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Lung Ultrasound and Blood Gas-Based Classification of
Critically Il Patients with Dyspnea: A Pathophysiologic
Approach
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Introduction: The objective of this study was to classify dyspneic patients and to evaluate outcome variables on the basis of lung ultrasound
(LUS) and arterial blood gas (ABG) findings. Methods: We performed a retrospective chart-based review in which we included patients with
dyspnea admitted to our intensive care unit (ICU) between March 2015 and August 2016. On the basis of LUS (presence of A-lines/B-lines)
and ABG (hypoxia/hypercarbia), patients were classified into six groups: (i) metabolic defect (dry lung, no hypoxia); (ii) perfusion defect
(dry lung, hypoxia); (iii) ventilation defect (dry lung, hypoxia, and hypercarbia); (iv) ventilation and alveolar defect (wet lung, hypoxia, and
hypercarbia); (v) alveolar defect-consolidation ([wet lung] hypoxia, no echocardiographic [ECG] abnormality); (vi) alveolar defect-pulmonary
edema (wet lung [usually bilateral], hypoxia, ECG abnormality). The patient’s demographic data, sequential organ failure assessment (SOFA)
score, need for intubation, vasopressors, form of mechanical ventilation, ICU outcome, and length of stay were noted. Results: A total of 244
out of 435 patients were eligible for inclusion in the study. The median age was 56 years. 132 patients (54.1%) required mechanical ventilation,
and median SOFA score was 7. Noninvasive ventilation was required in 87.5% of patients with ventilation defect as compared to 9.2% with
alveolar defect-consolidation (P <0.0001). We had 21.7% mortality in patients with alveolar defect-consolidation, 10.8% mortality in patients
with metabolic defect, and 8.7% mortality in patients with alveolar defect-pulmonary edema (P < 0.0001). Conclusion: This classification
gives an organized approach in managing patients with dyspnea. It predicts that patients with alveolar defect-consolidation are most sick of
all the groups and need immediate intervention.
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tool for the evaluation of dyspnea is required for critically ill
patients.

INTRODUCTION
Dyspnea is the most common presenting symptom among

critically ill patients.l'! Various etiologic classifications
of dyspnea focus on history, physical examination, chest
radiography, or electrocardiography (ECG) to classify patients
in cardiovascular, respiratory, or metabolic categories.!"?! Such
classifications are difficult to interpret in critically ill patients,
due to overlapping symptoms and signs or lack of them in
acutely developing conditions.! In the previous decade,
elevated B-type natriuretic peptide was considered sensitive
and was a specific marker to distinguish cardiovascular causes
of acute dyspnea, but this biomarker is elevated in a variety
of noncardiac critical conditions, including sepsis.**! Further,
etiologies of dyspnea are more diverse, and an objective,
minimally-invasive, less expensive, and rapid assessment
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Development and expansion of lung ultrasound (LUS) have
helped in the classification of acute dyspnea.!® This technique is
rapid, is noninvasive, and has no additional expense in settings
where a bedside ultrasound is available. It is an extension of
clinical examination and can distinguish between a dry and
a wet lung field. In combination with cardiac ultrasound, it
was possible to distinguish pulmonary and cardiac causes of
dyspnea in one study.'® Arterial blood gas (ABG) analysis has
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been used in intensive care units (ICUs) to make treatment
decisions.[”? While they have a limited utility in distinguishing
different causes of dyspnea, they do provide valuable insights
into pathophysiology of various pulmonary processes, such
as ventilation, oxygenation, or perfusion defects. The ease
with which ABG can be measured in critical care units with
such a capability has made it mainstay in the evaluation of a
breathless patient.[®

We performed this study to evaluate if a combined LUS- and
ABG-based algorithm can discriminate between different
causes of dyspnea. Information from these two sequential
modalities can be used to indicate dominant pathophysiology
responsible for dyspnea, and together information from these
modalities is available within 1% h of admission to a critical
care facility.

