Retrospective analysis of the diagnostic accuracy of lung ultrasound for
pulmonary embolism in patients with and without pleuritic chest pain
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Background

* Pleuritic chest pain is a common presenting symptom in the emergency department
that requires a careful differential diagnosis
* Lung ultrasound (LUS) has a role in the diagnosis of pulmonary embolism (PE) mainly
based on the visualization of pulmonary infarctions



Lung infarction

Pleural based anechoic consolidation,
wedge or round shaped, with sharp Small pleural effusion
margins, without air bronchograms, of a
minimum size measured at the pleural
level of 0.5 cm with or without an
associated small pleural effusion

Pulmonary infarct
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Aim of our study

* Compare sensitivity and specificity of LUS in patients with and without pleuritic chest
pain

* Compare sensitivity and specificity of global chest LUS examination approach versus a
single LUS scan performed in the most painful area

* Compare two pre-test strategies for the prediction of PE: Wells score + d-dimer versus
Wells score +LUS



Characteristics of source studies

Methods

Sitveayr resigrm Popwlaticn. n Lurng U5 criteria for PE Reference test Bilindea Follow-—
afougrosis Sfor PE diogrnosis adivdication of [T ]
diogrnosis
Reissig Moo Ccenter, Patients AL least one pulmonary MNICT PA or Yes Yes
2001 (1) Pros pective suspected of PE, infarce defiled as well- combination
colhort study &5 demarcated wedge- of other
shaped or rounded lesions diagmostic
tests ar
UTOpSY
Mazerian Multcenter, Patients AL least one pulmonary MNMICT P Yes Mo
2014 (13) pros pective presenting to infarct defined as pleural performed imn
cohort study ED, suspected based, well-demarcabted ED
of PE and with a echopoor triangular or
Wells score =4 rounded consolidations of
or a positive D- at least 0.5 cm in size
dimer, 357
Mazerian MMulticenter, Patients AL least omne pulmonanry Second lewel Yes Yes
2017 (15) pros pective presenting to infarct defined as pleural imaging
cohwort stedy ED weith based, welFdemarcaz=d diagmostic test

suspected PE,
A6

echopoor triangular or
rounded consolidations of
at least 0.5 cm in size

or autops y

US: ultrasonocgraphy; ED: emergency department; CT : com puted tomography ;
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Results

Final diagnosis in all patents and in patents with and without plewritic che st pain

All patents Fo pleuritc chest Pleuritc che st pain,
pain,. n=655% =
[ Pulmonaryembolism 27932 214 (32798 | 6530 |
Pneumania 169 (19 435) 121 (18.5%&) 48 (22 15%6)
Heart failure B0 [9.2%8) T2 (11%%) FNENES
Muscolo-skeletal chest pain 52 [6.1%%) 11 [1.7%6) 42 (19 4%]
COPD/ pulmonary fybrosis &0 [5.9%5) 55 [B.435) 5 [2.3%)
Pleural effusion 38 [4.4%65) 21 (3.2%6) 17 (7.8%)
Swncope 7 [2.295) 35 [5.3%) Z [0.9%)
Tachyarrhythmia 32 (2.7%6) 27 (4.1%) G (2 3%)
Acute coronary synd rome 10 (2. 2%5) 17 [2_6%) 2 [(Dass)
Lung cancer 20 [2.3%6) 13 [29%) T [22%)
Peycogenic dyspnea 19 (2.2%) 16 [2.456) 3 (1.4%)
Aoroic dissecton &l0.7 6 [O09%) 0
Pericardial effusion G [O.65) 3 [0 5%) Z [D9%)
Miscellaneous L [B.3%%) A4 [6.75%) 11 (5. 1%%)

COPD=Chronic Obstructve Pulmonary Disease
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Results

Diagnostic performance of lung ultrasonography for the diagnosis of PE in all patients and in patients without and with pleuritic chest pain

" Sens% | Spec% | PPV% | NPV % R+ R
opulation, n . A B
z (95%Cl) | (95% CI | (95%CI) | (95% CI) | (95%Cl) | (95%Cl) ® Sn of LUS with and without pleurltlc
e | DY | g | R | a chest pain: 81.5% vs 49.5%, p<0.001
All patients, 872 (92.9- (79.4- 7.83- (0.40-
(51-62.9) (78.1-89)
9 6) 852) 16.20) 0.52) ° . ; e
———— e | e | e s o Sp of LUS with and without pleuritic
. otp e_u” 5655 (42 7- (92.3- (745 (75.8- (6.24- (0.47- chest pain: 95.4% vs 94.8%, p=O86
e 56.4) 97.7) 88.4) 82 8) 14 46) 0.61)
Pleuritic chest i i i 92.4% - . . Sn Of S|mp||ﬁed LUS and Wh0|e CheSt
7o-90.1) || ©@o7- | 74 8.51- (0.11-
i . 0 0 =
S S e | ST LUS: 78.7% vs 83%, p=0.48
Scaninihe T87% | 954% | 881% | G12% 022
17.16 . ope
meer | oz | mees | jmms | @ | ] D ® Sp of simplified LUS and whole chest
area, 156* 89.3) 98 5) 99.6) 94.7) o 0.39) LUS: 95.4% vs 94.5%, p=1
. 7. .2/0,

