Journal of Clinical Monitoring and Computing (2023) 37:1219-1228
https://doi.org/10.1007/510877-023-00983-w

ORIGINAL RESEARCH ——

®

Check for
updates

Echocardiographic hemodynamic assessment in decompensated
cirrhosis: comparison between Intensivists and Gastroenterologists

Ardavan Prost' - Jean Francois Bourgaux' - Benjamin Louart? - Ludovic Caillo' - Aurélien Daurat? - Jean
Yves Lefrant? - Philippe Pouderoux' - Laurent Muller? - Claire Roger?

Received: 17 January 2023 / Accepted: 8 February 2023 / Published online: 25 February 2023
© The Author(s), under exclusive licence to Springer Nature B.V. 2023

Abstract

Background & aims: Ascites is a frequent complication of cirrhosis. In intensive care units, initial hemodynamic assess-
ment is frequently performed by echocardiography. This study evaluated the feasibility and usefulness of early hemo-
dynamic assessment in the gastroenterology ward. Methods: This observational cohort study prospectively included all
patients admitted to a teaching hospital’s gastroenterology unit for decompensated cirrhosis. A gastroenterologist with
minimal training and an intensivist both performed an echocardiography exam. The primary outcome was inter-rater
agreement and reliability for three echocardiography parameters: visual LVEF (Left Ventricular Ejection Fraction), subaor-
tic VTI (velocity time integral) and E wave velocity. Secondary outcomes were agreement for presence of pleural effusion,
description of 3 hemodynamics profiles (hypovolemic, hyperkinetic and intermediate), and 28-day mortality.Results: From
March 2018 to March 2020, 53 patients were included. The median age was 62 years and 81% were men. Patients pre-
sented mostly advanced liver disease, with 43% Child-Pugh C and median MELD score of 15.2. The limits of agreement
between intensivists and gastroenterologists for subaortic VTI were —6.6 to 7.2 cm, and ranged from —0.6 to 0.37 m.s™!
for E wave velocity. Clinically significant differences between intensivists and gastroenterologists were found in 22% for
subaortic VTI and 24.5% for E wave velocity. Reliability was good for subaortic VTI (ICC: 0.79, 95% CI [0.58; 0.9;]) and
moderate for E wave velocity (0.53, 95% CI [0.19; 0.74]). The three hemodynamics profiles had different prognosis, with
a 28-day mortality for Hypovolemic, Intermediate and Hyperkinetic group of 31, 18, and 4%, respectively.Conclusion:
Reliability of hemodynamic assessment by gastroenterologists was good, while agreement was unsatisfactory, advocating
for further training. Transthoracic echocardiography can differentiate hypovolemia from hyperkinetic states. The role of
transthoracic echocardiography in managing decompensated cirrhosis requires further study.

Clinical trial number: NCT03650660.

Lay Summary
e Echocardiographic hemodynamic evaluation can be performed by gastroenterologists after a short training.
e Transthoracic echocardiography evaluation by intensivists defined three hemodynamic profiles in patients with decom-

pensated cirrhosis: Hypovolemic, Hyperkinetic and intermediate, with distinct prognosis.
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cardiopulmonary hemodynamics is predictive of relevant
outcomes, both in patients with compensated and decom-
pensated cirrhosis [4].

Several hemodynamic variations occur during cirrhosis,
resulting in systemic, splanchnic vasodilation and capillary
leak, subsequently leading to ascites, edema and hypovo-
lemia [5]. To date, there is no recommendation for a sys-
tematic hemodynamic assessment in the initial phase of
decompensated cirrhosis for patients hospitalized on gas-
troenterology wards. For patients on general wards, hemo-
dynamic assessment needs to be non-invasive. Even in the
ICU, where invasive hemodynamic monitoring is usually
performed, transthoracic echocardiography (TTE) is widely
used as a non-invasive tool for initial hemodynamic assess-
ment [6, 7]. As evaluation of ascites and pleural effusion is
also important, TTE can be coupled with pleural and ascites
assessment as a POCUS (point of care ultrasound) assess-
ment [8]. Several studies have shown that providing a short
training in echocardiography to residents without previous
knowledge in echography appears feasible and efficient to
allow a simple and reliable assessment of cardiovascular
structure [9, 10] and hemodynamic status [11, 12].

