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Abstract

AIM: To evaluate the non-invasive assessments of vol-
ume status in patients with cirrhosis.

METHODS: Echocardiography and multifrequency
bioimpedance analysis measurements and short syn-
acthen tests were made in 20 stable and 25 acutely
decompensated patients with cirrhosis.

RESULTS: Both groups had similar clinical assess-
ments, cortisol response and total body water (TBW),
however the ratio of extracellular water (ECW)/TBW
was significantly greater in the trunk (0.420 + 0.004 vs
0.404 £ 0.005), and limbs (R leg 0.41 £+ 0.003 vs 0.398
+ 0.003, P < 0.05, and L leg 0.412 %+ 0.003 vs 0.399
+ 0.003) with decompensated cirrhosis compared to
stable cirrhotics, 2 < 0.05). Echocardiogram derived
right atrial and ventricular filling and end diastolic pres-
sures and presence of increased left ventricular end
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diastolic volume and diastolic dysfunction were similar
in both groups. The decompensated group had lower
systemic blood pressure, mean systolic 101.8 + 4.3 vs
122.4 + 5.3 and diastolic 58.4 + 4.1 mmHg vs 68.8 +
3.1 mmHg respectively, # < 0.01, and serum albumin
30 (27-33) vs 32 (31-40.5) g/L, P < 0.01.

CONCLUSION: Decompensated cirrhotics had greater
leg and truncal ECW expansion with lower serum albu-
min levels consistent with intravascular volume deple-
tion and increased vascular permeability.

© 2013 Baishideng. All rights reserved.
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Core tip: Despite peripheral oedema and ascites pa-
tients with cirrhosis may be intravascularly volume
deplete and require parenteral fluids to prevent acute
kidney injury. We assessed whether non-invasive
measurements with multifrequency bioimpedance and
echocardiography aided clinical assessment of volume
status. Multifrequency bioimpedance showed that pa-
tients with decompensated cirrhosis had similar total
body water to stable cirrhotics, but with an expanded
extracellular volume, suggesting increased vascular
permeability. Echocardiography was not helpful in as-
sessing volume status in the two groups, and neither
echocardiography nor multifrequency bioimpedance
could aid assessment of intravascular volume.
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INTRODUCTION

Cirrhotic patients with progressive liver disease typically
develop a hyper-dynamic circulation characterised by

increased cardiac output, with reduced systemic vascu-
lar resistance with a normal or even low systemic blood
pressurem, and may have an associated cardiomyopathym.
Optimizing intravascular volume is essential in manag-
ing patients with cirrhosis to avoid acute kidney injury
induced by hypovolaemia, and also reduce the risk of
developing hepatorenal syndrome (HRS)". Intravascular
volume expansion, which is often necessary to treat these
patients, can potentially lead to worsening of ascites,
pleural effusion or heart failure.

Clinical assessment of volume status in patients with
cirthosis and progressive liver disease may be difficult as
patients with ascites and peripheral oedema may still be
relatively under filled in terms of intravascular volume, as
some 40%-50% of the extracellular fluid volume can be
in the microcirculation.

In addition, central venous pressure and pulmonary
capillary wedge pressure often used to measuring static
haemodynamics are not reliable markers of circulatory
volume!™™.

Other techniques for assessing volume status, include,
inferior vena caval diameter and cardiac end diastolic
volumes as measured by echocardiography®™, although
experience with these static monitoring measurements of
volume have not been generally translated into daily clini-
cal practicem.

Recently multifrequency bioelectrical impedance
analysis (MF-BIA) has become available, which measures
total body water and compartmental volumes by passing
a series of different electrical currents and electrical fre-
quencies through the body. We therefore compared vol-
ume assessment of patients with standard 2-dimensional
transthoracic echocardiography with MF-BIA.

MATERIALS AND METHODS

Patients

Twenty patients with cirrhosis with chronic decompensa-
tion but stable liver function being assessed for potential
liver transplant work up or transjugular intrahepatic por-
to-systemic shunting (TIPS) were evaluated along with
25 patients with acute decompensation on a background
of cirrhosis, who had been admitted to hospital as acute
emergencies, due to acute variceal haemorrhage, sponta-
neous bacterial peritonitis, sepsis and hypovolaemia sec-
ondary to diarrhoea. Plasma cortisol was measured prior
to and at 30 min following 250 pg of synacthen.

