
u n i ve r s i t y  o f  co pe n h ag e n  

Bioimpedance as a measure of fluids in patients with septic shock. A prospective
observational study

Madsen, Janne M; Itenov, Theis S; Koch, Ellen Bjerre; Bestle, Morten H

Published in:
Acta Anaesthesiologica Scandinavica

DOI:
10.1111/aas.14180

Publication date:
2023

Document version
Publisher's PDF, also known as Version of record

Document license:
CC BY-NC-ND

Citation for published version (APA):
Madsen, J. M., Itenov, T. S., Koch, E. B., & Bestle, M. H. (2023). Bioimpedance as a measure of fluids in
patients with septic shock. A prospective observational study. Acta Anaesthesiologica Scandinavica, 67(3), 319-
328. https://doi.org/10.1111/aas.14180

Download date: 23. maj. 2023

https://doi.org/10.1111/aas.14180
https://curis.ku.dk/portal/da/persons/theis-skovsgaard-itenov(0c35fe11-05aa-4ba4-97d6-b2d656781c60).html
https://curis.ku.dk/portal/da/persons/morten-heiberg-bestle(2f7d8164-ff5b-453b-9010-aa7c5268f3b4).html
https://curis.ku.dk/portal/da/publications/bioimpedance-as-a-measure-of-fluids-in-patients-with-septic-shock-a-prospective-observational-study(c83388e7-5133-41d3-a98d-9eb18f3d180a).html
https://curis.ku.dk/portal/da/publications/bioimpedance-as-a-measure-of-fluids-in-patients-with-septic-shock-a-prospective-observational-study(c83388e7-5133-41d3-a98d-9eb18f3d180a).html
https://doi.org/10.1111/aas.14180


R E S E A R CH A R T I C L E

Bioimpedance as a measure of fluids in patients with septic
shock. A prospective observational study

Janne Meisner Madsen1,2 | Theis S. Itenov1 | Ellen Bjerre Koch1,2 |

Morten H. Bestle1,2

1Department of Anaesthesiology, Copenhagen

University Hospital - North Zealand,

Copenhagen, Denmark

2Department of Clinical Medicine, University

of Copenhagen, Copenhagen, Denmark

Correspondence

Janne Meisner Madsen, Department of

Anaesthesiology, Copenhagen University

Hospital - North Zealand, Gormsvej 8, 4100

Ringsted, Copenhagen, Denmark.

Email: janne_meisner@hotmail.com

Funding information

Olga Brydes fond

Abstract

Background: Septic shock is often treated with aggressive fluid resuscitation leading

to profound fluid overload. The assessment of fluid status relies on suboptimal mea-

sures making treatment difficult. Bioelectrical impedance analysis is an alternative

but the validity is unclear. The aim of this study was to determine the validity of bio-

electrical impedance analysis for fluid measures in patients with septic shock.

Methods: Single-center, prospective observational cohort study. We included adult

ICU patients with septic shock. We evaluated the agreement between measures on

the left and right side of the patient and measures 1 h apart by two bioelectrical

impedance devices. Results are presented as Bland Altman plots with 95% Limits of

Agreements (LoA) and as correlations between bioelectrical impedance analysis

results and clinical markers of fluids.

Results: Forty-nine patients were included. The agreement between measures on the

left and the right side of the patient and after 1 h was overall without bias, but with

wide LoA's. Fluid overload 1 h apart showed the most narrow 95% LoA (�2.4–2.9 L).

The same wide limits of agreements were observed when comparing devices. For

example, total body water with 95% LoA of �14.8 –16.7 L. Correlations between

bioelectrical impedance analysis and clinical measures were low but statistically

significant.

Conclusions: In patients with septic shock bioelectrical impedance analysis had no

systematic errors or bias, but wide limits of agreement, indicating that the devices

have a large and uncorrectable random error. Fluid status by bioelectrical impedance

analysis is not sufficiently accurate to guide treatment in this group of patients.

