,!®!! CPE can occur with pre-
served LV systolic fraction in approximately one-half
of patients.!2
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BACKGROUND

Physicians routinely perform cardiopulmonary physical

examinations in daily practice, and a recent prospective

study demonstrated the potential of the integrated use

of cardiac and thoracic CCUS in the diagnosis of

AHRE?® Understanding CCUS as a screening tool to

enhance the physical examination and not as a defini-

tive diagnostic modality, we aimed to evaluate the diag-

nostic utility of combined cardiac and thoracic CCUS

in identifying causes of AHREF in the early course of

critical illness.
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MERTERILS AND METHODS

We conducted a prospective study in an academic teaching hospital from A T 2y
. ® .L.4-1U. ’ ’ U5
January 4 through October 23, 2010. Arterial blood gas (ABG) testing of 2010.1.4-10.23, £, WIHETERTIT

patients admitted to the ICU was electronically screened between 8:00 AmM ® N NFRE:

and 5:00 pM on weekdays. Patients were eligible for participation in — D Hrz Wi A Btz W S R AT
the study if (1) they had received a new diagnosis of AHRF or were — ) EEWIE N Bieh NG Eh K LS 4 T
admitted to the ICU with the diagnosis of AHRF, (2) ABG testing was —3) B AR A A e R < 300

ordered within 6 h of diagnosis of AHRF or ICU admission, or (3) ABG HER AR
testing showed a Pao,/F10, ratio < 300, Patients were excluded from the AR

study if (1) an ICU provider declined bedside CCUS, (2) CCUS exam- - D B MICUB 55 N SR AT IR 55 CCUS

ination was deemed to interfere with patient care, (3) a sonographer - 2) BRI E TIUEE G

was not available within 6 h after ABG testing, or (4) a previous ABG — 3 e/ N N R A A

report during the same hospitalization met the criterion of Pao,/F10, — &) xR LR R A S a§&<300 bR

ratio <2 300. Verbal consent was obtained from either the patients or HE AT N Sk A

their surrogates. This study was approved by the Mayo Clinic Institu-

tional Review Board (IRB No. 09-004897). o MR THEEZIIE AR RS
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MERTERILS AND METHODS
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MERTERILS AND METHODS
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RESULT

W9 H, —3iidy 17241
#HIAHRF. & TR20<<30001) &4,

29 \134451

241 Patients screened

h 4

140 Eligible

A\ 4

101 Met exclusion criteria

\ 4

134 Enrolled

A\ 4

6 Declined participation
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TABLE 1 | Characteristics of Patients With Acute Hypoxemic Respiratory Failure

Patlerts
All With CPE With ARDS With Miscallan=ous
Charachteristic N=134) {n="=53, 440} (n=42, 31%) Cause [n=33, 25%) FWalue
Male sex 79 (59) 20 (51} 28 (67) 21 (54} .23
Ageay a8 (55-77) 73 (62-80) 66.5 (52-73) a0 (49-70) .01
Pao./Fro; ratic? 194 {123-252) 210 (130-249) 170 {141-214) 232 (158-272) .04
Mechanical 70 (52} 20 (51} 25 (50} 15 (45) A6
ventilation
Nonimvasive 25 (19) 14 (24} 4 (10} 7(21) A8
ventilation
Wasoactive/inotropic 41 (21} 19 (32} 17 {40) 5(15) 06
agents
Laboratory walues
Pro-BMEa pa/mL 2,398 (854-11,039) | 6,147 (2,764-24,072) 882 (311-3,581) 597 (215-2,905) 0oz
{n=40}
Leukocyte count, 11.2 (7.5-15.8) 11.3 (8.1-15.7) 11.0 (6.3-15.3) 12.4 (7.6-16.7) BE6
Mo./nL (n= 124}
Peak troponin T, 0.5 (0.02-0.14) 0.08 (0.02-0.22) 0.0 (0.01-0.11) 0.03 (0.01-0.07) Ao
ng/mL {n= 8%}
Lactate, nmol/L 1.70 (1.10-2.60} 1.80 (1.05-2.80) 1.7 (1.20-2.60) 1.50 (0.92-1.97) .28
{n=102})
Creatinine, * mag/dL 1.2 (0.8-1.7) 1.4 (0.95-2.05) 1.1 (0.8-1.5) 0.8 {0.6-1.0) .00l
(n=134}
CCUS examination
Time from ABG 211.0 {142.2-289.8) | 198.0 (125.5-262.0) | 214.5 (106.0-291.8) | 229.0 (112.0-296.0) 71

testing, min
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TABLE 2 | Sensitivity and Specificity of Various Cut
Points: Differentiation of the Miscellaneous
Group From the ARDS and CPE Groups

- /ﬂ\:’ﬂﬂ% (EIFEFH?@Y?‘EH) éﬂ //1\3:3 No. Chest Zones

With Positive

B I (F 228N X)) HBZAE B-Lines

% (BBURME97%, i 5 PE53%)
— RN T &I HINBURIE SR 7
— ZIAE A FAUCH0.82 (95%Cl,
0.75-0.88)

Statistical Characteristic

Sensitivity (95% CI)