Methods

All patients had MF-BIA, where assessments were made
in the supine position, using an eight hand and feet tactile
electrode system (Biospace in body 720, Seoul, South
Korea)'""". No patient had a peripheral amputation, or
cardiac pacemaker/defibrillator, and no female patient
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was pregnant. Height was measured by a standard wall
mounted measure (Sigmeas 1, Doherty signature range,
www.mediclick.co.uk), and weight by calibrated scales
(MPSS250, Marsden, Henley on Thames, United King-
dom). MF-BIA measurements were repeated three times
over 30 min to determine reliability of measurements.

Standard 2-dimensional transthoracic echocardio-
grams (Philips IE33, Philips Medical Systems, Eind-
hoven, the Netherlands) with measurement of inferior
vena cava width and collapsibility were recorded and
analysed offline by a single experienced observer. Left
ventricular volumes and ejection fraction were estimated
using Simpson’s modified biplane method"”. Ethical ap-
proval was granted by the local ethical committee as audit
and clinical service development.

Statistical analysis

Statistical analysis was by student’s 7 test for normally dis-
tributed data and Mann Whitney U test for nonparamet-
ric data (GraphPad Prism version 6.0, San Diego, United
States). In addition y° analysis with correction for small
numbers and one way anova with Tukey post analysis
correction were also performed using SPSS software for
Windows version 15.0 (SPSS Inc., Univ Chicago, Illinois,
United States), and agreement of repeated MF-BIAs by
Bland Altman analysis and Pearson correlation (Analyse
It, Leeds, United Kingdom). Data are expressed as mean
* SE of the mean, median and inter-quartile range, or
percentages. Statistical significance was taken at or below
the 5% level.

RESULTS

Twenty patients, mean age 53.4 = 1.5 years, 60% male
with compensated cirrhosis (9 hepatitis C, 6 alcohol relat-
ed, 2 primary biliary cirrhosis, 1 each of hepatitis B, non-
alcoholic steatosis and cryptogenic) of whom additionally

8 had primary hepatocellular carcinoma being assessed
for liver transplant or TIPS insertion, had their volume
assessed clinically and also by 2 dimensional echocardiog-
raphy and MF-BIA (Table 1). We compared these volume
assessments with those from 25 acutely decompensated
cirthotic patients (underlying chronic liver disease due to
13 alcohol, 6 hepatitis C, 4 non-alcoholic steatosis, and 1
each of autoimmune and primary biliary cirrhosis), mean
age 53.9 + 2.7 years, 64% male. Fourteen of these pa-
tients had decompensation precipitated by acute variceal
haemorrhage, 6 spontaneous bacterial peritonitis, 3 with
other sources of sepsis and 2 with acute dehydration and
hypovolaemia secondary to diarthoea. Ten/twenty five
were encephalopathic at presentation. However, clini-
cal grading of encephalopathy was similar for both the
decompensated and compensated groups, median 2 (1-2)
vs 2 (1-2.5) respectively. Similarly clinical assessment of
ascites was similar for both groups, 65% of the com-
pensated group and 62% of the decompensated group,
with both groups having a median ascites grading of 2
(1-3) vs 2 (1-3). Twenty six percent of the decompensated
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Table 1 Demographics and standard biochemistry and

haematology results in the stable cirrhotic and the acutely
decompensated cirrhotic patients

Table 2 Blood pressure and echocardiographic findings in
stable cirrhotic and the acutely decompensated cirrhotic