K E YWORD S

bioelectrical impedance, bioimpedance, fluid status, intensive care medicine, septic shock

Editorial Comment

There is a need for reliable objective assessment of fluid overload in critically ill patients. In this

single-center observational study, two different bioelectrical impedance devices were used to

estimate fluid overload compared against cumulative fluid balance, weight, edema, and physician
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evaluation. Additionally, measurements on the left and right side of the body as well as repeated

measurements after 1 h were performed to assess agreement. The findings showed that these

devices did not strongly agree in their quantification of fluid accumulation in ICU patients.

1 | INTRODUCTION

Fluid resuscitation is a central part of the initial treatment in septic

shock.1 Because of persistent hypotension and increased vascular per-

meability patients receive large volumes, frequently leading to severe

fluid overload which has been associated with organ dysfunction and

increased mortality.1,2 A precise and reproducible method to assess

fluid status is therefore warranted. Fluid status is defined as the vol-

ume of fluid overload or dehydration in each patient and is not solely

referring to intravascular fluid volume. Currently, available methods

for accurately measuring fluid volumes are either invalid or infeasible

in an intensive care unit (ICU).3,4 The usually applied methods include

daily weight, calculated fluid balances, clinical assessment of edema,

skin turgor, lung edema, thirst, central venous pressure, and plasma

osmolality.5 All these are surrogate markers, more or less subjective

and poorly validated.6

Bioelectrical impedance devices measure impedance by sending a

weak and unnoticeable alternating current through the patient. The

impedance of tissue, among other factors, relies on the amount of

water. It has thus been proposed that impedance can be used to cal-

culate fluid volumes such as total body water and fluid overload. Cal-

culations are based on algorithms derived from various populations.7

Bioelectrical impedance analysis is an attractive diagnostic tool

because it is non-invasive, easy to use, quick, relatively cheap, and

safe.8–12 Nevertheless, the validity of Bioimpedance measurements in

this population has not yet been established.13

The aim of this study was to determine the internal validity of Bio-

electrical impedance analysis as a method for measuring fluid volumes

in adult patients with septic shock admitted to the ICU.

2 | METHODS

2.1 | Design and setting

A single-center prospective observational cohort study of adult patients

with septic shock admitted to the ICU of Copenhagen University Hos-

pital, North Zealand, Denmark. The ICU was mixed surgical and medi-

cal. The inclusion period was December 1, 2019–April 30, 2021. The

study is reported in accordance with the STROBE guidelines.14,15

2.2 | Patients

All patients were screened for eligibility when admitted to the ICU

and daily during admission. We included patients aged ≥18 years,

admitted to the ICU, who had a septic shock for less than 24 h. Septic

shock was defined according to the sepsis-3 definition16: 1. a

confirmed or suspected infection, 2. vasopressor started within 24 h

3. S-lactate ≥2 in the last, and no more than, 24 h. We excluded

patients with an ICD-unit or pacemaker, limb amputation, life-

threatening bleeding (defined as any overt bleeding where surgery is

deemed necessary for control or infusion of more than two erythro-

cyte suspensions over the course of 24 h), burns of >10% total body

surface area or pregnancy. All patients or next-of-kin gave written

informed consent. The study was approved by the regional ethical

comité on the 27th of November 2019. Ref: H-19068374.

2.3 | Variables and measurement

Bioelectrical impedance analysis is safe in ICU populations.6,9,11,17 The

electrical currents applied are low and non-noticeable to the patient,

and it is not necessary to disconnect monitors or mechanical ventila-

tion during measuring.10 Two different bioimpedance devices were

subject to validation: 1. The Body Composition Monitor, Fresenius

Medical Care (Bad Homburg, Germany) is a spectroscopy device mea-

suring in 50 frequencies from 50 to 1000 kHz.18 2. The Bioscan Touch

i8 from Maltron International (Essex, UK); a multi-frequency device,

measuring four frequencies: 5, 50, 100, and 200 kHz.19 Both devices

measure ipsilaterally by electrodes placed on both hands and feet.

The measurements were done according to the manufacturer's

instructions.

For both devices, each measurement consisted of one measure-

ment on the right side and one on the left side. This was repeated

after 1 . To evaluate both measuring accuracy and the impact of the

algorithms we reported the results in raw data values: impedance in

ohms and in the calculated volumes: fluid overload and total body

water in liters. For the raw data, we analyzed frequencies of both

50 and 200 kHz. These frequencies are chosen since they are most

commonly applied in studies of Bioimpedance. Both devices have

internal methods for evaluating the quality of each measurement by

registering patient movements, tangling of wires, or wrong position of

wires.18,19 If sufficient quality wasn't obtained after five attempts, the

measurement was denoted as missing because of poor quality.