Sens= Sensibility; Spec= Specifcity; PPV=Positive Prediclive Value; NPV=Negative Prediclive Value; LR+= Positive Likelihood Ratio; LR= Megative

Likelihood Ratio *Patients with pleuritic chest pain recruited in the study by Reissig and Nazerian 2017



Results

Comparison of different diagnostic strategies incorporating Wells score, d-dimer measurement and LUS in 451 patients from Reissig 2001 and Mazerian 2017 study

Wells score =4 and Welk score =4 and
el ki = ® Failure rate Wells + d-dimer

Failure rmate™ % (95% Cf) 41(1.4-94) 12.4 (B.5-17.4) VS We”S + LUS‘ 4’1% VS
Effidency+ % (25% Cl) 26.8(22.8-31) 51.7 (46.9-56.4) 1 2, 4% p= O, 01
Sensitivity % [95% CI) 8B6.6 (92.3-985) 80.5 (73.3-B6.E)
S pecificity % (25% Cl) 3.4 (32.0-441) 67.5 [61.9-72.E)
PPV % [85% Cl) 435 (41.2-45.8) 55 (50.6-59.5)
NPV % (55% Cl) 95.5 (90.6-98.2) B7.6(83.951.2)
LR+ 157 (143-1.72) 2.4B (20.07-2.97)
LR- 0.05 (0.04-0.21) 0.25 (0.21-0.41)

LUS= Lung ultrasound; PPV= Positive predictive value; NPV= Negative predictive value; 95% Cl= 95% confidence interval.
* Calculated as the number of patients within the group with a final diagnosis of PE divided by all patients in the same group
+Calculated as the number of patients within the group divided by all included patients



Results

Comparison of different diagnostic strategies incorporating Wells score, d-dimer measurement and LUS in 141 patients with ple uritic chest pain and available d-dimer
from Reissig 2001 and Mazerian 2017 study

®  Failure rate of Wells + LUS vs Wells + d-dimer: 3,7%
Wells score =4 Wells score =4 Wells score =4 and o
vs 6,7%, p= 0,42
and negative d- | and negative LUS | negative LUS in the
dimer mostpainfularea | ®  Sn of Wells + LUS vs Wells + d-dimer: 93% vs 90%,
p=1
Failure rate" % (95% CI) B.7 (1.9-16.2) 3.7 (D.B-10.6) 4.9 [1.36-12.2)
® Spof Wells + LUS vs Wells + d-dimer: 78,6% vs
Efficiency+ % [25% CI) 425 [34.3-51.3) 56.7 [48.1 -65) 57.4 [4B.B-65.7) 57,1%, p<0,001
Sensitivity 38 (95% CI) j"ﬁ-ﬁ:?ﬁ‘?fﬁ:ﬁﬁﬁi' T o8 (B0.8985) || 90.7(77.997.4)
= = ®  Failure rate of Wells + single scan LUS vs Wells +d-
Spedficity % (953 Cl) [I 57.1 [46.7-67.1) 7B.E [69.1-B6.2) 7E.6 (69.1-8BE6.2) dimer: 4,9% vs 6,7%, p=0,01
PPV 2 (95% CI) 48.1 (42-54.3) E5.6 (55.4-73.7]) B5 (55.7-73.3)
T S | s = T ®  Sn of Wells + single scan LUS vs Wells +d-dimer:
' o ' i ' 90,7% vs 90,7%, p=1
LR+ {953 Cl) 2.12 (1.65-2.71) 4 .34 [2.95-6.4) 425 (2.B6-6.26)
®  Sp of Wells + single scan LUS vs Wells +d-dimer:
LR- [{95%% Cl) 0.16 (0.06-0.42) 0.09 (0.03-0.27) 0.12 (0.05-0.3)
78,6% vs 57,4%, p< 0,001

LUS= Lung ultrasound; PPV= Positive predictive value; NPV= Negative predictive value; 85% Cl= 5% confidence intersal.
~ Calculated as the number of patients within the group witha final diagnosis of PE dvided by all patients in the same group
+ Calculated as the number of patients within the group divided by all included patients



Limitations

* The main aim of our study does not coincide with the endpoint of the original
studies retrospectively analyzed and included in our investigation

* We cannot exclude that application of LUS by physicians of a lower skill level
may result in different accuracy and safety



Conclusions

* LUS searching for pulmonary infarction is a highly sensitive diagnostic tool for
pulmonary embolism

* This result does not change when LUS is performed on the whole chest or
limited to a single scan in the most painful area

* In patient with pleuritic chest pain, Wells score+LUS performed on the whole
chest or limited to a single scan in the most painful chest area is more efficient
for ruling out PE compared to Wells score + d-dimer
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