The primary aim of our study was to evaluate the agree-
ment and reliability of the TTE assessment performed in
the initial phase of the decompensated cirrhosis by expert
intensivists and non-expert gastroenterologists after a short
training. The secondary objectives consisted in (1) evaluat-
ing the agreement and reliability between gastroenterologist
and intensivist for pleural effusion, (2) describing hemo-
dynamic profiles in decompensated cirrhosis with edema
and ascites and (3) correlating hemodynamic profiles with
28-day mortality.

1.1 Patients & methods

The EchoCirrho study was a prospective, observational,
pilot study conducted in the gastroenterology department of
Nimes University Hospital (France) from March 30, 2018,
to March 1, 2020. The study protocol conforms to the ethi-
cal guidelines of the 1975 Declaration of Helsinki and was
approved by the local ethics committee (Personal Protection
Committee - Ile de France VI n® 89—17, on 02/21/2018).
The study was prospectively registered at clinicaltrials.gov
(NCT03650660). Written informed consent was obtained
from each patient included in the study.

1.2 Patients

Patients were enrolled in the present study if they met the
following inclusion criteria: adult patients admitted to the
gastroenterology ward for known or suspected decom-
pensated cirrhosis diagnosed by biopsy or based on usual
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clinical/biological/radiological criteria. Decompensated cir-
rhosis was defined as cirrhosis associated with edema of the
lower limbs, and/or ascites.

Exclusion criteria were: patients already enrolled in the
present study, patients with hemodynamic instability related
to gastrointestinal bleeding, septic shock or decompensated
cardiac disease (severe cardiac failure, massive acute pul-
monary edema, endocarditis, severe valvulopathy, cardiac
tamponade, intracardiac thrombus) in order not to delay
therapeutic management and ICU or cardiology ward trans-
fer, under guardianship, pregnant or breastfeeding woman
and poor echogenicity.

1.3 Outcome measures

The primary outcome was agreement and reliability of
the TTE assessment performed in decompensated cirrho-
sis patients by intensivists versus gastroenterologists for
quantification of Left Ventricular Ejection Fraction (LVEF),
mitral E wave velocity, and subaortic velocity time integral
(VTI). The agreement and reliability between intensivists
versus gastroenterologists for presence of pleural effusion
was a secondary outcome measure. Other secondary out-
comes were to describe hemodynamic profiles using the
data generated by experts only and to correlate these hemo-
dynamic profiles with 28-day mortality.

1.4 Data

The following clinical and demographic data were collected
at admission: age, sex, etiology of cirrhosis, severity of cir-
rhosis evaluated by the Child-Pugh [13] and MELD score
[14], comorbidities, treatment that could influence cardio-
vascular status (beta blocker, diuretics, antihypertensive
agents), and clinical examination.

The following biological data were collected at inclu-
sion: prothrombin ratio (PR), International Normalized
Ratio (INR), platelet count, hemoglobin level, C-reactive
protein level, and serum levels of alanine aminotransferase
(ALAT), aspartate aminotransferase (ASAT), bilirubin, cre-
atinine, urea, sodium, potassium, albumin, gamma glutamyl
transferase (GGT), and alkaline phosphatase (ALP).

At day 28, all treatments received during hospitalization
in the gastroenterology ward and vital status were recorded.
The REDCap® (Vanderbilt University, Nashville, United
States of America) software was used to record and secure
data collection [15].

1.5 Echocardiography data

We performed two independent POCUS exams for each
patient on the same day; one by a gastroenterologist
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considered as a non-expert first and subsequently performed
by an intensivist considered as an expert in echocardiogra-
phy in the next hour. Echocardiographic assessments were
performed immediately after admission in gastroenterology
ward and before starting any treatment. Ultrasound exams
were performed with a MEDISON M70 model (Samsung)
device using a cardiac US probe PE 2-4 Hz (Samsung,
Seoul, Korea).