The bioimpedance measures were correlated to clinical markers

of fluids that is, cumulative fluid balance, weight, edema, and the phy-

sician's evaluation as reference tests. Cumulative fluid balance was

calculated from fluid input, which consisted of both intravenous and

oral fluids and water metabolism. The fluid output consisted of urine,

feces, bleeding, vomiting, and perspiration. The attending nurse regis-

tered all administered volumes. The cumulative fluid balance was cal-

culated for the time between the two daily bioimpedance

measurements. The person obtaining cumulative fluid balance was

320 MADSEN ET AL.

 13996576, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aas.14180 by D

et K
ongelige, W

iley O
nline L

ibrary on [16/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



blinded for the edema and bioimpedance measurements. The weigh-

ing procedure was carried out by the nursing staff using a ceiling lift.

The weights were retrieved before and on the same day as bioimpe-

dance measurements. Edema was assessed on a Likert scale consisting

of four score outcomes, depending primarily on the depth of pitting

above the tibia. A score of 1 is equal to no edema and a score of 4 is

deeper than 8 millimeters.20,21 This was performed by only two

trained personals and to avoid introducing bias the edema assess-

ments were done prior to the bioimpedance measures. To evaluate a

patient's fluid status the physicians use medical history and several

different subjective and objective observations. To retrieve this infor-

mation as a summarized value the attending physician of the day was

asked to make an assessment of fluid status on the day of bioimpe-

dance measurements. The physicians in the ward were at all times

blinded from the bioimpedance results. The ward has approximately

(n = 10) physicians.

2.4 | Statistical analysis

No studies were available to guide power calculations. Descriptive

data are displayed as the median and interquartile range (IQR) for

continuous and n (%) for dichotomous outcomes. To examine the

internal validity we compared 1. bioimpedance measured on the left

and the right side of the patient, 2. measurements 1 h apart, and

3. bioimpedance measured with two different devices. All results are

graphically displayed in Bland Altman plots showing the difference of

paired measurements with the average of the same paired measure-

ments, with 95% limits of agreement (LoA) defined as the mean of the

differences +/� 1.96 standard deviations. The 95% CI LoA is directly

interpretable in clinical practice and should be within clinical accept-

able values of variation for measurement in individual patients. If the

results should be considered valid, the analysis of 95% LoA requires

the following assumptions to be true: No systematic error or hetero-

scedasticity. Systematic errors were evaluated by linear regression of

the differences versus the averages between two paired measure-

ments: Slope and intercept should not be different from one and zero,

respectively. Heteroscedasticity will be evaluated by visual inspection

of the Bland Altman plots. Bias was determined as the mean of the

differences and should be zero. An estimate of the precision was

given by the standard error of the mean.22–24 To examine the rela-

tionship between bioimpedance analysis and the reference tests of

cumulative fluid balance, weight, and the physician's estimation we

used linear regressions models. The Edema Likert scale was compared

to bioimpedance measured fluid overload by ANOVA. Missing data

were not analyzed. If one measurement in a pair were missing, the pair

were left out of the analyzes.

F IGURE 1 Consort table. Consort table showing numbers of
screened patients and reason for exclusion.

TABLE 1 Population at enrollment.

Patient characteristics

Patients, n 49

Gender, male (%) 23 (47%)

Weight 81 kg (72–90)

Height 1.69 m (1.64–1.78)

BMI 27 kg/m2 (25–32)

Illness severity

Site of infection

Pulmonary 27 (55%)

Gastrointestinal 13 (27%)

Urogenitial 6 (12%)

Cerebral 1 (2%)

Unknown 2 (4%)

Time from admission, days 2.0 (0.8–4.7)

Lenght of hospital stay 20 days (11–33)

Length of ICU stay 8 days (3–15)

Cumulative fluid balance 5.5 L (2.3–9.0)

IV fluids given last 24 h 4.2 L (2.7–6.2

SAPS III 58 (32–76)

SOFA score 10 (8–13)

Mechanical ventilation 37 (76%)

Kidney replacement therapy 7 (14%)

Note: if not stated otherwise, the results are given as median and

interquartile range.

