Mortality in adult patients with fluid overload
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ABSTRACT

Purpose of the study The aim of this study was to
investigate the association of fluid overload, measured
by bioelectrical impedance vector analysis (BIVA) and

ith 30-day mortality
rates in patients admitted to the emergency department
(ED).

Design We conducted a prospective observational study
of fluid overload using BIVA, taking measures using a
multiple-frequency whole-body tetrapolar equipment.

30-day mortality.
Patients (109 patients admitted to the ED classified as
fluid overloaded by both methods.

Results According to BIVA, 71.6% (n=78) of patients
had fluid overload on ED admission. These patients
were older and had higher Sequential Organ Failure
Assessment scores. During a median follow-up period of
30 days,

ersus none with normovolaemia

(p=0.001). There was no statistically significant
difference in mortality between patients with and
without fluid overload as assessed by accumulated fluid
balance (p=0.81).

INTRODUCTION

(patients is important because studies have demon-

strated a direct correlation between fluid overload,
defined as an increase of more than 10% in body
weight from baseline,' and increased mortality”* as

well as adverse outcomes in critically ill patients.'**°

Additionally, it has been shown to reduce the likeli-
hood of recovery of renal function in patients with
acute kidney injury,' ® increase the length of mechan-
ical ventilation time and of intensive care unit
(ICU) stay,” and increase the incidence of infectious

complications in surgical patients.® Therefore, (it has
10

Thus

Isotope dilution is the gold standard but
is not used in daily clinical practice, and even less
during an emergency clinical decision.'?

FB is a method usually used in émergency depart-

and critical care areas to assess fluid

status and
in patients,'® but does not consider insensible losses
and (has low accuracy,”’ '* Therefore, other tools
that can assess fluid status are required.'

Bioelectrical impedance vector analysis (BIVA)
is a non-invasive technique used to estimate body
composition by bioelectrical impedance measure-
ments like resistance (R), reactance (Xc) and
impedance (2)."

nd it provides results in 1 min
at a very low cost,'® detecting changes in tissue
hydration status below S00mL."”

Supporting decisions about

The tolerance ellipses of BIVA for the healthy
Mexican population have been established,” but
its usefulness has not been proven in critically ill
patients.

METHODS

Study population and design

We performed an observational prospective study
from March 2016 to January 2017. The study
included patients from the ED of Instituto Nacional
de Ciencias Médicas y Nutricién Salvador Zubiran,
a tertiary referral hospital, level IV trauma centre
in Mexico City with around 35 000 annual visits to
the ED and 4000 annual admissions to the ED for
observation, with a median time stay of 2days at
the ED. All patients who were admitted to the ED
to receive treatment were included. Patients who
did not have a urinary catheter were excluded, and
patients with lack of follow-up were eliminated.
Follow-up was performed during the length of
stay and 30 days after hospital discharge by tele-
phone interviews either with the patient or a family
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member if the patient had died. Almost all the patients (98.3%)
were successfully followed up.

Data collection and management

Patients’ comorbidities, anthropometrics, vital signs, complete
blood count, serum electrolytes, blood chemistry, biometry, arte-
rial gasometry, C reactive protein, cumulated FB and causes of
hospitalisation were collected from electronic medical records.
The cause of hospitalisation was catalogued according to the
diagnosis in 10 different categories: neurology, cardiovas-
cular, respiratory, gastrointestinal, oncology, endocrinology,
nephrology, rheumatology, infection and haematology; illness

severity was evaluated by the Sequential Organ Failure Assess-
ment (SOFA) score.*! 2

FB was calculated as the difference between the total input of
fluids infused intravenously or orally (ie, medication, solutions
and blood products, oral intakes and nutrition) and all outputs
(urinary, gastrointestinal, drainage tubes, thoracentesis, paracen-
tesis and ultrafiltration); insensible or residual losses have not
been taken into account.”® ** (Patients were classified as fluid
overloaded when the accumulated FB at 24 hours was >0.5L or
the accumulated FB at 72 hours was >4L.

BIVA measurement was performed during observation at the
ED using a BodyStat QuadScan 4000 (BodyStat, Isle of Man, UK)

