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1  The burden of fluid overload

Fluid overload in critically ill patients is defined as a 10% 
increase in cumulative fluid balance (CFB) from baseline 
body weight and represents a well-known problem which 
detrimentally affects intensive care unit (ICU) patient’s 
clinical course and their outcome [1–3]. Therefore, timely 
recognition and correction of fluid overload, or even better, 
identification of patients at risk for fluid accumulation in an 
early stage is of great importance. However, this remains 
challenging in clinical practice, as we miss an accurate 
and reliable tool for correct assessment of fluid status [4]. 
Current methods include the calculation of daily and CFB, 
by recording fluid inputs and outputs, the use of clinical 
or biochemical signs of fluid overload, monitoring filling 
pressures, however, none of these methods allow for a close 
monitoring for fluid balance, and intercompartmental fluid 
shifts [1, 5].

2  The promise for BIA

Bio-electrical impedance analysis (BIA) has gained 
increased interest to help physicians to determine volume 
status and fluid distribution in critically ill patients (see 
Table 1) [1, 2, 4, 6–21]. Indeed, several data published in the 
last decade suggest that BIA may provide useful information 

not only in different well-established patient groups (dialy-
sis, AIDS, malnutrition), but also in critically ill patients 
with burns, trauma or sepsis undergoing fluid resuscitation. 
This tool may offer a non-invasive, fast and reliable assess-
ment of volume status and fluid distribution as well as evalu-
ation of dynamic changes in fluid distribution. It measures 
total body water (TBW), extracellular water (ECW), and 
intracellular water (ICW). BIA can calculate absolute fluid 
overload (AFO), the difference between normal, expected 
ECW and the actual, measured ECW, expressed in liters, as 
well as relative fluid overload (RFO), AFO/ECW, expressed 
in percentages. BIA measurements may be performed easily 
at the bedside, do not require extensive training and have 
limited inter-observer variations [22]. Thereby, BIA sounds 
as a promising diagnostic tool in the ICU or operating room 
to assess fluid status. Recently, new BIA-devices have been 
introduced allowing not only calculation of TBW, ECW and 
ICW but also the intra- and extravascular fluids (IVF, EVF) 
and, in case of dialysis, Kt/V (Fig. 1). 

3  Shedding new light

We read with great interest the work by Ciumanghel et al. 
[23]. Their study highlights an important clinical problem, 
fluid overload assessment, in a field that lacks clinical data. 
The study population was appropriate as abdominal surgery 
is among the most common elective surgical procedures 
[24]. The results confirm the potential role and usefulness 
of BIA monitoring to quantify body fluid composition and 
intercompartmental shifts in a major abdominal surgery 
perioperative setting. In this study 71 adult patients under-
going elective major abdominal surgery were included. 
Patients were then divided in two subgroups accord-
ing to the presence of pre- and postoperative cumulative 
fluid overload (CFO): Normal Hydration (NH) subgroup 
with CFO < 5%, and Fluid Overload (FO) subgroup with 
CFO > = 5%. The authors found some differences between 
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the subgroups regarding peroperative and postoperative 
parameters like median surgery duration and mean fluid 
infusion rate, amongst others. Positive intraoperative fluid 
balance (2.4 ± 1.0 L) resulted in a significant increase of 
TBW (1.4 ± 2.4 L) and of ECW (1.4 ± 1.2 L). Intraopera-
tive fluid balance significantly correlated with TBW change 
(r = 0.23, p = 0.04) and with AFO change (r = 0.31, p < 0.01). 
A significant correlation was found between pre- and post-
operative AFO and RFO on one hand, and ICU-LOS on the 
other. In addition, we would like to provide some additional 
comments as food for further thought.

First of all, before surgery, patients in the FO subgroup 
had significantly lower haemoglobin values and significantly 
lower diastolic blood pressure than patients in the NH sub-
group. Furthermore, patients in the FO more frequently 
underwent duodeno-pancreatectomy, esophagectomy and 
aorto-femoral bypass. This was the case in around 72.7% 
(16 out of 22 patients) in the FO subgroup. This form of 
extensive surgery usually concerns patients presenting with 
a serious illness like cancer or peripheral vessel disease, also 
having more comorbidities.