Gastroenterology physicians participating in the study
underwent a training protocol combining 2 h of training
course and 2 days of hands-on training in an intensive care
unit, supervised by an intensivist.

All intensivists were well-trained physicians (level 2 or
3, [16]) with more than 5 years of practice and a national
diploma in echocardiography.

All echocardiographic measurements were performed
according to international guidelines for TTE assessment
[17].

e Data collected by non-expert operators were:

— a semi quantitative (>40% or <40%) visual LVEF
assessment obtained from an apical 2 and 4 chamber
view.

— mitral E wave velocity (m.s-1) obtained from an api-
cal 4 chamber view.

— subaortic VTI (cm) obtained from an apical 5 cham-
ber view.

— qualitative assessment of pleural effusion.

e Data collected by experts only were:

— a semi quantitative (>40% or <40%) visual LVEF
assessment obtained from an apical 2 and 4 chamber
view. Several studies performed both in cardiology
or ICU patients have demonstrated that eyeballing
(visual) semi quantitative LVEF (normal, moderate
or severe impairment) assessment is valuable, espe-
cially in acute conditions[18-21].

— mitral E wave velocity (m.s-1) and mitral A wave
velocity (m.s™) obtained from an apical 4 chamber
view.

— subaortic VTI (cm) obtained from an apical 5 cham-
ber view.

— mitral S wave velocity obtained from tissue Doppler
imaging from an apical 5 chambers view.

— Ea wave velocity (cm.s™) velocity obtained from
tissue Doppler imaging from an apical 5 chambers
view.

— inferior vena cava collapsibility index (%) obtained
from a subcostal view [22].

— the presence of intrapulmonary shunt, the presence
of a valvulopathy, left atrium surface area (cm?), left
ventricle diameter (cm), septal wall thickness (mm),
posterior wall thickness (mm).

— tricuspid annular plane systolic excursion (TAPSE)
(mm), tricuspid annular plane systolic velocity
(TAPSV) (cm.s™!), the presence of cardiac chamber
dilation, pulmonary arterial hypertension and peri-
cardial effusion.

1.6 Assessment of pleural effusion by Lung
ultrasound and ascites assessment

This was done with the same probe than for cardiac assess-
ment. For pleural effusion, an eight-spots lung ultrasound
exam was performed in order to diagnose absence or pres-
ence of pleural effusion, which is frequent in decompensated
cirrhosis patients. According to international guidelines
[23], we performed four-spots exam on both right and left
thoracic area: 2 anterior spots and 2 lateral spots on the
axillary line (one basal and one upward). Pleural effusion
appears as a non-echoic area around a consolidated lung
area. The diagnostic accuracy of ultrasonography for the
diagnosis of pleural effusion has been shown to be signifi-
cantly better than clinical assessment or conventional chest
X-Ray [24, 25].

For ascites, as recommended for ICU patients for deter-
mining the best location for ascites paracentesis [26], we
performed a five spots exam: peri hepatic, peri splenic,
Douglas space and left and right hypogastric areas.

1.7 Hemodynamic profiles

Recent studies have described several hemodynamic pheno-
types (profiles) during shock, especially hypovolemic and
hyperkinetic (vasoplegic) profiles. These phenotypes are
based on the combination of subaortic VTI, mitral E wave
velocity and LVEF values [27]:

e The hyperkinetic profile was defined as the combina-
tion of subaortic VTI>20 cm and LVEF >40%, and E
wave> 0.7 m/s.

e The hypovolemic profile was defined as the combina-
tion of subaortic VTI< 15 cm, LVEF > 40% and mitral E
wave velocity < 0.7 m/s.

e The intermediate profile referred to patients which VTI,
LVEF and E wave velocity do not match with the two
latter profiles.
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1.8 Statistical analysis