MeTtHoDS

Design

We performed a retrospective chart-based review of all patients
admitted to the ICU at a tertiary care institute in Central India.
Institutional Human Ethics Committee approved the study
and a waiver of consent from individual patients was sought.

Setting

The study was conducted in a ten-bedded closed medical
and surgical unit. It is equipped with bedside portable
ultrasound machines (Sonosite) and blood gas analyzer
(Roche-Cobas b 221). As per the ICU protocol, all patients
brought to the ICU are immediately assessed for vitals
(heart rate, respiratory rate [RR], noninvasive blood pressure,
ECG, oxygen saturation), peripheral lines are secured, and an
arterial blood sample is drawn. As immediate management
is initiated, an LUS with ECG and inferior vena cava (IVC)
assessment is performed by one of the three trained intensivists
available in the unit. All investigation findings, treatment
decisions, and diagnosis are recorded on the ICU treatment
charts.

Inclusion and information sources

We enlisted all patients who were admitted to the ICU between
March 2015 and August 2016 and obtained their ICU treatment
charts. We sought to include patients who were admitted with
dyspnea (defined as RR recorded as 20 bpm or more at the
time of admission). Duration of ICU stay of 24 h or longer
was required for inclusion, assuming that complete diagnostic
information would have been received till this time. We
excluded patients if information about on-admission LUS or
echo or ABG report was not available from the treatment chart.

Study procedures

We collected information about patient demographics
(age, gender), type of illness based on final diagnosis,
severity of illness, length of stay, need for intubation, form of
mechanical ventilation, central venous catheter (CVC), need of
vasopressor, ICU outcome, and primary admission source. We
collected information about the LUS patterns and ABG values

to classify patients in different pathophysiological categories
as described later.

Ultrasonography protocol

As per the standard ultrasonography (USG) protocol in the
ICU, the following views are obtained as part of standard of
care:

Lung views

The linear probe with frequency of 5—-8 Hz was used for lung.
As described in BLUE protocol, i.e., the upper BLUE-point,
lower BLUE-point, and PLAPS-point were assessed.!
Fundamental ultrasonographic signs were considered multiple
B-lines, subpleural consolidations, air bronchograms, and
lung sliding.

Cardiac views

A cardiac-phased array 2—4-MHz probe was used for
the study of the heart through the subcostal, parasternal
long—axis, and the apical four-chamber views. A subcostal
four-chamber view was examined for fluid collection within
the pericardial sac, right atrium/right ventricle (RV) diastolic
collapse, left ventricle (LV) impaired function by visual
estimation of gross wall contraction and wall thickening,
or LV hyperkinesia with impaired filling, RV dilation, and
visual estimation of impaired function. At least one of
the other two cardiac views was used in case of doubtful
diagnosis, difficult visualization, and confirmation of RV
dilation. The parasternal long-axis view was examined for
pericardial effusion, visual estimation of qualitative LV
function, and signs of RV dilation (RV/LV end-diastolic
diameter [0.7]). The apical four-chamber view was examined
for pericardial effusion, qualitative LV function, and signs of
RV dilation (RV/LV end-diastolic diameter).

Inferior vena cava view

The subcostal view was used for long-axis visualization of the
proximal IVC to measure maximum diameter and estimate the
percent of respiratory collapsibility in spontaneously breathing
patients. The same probe used for cardiac views was used. All
measurements were made no <2 cm caudal from the junction
of the right atrium. In spontaneously breathing patients, 50%
of collapsibility was indicative of hypovolemia.

Study definitions

We defined A-pattern (dry lung) if all of the scanned LUS
areas showed A-lines. A-lines are repetitive horizontal artifacts
arising from the pleural line generated by subpleural air. The
absence of multiple B-lines with regular sliding is the “A
pattern,” which is a sign of normally aerated or hyperinflated
lungs and rules out pulmonary edema.