patients

Compensated Decompensated Compensated  Decompensated
Age (yr) 53.4+15 53.9+27 Systolic blood pressure (mmHg) 1224+53 101.8 +4.3°
Male sex 60% 64% Diastolic blood pressure (mmHg) 68.8+3.1 58.4+4.1°
Weight (kg) 752+1.9 76.1+3.2 Heart rate min™ 74.7 £3.4 100.3 £ 6.7°
Sodium (mmol/L) 1358+14 1359+13 Right atrial pressure (mmHg) 6.1+0.5 5.0+0.1
Urea (mmol/L) 4.8 (3.4-6.7) 6.1(2.9-13.4) Ejection fraction (%) 59.1+1.0 59.6 +0.9
Creatinine (umol/L) 70 (48-81) 65 (45-116) RVESP (mmHg) 311423 322+25
Albumin (g/L) 32 (31-40.5) 30 (27-33)° PVFV (m/s) 1.24+0.1 1.22+0.1
Bilirubin (umol/L) 36.5 (21-98) 41 (27.5-100.5) LVEDV (mL) 165.5 +10.3 149.9 £12.9
ALT (U/L) 44 (26-55) 31 (19-51) Vaortic (m/s) 1.54 +0.06 1.60 £ 0.09
AST (U/L) 65 (44-98) 63 (46-112)
GGT (U/L) 63 (30-188) 118 (41-263) Right ventricular end systolic pressure (RVESP) normal, 25 mmHg, pul-
ALP (U/L) 117.8£9.4 132.7£14.8 monary valve flow velocity (PVFV), left ventricular end diastolic volume
Haemoglobin (g/L) 119+6 101 +2° (LVEDV) normal 78-128 mL, aortic valve flow velocity (Vaortic). Results
WBC (x 109/L) 5.31+04 95+15° expressed as mean * SE, P < 0.05, °P < 0.01 vs compensated cirrhotic
Platelets (x 10°/L) 92.5 (57.5-134) 84 (53.5-143) group.
INR 1.58 +0.11 1.72+0.08
aPTT s 36.7+29 363+1.6
Cortisol (umol/L) 361 (180-483) 361 (208-611)

Synacthen 30 min cortisol

614 (411-719)

518 (399-767)

(umol/1)

Results expressed as mean * SE, or as percentage, or median (interquartile
range). *P < 0.05, °P < 0.01 vs compensated cirrhotic group. ALT: Alanine
aminotranferease; AST: Aspartate aminotransferase; GGT: Gamma gluta-
myl transpeptidase; ALP: Alkaline phosphatase; WBC: White blood cells;
INR: International normalized ratio.

group had clinical signs of peripheral oedema, although
65% were thought to be hypovolemic, whereas the com-
pensated group were recorded as being euvolaemic. Fifty
five percent of patients in the compensated group were
prescribed diuretics, 8 spironolactone and 8 loop diuret-
ics, compared to 45% of the decompensated group had
been prescribed diuretics, 9 spironolactone and 5 loop
diuretics. Ten patients in the decompensated group were
on inotropic support (5 terlipressin, 5 norepinephrine).
The MELD and Child Turcotte Pugh scores were
greater in the decompensated group, median 18.0
(14.5-23.5) s 12.5 (8.5-24.5) and 9.6 + 0.4 »s 8.4 + 0.4,
but not statistically significantly different. Thirty five per-
cent of those with stable chronic liver had Child Turcotte
Pugh scores 4-6, compared to 8% of the decompensated
group, 30% had scores of 7-9, compared to 40% of the
decompensated group, 30% had scores of 10-12 com-
pared to 44% of the decompensated group, and 5% had
a score of > 12, compared to 8% in the decompensated
group. Serum albumin was lower in the decompensated
group, as was haematocrit and peripheral total white cell
count was greater. Despite inotropic support blood pres-
sure was lower and heart rate increased in the decom-
pensated group (Table 2). Baseline plasma cortisol levels
were not different (Table 1), and 53% of both groups
had a baseline cortisol of < 280 umol/ | Following a
short synacthen test, the 30 min cortisol was not differ-
ent (Table 1), with a similar rise in both the compensated,
190 (170-361) umol/L and decompensated groups, 188
(125-239) umol/L, with a rise of < 250 pumol/L in 63%
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of the compensated group and 84% in the decompen-
sated group (= 1.22, P = 0.269).