Second, postoperative serum albumin levels dropped dra-
matically in FO patients, while in NH patients it decreased 
to a much lesser extent. A drop of serum albumin levels in 
the early postoperative period is known to be multifacto-
rial: altered metabolism, blood loss/dilution and capillary 
leakage-related redistribution into the third space [25–29]. 
The latter being probably the most important mechanism 
[25], which may account for > 75% of albumin decrease in 
the early postoperative phase. This significant parameter 
also appears to be related to the magnitude of postsurgical 
systemic inflammatory response [26, 27], which, in turn, is 
directly related to the extent of surgery [25] and is believed 
to contribute to the risk of developing postoperative com-
plications [28, 29]. Labgaa et al. [25] identified a serum 
albumin decrease ≥ 10 g/L on postoperative day 1 after elec-
tive abdominal surgery to be independently associated with 
a threefold increased risk for postoperative complications. 
Therefore, we believe that serum albumin drop in FO sub-
group not only mirrors a higher intraoperative fluid regimen 
but may also indicates a more pronounced postsurgical sys-
temic inflammatory response in those patients.

Altogether, those points led us to the feeling that pre-
operatively, FO subgroup patients may have been already 
more ill and therefore may have required increased fluid 
infusion during surgery. Indeed, even if blood loss was the 
same in both subgroups, FO patients received significantly 
more colloid infusion. Data on the inotropic and vasoactive 
medication use were collected but are not presented in the 
paper. One could expect more vasopressors in the FO sub-
group. However, in order to maintain patient’s blood pres-
sure peroperatively, one can give intravenous fluid infusion 
or choose vasopressor drugs. Both strategies being widely Ta

bl
e 

1 
 (c

on
tin

ue
d)

A
ut

ho
r

Ye
ar

Ty
pe

 o
f s

tu
dy

Po
pu

la
tio

n
N

um
-

be
r o

f 
pa

tie
nt

s

Pr
ot

oc
ol

D
efi

ni
tio

n 
FO

M
os

t i
m

po
rta

nt
 o

ut
co

m
e

R
az

ze
ra

 e
t a

l. 
[1

3]
20

19
Pr

os
pe

ct
iv

e 
co

ho
rt 

stu
dy

M
ix

ed
 (m

ed
ic

al
-s

ur
gi

ca
l) 

IC
U

 p
at

ie
nt

s
89

To
 e

va
lu

at
e 

th
e 

va
lid

ity
 o

f 
B

IA
 p

ar
am

et
er

s a
s p

re
-

di
ct

or
s o

f n
ut

rit
io

n 
ris

k 
an

d 
cl

in
ic

al
 o

ut
co

m
es

 in
 

cr
iti

ca
lly

 il
l p

at
ie

nt
s

B
IV

A
 v

al
ue

s a
bo

ve
 th

e 
75

th
 p

er
ce

nt
ile

 in
 th

e 
to

le
ra

nc
e 

el
lip

se

(1
) P

A
 <

 5.
5 

sh
ow

ed
 a

n 
ac

cu
ra

cy
 o

f 7
9%

 to
 

id
en

tif
y 

pa
tie

nt
s a

t h
ig

h 
nu

tri
tio

n 
ris

k.
 (2

) H
yp

er
-

hy
dr

at
io

n 
(B

IV
A

 >
 70

%
) 