B-pattern (wet lung) was defined if two or more scanned LUS
areas showed B-lines. The B-line is the name given to an artifact
with seven features: a hydroaeric comet-tail artifact; arising
from the pleural line; hyperechoic; well defined; spreading up
indefinitely; erasing A-lines; and moving with lung sliding when
lung sliding is present. It reflects the coexistence of elements
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with a major acoustic impedance gradient, such as fluid and
air. Fluid at the subpleural interlobular septum surrounded by
air-filled alveoli (i.e., septal edema) fulfills this condition. Three
or more B-lines in a single view are called B-lines. B-lines
indicate the subpleural part of interstitial syndrome.”

A patient was designated to have ECG abnormalities if
dilatation of cardiac chambers, systolic dysfunction, regional
wall motion abnormalities, concentric LV hypertrophy,
severe valvular regurgitation, pericardial tamponade, or
noncollapsible or dilated IVC were present. Hypoxia was
defined as PaO, <60 on room air. Hypercarbia was defined as
PaCO, >45 mmHg.

Based on above definitions, we a priori defined seven
pathophysiological categories that may cause dyspnea
[Figure 1]. These categories are (i) metabolic defect (dry lung,
no hypoxia); (ii) perfusion defect (dry lung, hypoxia);
(iii) ventilation defect (dry lung, hypoxia, and hypercarbia);
iv) ventilation and alveolar defect (wet lung, hypoxia, and
hypercarbia); (v) alveolar defect-consolidation (wet lung
[usually localized], hypoxia, no ECG abnormality); (vi) alveolar
defect-pulmonary edema (wet lung [usually bilateral], hypoxia,
ECG abnormality); and (vii) metabolic and alveolar defect
(wet lung, no hypoxia). Rationale for these groupings is that
a patient who has a metabolic acidosis has dyspnea due to
respiratory compensation and has low PaCO, and usually no
hypoxia. Lungs are expected to be dry unless there is some
fluid overload. Patients with pulmonary embolism, pulmonary
edema, or an air—space consolidation may all be hypoxic and
can be distinguished based on dry lungs expected in perfusion
defect, or bilateral wet lungs with cardiac abnormalities

expected in pulmonary edema, or localized wet lung features
in an alveolar defect-consolidation. Patients with alveolar
defect-consolidations may have additional signs such as
dynamic bronchograms (C-pattern). Patients with a ventilation
defect have high PaCO, levels along with hypoxia could have
dry lungs or wet lungs in case of associated alveolar defect
such as air—space consolidation.

Statistical analysis

We performed a descriptive statistical analysis of
demographic characteristics, diagnostic categories, and
severity characteristics across LUS-blood gas categories.
We expressed measures of central tendency and dispersion
for categorical variables as frequency and percentages and
for continuous variables as means and standard deviation.
We used Chi-square test for trend across the categories for
categorical and Mann—Whitney for continuous variables. All
statistical analysis was performed using IBM SPSS Statistics
for Windows, Version 20.0 (Armonk, NY: IBM Corp.).
Kaplan—Meier analysis was done for different groups.

ResuLts

Atotal of 435 patients were admitted to the ICU between March
2015 and August 2016 (18 months). Of these, 244 (56.09%)
were eligible for inclusion in the current study. Median age
of the participants was 56 years (range 3-93 years) with
median ICU stay of 3 days (range 1-83 days). Of 244 patients,
132 (54.1%) required mechanical ventilation, and median
sequential organ failure assessment (SOFA) score of the
participants was 7 (range 1—18). Overall ICU mortality in these
patients was of 11.47%.