In keeping with clinical assessment of the jugular
venous pulse wave transthoracic echocardiographic
measured right atrial filling pressures were not elevated.
Whereas the right atrium was mildly dilated in the majority
of the compensated group, all patients in the decompen-
sated group had a dilated right atrium, with most having
moderate to severe dilatation. 85% of the compensated
group, and 64% of the decompensated group had evi-
dence of diastolic dysfunction on echocardiography with
an eatly to late atrial filling ratio (E/A) of less then one.
Inferior vena cava width was < 1.5 cm in 70% of the
compensated group, and between 1.5 and 2.5 cm in the re-
mainder, whereas it was less than 1.5 cm in all those mea-
sured in the decompensated group, but in all cases moved
normally with respiration, showing normal collapse.

MF-BIA showed that both groups of patients had
excess total body water, with mean ratio of ECW/TBW
in the decompensated group above the 95% confidence
limit for a healthy population. However segmental analy-
sis showed normal hydration status in the arms, but
increased extracellular fluid in the trunk and legs. In addi-
tion although total body water was not different between
the groups, the ratio of extracellular water (ECW) to total
body water (TBW) was greater for the decompensated
group, in particular for both the trunk and legs (Table 3).
Repeated MF-BIA wete very reproducible with minimum
differences on repeated measurements (Table 4).

We then compared those patients who on clinical
examination were thought to have ascites and those with
moderate to severe ascites. There was no difference in
patient weights, or total body water, intracellular or ex-
tracellular water measured by MF-BIA (Table 5). Simi-
latly there was no difference in the ratio of ECW in the
arms to total ECW, but patients with ascites had greater
amounts of ECW in the trunk and legs (Table 5). Subdi-
viding the decompensated group into those with moder-
ate to severe ascites and those with no or mild ascites,
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Table 3 Multi-frequency bioelectrical impedance analysis

data in the stable cirrhotic and the acutely decompensated
cirrhotic patients

Compensated Decompensated
Total body water ICW (L) 39.2+19 40.7+1.9
ICW (L) 23.6+1.2 239+1.1
ECW (L) 15.7+0.7 16.8+0.8
Total body ECW/TBW 0.399 + 0.004 0.412 + 0.003
R arm ECW/TBW 0.385 + 0.001 0.388 + 0.002
L arm ECW/TBW 0.386 + 0.002 0.387 + 0.003
Trunk ECW/TBW 0.404 + 0.005 0.420 + 0.004"
R leg ECW/TBW 0.398 + 0.003 0.410 + 0.003"
L leg ECW/TBW 0.399 + 0.003 0.412 £ 0.003"

Mean extracellular water (ECW)/total body water (TBW) ratio for total
body, limb and trunk value in normal healthy humans 0.38 (95% confi-
dence limits 0.36-0.4). Results expressed as mean * SE, °P < 0.05 vs com-
pensated cirrhotic group. ICW: Intracellular water.

Table 4 Reliability of multi-frequency bioelectrical impedance

assessments

Assessment 1+ 2" 3¢
%ECW /TBW 40.7 £ 0.26 40.8 £0.21 40.8 £0.22
Bias (95%CI)  0.14 (0.16:0.44)  0.12(:0.23-0.46)  -0.03 (-0.16-0.00)
Pearson r 0.81 0.77 0.96
Pearson P <0.001 <0.001 <0.001

Results expressed as mean + SE, comparison by Bland Altman bias with
95%CI and Pearson correlation. 1% assessment vs 2™ and 3™, and 2™ vs 3.
ECW: Extracellular water; TBW: Total body water.

then although the ECW/TBW ratio for those with mod-
erate to severe ascites, was greater (total 0.416 = 0.004 s
0.405 £ 0.005, trunk 0.425 * 0.004 »5 0.409 * 0.007, right
leg 0.413 £ 0.003 »s 0.403 £ 0.004, and left leg 0.414 +
0.004 »5 0.408 £ 0.005), with these smaller patient groups
these values were no significant (P = 0.27 to 0.063).

We also divided the decompensated group into those
in whom decompensation was primarily following vari-
ceal haemorrhage or dehydration, and those in whom
decompensation was primarily due to infection (spon-
taneous bacterial peritonitis and pneumonia). The mean
ECW/TBW on admission in the variceal haemorrhage
group was 0.417 * 0.005, which was lower but not statis-
tically different from the sepsis group, 0.422 £ 0.006.