Descriptive statistics are reported using median and inter-
quartile range (25th to 75th percentile) for continuous
variables and frequencies and proportions for categori-
cal variables. Agreement for continuous variables was
estimated using the Bland and Altman method [28]. The
Bland and Altman method consists in plotting the differ-
ence between the paired measurements (expert and non-
expert assessment) against their mean value. The agreement
is evaluated according to the mean difference (bias), with
limits of agreement defined as mean difference + 1.96 stan-
dard deviation (SD) and outliers defined as differences
considered clinically relevant. We a priori defined outli-
ers as values equal to 20% of the normal values of the E
wave velocity (1 m.s™!) and subaortic VTI (20 cm), i.e.,
0.2 m.s™! and 4 cm respectively. Agreement for categori-
cal variables (LVEF above or below 40% and pleural effu-
sion) was illustrated with percentages of specific agreement.
Inter-rater reliability between experts and non-experts was
calculated for continuous variables (E wave velocity and
subaortic VTI) using the intra-class correlation coefficient
(ICC). ICC estimates were calculated with a single-rating,
absolute-agreement, 2-way mixed-effects model [29]. Reli-
ability ranges between 0 and 1, with values closer to 1 rep-
resenting stronger reliability. Reliability was considered
poor for values < 0.5, moderate between 0.5 and 0.75, good
between 0.75 and 0.9, and excellent > 0.90 [29]. For categor-
ical variables, reliability was studied with Cohen’s Kappa
coefficient which ranges from — 1 (total disagreement) to 1
(perfect agreement), where 0 indicates no agreement [30]
and interpreted according to the Landis and Koch conven-
tion [31]. 3 Hemodynamic profiles were defined based on
echocardiographic data evaluated by experts. Although
sample size for Bland and Altman type studies are given in
the literature [32], as expected standard deviation is difficult
to evaluate and can result in a wide range of sample sizes,
we did not apply this method to determine our sample size.
Sample size was calculated on an expected ICC rho of 0.85
[33] with an accuracy of 0.1 (+/- 10%), a desired alpha and
power for hypothesis testing of respectively 0.05 and 0.8,
therefore requiring 120 patients [34]. All statistical analyses
were performed using R software [35] (version 3.3.2).

2 Results
2.1 Patient characteristics
From March 30, 2018, to March 1, 2020, 55 patients were

screened and 53 patients were included (one non-echogenic
patient and one obese patient in whom the echography did
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not reveal ascites). The anticipated sample size was not
reached for several reasons: the departure of the principal
investigator from the hospital and because of the SARS-
CoV-2 pandemic. During this period, the gastroenterology
ward ultrasound device was requisitioned for the ICU and
intensivists were less available to perform the expert TTE
exam. Study population characteristics at admission and
the characteristics of liver disease are shown in Table 1; the
management of decompensated cirrhosis and status at day
28 are shown in Table 2.

2.2 Agreement and reliability

Full data (both raters) were available in 50 patients for sub-
aortic VTI and 53 patients for E wave velocity. For sub-
aortic VTI, the mean difference between intensivists’ and
gastroenterologists’ assessment was 0.33 cm (bias 95% CI
[-0.67; 1.33]) with limits of agreement between — 6.6 and
7.2 cm, while for E wave velocity, the mean difference was
—0.11 m.s™! (bias 95% CI [-0.18; -0.04]) with an upper and
a lower limit of agreement of -0.6 and 0.37 m.s™! respec-
tively. The Bland and Altman plots are shown in Fig. 1A
and B. For subaortic VTI, 11/50 inter-rater measurements
(22%, 95% CI [12; 36]) were considered as outliers (dif-
ference between expert and non-expert>4 cm) and 13/53
(25%, 95% CI [14; 38]) were considered as outliers for E
wave velocity (difference> 0.2 m.s™!). Reliability for sub-
aortic VTI was good (ICC=0.79, 95% CI [0.58; 0.90] and
moderate for E wave velocity (ICC=0.53, 95% CI [0.19;
0.74]). As experts recorded a LVEF >40% for all patients,
agreement and reliability could not be assessed for LVEF.
Pleural effusion was diagnosed in 22 patients by intensiv-
ists and in 21 patients by gastroenterologists with agreement
for 42 out of 53 patients (specific agreement 79%; 95% CI
[67; 88]). The Cohen’s Kappa coefficient was 0.34 (95% CI
[0.57; 0.79]), indicating fair reliability.

