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Abstract

Background and Aims: While chest X-ray (CXR) has been a conventional tool
in intensive care units (ICUs) to identify lung pathologies, computed tomo-
graphy (CT) scan remains the gold standard. Use of lung ultrasound (LUS) in
resource-rich ICUs is still under investigation. The present study compares
the utility of LUS to that of CXR in identifying pulmonary edema and pleural
effusion in ICU patients. In addition, consolidation and pneumothorax were
analyzed as secondary outcome measures. Material and Methods: This is a
prospective, single centric, observational study. Patients admitted in ICU were
examined for lung pathologies, using LUS by a trained intensivist; and CXR
done within 4 hours of each other. The final diagnosis was ascertained by an
independent senior radiologist, based on the complete medical chart includ-
ing clinical findings and the results of thoracic CT, if available. The results
were compared and analyzed. Results: Sensitivity, specificity and diagnostic
accuracy of LUS was 95%, 94.4%, 94.67% for pleural effusion; and 98.33%,
97.78%, 98.00% for pulmonary edema respectively. Corresponding values
with CXR were 48.33%, 76.67%, 65.33% for pleural effusion; and 36.67%,
82.22% and 64.00% for pulmonary edema respectively. Sensitivity, specificity
and diagnostic accuracy of LUS was 91.30%, 96.85%, 96.00% for consolida-
tion; and 100.00%, 79.02%, 80.00% for pneumothorax respectively. Corres-
ponding values with CXR were 60.87%, 81.10%, 78.00% for consolidation;
and 71.3%, 97.20%, 96.00% for pneumothorax respectively. Conclusion: LUS
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has better diagnostic accuracy in diagnosis of pleural effusion and pulmonary
edema when compared with CXR and is thus recommended as an effective
alternative for diagnosis of these conditions in acute care settings. Our study
recommends that a thoracic CT scan can be avoided in most of such cases.

Keywords

Lung Ultrasound (LUS), Chest X Ray (CXR), Pleural Effusion,
Pulmonaryedema, Consolidation, Pneumothorax

1. Introduction

Imaging has contributed immensely to the understanding of lung diseases in in-
tensive care unit (ICU) patients, and currently serves as a vital tool in diagnosing
lung pathologies, monitor their course, and guide the treating physicians to-
wards apt clinical management. Although chest X ray (CXR) has conventionally
been a popular imaging tool, its interpretation is influenced by the level of tech-
nical expertise of the radiologist and high inter-observer variability as well. Porta-
ble chest radiography is used as a bedside tool with relatively quicker access to
results, but usually hindered by inadequate or improper patient positioning, the
necessity for anteroposterior imaging and exposing patients to harmful radia-
tions [1]. Computed tomography (CT) scan is being used as a more efficacious
alternative, but has significant drawbacks too, such as issue of availability, cost,
delay in treatment (while waiting for report), renal issues, anaphylactic shock,
and radiation exposure, besides the logistics involved in intra-hospital shifting of
patients [2]. Lung ultrasound (LUS) is a real time imaging modality and has a
pivotal role as a handy and constantly evolving technique, which can be used as
a bedside tool for chest imaging in critical care setting. It is already popular as a
point of care test which is accurate, reproducible, flexible to use, easy to perform
and safe (no radiation) when compared to that of chest radiograph [3] [4].

While the utility of LUS in the emergency setting is undebatable [5] [6], its
potential role in the more complex and resource-rich intensive care environment
is still under investigation. The aim of this study is to compare CXR and LUS to
identify pulmonary edema and pleural effusion in a multidisciplinary ICU of a
tertiary care hospital. While abundant literature is available on this subject, pre-
vious studies have smaller sample size and taken CT chest as a definitive diag-
nostic tool in their studies [3] [7] [8]. A prospective study with significant sam-
ple size, including well known pathologies without the need for CT scan as a
“gold standard”, is lacking. Rather, an expert radiologist’s opinion has been tak-
en as comparative reference, in order to establish more definitive diagnostic role
of LUS and negate the need of routine CT chest scanning.

Primary objective is to compare sensitivity and specificity of CXR and LUS in

diagnosing pleural effusion and pulmonary edema taking diagnosis of an inde-
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pendent senior radiologist as reference. Diagnosis of pneumothorax and consol-
idation were taken as secondary objectives, considering their low prevalence in
our ICU.