DISCUSSION

Clinical examination of the two groups was not signifi-
cantly different in terms of ascites and jugular venous
pulse wave, although the majority of the decompensated
group were thought to be clinically hypovolemic. Al-
though peripheral systolic and diastolic blood pressure
was lower and heart rate greater in the decompensated
group, both groups had similar basal cortisol levels, and
also following a synacthen challenge. It has been suggest-
ed that for critically ill patients that the baseline cortisol
should be > 280 umol/L, and an approptiate response
> 250 umol/Lm}. In our cohort around 53% of both
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Table 5 Multi-frequency bioelectrical impedance analysis
measurements in those patients with no clinically detectable

ascites those patients with moderate to severe ascites judged
clinically

No ascites Moderate/severe ascites

Weight (kg) 751+3.9 754 +3.0
Total body water (L) 39.4+18 379+1.9
ICW (L) 23.71+0.66 2229+1.12
ECW (L) 15.66 + 0.66 15.65 +0.76
Total body ECW/TBW 0.399 + 0.004 0.413 + 0.003"
R arm ECW/TBW 0.384 + 0.002 0.386 + 0.002
L arm ECW/TBW 0.385 + 0.0021 0.385 + 0.003
Trunk ECW/TBW 0.403 + 0.005 0.421 + 0.003"
Rleg ECW/TBW 0.398 + 0.004 0.410 + 0.003"
L leg ECW/TBW 0.400 + 0.004 0.413 + 0.003"

Results expressed as mean * SE, °P < 0.05 vs No ascites group. ICW:
Intracellular water; ECW: Extracellular water; TBW: Total body water.

groups had a relatively low baseline cortisol, and an inap-
propriate response to synacthen in 63% and 84%. Thus it
would appear that the differences in blood pressure were
not due to steroid deficiency. Previous reports have sug-
gested a relationship between cardiac function and sever-
ity of liver disease!" characterised by cardiac dilatation,
with increased left atrial diameter, left ventricular end
diastolic volume, and increased cardiac output and aortic
flow”. In our study both groups had a normal mean
right atrial pressure and cardiac ejection fraction of >
55%, although some studies have reported reduced car-
diac output[m]. As with previous reports of diastolic dys-
function in patients with cirrhosis the majority of both
groups had an E/A ratio of < 1.0M, although no patient
had grade 2 diastolic dysfunction. Although an E/A ratio
of < 1.0 can be considered a normal finding in the older
patient, both groups had a mean age of less than 55
years. Right ventricular end systolic pressure was greater
than normal (> 30 mmHg) in 50% of the compensated
group and 75% of those measured in the acutely decom-
pensated cirrhotic group, with normal pulmonary valve
flow velocity in all cases. Similarly left ventricular end dia-
stolic volumes were greater than normal (> 128 mL) in
80% and 55% respectively, with normal aortic valve flow
velocities. Thus the main changes in echocardiography
were found estimating right sided cardiac function with
the decompensated group having modestly lower right
atrial pressures, but with increased atrial dilatation and
mildly increased right ventricular end systolic pressures.
Whereas, although left ventricular diastolic dysfunction
was prominent in both groups, it was not different.
Clinical examination for ascites was similar in both
groups, as was total body water, extracellular and intracel-
lular volumes as measured by MF-BIA. Bioimpedance
works by passing an electrical current through the body
and measuring both the resistance to flow and reactance,
and has developed from single current and frequency
devices"™"”. to those using multiple currents and frequen-
cies, and from devices which simply record total body
values, to those with eight electrodes which can provide
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20,21 . .
compartmental assessments” !, as used in this study. As

the resistance to the passage of electricity depends upon
circuit length, the majority of resistance occurs in the
arms and legs, with much less for the trunk, and earlier
reports suggested that intra-abdominal fluid had little ef-
fect on bioimpedance measurements”. We found that
MF-BIA results were highly reproducible and using MF-
BIA we could detect significant segmental differences.
We found that those patients with moderate to severe
ascites had greater ECW volumes in both the trunk and
legs. Thus compared to previous reports using single fre-
quency bioimpedance machines, MF-BIA with segmental
analysis could show increased ascitic fluid®. Similarly
both the compensated and decompensated groups had
normal hydration status of the upper limbs, however the
ratio of extracellular to total body water, a marker of
extracellular fluid excess was increased in the trunk and
both legs compared to reported data from healthy con-
trols, and was significantly greater for those patients with
decompensated cirrhosis, more so for the trunk than the
legs. Thus although total body water was similar in both
groups, the decompensated group had more fluid in the
trunk and legs. This redistribution of fluid is in keeping
the clinical assessments which suggested that the majority
of decompensated patients were hypovolemic, whereas
the compensated group were thought to be euvolaemic.
The whole body ratio of ECW/TBW was lower in those
patients who had decompensated due to variceal haemor-
rhage, in keeping with the clinical assessment of volume
status, but was not statistically different from those who
had decompensated secondary to sepsis. This was a small
pilot study and as such the number of subjects many
have been too small to show any statistical effect.