2.3 Hemodynamic profiles

Echocardiographic characteristics evaluated by experts are
shown in Table 3. As systolic function was normal in the
total cohort (visual LVEF>40% and TDI S wave veloc-
ity=13 cm.s-1[12; 15]), we used subaortic VTI and E wave
velocity to define three hemodynamic profiles as previously
described. The reliability was acceptable for subaortic VTI
but not for E wave velocity.

Table 4 summarizes the hemodynamic, biological and
clinical features for the three groups and associated out-
comes and Fig. 2 illustrates outcome at day 28.
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Table 1 Population characteristics at inclusion (n=53)

Age (years)

Sex (male)

Weight (kg)

Encephalopathy

Ascites

Lower limb edema

Preexisting conditions
Chronic arterial hypertension
Chronic heart disease
Ischemic heart disease
COPD
Chronic kidney disease
Diabetes
Obesity
HCC

Home medication
Diuretics
ACE inhibitors
Sartans
Calcium channel blockers
Cardioselective beta blockers
Non-cardioselective beta blockers

Etiology
Alcohol
Viral hepatitis B
Viral hepatitis C
Non-alcoholic steatohepatitis
Primary Biliary Cholangitis
Auto immune
Unknown

Precipitating event
Non-compliance
Dietary errors
Sepsis
Portal thrombosis
Alcohol intake
Hepatocellular carcinoma
Surgery
Unknown

Child-Pugh Score
A
B
C

MELD score

Biological data at admission
Plasma Sodium (mmol.L™")
Plasma Creatinine (umol.L™")
Plasma Urea (mmol.L™!)
Albumin (g.L™")
Bilirubin (umol.L™1)
Platelets (count/mm?®)
Prothrombin activity (%)

62 [56; 71]
43 (81.1%)
79 [65; 88]
3(5.7%)

52 (98.1%)
32 (60.4%)

19 (36%)
5 (9%)

6 (11%)
7 (13%)
2 (4%)
16 (30%)
9 (17%)
9 (17%)

33 (62.3%)
8 (15.1%)
6 (11.3%)
5(9.3%)
11 (20.8%)
11 (20.8%)

44 (83%)
3 (5.7%)
10 (18.9%)
8 (15.1%)
1(1.9%)

1 (1.9%)
1(1.9%)

5(9.4%)

0

4(7.5%)

6 (11.3%)
4(7.5%)

8 (15.1%)
3(5.7%)
19 (35.8%)
9[8; 11]
1(1.9%)
29 (54.7%)
23 (43.4%)
15.2[11.8; 19.6]

136 [134; 139]
82 [65; 105]

5.71[3.7;8.5]

29 [24.5; 32]

39 [20; 72]

128,000 [92,000; 183,000]
57147, 71]

For categorical variables, results are given as number of patients andpercentage and as median and interquartile range (25th ;75th percentiles)

for continuous variables.

COPD = Chronic Obstructive Pulmonary Disease, HCC = Hepatocellular Carcinoma, ACE = Angiotensin Converting Enzyme, MELD =Model

for End-Stage Liver Disease.
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Table 2 Management of decompensated cirrhosis during hospitaliza-
tion and vital status at day 28

Main Therapeutic Management during GE ward stay
Fluid therapy
Albumin infusion

46 (86.8%)

Albumin amount (mL) 400 [200;
700]
Crystalloids (n,%) 5(9.4%)
Diuretics

Furosemide (n,%) 43 (81.1%)

Spironolactone (n,%) 41 (77.4%)