2. Material and Methods

This is a prospective, single centric, observational study, conducted in the de-
partment of anaesthesiology at our centre; a tertiary care, referral and teaching
hospital from Aug 2021 till July 2022. The project was cleared by Institutional
Ethics Committee of the institute and registered with Clinical Trials Registry-
India (CTRI/2021//07/035282).

All patients above the age of 18 years who were admitted to the ICU of our
hospital with any suspected or confirmed pulmonary pathology, or developed
the same during the course of hospitalization were included in the study. Pa-
tients in whom consent could not be obtained, CXR couldn’t be done within 4
hrs of LUS and in instances where radiologist was not able to form a definitive
opinion of the diagnosis; were excluded from the study.

Consent for enrolment was obtained from each patient, or from the next of
kin if the patient was incapable of giving consent; 7.e. on mechanical ventilation
(MV), or had altered sensorium. A standard proforma including the patient’s
baseline health status, reason for ICU admission, the patient’s particulars (name,
age, sex, identification number), presence of primary lung disorder, co-morbid
conditions and status of ventilation (if on MV)was maintained. Bedside CXR
and bedside LUS was done on the same day; within 4 hours of each other [7]. GE
Vivid T8 machine and 5 - 9 MHz, curvilinear probe was used for visualization of
lung fields. The scan was performed by an intensivist trained in LUS for more
than 2 years, and was not part of the treating team. He was unaware of any other
patient details (including CXR findings) till ultrasound was done. For LUS, each
hemithorax was divided into three regions. Anterior region was defined by cla-
vicle, parasternal, anterior axillary line and diaphragm; lateral region was de-
fined by the anterior and posterior axillary lines; and posterior region was de-
fined by the posterior axillary and the paravertebral lines. Each region was fur-
ther divided into superior and inferior quadrants [7] [8]. Hence, a total of 12
areas were scanned for each patient. Supraclavicular space was used to scan the
apex of lungs. Presence of anechoic or echoic collection in the dependent areas,
fluctuating with respiration was taken as evidence of a pleural effusion. A vo-
lume of more than 10 ml was considered significant and included in the diagno-
sis. Comet tail shaped B-line artefacts (at least three per field), were used to de-
fine pulmonary edema. Consolidation was reported when areas of isoechoic tis-
sue-like structure (Ze. liver), and air brochograms were seen. When the A-line
sign (only A-lines visible) and stratosphere sign (complete abolition of lung
sliding) were together seen, pneumothorax was diagnosed.

The final diagnosis was done by an independent senior expert faculty radiolo-

gist (with a post graduate degree in radiology, and more than 10 years of expe-
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rience in clinical radiology practice), after correlation of LUS images/video rec-
orded on machine by the intensivist with the findings on CXR image, assessment
of complete medical charts (including clinical findings) and the results of tho-
racic CT, if available (12 cases). This analysis was done within 12 hours of pa-
tient arrival. The radiologist was unaware of the findings recorded by the inten-
sivist. Positive findings of the bedside LUS and CXR were compared to that of
the final diagnosis.

Assuming alpha as 5% and power of 80% with sensitivity and specificity ob-
tained from previous studies [7] of the two modalities for pleural effusion and
pulmonary edema; minimum required sample size calculated, was 58 positives
for pulmonary edema and 41 positives for pleural effusion. All the data generat-
ed was collated in an excel data sheet and analyzed using SPSS ver. 23 software.
Numerical variables were expressed as mean +/— standard deviation (SD) or
median (range) as per data distribution pattern. The categorical variables were
presented as absolute values or percentage/proportions. Two-sample t-test (stu-
dent’s t) was used for analyzing the quantitative variables with normal distribu-
tion. Chi (§*) square test was used where distribution was skewed and for cate-
gorical variables. For all tests of significance, p value < 0.05 was considered sta-

tistically significant.

3. Results

192 patients were assessed for eligibility for the study; out of which eight were
excluded (three patients died before CXR could be done, in two patients the ra-
diologist couldn’t give a definitive diagnosis, and consent was refused in three
patients). Of the remaining 184 enrolled patients, 150 were included in the study
(34 were not further analyzed as none of the four pathologies was found either
by the intensivist or by the radiologist). 60 patients with pulmonary effusion and
edema each, 23 patients with consolidation/pneumonia and seven patients with
pneumothorax were included in the study (Figure 1).