| Presence of Tachypnea ]
n=244
| Lung Ultrasound |
A-Lines B-Lines
Drylung | | Arterial Blood Gas | | wettLung
n=95 n=149
| NoHypoxia| | Hypoxia | |Hypoxia with Hypoxia with | | Hypoxia | | NoHypoxia |
Hypercarbia Hypercarbia
Metabolic Perfusion Ventilation Ventilation & Alveolar Metabolic &
Defect Defect Alveolar Defect Defect Alveolar Defect]
n=83 n=4 n=8 n=16 n=0
Eg Sepsis Eg Pulmonary Eg COPD Eg COPD with Eg Sepsis with
Embolism Pneumonia P. Edema
Cardiac Abn. on
Echocardiography
No Yes
|Consolldatlon Edema |
n=87 n=46
Eg Pneumonia Eg P. Edema

Figure 1: Classification on the basis of lung ultrasound and blood gas in dyspneic critically ill patients
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Most patients with dyspnea who required admission to ICU
had wet lungs (149/244; 61.06%) and remaining 95 (38.14%)
had dry lung as classified by LUS. Of the 149 patients with
a wet lung, 133 (89.26%) had hypoxia and were classified as
having an alveolar defect (either consolidation or pulmonary
edema). Remaining 16 patients had hypoxia and hypercapnia
and were classified as having combined ventilation and alveolar
defect. Of the 95 patients with a dry lung, 83 (87.3%) were
classified as having metabolic defect. The distribution of
different pathophysiologic categories and their characteristics
is shown in Table 1.

Different pathophysiologic categories were dissimilar in
terms of interventions received in the ICU. The proportion
of patients who received intubation, mechanical ventilation,
central and arterial line insertion, and vasopressors was high in
alveolar defect-consolidation (wet-lung hypoxia) and perfusion
defect (dry-lung hypoxia) categories. These two patient groups
also had a high SOFA score (median of 8 for alveolar and of 9
for perfusion defect) and a high mortality (50% for perfusion
defect and 21.1% for alveolar defect-consolidation).

We compared discharge diagnosis of these patients with
pathophysiologic categories. All patients with dry-lung
hypercapnia or wet-lung hypercapnia had a ventilation
disorder (mostly chronic obstructive pulmonary disease) as
an underlying etiology. Similarly, there was homogeneity
in discharge diagnosis in perfusion defect and alveolar
defect-pulmonary edema categories. Diagnoses were
most heterogeneous in metabolic (dry-lung nonhypoxia)
category.

Discussion

In this study, we report that it is possible to classify patients
presenting to ICU with dyspnea in various pathophysiologic
categories using a combination of LUS- and ABG-derived
parameters. With round-the-clock availability of these
techniques to the intensivists, such a categorization is also
helpful in identification of sickest of all patients, as well as in
prioritization of subsequent therapeutics.

Causes of dyspnea are diverse and vary from lung parenchyma
disorders, ventilation disorders, pulmonary vascular disorders,
cardiac disorders, and metabolic disorders. Each and every
tachypneic patient does not need intubation. Furthermore, an
ABG analysis is immediately done in ICU, by which we assess
respiratory and metabolic parameters of the patient. However,
ABG does not localize the cause of dyspnea and hence does
not define definite treatment. We combined this parameter
with LUS which is readily available as bedside tool in ICU,
to localize the cause of dyspnea. Once the cause of dyspnea
is localized, definite treatment could be initiated early. In our
study, we enrolled tachypneic patients who underwent LUS
along with ABG. We classified our patients into seven groups
on the basis of LUS and ABG. We looked the characteristics
of patients in each group and also assessed if this can have an
influence on outcome.

The BLUE protocol by Lichtenstein and Meziére was the first
of'its kind in which the classification of dyspneic patients was
done using LUS.! Disadvantage of only using LUS has been
highlighted by previous authors in which use of Triple scan,
i.e., lung along with IVC and cardiac, has been done.[5!%-12
The use of Triple scan gives us a holistic picture. Hence, we
also used Triple scan in which lung along with cardiac along
with IVC scan was done.