MADSEN ET AL. 321

 13996576, 2023, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aas.14180 by D

et K
ongelige, W

iley O
nline L

ibrary on [16/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



3 | RESULTS

3.1 | Patients

We screened all admitted patients to the ICU. Of 362 consecutive

patients, a total of 49 were included, Figure 1. Of the included

patients 26 (53%) were female, and the mean age was 71 years (IQR

63–78). At enrollment, the cumulative fluid balance was 5.5 L (IQR

2.3–9.0 L), and a median of 4.2 L (IQR 2.7–6.2 L) intravenous fluids

were given 24 h before enrollment. The all-cause 30-day mortality

was 47% (n = 23). The median length of stay in the ICU was 8 days

(IQR 3–15). Baseline characteristics are presented in Table 1.

3.2 | Internal validity–side differences

No significant bias was observed between the sides. The mean differ-

ence was small for all outcomes, with the exception of impedance at

50 kHz by Maltron Bioscan Touch i8. This difference was however

small: mean diff 15 Ω, 95% CI LoA: �99–67 Ω, p: .04. Figure 2F.

F IGURE 2 Agreements in
outcomes on the left and the
right side of the patient. Bland
Altman plots comparing outcomes
of the left and right side of the
patient. The blue lines are linear
regressions with 95% confidence
intervals. The red dotted lines are
the 95% limits of agreements.

The black horizontal lines are the
mean differences. n = paired
measurement included in the
analyses. BCM (Body
Composition monitor from
Fresenius medical Care). MBS
(Maltron Bioscan Touch i8).

322 MADSEN ET AL.
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Nevertheless, all limits of agreement were wide. None of the out-

comes had substantial systematic errors or seemed primarily driven by

extreme observations. Neither was substantial heteroscedasticity

observed. Figure 2 and Table 2.

3.3 | Internal validity–time separated
measurements

The mean difference observed between measurements made with

1 h separation was negligible for all outcomes, but the limits of agree-

ments were wide. No heteroscedasticity, bias, or systematic errors

were observed. Figure 3 and Table 3.

3.4 | External validity–two devices

The mean difference between outcomes of fluid status and imped-

ance measured by the two devices was substantial. For example,

Impedance at 50 kHz showed a mean difference 22.7 Ω and 95% CI

LoA �106.3–61 Ω, p: .001. Figure 4C. This bias was not observed for

the outcome of total body water. No heteroscedasticity or other

biases were observed. The limits of the agreement were wide.

Figure 4 and Table 4.

3.5 | External validity–clinical assessment

3.5.1 | The Fresenius' body composition monitor

Bioimpedance measured fluid overload and cumulated fluid balance

did not correlate, CI 95%(�0.12–4.56). Figure S1a. The impedance at

50 kHz showed a statistically significant but weak correlation (�0.37,

CI95%[�0.6 – �0.08]). Figure S1b. The correlation between the

bioimpedance outcome of total body water and weight was significant

(0.61, CI95%[0.33–0.79]). Figure S1c. Weight and impedance at

50 kHz also correlated (CI95%[�0.76 – �0.25]). Figure S1d. The fluid

overload and the physician's assessment did not correlate, CI95%

(�0.09–0.56). Figure S1e, nor did impedance at 50 kHz, CI95%(�0.58

– �0.05). Figure S1f.

3.5.2 | The Maltron Bioscan Touch i8

Fluid overload correlated weakly to cumulated fluid balance (0.33,

CI95%[0.02–0.58]). Figure S2a Cumulated fluid balance and imped-

ance at 50 kHz did not correlate, CI95%(�0.55�0.01). Figure S2b.

Weight correlated to total body water (0.73, CI95%[0.50�0.86]),

Figure S2c and for 50 kHz impedance (�0.58, CI95%[�0.78– �0.20]).

Figure S2d. The correlation between impedance at 50 kHz and the

physician's assessment was not significant, CI95%(�0.53–0.12),

Figure S2f, nor was fluid overload, CI95%(�0.09–56). Figure S2e.

