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Objective Focused cardiac ultrasound (FCU) and lung ultrasound (LU) are increasingly being used in critically
ill patients. This study aimed to investigate the effect of FCU in combination with LU on these patients and to
determine if the timing of ultrasound examination was associated with treatment change.

Methods This is a multicenter cross-sectional observational study. Consecutive patients admitted to the
intensive care unit (ICU) were screened for enrollment. FCU and LU were performed within the first 24 h, and
treatment change was proposed by the performer based on the ultrasound results and other clinical conditions.
Results Among the 992 patients included, 502 were examined within 6 h of ICU admission (early phase group),
and 490 were examined after 6 h of admission (later phase group). The carly phase group and the later phase
group had similar proportions of treatment change (48.8% vs. 49.0%, X2:0.003, P=0.956). In the multivariable
analysis, admission for respiratory failure was an independent variable associated with treatment change, with an
odds ratio (OR) of 2.357 [95% confidence interval (CI): 1.284-4.326, P=0.006]; the timing of examination was
not associated with treatment change (OR=0.725, 95%CI: 0.407-1.291, P=0.275).

Conclusions FCU in combination with LU, whether performed during the carly phase or later phase, had a

significant impact on the treatment of critically ill patients. Patients with respiratory failure were more likely to
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experience treatment change after the ultrasound examination.

RITICAL care physicians can be effectively

trained on point-of-care ultrasound in terms

of image acquisition and interpretation.t™ %

The ultrasound training permits the physi-
cians to apply the results of the imaging study to the
clinical situation for purposes of immediate diagnosis
and patient management.* *

To date, most studies regarding the effect of
point-of-care ultrasound in critically ill patients were
conducted either on one single type of ultrasound,
such as focused cardiac ultrasound (FCU) and point-of-
care lung ultrasound (LU), or on a full-scale ultrasound
examination from head to toe.”” It is not feasible to
examine every critically ill patient with a head-to-toe
approach because it is time consuming. Sekiguchi et al.
noted that FCU was a valuable tool during resuscitation
of septic shock patients.!™ FCU is strongly recommend-
ed in any patient presenting with shock. LU is readily
available at the bedside to monitor the critically ill and
can be used to identify the cause of respiratory failure.
In addition, it helps titrate the ventilatory support.!***4
Moreover, LU can also be of assistance in the man-
agement of decompensated heart failure patients by
monitoring B-lines from pulmonary congestion.** *
FCU can also help in the diagnosis and management
of respiratory failure patients, including patients with
pulmonary embolism, acute respiratory distress syn-
drome (ARDS), or cardiogenic pulmonary edema.!***"
We hypothesized that FCU in combination with LU as a

screening protocol could lead to significant change in
the management of intensive care unit (ICU) patients.

The timing of ultrasound examination varied
greatly. A recent published study noted that FCU is a
valuable examination tool during early resuscitation of
these patients.”® Some prior studies found that ultra-
sound performed within 12 or 24 h of admission could
also benefit the patients.”™ *® However, whether the ul-
trasound performed at the early resuscitation phase or
after that would result in different treatment changes
has not been discussed.

In this study, we aimed to investigate the effect
of FCU in combination with LU on critically ill patients.
We would also assess whether the timing of ultrasound
examination can affect the treatment change in these
patients.

PATIENTS AND METHODS

This is a cross-sectional observational study
conducted in 8 Chinese university-affiliated hospital
ICU from March 15 to June 15, 2018, and 5 of the 8
ICUs were surgical ICUs and 3 were general ICUs. The
examiners were all credited by Chinese Critical Ultra-
sound Study Group (CCUSG) as trainers with at least a
year or more of experience in critical care echocardiog-
raphy practice.

Consecutive patients admitted to ICU from April
to May 31, 2018 were screened for enrollment within
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the first 24 h of admission. The exclusion criteria in-
cluded inadequate echocardiographic imaging for mea-
surement or lack of consent form.

This study was approved by the institutional
committee of Peking Union Medical College Hospital
(Approval No. ZS1422). Written inform consent was
obtained from the patients or the next of kin.