We had a group of tachypneic patients who had A-lines
and were nonhypoxic on ABG, and they were classified
as metabolic causes of dyspnea. These were patients with
sepsis (with site other than lungs), chronic kidney disease,
chronic liver disease, and diabetic ketoacidosis. The cause
of dyspnea in such cases is basically the metabolic acidosis
which leads to dyspnea. In all classifications, people have not
mentioned metabolic causes of dyspnea; we found it as a large
chunk where majority of patients were with sepsis leading
to metabolic acidosis and hence dyspnea. We have included
the metabolic causes, as the cause of dyspnea; to diagnose a
metabolic problem, we need an ABG and hence it was included
in our protocol.

People have tried B type Natriuretic Peptide (BNP) to
differentiate cardiac cause of dyspnea from other causes.*
In critical care, BNP is raised in conditions such as sepsis,
renal failure, and conditions where RV strain is there such
as Acute Respiratory Distress Syndrome (ARDS) and also on
mechanical ventilation. ABG is a simple bedside test which
is done in each and every dyspneic patient; hence, it was
included in our case. The advantage of ABG is that raised
CO, invariably points toward ventilation diseases; hence, in
conditions where we are getting B-lines with raised CO,, it
points toward alveolar and ventilation disease. In a study by
Xirouchaki et al., they assessed the impact of LUS on clinical
decision-making in critically ill patients; in 189 patients, LUS
was done if the patient had deterioration of ABG or suspected
pathological entity, i.e., alveolar defect-consolidation,
pneumothorax, atelectasis, and pulmonary edema.l'¥ In this
study, 42.7% of patients had LUS for deterioration of ABG;
hence, we incorporated LUS with ABG in our study. Hence,
we used a new parameter which people have not integrated
with these algorithms is ABG; ABG will tell us whether it a
metabolic/respiratory problem.

Specifically, it has been shown that LUS has high diagnostic
accuracy in identifying pneumothorax, consolidation/atelectasis,
interstitial syndromes (i.e., pulmonary edema of cardiogenic or
noncardiogenic origin), and pleural effusion.!") LUS is better
than chest X-ray (CXR) which has been studied extensively
in emergency and critical care settings.!'>* In an Italian study
by Xirouchaki et al., who looked after 84 hemithoraces, they
have shown that sensitivity and specificity of LUS for each
of the diagnosis, i.e., consolidation, interstitial syndrome, and
pleural effusion, is much higher as compared to CXR.I'ST LUS
is a simple, radiation-free bedside investigation which can be
repeated many times a day in contrast to CXR which exposes
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Table 1: Characteristics of different pathophysiological categories