Overall, the box plots' median values indicate that bioimpedance

measured fluid overload had a higher value when the edema is evalu-

ated as more profound. (Fresenius: p = .005 and Maltron p = .0005).

Figure 5.

4 | DISCUSSION

4.1 | Key results

We found that the internal validity of bioimpedance was without bias,

but with a substantial intraindividual variation. Bioimpedance mea-

sured outcomes had no or weak correlations with clinical markers of

fluid balance.

4.2 | Interpretation

It is reasonable to speculate that 1 h of fluid resuscitation in the ICU

alters fluid status enough to cause the variability seen in the results.

TABLE 2 Side differences.

Left: median (SD) Right: median (SD) 95% LoA Mean diff. (SD) p

BCM

Fluid overload 3.0 L (3.0) 4.3 L (3.6) �6.2 L – +7.2 L 0.5 L (3.3) .4

Total body water 41.6 L (7.2) 40.8 L (9.0) �9.9 L – +12.5 L 1.3 L (5.6) .2

Impedance 50 kHz 400 Ω (78.3) 380 Ω (92.6) �130 Ω – 107 Ω �11.4 Ω (59.0) .3

Impedance 200 kHz 377.8 Ω (75.4) 356.8 Ω (87.5) �125 Ω – 101 Ω �11.9 Ω (56.5) .2

MBS

Fluid overload 5.4 L (4.0) 5.7 L (3.9) �4.0 L – 4.7 L 0.3 L (2.2) .4

Total body water 43.1 L (10.2) 44.0 L (8.8) �7.9 L – 8.9 L 0.5 L (4.2) .5

Impedance 50 kHz 368 Ω (113.9) 350 Ω (84.0) �99 Ω – 67 Ω �15.0 Ω (41.8) .04

Impedance 200 kHz 341 Ω (112.4) 326.2 Ω (78.7) �96 Ω – 69 Ω �13.9 Ω (41.5) .05

Note: Median values and standard deviations for left and right side measurements from both bcm (Fresenius medical Care) and MBS (Maltron internation).

95% CI Limits of agreements and mean differences between left and right side. p: t-test on the mean difference.

MADSEN ET AL. 323
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This would only explain measurements made 1 h apart though, and

even so, the variability can probably not solely be explained by

changes in fluid volumes. An observational study found that the exclu-

sion of patients with SOFA-scores above 10 made the bioimpedance

results correlate better with the clinical reference tests.10 In several

case–control studies, it has been shown that ICU patients have larger

variability in their bioimpedance at repeated testing compared to

healthy controls.25–29 Hypothetically, some of the variability could

stem from unknown acute pathophysiological changes. That is, it has

been shown that reactance and phase angle are especially low in ICU

patients and only partly reflect hydration status. Changes in cell mass

and integrity might be explanatory factors.30 This hypothesis is, how-

ever, not described thoroughly in the literature and would need more

precise pathophysiological definitions and testing.

The human anatomy or unequal fluid distributions in this popula-

tion might also impact the great variability of bioimpedance results

seen when comparing the left and the right side of the patient. Small

differences can be due to being right or left-handed, but this effect

should be insignificant in a clinical context.30,31 Only one small study

has assessed side differences in an ICU population. No differences

were found (p = .03),31 but the result, unfortunately, lacks the proper

statistical analysis of the Bland Altman plot.

F IGURE 3 Agreements in
outcome after 1 h. Bland Altman
plots with outcomes at timed and
Timei (after 1 h). The blue lines
are linear regressions with 95%
confidence intervals. The red
dotted lines are the 95% limits of
agreements. The black horizontal
lines are the mean differences.

n = paired measurement
included in the analyses. BCM
(Body Composition monitor from
Fresenius medical Care). MBS
(Maltron Bioscan Touch i8).

324 MADSEN ET AL.
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It is theoretically unclear how much fluid volumes have to change

before alterations in bioimpedance can be measured. In a study of

12 fluid overloaded ICU patients, it was found that the impedance

decreased 18 Ω at 50 kHz when 1 L of intravenous fluids was given.32

Another ICU study reported that changes in impedance could not be

registered until the shift in cumulated fluid balance was at least two

liters.11 In a study of 31 overhydrated ICU patients, the 5 kHz imped-

ance before and after ultrafiltration was evaluated. Removing volumes

TABLE 3 Differences after 1 h.