Focused cardiac ultrasound and lung ultrasound
Ultrasound examination was completed within the first
24 h of ICU admission. The patients were in the semi
left lateral position during the FCU examination and
were in supine position during the LU examination. The
images were recorded for offline analysis. The heart
rate (HR), mean arterial pressure (MAP), norepineph-
rine dose, and mechanical ventilation parameters were
recorded at the onset of ultrasound examination.

Structure abnormality included pericardial effu-
sion, atrial or ventricular dilatation, ventricular hyper-
trophy, and obvious valvular abnormalities on 2D ultra-
sound.

Left ventricular ejection fraction was estimated
through the eyeballing method with three categories:
normal (=255%), moderately abnormal (30%-55%)
and severely abnormal (<30%).!"*! Right ventricle ab-
normal was defined by two signs: right ventricle en-
largement and paradoxical septal motion.””

Inferior vena cava (IVC) was measured from the
subcostal view where the long axis was displayed.
The measurement of IVC was at the end-expiration
and just proximal to the junction of the hepatic veins.
Dilated and fixed IVC: internal diameter >2 cm and
no variation with breathing. Small and collapsed IVC:
internal diameter <1 cm and obvious variation with
breathing. The rest was categorized into moderate
IVC.[ZI' 22]

LU was performed based on the BLUE protocol.[
The A profile indicated anterior lung-sliding with
A-lines. B-profile was associated anterior lung-sliding
with lung-rockets. The C-profile indicated anterior
lung consolidation regardless of size and number. The
A’-profile was an A-profile with abolished lung-sliding.
The B’-profile was a B-profile with abolished lung-slid-
ing. The A/B profile was a half A-profile at one lung
and a half B-profile at another. The PLAPS-profile
indicated Posterolateral Alveolar and/or Pleural Syn-
drome.?

Ultrasound performers were required to be famil-
iar with the patients’ medical history, the status of cir-
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culatory and respiratory support, and the parameters
regarding organ function and tissue perfusion before
the ultrasound examination. After the ultrasound ex-
amination, the performers were asked to decide two
aspects: 1. The ultrasonic diagnosis on each item of
FCU and LU; 2. The treatment change proposal based
on the patients clinical and ultrasonic results.

Treatment change

Treatment changes included volume expansion or di-
uresis, vasopressor or inotrope adjustment, drainage
of pericardial effusion, ventilator adjustment, drainage
of pleural effusion or pneumothorax, in need of other
type of ultrasound examination, in need of comput-
erized tomography, and in need of continuous cardiac
output monitoring. The treatment change proposal was
made by the ultrasound performer, but the treatment
application was at the discretion of the attending phy-
sician in charge of the patients.

Other parameters collected

Demographic information and the diagnosis, Acute
Physiology and Chronic Health Evaluation (APACHE)
IT score, Sequential Organ Failure Assessment (SOFA)
score, comorbidities, vasopressor and inotrope dose
were collected for all patients. Each patient’s HR, MAP
and whether on mechanical ventilation were also col-
lected at the time of the echo examination.

Statistical analysis

Statistical analysis was performed using the SPSS 13.0
statistical software package (SPSS Inc., Chicago, Illi-
nois, USA). Normal distribution of the continuous vari-
ables was assessed by the Kolmogorov-Smirnov test.
Continuous data were expressed as the mean £ stan-
dard deviation (SD) when normally distributed. Not
normally distributed variables were expressed as medi-
an and interquartile range. Categorical variables were
presented as the number and percentages. Differences
among groups were assessed by Student’s unpaired t
test, the Mann-Whitney U test, the Kruskal-Wallis test,
the Chi-squared test, or Fisher’s exact test, as appro-
priate. We performed a logistic regression analysis to
assess the independent factors of treatment change.
The following variables were considered for the multi-
variable analysis: age, APACHE II score, SOFA score,
admission for respiratory failure, admission for shock,
and the timing of ultrasound examination. Two tailed
P<0.05 was considered significant.
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RESULTS