Thiazide (n,%) 2 (3.8%)
Other

Terlipressin (n,%) 1 (1.9%)

Ascites removal (n,%) 44 (83%)
Admitted to the ICU 9 (17%)
Status at day 28

Discharged home 20 (37.7%)

Non-survivor 8 (15.1%)

Readmitted after discharge 16 (30.2%)

Discharged to a rehabilitation unit 3 (5.7%)

Still in the unit 6 (11.3%)

Results are given as median and interquartile range (25th -75th per-
centiles) continuous variables and as number of patients and percent-
ages for categorical variables. ICU = Intensive Care Unit.

3 Discussion

3.1 Agreement and reliability for hemodynamics
parameters

In previous studies evaluating hemodynamics and cardiac
function of cirrhotic patients, echocardiography has been
performed by an expert physician (cardiologist or intensiv-
ist) and never by gastroenterologists [36—38]. Our results
suggest that echocardiography can be performed by trained
gastroenterologists. However, the number of outliers is
quite high (22% for subaortic VTI and 24.5% for E wave
velocity) with wide limits of agreement. This is consistent
with other studies where analogous or even wider limits are
reported [33, 39]. It is not clear in these studies how many
patients were affected by clinically significant differences.
Performance of emergency physicians and intensivists has
been shown to improve with more experience and training
[21, 40, 41].

As reliability is good for subaortic VTI, TTE represents
an informative tool despite the relatively high percentage
of outliers. Discrepancies between agreement and reliability
are well described in the literature, especially when there
is high variability of the measured object, which has little
influence on reliability but can strongly influence agree-
ment [30]. The E wave velocity seems to be a more chal-
lenging parameter, as concordance between intensivists and
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Table 3 Echocardiographic characteristics evaluated by experts Table 4 Hemodynamic profiles
LVEF>40% (n=53) 53 (100%) Hypovole- Intermediate Hyperki-
Subaortic VTI (cm) (n=53) 18.8[16.8; mic N=17 netic
22.5] N=13 N=23
Peak S-wave velocity at the lateral mitral ring 13 [12; 15] Clinical features
(em.s™h) (n=50) Systolic Arterial Pressure 123 [111; 125 [110; 126 [106;
Peak mitral E-wave velocity (m.s™!) (n=53) 0.72 [0.57; (mmHg) 138] 128] 132]
0.9] Mean Arterial Pressure 97 [79; 85[77;95] 85[79;94]
Peak mitral A-wave velocity (m.s™') (n=53) (mmHg) 102]
Peak Ea-wave velocity at the lateral mitral ring 13.5[11; Diastolic Arterial Pressure 82 [68; 85] 70 [60; 77] ~ 68 [59; 79]
(ems™h) (n=52) 16] (mmHg)
Left ventricular diameter (cm) (n=49) 4.5[3.9; Heart rate (beats per min) ~ 95[92; 98] 83 [78;95] 84[75;92]
5.2] Echocardiographic
Left auricular surface (cm?) (n=43) 17 [10.8;20] parameters
Septal wall thickness (mm) (n=48) 11[9.5; Subaortic VTI (cm) 14 [12;15] 18[17.0; 23.5[21.6;
13.1] 18.8] 28.2]
Posterior wall thickness (mm) (n=44) 10.7 [8.8; E wave velocity (m.s™') ~ 0.46 [0.41;  0.77[0.68;  0.85 [0.68;
12] 0.57] 1.01] 0.94]
TAPSE (mm) (n=52) 24.5 [20; Biological features
31] Plasma Creatinin 91[69; 113] 77[62;99] 74[67;94]
TAPSV (cm.s~ ) (n=49) 19 [15; 24] (pmo.L™")
Right ventricular dilatation (n=51) 5(9.8%) Plasma Urea (mmolL™")  6.1[3.7; 5.3 [4.7; 5.8[3.2
Tricuspid regurgitation max velocity (m.s~!) n=4) 2.95[2.88; . 9-1] 6.7] 8.2]
3.02] Plasma S_oldlum 135 [129; 138 [135; 135 [133;
IVC collapsibility index (%) (n=35) 35[11; 65] (mmol.L™) 136] 140] 138]
Pericardial effusion 5(9.3%) Therapeutic
management
Valvulopathy Albumin infusion 12(92.3%) 14 (82.4%) 20 (87%)
Mftral Stenos‘ls . 1(1.9%) Vasopressors 0 0 1 (4.3%)
Mitral regurgitation 8 (15.1%) Furosemid 9(69.2%) 14 (82.4%) 20 (87%)
Aortic stenosis 3(.7%) Spironolacton 9(69.2%) 13 (76.5%) 19 (82.6%)
Aortic regurgitation 2 (3.8%) Scores
Tricuspid regurgitation 4 (7.5%) MELD score 15.9 153[12.2; 143 [11.2;
Pleural effusion 22/53 [12.0;18.6] 19.1] 20.7]
- - - - (41.5%) Child-Pugh score 10[8; 111  98;11] 9[8; 11]
Resglts are given as medlar} and interquartile range (2§th -75th per- Outcomes
centiles) for continuous variables and as number of patients and per- o
centages for categorical variables. LVEF =Left Ventricular Ejection ICU admission 2(154%)  4(23.5%) 3 (13%)
Fraction, VTI=velocity time integral, TAPSE=Tricuspid Annular Day 28 mortality 4(30.8%) 3 (17.6%) 1 (4.3%)
Plan Systolic Excursion, TAPSV =Tricuspid Annular Plan Systolic Discharge at day 28 3(23.1%)  6(35.3%) 11 (47.8%)