Variable Dry lung (%) Wet lung (%) P
No hypoxia Hypoxia Hypoxia and hypercapnia Hypoxia
Metabolic Perfusion Ventilation Ventilation and Alveolar defect; Alveolar
defect defect defect alveolar defect consolidation defect; edema
n 83 4 8 16 87 46
Age (years)
Median (range) 51.06 (9-93) 40 (36-57) 62.5 (55-80) 52.5(23-80) 55 (6-86) 61.5 (34-90) 0.003
Gender (male:female)
Male 54 (65.1) 4 (100) 4 (50) 11 (68.8) 54 (62.1) 24 (52.2) 0.363
Female 29 (34.9) 0 4 (50) 5@31.2) 33 (37.9) 23 (47.8)
Type of admission
Medical 75 (90.4) 4 (100) 8 (100) 16 (100) 74 (85.1) 44 (95.7) 0.192
Surgical 8(9.6) 0 0 0 13 (14.9) 2(4.3)
Nature of admission
Ward 43 (51.8) 3(75) 5(62.5) 8 (50) 48 (55.2) 25 (54.3) 0.786
oT 4 (4.8) 0 0 0 8(9.2) 1(2.2)
OPD 26 (31.3) 0 2 (25) 4(25) 20 (23) 15 (32.6)
Emergency 10 (12.1) 1(25) 1(12.5) 4(25) 11 (2.6) 5(10.9)
ICU stay (days)
Median (range) 2 (0-23) 5(2-8) 3 (0-6) 6 (1-85) 6 (0-62) 2 (0-20) <0.001
Key diagnostic category
Ventilation disease 1(1.2) 1(25) 8 (100) 15 (93.8) 40 (46) 0 <0.001
Cardiac disease 11 (13.3) 2 (50) 0 0 9(10.3) 45 (97.8)
Infection/sepsis 36 (43.4) 1(25) 0 1(6.2) 29 (33.3) 0
Postoperative 2(2.4) 0 0 0 5(5.7) 0
Others 33(29.8) 0 0 0 4 (4.6) 1(2.2)
Vasopressors
No 43 (51.8) 0 7 (87.5) 11 (68.8) 36 (41.4) 13 (28.3) 0.001
Yes 40 (48.2) 4 (100) 1(12.5) 5(31.2) 51 (58.65) 33 (71.7)
Intubation
No 71 (85.5) 2 (50) 7 (87.5) 7 (43.8) 34 (39.1) 36 (78.3) <0.001
Yes 12 (14.5) 2 (50) 1(12.5) 9 (56.2) 53 (60.9) 10 (21.7)
Mechanical ventilation
No 68 (81.9) 2 (50) 0 1(6.2) 25 (28.7) 16 (34.8) <0.001
Yes 12 (14.5) 2 (50) 1(12.5) 9 (56.3) 54 (62.1) 10 (21.7)
NIV 3(3.6) 0 7(87.5) 6(37.5) 8(9.2) 20 (43.5)
Ventilator days
Median (range) 2.0 (1-8) 3.5(3-4) 2.5(1-4) 4 (1-80) 5(1-34) 2 (1-20) <0.001
CVC line insertion
No 31(37.3) 0 7 (87.5) 5(31.2) 23 (26.4) 24 (52.2) 0.001
Yes 52 (62.7) 4 (100) 1(12.5) 11 (68.8) 64 (73.6) 22 (47.8)
Arterial line insertion
No 34 (41) 1(25) 4 (50) 2(12.5) 14 (16.1) 6(13) <0.001
Yes 49 (59) 3(75) 4 (50) 14 (87.5) 73 (83.9) 40 (87)
SOFA
Median (range) 7 (1-16) 9 (6-15) 3.5(2-10) 6 (1-16) 8 (1-18) 6.5 (1-16) 0.007
ICU outcome
Survivor 74 (89.2) 2 (50) 8 (100) 16 (100) 68 (78.8) 42 (91.3) 0.013
Nonsurvivor 3(10.8) 2 (50) 0 0 19 (21.2) 4(8.7)

OT: Operation theater; OPD: Outpatient department; ICU: Intensive care unit; CVC: Central venous catheter; SOFA: Sequential organ failure assessment;

NIV: Noninvasive ventilation

radiation hazard and is cumbersome. For Acute decompensated
heart failure-LUS is gold standard whereas it overdiagnosis
the consolidation. It has low sensitivity and specificity as
compared to chest X ray in cases of pneumothorax.[!>25:2¢]

No X-rays were routinely performed in our study. In patients
with nonresolving alveolar defect-consolidations, we got
a computed tomography (CT); in few suspected causes of
pneumothorax, we also got CXR done. Since the diagnosis
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of alveolar defect-consolidation in elderly multimorbid
individuals is often challenging, LUS could be introduced
in various settings of geriatric care and integrated with other
screening tools for alveolar defect-consolidation detection.?”!
More specifically, bedside LUS could be recommended in
those older patients with poor functional performance and
high clinical suspicion of alveolar defect-consolidation, in the
presence of a negative chest radiograph. In this situation, the
ultrasound results could help clarify the diagnosis and avoid
chest CT prescription. However, we acknowledge that a wide
application of this algorithm will need confirmation of our
findings in larger studies, comparing the LUS results also with
CT in all participants. CXR will remain the standard first-level
diagnostic test until that. Moreover, ultrasonographic skills
are not uniform among specialists across different hospitals
and countries. This represents a further limitation to the
applicability of the algorithm proposed earlier although LUS
is arelatively simple technique that can be effectively learned
by training physicians. Randomized, blinded well-controlled
studies that test the abilities of ultrasound to detect and
differentiate chest disease are the need of the hour. We and
others have clearly shown the superiority of LUS over bedside
chest radiography in identifying these specific pathological
entities. In these studies, thoracic CT was the gold standard
imaging technique evaluated.