General characteristics of the patients

A total of 1133 patients were screened for enroliment
in the study, and 992 with adequate image quality
were included (Fig. 1). The early phase group included
502 patients who were examined within 6 h of ICU ad-
mission. The remaining 490 patients who were exam-
ined between 6 h and 24 h of admission were classified
into the later phase group. The general characteristics
of the two groups of patients were comparable (Table
1). The reasons for admission to the ICU included high
risk surgery, respiratory failure, shock and other rea-

1133 patients
examined
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sons (acute kidney injury, seizure, stroke, liver failure,
trauma, and poisoning).

Results of ultrasound examination

The median duration of examination in both groups was
15 minutes. No difference was found between the two
groups in terms of patients with structure abnormality,
impaired left ventricular systolic function and right ven-
tricular dysfunction. The early phase group had more
patients with dilated and fixed IVC and had fewer pa-
tients with moderate IVC (34.5% vs. 26.3%, y’=7.751,
P=0.005 and 47.8% vs. 56.3%, y*=7.208, P=0.007,
respectively). No difference was found between the two

I

141 excluded for
poor image quality

992 with adequate
image quality

490 examined
between 6 h-24 h

502 examined
within 6 h

No treatment 1 treatment >1 treatment No treatment 1 treatment >1 treatment

change in 257 || change in 153 || change in 92 change in 250 || change in 149 hange in 91
Figure 1. Flow chart showing patient selection and treatment change.
Table 1. Comparisons of features of the two groups of patients
Items Early phase (n=502) Later phase (n=490) torZor P
Male [n (%)] 287 (57.2) 301 (61.4) 1.862 0.172
Age (yr, mean+SD) 61+18 59+17 1.849 0.064
APACHE IT 15 (11, 21) 17 (11, 23) -0.924 0.270
SOFA [score, median (interquartile range)] 6 (4, 8) 6 (4, 8) -0.662 0.508
Diagnosis [n (%)]
High risk surgery 183 (36.5) 187 (37.8) 0.310 0.578
Respiratory failure 130 (25.9) 152 (31.0) 3.200 0.074
Shock 84 (16.7) 66 (13.5) 2.058 0.151
Shock+Respiratory failure 39 (7.8) 29 (5.9) 1.330 0.249
Others” 118 (23.5) 114 (23.3) 0.008 0.929
HR [bpm, median (interquartile range)] 92 (77, 114) 98 (79, 110) -0.012 0.991
MAP [mmHg, median (interquartile range)] 88 (77, 102) 88 (80, 98) -0.273 0.785
NE infusion [n, (%)] 103 (20.5) 115 (23.5) 0.725 0.124
MV [n, (%)] 264 (52.6) 279 (56.9) 1.893 0.169

“Others: acute kidney injury, seizure, stroke, trauma, liver failure, and poisoning. APACHE: Acute Physiology and Chronic
Health Evaluation; SOFA: Sequential Organ Failure Assessment; HR: heart rate; MAP: mean arterial pressure; NE:
norepinephrine; MV: mechanical ventilation.
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groups in terms of patients with each LU profile. (Table 2)

Treatment change
We did not observe differences between early phase
and later phase regarding volume expansion and ino-
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trope. The early phase group had more patients with
norepinephrine adjustment but had not statistically
significant (P=0.055). The proportions of patients with
treatment change in the two groups were 48.8% and
49.0% (»*=0.003, P=0.956) (Table 3).