Specificity (95% CI)

o

0 N O n s W N =

0.55 (0.36-0.72)
0.76 (0.58-0.89)
0.97 (0.84-1.00)
1.00 (0.89-1.00)
1.00 (0.89-1.00)
1.00 (0.89-1.00)
1.00 (0.89-1.00)
1.00 (0.89-1.00)
1.00 (0.89-1.00)

0.85 (0.77-0.91)
0.70 (0.60-0.79)
0.53 (0.43-0.63)
0.42 (0.32-0.52)
0.31 (0.22-0.41)
0.18 (0.11-0.27)
0.09 (0.04-0.16)
0.05 (0.02-0.11)
0.00 (0.00-0.03)
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TABLE 3 | Sensitivity and Specificity of Various Cut
Points: Differentiation of the CPE Group
From the ARDS Group

Simplified
Frediction
Score for CPE

Statistical Characteristic

Sensitivity (95% CI)

Specificity (95% CI)

1

@ N o oW

1.00 (0.94-1.00)
0.77 (0.64-0.87)
0.61 (0.48-0.74)
0.53 (0.39-0.66)
0.39 (0.26-0.52)
0.30 (0.18-0.43)
0.11 (0.04-0.22)
0.04 (0.00-0.12)

0.00 (0.00-0.08)
0.69 (0.53-0.82)
0.83 (0.69-0.93)
0.86 (0.72-0.95)
0.98 (0.87-1.00)
1.00 (0.92-1.00)
1.00 (0.92-1.00)
1.00 (0.92-1.00)




A

=CHEST

11NS3Y

Acute hypoxemic respiratory failure
Combined cardiac and thoracic CCUS

Thoracic CCUS for B-lines

l

l

Score Score
B-lines <3 zones 0 B-lines =3 zones +3
Miscellaneous causes l
(eg, unilateral PNA, atelectasis,
COPD, PE, pneumothorax) Cardiac and thoracic CCUS
y
Score |
Left pleural effusion >20 mm +4
Moderate or severe LV dysfunction +3
IVC minimal diameter <23 mm -2
Score Score
<3 0of 10 =6 of 10
CPE
ARDS CPE with ARDS




=CHEST
= RESULT

Diastolic Assessment

Among the 101 patients with CPE or ARDS, 48 and
50 had E/A and E/e’ measurements, respectively. The
R package part was used to identify the best partition
points for E/A and E/e’ to separate patients with CPE
from those with ARDS.'* ARDS was predominantly
seen when E/e’ = 8.3; CPE was seen more when
E/e’ =14.3. No pattern was observed using the E/A

— FPIRVELInE/ABE e L AE56%I N5 F3RkS, DRI R BEAN

estimate.

NE 2\
— HR%mFE K package part iR I E/AFIE/e’ I B 43 0 Bic /i R X
/3 CPEFIARDS f %

— ME/e’<8.3I EFHARDS, 4E/e’>14.3I5 CPEFE I o



o P4 NFrifE
o FlFH rHE

o IS Ar6h PN BAE B A A 2, B[] 10min A
o JHE P R [P e 40 A
o W S AR UERIR L . PN AT 9T 38 AR 40 1 R R+ A 4 Bh A 7

o i fE R FEPERTEGUE (KAPPAHE)

o X A AEMHLIE i A2 5 Vs B A2 T B AHRF-> B2 BH 1 X 45k

o [X 73 I8 5 H 9 A% v Lo P il 7K 0 5 ARDS T BLAHRF = ZEM 7K . A2 B4 Fsfs . R
o FRIE AR 43 L M V5 RS

o BT IR ThAE RIS vk BB FE /0 | A . E/e’<8.3->ARDS, E/e’>14.3->CPE

o A 1 1CU RN 558 AHRFPS DR] 26 501) 1) B B8 O il 7 ik %2
o e T R PEr RS




=CHEST
DISCUSSION

* ZIK ﬁﬁ % HB Eﬁ T E‘/ﬁ‘ﬂ iﬂ%u Eﬁﬁ This study identified crucial cardiac and thoracic CCUS
Tﬁ Izjl\ E&AH RF% El/‘J ETE 'B‘Hﬂjﬁ measurements for discerning causes of AHRF early in
g ¥

S IFE AR . the course of critical illness. Lack of positive B-lines or a

— T B B kL e e Ot
55§ GG S AHRFYE T Hofh pey 88 AHRE. ’

left-sided pleural effusion, moderate or severe LV dys-

= (EMEE D function, and large IVC minimal diameter indicated
— K. P EEE A ZE I EEfE  CPE rather than ARDS. Both the penalized regression
S LI IVCE /DN 54T K 7RCPE  model and the simplified scoring system showed excel-
[ a] BE4: AT ARDS lent AUCs.
A A R
¥ s B R AUC
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Conclusions

This study identified important cardiac and thoracic
CCUS findings to differentiate causes of AHRF in adult
patients in the ICU. Although the simplified prediction
model may need to be prospectively validated in a large
cohort, we show a valuable use of bedside-focused car-
diac and thoracic CCUS to differentiate ARDS, CPE,

and other causes of AHRF early in the course of critical
illness.