Thus patients with both compensated and decompen-
sated cirrhosis had evidence of increased fluid retention
in the trunk and legs, despite normal right atrial filling
pressures and lack of clinically detectable peripheral
oedema, presumably due to increased interstitial fluid
formation or reduced removal. Serum albumin con-
centrations were lower in the decompensated cirrhotic
group, and although this could be secondary to reduced
synthesis, increased passage of albumin into the extracel-
lular fluid compartment, due to increased vascular perme-
ability could be an alternative explanation, as described
in other chronic disease states, such as chronic kidney

24-27 . . .
P21 This increased leak and increased extracel-

disease
lular fluid was not associated with changes in cortisol.
In keeping with a hyperdynamic circulation there was
dilatation of the right atrium, increased end systolic right
atrial pressure and increased left ventricular end diastolic
volume, but derived right atrial pressure and inferior vena
cava diameter were not increased. Single transthoracic
echocardiography assessments could not differentiate
those with stable chronic liver disease from those acutely
admitted to hospital with decompensated cirrhosis,
whereas MF-BIA showed that although both groups
had similar overall TBW, the decompensated group had
increased ECW/TBW particularly in the legs and trunk,

(49

TR
JBaishideng®

WJH | www.wjgnet.com

suggesting that plasma volume was decreased. However
none of these techniques reliably predicted intravascular
volume, and clinical assessment remains a crucial element
in the examination of patients with chronic liver disease
to determine volume assessment.

COMMENTS

Background

Cirrhotic patients with progressive liver disease typically develop a hyper-dy-
namic circulation characterised by increased cardiac output, with reduced sys-
temic vascular resistance with a normal or even low systemic blood pressure,
and may have an associated cardiomyopathy. Optimizing intravascular volume
is essential in managing patients with cirrhosis to avoid acute kidney injury
induced by hypovolaemia, and also reduce the risk of developing hepatorenal
syndrome. Intravascular volume expansion, which is often necessary to treat
these patients, can potentially lead to worsening of ascites, pleural effusion or
heart failure.

Research frontiers

Clinical assessment of volume status in patients with cirrhosis and progressive
liver disease may be difficult as patients with ascites and peripheral oedema
may still be relatively under filled in terms of intravascular volume, as some
40%-50% of the extracellular fluid volume can be in the microcirculation. In ad-
dition, central venous pressure and pulmonary capillary wedge pressure often
used to measuring static haemodynamics are not reliable markers of circulatory
volume. Other techniques for assessing volume status, include, inferior vena
caval diameter and cardiac end diastolic volumes as measured by echocar-
diography, although experience with these static monitoring measurements of
volume have not been generally translated into daily clinical practice.

Innovations and breakthroughs

The authors assessed whether non-invasive measurements with multifrequency
bioimpedance and echocardiography aided clinical assessment of volume
status. Multifrequency bioimpedance showed that patients with decompensated
cirrhosis had similar total body water to stable cirrhotics, but with an expanded
extracellular volume, suggesting increased vascular permeability. Echocardiog-
raphy was not helpful in assessing volume status in the two groups, and neither
echocardiography nor multifrequency bioimpedance could aid assessment of
intravascular volume.

Applications

Decompensated cirrhotics had greater leg and truncal extracellular water ex-
pansion with lower serum albumin levels consistent with intravascular volume
depletion and increased vascular permeability.

Peer review

This manuscript is very interesting. This paper describes the results of assess-
ment of volume status in patients with cirrhosis.
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