Table 2. Comparisons of results of ultrasound examination [n (%)]
Items Early phase (n=502) Later phase (n1=490) Zorz P
Duration of examination [min, median (interquartile range)] 15 (11, 30) 15 (12, 30) —1.495 0.135
FCU
Structure abnormality” 92 (18.3) 94 (19.2) 0.120 0.730
Left ventricular systolic function
Normal 364 (72.5) 343 (70.0) 0.763 0.382
Moderately abnormal 120 (23.9) 132 (26.9) 1.205 0.272
Severely abnormal 18 (3.6) 15 (3.1) 0.212 0.645
IvC
Dilated and fixed 173 (34.5) 129 (26.3) 7.751 0.005
Moderate 240 (47.8) 276 (56.3) 7.208 0.007
Small and collapsed 89 (17.7) 85 (17.3) 0.025 0.874
RV dysfunction 7 (1.4) 9 (1.8) 0.306 0.580
LU
A profile 212 (42.2) 181(36.9) 2.903 0.088
A’ or B'+lung point 8 (1.6) 11(2.2) 0.560 0.454
B profile 35 (7.0) 29 (5.9) 0.456 0.499
Other profiles” 247 (49.2) 269 (54.9) 3.222 0.073

“Obvious abnormality: pericardial effusion, valvulopathy, atria
profiles: A/B, C, A+P, B+P, A/B+P, and C+P profile.

| or ventricular dilatation, ventricular hypertrophy; Other

A profile: anterior lung-sliding with A-lines; B-profile: anterior lung-sliding with lung-rockets; C-profile: anterior lung
consolidation; A’-profile: an A-profile with abolished lung-sliding; B’-profile: a B-profile with abolished lung-sliding; A/B
profile: a half A-profile at one lung and a half B-profile at another; P profile: posterolateral alveolar and/or pleural syndrome;

FCU: focused cardiac ultrasound; IVC: inferior vena cava; RV: ri

Table 3. Comparison of treatment change between the two gro

ght ventricle; LU: lung ultrasound.

ups [n (%)]

2

Items Early phase (n=502) Later phase (n=490) x P

Patients with treatment change 245 (48.8) 240 (49.0) 0.003 0.956

One treatment change 153 (30.5) 149 (30.4) 0.001 0.991

More than one treatment change 92 (18.3) 91 (18.6) 0.010 0.921
Volume expansion 47 (9.4) 44 (9.0) 0.044 0.835
Negative fluid balance 166 (33.1) 139 (28.4) 2.573 0.109
Inotrope 28 (5.6) 39 (8.0) 2.233 0.135
Norepinephrine adjustment 37 (7.4) 22 (4.5) 3.679 0.055
Drainage of pericardial effusion 3(0.6) 0 2.937 0.087
Ventilator adjustment 93 (18.5) 104 (21.2) 1.135 0.287
Drainage of pleural cavity 23 (4.6) 24 (4.9) 0.055 0.815
In need of other type of ultrasound examination 91 (18.1) 97 (19.8) 0.449 0.503
In need of CT 88 (17.5) 98 (20.0) 0.993 0.319
In need of CCO monitoring 39 (7.8) 26 (5.3) 2.456 0.117

CT: computerized tomography; CCO: continuous cardiac output.
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In the multivariable analysis, admission for respi-
ratory failure was an independent variable associated
with treatment changes, with an odds ratio (OR) of
2.357 [95% confidence interval (CI): 1.284-4.326),
P=0.006]; the timing of examination was not associat-
ed with treatment change (OR=0.725, 95%CI: 0.407-
1.291, P=0.275) (Table 4).

DISCUSSION

In the present study, we investigated the effect of
FCU in combination with LU on ICU patients when per-
formed during the first 24 h of admission. The assess-
ment of treatment change was made by the physicians
who performed the ultrasound and were also familiar
with the patients’ clinical conditions. After the ultra-
sound examination, a large proportion of patients had
treatment change; the later phase group had similar
proportions of treatment change compared to the early
phase group.

This study found that the shock and respiratory
failure patients accounted for approximately 50% of
total admissions. Furthermore, 6%-8% of patients had
both shock and respiratory failure. This could partly
explain why the combination of FCU and LU was suit-
able for the management of these patients. According
to a recent survey involving 142 ICUs in Europe, FCU
and LU are the top two types of ultrasound that are
most frequently performed.?! We also found that the
need for other types of ultrasound was not as high.