Time0 median (SD) Time1 median (SD) 95% LoA Mean diff. (SD) p

BCM

Fluid overload 3.4 L (4.6) 3.0 L (3.4) �4.1 L – 3.5 L �0.26 L (1.9) .27

Total body water 42.0 L (10.9) 41.3 (8.3) �7.4 L – 9.4 L 1.0 L (4.2) .1

Impedance 50 kHz 394 Ω (89.5) 399 Ω (86.8) �47 Ω – 35 Ω �6.3 Ω (20.4) .06

Impedance 200 kHz 371.3 Ω (88.8) 375.9 Ω (83.8) �52 Ω – 38 Ω �7.1 Ω (22.5) .05

MBS

Fluid overload 5.5 L (4.5) 5.5 L (4.2) �2.4 L – 2.9 0.23 L (1.3) .3

Total body water 43.1 L (10.0) 43.5 L (10.1) �3.7 L – 4.0 L 0.15 L (1.9) .6

Impedance 50 kHz 353 Ω (115.1) 365 Ω (110.0) �86 Ω – 70 Ω �8.0 Ω (39.2) .2

Impedance 200 kHz 332.5 Ω (116.8) 335.5 Ω (108.8) �86 Ω – 73 Ω �6.3 Ω (39.7) .3

Note: Median values and standard deviations for time of first measurement (Time0) and after 1 h (Time1) from both bcm (Fresenius medical Care) and MBS

(Maltron internation). 95% CI Limits of agreements and mean differences between Time0 and Time1. p: t-test on the mean difference.

F IGURE 4 Agreement in

outcomes from BCM and MBS.
Bland Altman plots comparing
outcomes from the two devices.
The blue lines are linear
regressions with 95% confidence
intervals. The red dotted lines are
the 95% limits of agreements.
The black horizontal lines are the
mean differences. n = paired
measurement included in the
analyses. BCM (Body
Composition monitor from
Fresenius medical Care). MBS
(Maltron Bioscan Touch i8).

TABLE 4 Differences between devices.

BCM median (SD) MBS median (SD) 95% LoA Mean diff. (SD) p

Fluid overload 3.1 L (3.4) 5.7 L (3.3) �6.1 L –11.6 L 2.7 L (4.4) .0004

Total body water 42.1 L (12.8) 43.1 L (10.6) �14.8 L – 16.7 L 0.9 L (7.9) .45

Impedance 50 kHz 386 Ω (118) 375 Ω (122) �106.3 Ω – 61 Ω 22.7 Ω (42) .001

Impedance 200 kHz 369 Ω (113) 348 Ω (119) �115.6 Ω – 55.7 Ω 30 Ω (43) .00001

Note: median values and standard deviations (SD) from paired measurements at Time0 from both BCM (Fresenius medical Care) and MBS (Fresenius

International) and 95% CI Limits of agreements and mean differences with standard deviations between the two devices. p: t-test on the mean difference.
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with a mean of 3.8 L (SD 0.8 L) demonstrated that impedance