Velocity, [IVC =Inferior Vena Cava.

gastroenterologists was poor. Thus, E wave velocity mea-
surement may require greater expertise than subaortic VTIL.
A possible explanation is the risk, with a low-trained opera-
tor, of confusion between E and A waves. Moreover, the
recommended theoretical training is 100 TTE in 6 months,
of which 25 TTE are supervised by an expert. Such train-
ing couldn’t be put into practice here due to lack of time.
These data suggest that this training may not be shortened to
ensure that TTE can be reliably used by gastroenterologists.

3.2 Pleural effusion and ascites assessment by
POCUS

Quantification of ascites and pleural effusion is impor-
tant for evaluating fluid retention. and for the diagnosis of
hepatopulmonary syndrome by performing a bubble test,

Results are given as median and interquartile range (25th -75th per-
centiles) for continuous variables and as number of patients and
percentage for categorical variables. VTI=velocity time-integral,
MELD =Model For End-Stage Liver Disease, ICU =Intensive Care
Unit.

especially in patients waiting for transplantation [42]. This
is also true in gastroenterology ward for ascites paracen-
tesis [43]. In ICU patients in one large observational trial,
POCUS (in particular coupling echocardiography and lung
ultrasound) influenced patient management in 85% of cases
[44]. Tt has also proven useful to improve diagnostic per-
formance where clinical evaluation has failed [45]. There-
fore, POCUS (coupling TTE with pleural and abdominal
ultrasound) represents an interesting tool to optimize the
hemodynamic state in patients with decompensated cirrho-
sis with ascites. In our cohort, specific agreement was good
(79%) for pleural effusion evaluation, while reliability was
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6/17 (35%) D28 Status

3/13 (23%) M Non survivors

Ohospitalized

6/13 (46%) Odischarged

11/23 (48%)

4/13 (31%) 317 (18%)

Hypovolemic

Intermediate Hyperkinetic

Fig. 2 Outcomes within the 3 groups

only fair. With longer training, gastroenterologists are likely
to be able to accurately diagnose pleural effusion via lung
ultrasound.