There were 93 male and 57 female (62% vs 38%) participants. Mean age of the
participants was 48.2 = 11.5 years, with comparable distribution among both
genders. Age wise and weight wise distribution of the patients is noted in Table
1. Hypertension was the most prevalent comorbidity in the participants, fol-
lowed by diabetes mellitus, ischemic heart disease, pulmonary kochs and malig-
nancy in that order (Figure 2).

Sensitivity, specificity, positive predictive value (PPV) and negative predictive
value (NPV) for each of the pathologies with LUS and CXR were compared and
demonstrated in the bar diagram for easy comparison (Figure 3). Along with
these values; the positive likelihood ratio, negative likelihood ratio, disease pre-
valence and their 95% confidence interval (CI) values were calculated to com-
pare their diagnostic accuracy (Table 2). LUS was found to have better diagnos-
tic accuracy than CXR in all the lung pathologies under study; except pneumo-

thorax.
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Patients assessed for ~ Patients with exclusion
eligibility: N = 192 - criteria: N =8

k.
Eligible patients
enrolled: N = 184

/\.

Included in study Did not have any of the four
N = 150 pathologies: N = 34
Pulmonary < . Pulmonary
effusion: N = 60 effusion: N = 60

Consolidation: » Pneumothorax:
N =23 N=7

Figure 1. Flow of participants in the study.

Table 1. Age wise and weight wise distribution of participants: Male vs Female.

Weight Grand
A F M Total F M
ge (years) ota (k) Total
21-30 4 3 7 41 - 51 1 4 5
31-40 21 11 32 51-61 15 27 42
41 - 50 16 32 48 61-71 34 36 70
51-60 12 32 44 71 - 81 7 24 31
61 -70 4 11 15 81-91 0 2 2
71 - 80 0 3 3
81-90 0 1 1
Grand Total 57 93 150 57 93 150
Mean + SD (kg) 482+ 11.5 65.3+7.7
p-value (X2) 0.008 0.07
100%
80%
60%
40%
20% I
0% . . - . - |
DM HTN IHD Koch's Malignancy

H Male ®Female

Figure 2. Comorbidities in patients (male vs female).
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Figure 3. Comparison of lung pathologies (sensitivity, specificity, PPV, NPV): CXR vs LUS.
Table 2. Diagnostic accuracy {%, (95%CI)} of lung pathologies: CXR vs LUS.
CXR LUS

Pleural effusion
Pulmonary edema
Consolidation

Pneumothorax

65.33 (57.14 - 72.91)
64.00 (55.77 - 71.67)
78.00 (70.51 - 84.35)

96.00 (91.5 - 98.52)

94.67 (89.76 - 97.67)
98.00 (94.27 - 99.59)
96.00 (91.5 - 98.52)

80.00 (72.7 - 86.08)

4. Discussion

Imaging of the lung has been performed in critical care settings by bedside X-ray
imaging or occasionally with the help of CT scan. Bedside CXR is usually in-
adequate and of poor quality due to multitude of reasons such as incorrect posi-
tioning, multiple layers of clothing and inability to remove parts of machineries
attached to the patient. CT scans remain the gold standard of imaging. However,
the patient needs to be transported to the CT suite which is difficult in most
scenarios. LUS has emerged as an economical and viable option in acute care
settings in diagnosis of pulmonary conditions.

The present study was done to assess the viability of LUS in detecting lung
pathologies in acute care settings and determine its sensitivity and specificity
patterns. Xirouchaki et a/ compared the diagnostic performance of LUS and
bedside CXR for the detection of various pathologic abnormalities in unselected
critically ill patients, who were on MV using thoracic CT scan as a gold standard