increased from a mean of 366.7 Ω (SD 73.7) to 407.1 Ω (SD 88.3).33

These studies indicate that acute changes in fluid volume can alter the

impedance, but that the volumes have to be of a certain amount to be

detected. Two observational studies found that 50 Ω decrease in a

composite outcome of impedance/meter was associated with an

increased risk of requiring mechanical ventilation.9,34 Clinical relevant

changes in bioimpedance are obtainable, also in ICU patients. Still, the

variability in our results indicates that the relevant changes would be

disguised by random errors, partly caused by the unique pathophysio-

logical and fluid distribution in this exact population. Some studies

have chosen to evaluate bioimpedance results by applying the mean

of consecutive measures, which seems a minimum requirement for

potential future studies.9,33

To strengthen the evaluation of bioelectrical impedance analysis,

we compared bioimpedance results to measures of fluid volumes

already applied in the clinic. No strong correlations were found and

most correlations were weak or non-existing. In a systematic review,

it is found that numerous studies reported excellent correlations

between bioimpedance and clinical surrogate measures, but the stud-

ies included were overall of poor quality (12). It seems fair to interpret

that bioimpedance results will change in the same direction as fluid

volumes. The weak correlations shown in the systematic review how-

ever support our findings, showing that the intrapersonal variability is

large and therefore might not be well suited for clinical practice. A

more suitable reference test, a gold standard, would make a more ade-

quate validity test. Radioisotope dilution has been proposed and

tested in several subgroups. One study of six ICU patients found that

extracellular water measured by bioimpedance and dilution correlated

moderately 0.74 (p = .01).27 Unfortunately, the method has serious

limitations when applied in ICU settings.3 This supports our results,

meaning that even good reference tests will result in great variability

when measuring bioimpedance in this exact population.

For the purpose of this study, we did not a priori define clini-

cally relevant acceptable limits of agreement for the impedance out-

come. For a separate later study (a meta-analysis) we defined an

acceptable agreement from a clinical perspective at +/�0.3L.13 No

outcomes from any device in this study had agreements within

these limits.

4.3 | Limitations

There are 49 patients included in the study. We used paired measure-

ments and we observed no substantial heteroscedasticity or system-

atic bias. Hence including more patients would likely not substantially

alter the level of agreement.

The cohort in this study had a non-negligible volume of missing

data. This was primarily due to vital equipment, for example, arterial

cannula, making correct electrode placement impossible. This was also

found in another observational ICU study, where 20% of eligible

patients were excluded because of incorrect electrode placement.

These authors, therefore, deemed the bioelectrical analysis impractical

in an ICU setting (55). Other reasons for the missing data were poor

quality deemed by the device, that is, the patient not being able to lie

still, or the device not calculating the outcome. Patients with the most

severe illness might have had a higher risk of missing data because

more vital equipment makes correct electrode placement difficult. We

observed that when the edema score was above one, the missing data

started to occur in the calculated results from the Body Composition

Monitor, Fresenius. We hypothesized that the most overhydrated

patients would not be calculated because the values were too

extreme for the algorithms of the device. This would partly explain

the differences seen in the range of results between the two devices,

that is, Maltron Bioscan Touch i8 had a wider range, with lower and

higher values compared to the Body Composition Monitor. This bias

could also explain why the Body Composition Monitor had better

agreement compared to The Bioscan Touch i8 for the left and right

analyses.

Only 69.4% of the patients had their body weight measured on

the day for the bioimpedance measure. A study assessing differences

in bioimpedance outcomes using correct or estimated body weights

found results more reliable using accurate body weights.10 Some of

the variances in the calculated values of bioimpedance in our study

F IGURE 5 Edema and bioimpedance. Box plots comparing fluid
overload measured by BCM (A) and MBS (B) and the edema liken
scale.
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may stem from not using accurate weights. However, the raw data

(impedance) results do not depend on body weights and the variability

in these results can therefore be interpreted without this limitation.

According to the manufacturer's instructions of Maltrons Bioscan

Touch i8, an uncertainty of 5 kg body weight should not create large

variability in the results.19 This, though, is based on healthy popula-

tions without the pathological physiology occurring in patients with

septic shock. Analyses comparing body weight with bioimpedance are

only made with actual measured body weights, hence the great

amount of missing data in these analyses.

4.4 | Generalizability

Both baseline and follow-up characteristics imply that patients with

severe septic shock have been enrolled. The types of bioimpedance

devices and the outcomes assessed are of common use in this field of

research and results from two different devices are described. The

range of mean from both devices is large with for example, fluid over-

load from �2.8 to 19.2 L and 50 kHz impedance ranging from 170 to

958 Ω on the Maltron, indicating that the population represents

patients with a wide variety in fluid status. The heavy fluid resuscita-

tion with a median baseline cumulative fluid balance of 5.5 L (IQR

2.3–9.0) and the special pathophysiology of patients in septic shock

make the results applicable in this population.

5 | CONCLUSIONS

In patients with septic shock bioelectrical impedance analysis had no

systematic errors or bias, but wide limits of agreement, indicating that

the devices have a large and uncorrectable random error. Some bioim-

pedance outcomes correlated with common clinical measures of fluid

status, but no strong correlations were found. Fluid status by bioelec-

trical impedance analysis is not sufficiently accurate to guide treat-

ment in this population.
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