3.3 Hemodynamic profiles

Hemodynamic alterations during cirrhosis are character-
ized by increased total blood volume and splanchnic blood
volume, decreased central blood volume (effective venous
return), low systemic vascular resistance, heart rate increase,
and increased cardiac output and arterial compliance [5].
This results in a hyperdynamic state and relative hypovo-
lemia [46], emphasizing the importance of blood volume
assessment during cirrhosis decompensation. Stroke vol-
ume assessment by TTE is key for blood volume evaluation
[6]. The role of TTE in the management of decompensated
cirrhosis with acute kidney injury has been studied in one
case report [36]. However, hemodynamic profiles of cir-
rhotic patients derived from TTE have not been described.
Our results identify distinct echocardiographic profiles
in this population. Subaortic VTI seems to be the easiest
parameter to asses due to the good reliability. Moreover, the
association of preserved LVEF (visual assessment) and low
subaortic VTI value has a good accuracy to predict hypo-
volemia [27]. Hemodynamic assessment is therefore pos-
sible by gastroenterologists based on subaortic VTI and
LVEF with a lower level of competence than intensivists.
The evaluation of the E wave requires more training to be
integrated into the reasoning.

It could be objected that this simplified hemodynamic
assessment could appear non-adapted to complex situa-
tions and cannot summarize all hemodynamic conditions
observed in critically ill patients, especially during cirrho-
sis. This was a deliberate choice because we hypothesized

@ Springer

it could facilitate assessment by non-ICU physicians. More-
over, this simple method is used in ICU by trained physi-
cians, especially for hypovolemic or hyperkinetic profiles
as demonstrated by Geri et al. [27].

In our cohort, hypovolemia was the least common profile
(24% of cases) but seemed to be associated with a worse
prognosis (Fig. 2). Patients in the Hyperkinetic group had
the highest subaortic VTI and E wave velocities, suggest-
ing high blood volume associated to systemic vasodilation.
In this group, the median E wave velocity was 0.85 com-
pared to 0.77 in the Intermediate group and 0.46 m.s™! in
the Hypovolemic group. Likewise, hospital discharge at day
28 was numerically higher in the Hyperkinetic group, but
again, the sub-population is too small to draw firm conclu-
sions. Interestingly, therapeutics were similar in the three
groups, especially fluid and diuretics, which were given
regardless of hemodynamic profile. This reveals a system-
atic management rather than personalized therapeutic man-
agement according to clinical assessment. We hypothesize
that diuretics are more appropriate for hyperkinetic patients
and detrimental in hypovolemic group. This could explain
the high mortality observed in hypovolemic group. Again,
the very low number of patients in this subgroup does not
allow a definitive conclusion.

Interestingly, MELD score and Child-Pugh scores were
less effective to discriminate patient outcome, especially
between the Intermediate and the Hyperkinetic groups. Fur-
ther studies are required to evaluate the clinical benefit of a
strategy based on ultrasound assessment to guide therapy, as
it is done in ICU.

3.4 Limitations

Our study has several limitations. First, the planned sample
size was not reached leading to an underpowered study. Sec-
ond, this cohort did not include patients with LVEF below
40%. Indeed, the cardiac impairment in cirrhosis is mostly
responsible for an impairment of diastolic function, which is
not assessed by LVEF. Finally, longer training courses may
be necessary to reliably assess echocardiographic param-
eters such as E wave velocity.

4 Conclusion

This study shows that a short training period allows good
reliability for subaortic VTI evaluation by gastroenterolo-
gist. However, agreement is insufficient, with over 20%
of clinically significant differences between intensiv-
ists and gastroenterologists for subaortic VTI and E wave
velocity assessment. Nevertheless, TTE evaluation by
intensivists defined three different hemodynamic profiles:
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Hypovolemic, Hyperkinetic, and Intermediate, with distinct
prognosis and for whom different therapeutic managements
could be expected. Hemodynamic assessment is therefore
possible by gastroenterologists based on subaortic VTI and
LVEF with a short training course. However, a full assess-
ment including the evaluation of the E wave requires pro-
longed training to be integrated into the reasoning. Further
studies are needed to confirm these findings and evaluate
the clinical benefit of an ultrasound-based management of
decompensated cirrhosis.
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