w
as

 a
 si

gn
ifi

ca
nt

 p
re

di
ct

or
 

of
 m

or
ta

lit
y

NA
 n

ot
 a

pp
lic

ab
le

, A
K

I a
cu

te
 k

id
ne

y 
in

ju
ry

, B
C

M
 b

od
y 

ce
ll 

m
as

s, 
BI

A 
bi

o-
el

ec
tri

ca
l i

m
pe

da
nc

e 
an

al
ys

is
, B

IS
 b

io
im

pe
da

nc
e 

sp
ec

tro
sc

op
y,

 B
IV

A 
bi

o-
el

ec
tri

ca
l i

m
pe

da
nc

e 
ve

ct
or

 a
na

ly
si

s, 
C

FB
 

cu
m

ul
at

iv
e 

flu
id

 b
al

an
ce

, C
VV

H
 c

on
tin

uo
us

 v
en

ov
en

ou
s 

he
m

ofi
ltr

at
io

n,
 C

VP
 c

en
tra

l v
en

ou
s 

pr
es

su
re

, F
FM

 fa
t f

re
e 

m
as

s, 
FO

 fl
ui

d 
ov

er
lo

ad
, I

AP
 in

tra
-a

bd
om

in
al

 p
re

ss
ur

e,
 L

O
S 

le
ng

th
 o

f s
ta

y,
 

M
F 

m
ul

ti 
fr

eq
ue

nc
y,

 L
O

S 
le

ng
th

 o
f s

ta
y,

 P
A 

ph
as

e 
an

gl
e,

 R
RT

  re
na

l r
ep

la
ce

m
en

t t
he

ra
py



407Journal of Clinical Monitoring and Computing (2020) 34:401–410 

1 3

accepted in clinical practice. Unfortunately, little is known 
about the fluid management protocol, or whether it rec-
ommends early or late use of vasopressors? Even if fluid 
overload is known to impair the patient’s clinical course in 
view of aforementioned comments, the greater rate of post-
operative respiratory dysfunction and longer ICU stay in FO 
patients [30–32] seen in the work of Ciumanghel et al., may 
not be explained only by the presence of fluid overload [23].

Third, concerning BIA parameters, a comparison of 
pre- and postoperative BIA parameters was done for the 

whole group, and then in FO and NH subgroups sepa-
rately. All these analyses consistently showed a significant 
increase in TBW, ECW, ECW/ICW ratio, AFO and RFO. 
We would also suggest a comparative analysis between 
FO and NH subgroup, as we believe that the increase in 
BIA-parameters in the FO subgroup would be more pro-
nounced, due both to longer surgery and more severe ill-
ness, as partially discussed above. Moreover, the preopera-
tive AFO and RFO values (more refined BIA parameters 
not related to body weight or height) were significantly 

Panel A. The new touch i8 BIA device (Maltron, UK) allows to calculate fluid excess (fluid overload, 
hypervolemia, hyperhydra�on) but also fluid underload (hypovolemia, dehydra�on) and body fluid 
separa�on into TBW, ECW, ICW, ECW/ICW ra�o. 

Panel B. The new so�ware allows not only to calculate body fluid separa�on into TBW, ECW, ICW, 
ECW/ICW ra�o but also IVF and EVF. 

Fig. 1  The future of bio-electrical impedance analysis (BIA)
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higher in FO group. This could, therefore, additionally 
indicate that NH and FO patients did not present with the 
same baseline parameters before surgery.

Fourth, regarding AFO and RFO differences between 
FO and NH patients, we were surprised to observe that FO 
patients had lower TBW and ECW values preoperatively 
compared to NH patients. This might be explained by sig-
nificantly higher BMI values in NH patient’s subgroup. 
Hence, it would seem appropriate to present BIA data as 

litre/kg body weight, as it would give a more appropriate 
estimation of patient’s true fluid composition.

Fifth, as the authors stated themselves, having only one 
postoperative BIA measurement is a limitation for a broader 
understanding of dynamic changes in body fluid composi-
tion. More prolonged changes in the fluid balance and or 
distribution could probably have been revealed if later 
measurements would have been performed. For instance, a 
BIA measurement 12 and 24 h after ICU admission would 

Panel C. Evolu�on of BIA parameters in a male pa�ent of 44 years with polytrauma and cumula�ve fluid 
balance of +5L on day 5, a P/F ra�o 98 and EVLWI 16 ml/kg PBW. The BIA-measurement showed a volume 
excess of 4.9L. Ini�ally treated with diure�cs but put on CVVH with ultrafiltra�on a�erwards. The health 
plot shows return to normal condi�ons. 
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have been of great interest. Nevertheless, we recognise that 
this was probably challenging in the particular setting of 
this study, as the patients in the NH subgroup (i.e., 2/3 of 
included patients) had a median ICU stay of 5 h. This could 
be an interesting topic for further studies in the field.

4  Take home message

In conclusion, the study of Ciumanghel et al. addresses an 
important clinical problem and proposes a non-invasive, fea-
sible, easy to perform bedside BIA-technique to assess and 
monitor fluid status and fluid distribution in the periopera-
tive period, which may be of great interest to help physicians 
to improve management, care and outcome in critically ill 
patients. In the future, newer techniques may become avail-
able that allow not only calculation of TBW, ICW, ECW but 
also IVF and EVF. This could be of interest to assess perfor-
mance of dialysis (Kt/V) but also to assess pharmacokinet-
ics and pharmacodynamics of drugs and the fluids they are 
diluted in. The use of BIA in critically ill patients sounds 
promising but is probably not ready yet for prime time.
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