[7]. They derived lower values of sensitivity, specificity and diagnostic accuracy
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for CXR (65%, 81%, 69% for pleural effusion; 38%, 89%, 49% for consolidation;
0%, 99%, 89% for pneumothorax respectively) and higher values for LUS (cor-
responding values were 100%, 100%, 100% for pleural effusion; 100%, 78%, 95%
for consolidation; 75%, 93%, 92% for pneumothorax respectively) than our study.
However, the authors have themselves admitted that besides having a smaller
sample size (n = 42) in their study, patients were enrolled when a thoracic CT's
can was already done and no other selection criteria were applied. Hence, a va-
riety of conditions (Ze., obesity, chest trauma, tissue edema) could have inter-
fered with the results. Hansell et al did a systemic review of seven studies to as-
sess the accuracy of LUS for the diagnosis of pleural effusion, lung consolidation
and lung collapse when compared with CXR and lung auscultation, with CT
scan as reference standard in patients admitted in the adult ICU [9]. Five studies
(with 253 participants) were included in the meta-analysis. It was found that
LUS had a pooled sensitivity of 92% and 91% in the diagnosis of consolidation
and pleural effusion, respectively; and pooled specificity of 92% for both pathol-
ogies. CXR had a pooled sensitivity of 53% and 42% and a pooled specificity of
78% and 81% in the diagnosis of consolidation and pleural effusion, respectively.
The results of this meta-analysis are quite similar to our study. Only Agmy et al
has studied more patients (200 patients of consolidation, pleural effusion) than
present study [10]. The authors noted that sensitivity, specificity, and diagnostic
accuracy of CXR were 55%, 84%, and 65% for pleural effusion; 40%, 96%, and
88% for pneumothorax; and 40, 85, and 50% for consolidation respectively. The
corresponding values for LUS were 100, 100, and 100% for pleural effusion;
100%, 100%, and 100% for pneumothorax; and 100%, 87%, and 95% for consol-
idation respectively. However, in contrast to our study, all the patients in their
research were on MV, and they did a modified LUS (six points) protocol. Besides,
they used CT scan as a gold standard in diagnosis.

Danish et al (90 patients)while comparing the performance of LUS with CXR
and CT scan established that LUS imaging protocol yielded greater sensitivity
and diagnostic accuracy than CXR, as well as had >85% accuracy than CT tho-
rax, in detecting common lung pathologies [11]. Lichtenstein et al, way back in
2004 analyzed 32 patients of ARDS and calculated almost equivalent values to
our study of diagnostic accuracy (93% for pleural effusion, 97% for alveolar
consolidation) [12]. Rocco et al (15 patients of chest trauma) [8], Negm et al
(total 256 patients, although smaller number of 56 patients with pleural effusion
and no cases of pulmonary edema) [13] and Wang et al (78 patients, on MV)
[14] have studied lesser number of patients; with similar results as in our study,
nevertheless. This study is thus the largest prospective study for pleural effusion
and pulmonary edema, without CT scan as a gold standard for diagnosis in a
heterogenous group of patients. Our study had a lower diagnostic accuracy for
pneumothorax (80%) than most of the cited studies. On analysis it was found
that this is primarily because of very small sample size (n = 7); owing to low
prevalence of disease in our ICU [15]. Besides, diagnosis of pneumothorax was

not a primary objective in our study.
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However, our study has certain limitations. CT scan was not used mandatorily
for the final diagnosis in our study; and a thorough review of the patient’s status
by an expert radiologist was taken as a reference point for comparison. This is a
unique study design, has not been adapted in previous studies. This method may
have introduced some observer related oversight in diagnosis; but its effect is
expected to be minimal on overall results, as the radiologist was looking at a
comprehensive data (including history, examination, hematological and bio-
chemical investigations and interpretation of CXR and LUS findings) of the pa-
tient rather than any individual diagnostic tool (such as CT scan).

A bedside point of care test with high diagnostic accuracy for patients with
suspected lung pathology, which is conveniently reproducible, easily performed,
rapid, cost effective and hazard free is required to be established as a gold stan-
dard to avoid the hazards of intra hospital transfer and reduce radiation hazard
as well. The incidence of overall, as well as critical, adverse events during such
transfers has been reported to be as high as 78% and 22%, respectively [16]. Al-
though portable CT scanners are available for bedside scan, it is not widely availa-
ble and is mostly used for neuroimaging [17]. Upto one-third of CXR images
remain of suboptimal quality, especially in ICU setting [18] [19]. Emphasis on
bedside LUS and to consider it a vital tool in diagnosis of lung pathologies is

therefore justified.

5. Conclusion

With our robust study design, we have been able to conclude definitely, that in
ICU patients, LUS has significantly better diagnostic accuracy than CXR in di-
agnosis of pleural effusion and pulmonary edema. CT scan can be avoided in most
of the cases considering its limitations and hazards; and use of LUS should be
encouraged. In diagnostic dilemmas, a review of LUS along with relevant medi-
cal records of the patient, by an expert radiologist may prove equally useful as an
alternative to CT scan, if the CT scan is not feasible. For consolidation and pneu-
mothorax, we recommend prospective studies of similar design with higher sam-

ple size to pronounce statistical significance.
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