FCU and LU can play complementary roles in the
management of circulatory shock and respiratory fail-
ure patients. LU can play an important role in volume
management. Left ventricle dysfunction is very com-
mon in critically ill patients and can lead to pulmonary
edema.® '®1 LU can be used as a reliable and easy way
to evaluate pulmonary congestion through assessment

Table 4. Results of logistic regression analysis for factors
associated with treatment change

Risk factors OR 95%CI P
Age 0.987 0.969-1.005 0.157
APAHCE IT 0.997 0.991-1.003 0.379
SOFA 1.034 0.946-1.130 0.465
Respiratory failure 2.357 1.284-4.326 0.006
Shock 1.733 0.896-3.353 0.103

Timing of examination 0.725 0.407-1.291 0.275
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of B-lines.!”™ Lee et al. suggests using the inferior vena
cava and LU to guide fluid resuscitation.® Lichten-
stein, who created the BLUE protocol, also suggests
that LU can be integrated into the management of
fluid administration and shock management.””? In this
study, more patients in the early examination group
had dilated IVC, yet the number of patients requiring
a negative balance was similar in the two groups. One
explanation can be that the decision was made based
on the results of both FCU and LU. FCU can also bene-
fit the treatment of respiratory failure patients. ARDS
is not a rare syndrome, as it is a widespread disease
with a massive socio-economic impact.?®! ARDS is one
of the most common conditions challenging the right
ventricle. The incidence of acute cor pulmonale in
ARDS patients is approximately 25%, even with lung
protection ventilation. Cardiac ultrasound is usually
recommended for diagnosing acute cor pulmonale.!*® %!
Therefore, the treatment change of ventilator adjust-
ment might be made based on the result of FCU and
LU rather than solely on LU.

The time spent on this protocol was also desirable
for the management of critically ill patients. A prior
study reported that a limited echocardiography could
be completed within 10 minutes for each patient.”™ In
the present study, performers spent a median time
of 15 minutes on each ultrasound examination. Thus,
adding LU will not be time consuming. However, if all
types of ultrasound were performed, the time spent for
examination would be much longer, which would not
be practical in the management of critically ill patients.
Therefore, in examining ICU patients, the FCU+LU can
be the main screening protocol with other types of
ultrasound that can be added according to a patient’s
clinical condition.

In the present study, the treatment change be-
tween the early examination and later examination
groups was similar. The results indicated that the tim-
ing of examination had limited effect on the decision
of treatment change. The early phase resuscitation
could not supplant the treatment after the early phase
of the critically ill. Vincent et al. identified at least four
phases in the treatment of shock patients.”! The re-
sults suggested that ultrasound performed after the
early resuscitation phase could still benefit the critically
ill. This is consistent with a prior study, which suggest-
ed that repeated monitoring with transthoracic echo-
cardiography and LU changed the diagnosis of cardiac
and/or respiratory disorders in 67% of post cardiac
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surgery patients.®” Therefore, critical care ultrasound
should be seen not only as a diagnostic tool, but also
as a monitoring tool. Nevertheless, the ultrasound ex-
amination in this study was performed either during
the early phase or after that, thus we were uncertain
that we can get the similar result if we perform the ul-
trasound examination both in the early phase and the
later phase. A future study is warranted to help eluci-
date this hypothesis.

There were several limitations in this study. First,
it is a cross-sectional study, and thus the causal effect
of FCU in combination with LU needs to be confirmed
by a prospective cohort or even randomized clinical
trials. Second, the decisions of treatment change were
made subjectively by the clinician who performed the
ultrasound. However, all the performers were certified
through formal training, and had enough experience in
FCU and LU. Third, this research was done as a screen-
ing approach rather than problem-oriented. Therefore,
the examination timing was chosen by the performer
instead of the patients’ need. However, we still found
as much information regarding the change of treat-
ment, which added value to the FCU and LU examina-
tion.

In conclusion, FCU in combination with LU, wheth-
er performed during the early phase or later phase,
had a significant impact on the treatment of critically
ill patients. Patients with respiratory failure were more
likely to experience treatment change after the ultra-
sound examination.
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