The median age in our study was 55 years (6-93), the median
age in perfusion group was 40 years, whereas in metabolic,
it was 51 years. Gender distribution was similar across all
groups. Out of the 244 tachypneic patients admitted to our
ICU, we had 221 medical patients (90.57%) as compared to
23 surgical patients. Regarding site of admission, most of
our admissions were from wards followed by the outpatient
department, emergency unit, and operation theater. The
median SOFA score in our study was 7; patients with
ventilation disorder had low SOFA score as compared to others
which led to statistical significance. SOFA comprises six
factors; hence, patient with ventilation disorder had problem
with respiratory system and hence had lower SOFA scores.

The need of intubation was highest in group with B-lines,
i.e., interstitial syndromes. These interstitial syndromes could
be seen in cases of alveolar defect-consolidation, alveolar
defect-pulmonary edema, and ventilation with alveolar
disorder. The presence of B-lines indicates alveolar disease
and hypercarbia indicates ventilation problem. The presence
of both (B-lines with hypercarbia) indicates that the patient has
ventilation problem with alveolar disease while the presence
of hypercarbia with A-lines indicates ventilation defect. It is
that this group of patients with ventilation and alveolar disease
will eventually need intubation. As we can see in Table 1, we
had 24 patients with ventilation and alveolar disorder of which
56.1% needed intubation as compared to ventilation disorders
in which 12.5% needed intubation. Hence, as compared to
other algorithms, this algorithm applied on admission will
help in predicting need of intubation in cases of patient with
ventilation problem.

The need of mechanical ventilation, i.e., use on invasive
ventilation/noninvasive ventilation (NIV) has also influence
on outcome. The invasive ventilation is associated with
its complications such as both mechanical and infectious
complications such as ventilator-associated pneumonia. As
we can see in patients with ventilation problem, 87.5% were
managed with NIV as compared to 37.5% in patients with
ventilation and alveolar disorder.

The remaining two differentials of B-lines were pulmonary
edema and alveolar defect-consolidation. The presence of
diffuse B-lines with sliding sign with poor cardiac contractility
and dilated IVC indicated toward pulmonary edema. In
contrast, the presence of focal B-lines along with the presence
of Shrek sign and dynamic bronchograms pointed toward
alveolar defect-consolidation. This differentiation played an
important role as shown in Table 1; the need of intubation was
60.9% in alveolar defect-consolidation as compared to 21.7%
in patients with pulmonary edema. Other characterstic feature
of'this differentiation is need of NIV was 9.2% in patients with
alveolar defect-Consolidation as compared to 43.5% in patients
with alveolar defect-Edema. This classification as compared to
other classification helps us in organized approach in managing
patients with dyspnea.

Previous studies have supported the value of LUS in the
diagnosis of respiratory system diseases and indirectly on
the patient’s management. In a study by Yu et al., in all
41 patients included in the study, 19 of whom were managed
in an ICU performed LUS in cases where portable radiographs
were difficult to interpret.’®) LUS was helpful in diagnosing
(in 66% of cases) and treatment planning (in 41% of patients).?]
Lichtenstein and Meziére, in an observational study, performed
LUS on consecutive patients admitted in ICU with acute
respiratory failure;P! they compared the LUS results on
initial presentation with the final diagnosis by the ICU
team and demonstrated that LUS findings immediately
provided a diagnosis of acute respiratory failure in 90.5%
of cases. A study by Xirouchaki ef al. showed that in a large
population of mechanically ventilated critically ill patients,
whose clinical status necessitated a diagnostic procedure
and therapeutic intervention, LUS information provided to
the primary physician changed the patients’ management
in almost half of the cases.'¥ Furthermore, in one-fifth of
the studies, LUS revealed findings compatible with specific
diagnoses not suspected by the primary physician. It follows
that in the process of addressing specific questions, the LUS
has significant impact on decision-making.

The patient in metabolic group which mostly comprised
of septic patients had hypotension for which CVC was
inserted in 62.7% of the patients; similarly, in patients with
alveolar defect-consolidation, CVC was inserted in 73.6%
of the patients. In patients with ventilation, disorder rate
of CVC insertion was low as these patients were already
stable. CVC insertion and need of vasopressors were directly
correlated with ICU stay, need of vasopressors, and severity
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of illness. To identify the source of sepsis — cultures were
sent and abdomen scan along with LUS was done. Any area
of consolidation as evidenced by Shrek sign and dynamic
bronchograms was suggestive of alveolar defect-consolidation.
For urosepsis — kidney-ureter-bladder USG was good enough
to tell about hydronephrosis and pyelonephritis. Similarly,
scan of liver was able to suggest chronic liver disease along
with any abscess (one of our patients had liver abscess). Scan
of spleen was able to tell about any splenic hematoma and
abscess (one patient had splenic hematoma). Pelvic ultrasound
was done by our radiologist. In two of our septic patients with
pyrexia of unknown origin, we did CT scan to localize the
source of sepsis.

Notwithstanding the lack of randomized, controlled trials on
point-of-care USG (POC-US) use in the specific setting of
sepsis, increasing evidence suggests that it has tremendous
potential in managing critical patients with infectious diseases.
POC-US can be of great aid in the diagnosis of infectious
diseases and generically in the detection of septic foci in febrile
states. It has a significant impact on differentiating different
types of shock.

Regarding ICU outcome, we had maximum mortality in patients
with perfusion defect (50%); though number are small (i.e., only
four patients) followed by alveolar defect-consolidation (21.7%)
followed by metabolic group (10.8%), followed by alveolar
defect-pulmonary edema (8.7%). Patients with ventilatory
disorders had nil mortality. The same is depicted in Kaplan—Meier
survival analysis [Figure 2]. This classification enables us to
determine that patients with LUS pattern of consolidation and
perfusion defect are sickest of all and needs immediate and early
intervention. This classification also enables us to determine of all
the seven groups which patient would benefit from NIV (Alveolar
defect-edema) and intubation (Alveolar defect-consolidation).

We included all consecutive patients with dyspnea in our
study and attempted to classify patients based on LUS- and
ABG-based pathophysiology. Our study has certain limitations.
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Figure 2: Kaplan—Meier survival curve of different pathophysiological
groups

First, this being a retrospective chart review has potential for
information bias. While information for most patients was
available from the ICU charts, yet it is likely that some of the
information was not strictly collected on admission. Second,
LUS was performed and interpreted in light of usual clinical
information that is available at the time of admission. Hence,
performance of this test is not blinded to and independent of
other available clinical variables. Third, different operators
performed LUS and it is likely that their interpretation could
be different. However, this limitation is likely of any diagnostic
technique that has some subjectivity during interpretation.
Finally, sometimes, more than one pathophysiology may exist in
a critically ill patient with dyspnea, while we classified patients
into a dominant pathophysiology and compared our findings
with a diagnosis on discharge. Despite these limitations, our
classification scheme is biologically plausible, and LUS is a
more informative extension of clinical examination in patients
with dyspnea. We believe that to be useful, this classification
scheme needs to be prospectively validated.

CoNncLusIoN

The LUS along with ABG is a bedside investigational tool
which helps us in classifying dyspneic critically ill patient.
This tool apart from classifying these patients also predicts
the need of intervention such as NIV or invasive ventilation
in the groups. In today’s world, combining LUS with ABG
we feel will help in better managing our critically ill patients.
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