Table 1 Baseline characteristics of patients with normal fluid volume and fluid overload according to BIVA
Variables Normal fluid volume, n=31 Fluid overload, n=78 P values
Age (years) 42 (32-58) 63.5 (52-74) <0.0001
Women/Men, n (%) 18 (58.1)/13 (41.9) 44 (56.4)/34 (43.6) 0.87
BMI (kg/mz) 24.15 (22-28) 24.4 (22-28) 0.9
Hepatic cirrhosis, n (%) 3(9.7) 14(17.9) 0.4
Renal disease, n (%) 7 (22.6) 10 (12.8) 0.5
Hospital length of stay (days) 7 (3-13) 6 (2-16) 0.6
SOFA score 4.5 (2-6) 6 (4-10) 0.005
Mortality, n (%) 53 (63.1) 25 (100) <0.0001
Fluid balance
Diuresis (mL) 410 (267-1232) 575 (189-1273) 0.9
Total input (mL) 1879 (1057-1616) 2094 (1141-3169) 0.2
Total output (mL) 1438 (877-2834) 1420 (698-2035) 0.08
Accumulated balance (mL) 569 (-1019 to 1125) 971 (-36 to 1693) 0.06
Fluid overload (>4 L), n (%) 2 (6.5) 8(10.3) 0.5
Bioelectrical impedance vector analysis
Impedance index 200/5 kHz 0.8 (0.76-0.84) 0.86 (0.84-0.89) <0.0001
Third-space fluid (L) (0%(-1.2t00.36) @02190.21-2.4) <0.0001
Total body water (%) 50 (46-60) 59 (53-71) <0.0001
Total body water (L) 33 (27-40) 38 (33-44) 0.008
Extracellular water (%) 24 (21-25) 27 (24-32) <0.0001
Extracellular water (L) 14.75 (13-17) 17 (15-20) <0.0001
Phase angle (°) 6.1 (5-7) 3.6 (3-4) <0.0001
Arterial gasometry
pH 7.41 (7.4-7.43) 7.38(7.33-7.42) 0.1
0, pressure (mm Hg) 73 (45-81) 50.4 (40-69) 0.12
HCO, (mmol/L) 21.4(19-24) 19.55 (15.62-22.7) 0.1
Saturation of 0, (%) 94 (77-95) 80.2 (68-92) 0.06
Lactate (mmol/L) 1.2 (0.9-1.4) 1.95 (1.4-3) <0.0001
Laboratory parameters
Erythrocytes (x10°) 3.9 (2.8-4.5) 3.2(2.6-3.9) 0.02
Haemoglobin (g/dL) 11.5 (8.9-13.2) 9.5 (7.9-11.4) 0.01
Haematocrit (%) 33.8(27.3-39) 29.5 (24-35) 0.05
Uric acid (mg/dL) 4.7 (3.2-6.5) 6.1 (4.7-8.3) 0.08
Creatinine (mg/dL) 0.79 (0.6-1.34) 1.31(0.85-2.7) 0.01
BUN (mg/dL) 20.4 (14-32) 31.4 (17-52) 0.007
Urea (mg/dL) 44 (30-69) 69 (38-114) 0.006
Glucose (mg/dL) 102 (87-115) 116 (88-152) 0.1
Sodium (mmol/L) 136 (132-139) 137 (135-140) 0.1
Potassium (mmol/L) 3.99 (3.6-4.37) 3.93 (3.55-4.43) 0.6
Phosphorus (mg/dL) 3.54 (2.55-4.45) 3.42 (2.74-4.89) 0.7
Magnesium (mg/dL) 2(1.9-2.1) 2.2 (1.85-2.4) 0.1
Calcium (mg/dL) 8.4 (8-9) 8.1 (7.7-8.6) 0.1
CO, (mmol/L) 22 (20-24) 20 (18-24) 0.07

Data are presented as median (first quartile-third quartile).
BIVA, bioelectrical impedance vector analysis; BMI, body mass index; BUN, blood urea nitrogen; SOFA, Sequential Organ Failure Assessment.

2

Kammar-Garcia A, et al. Postgrad Med J 2018;0:1-6. doi:10.1136/postgradmed;j-2018-135695

"1ybuAdoo Aq paroslold 1sanb Ag 8T0Z aunr Tz uo jwod fwqfwdy/:dny woiy papeojumoq '8T0Z dUNL 0Z U0 G69GET-8T0Z-[pawpelBisod/9eTT 0T Se paysiignd 1sii ¢ pa pelbisod


http://pmj.bmj.com/
Sakkie
Highlight

Sakkie
Highlight

Sakkie
Highlight

Sakkie
Highlight

Sakkie
Highlight

Sakkie
Highlight

Sakkie
Highlight

Sakkie
Highlight

Sakkie
Highlight

Sakkie
Highlight

Sakkie
Highlight


Original article

with an alternating current of 800 mA at 5, 50, 100 and 200 kHz
from which R and Xc were obtained. Acquisition was performed
by a trained nutritionist in a standardised procedure in accor-
dance with the tetrapolar method.* Patients with vectors below
75% of the tolerance ellipse for the Mexican reference popula-
tion*® on the longitudinal axis of the RXc graph were classified
as fluid overloaded, and normal patients were those with vectors
within 50% or 75% of the tolerance ellipse.'”

FB was measured 24, 48 and 72 hours after admission to the
ED, as long as the urinary catheter remained. The urinary cath-
eter was inserted on admission to the ED according to the clini-
cian’s criteria; no urinary catheter was kept for the purpose of
this study.

Clinicians were blinded to the results of the BIVA and were
free to perform the resuscitation of fluids according to their clin-
ical and paraclinical evaluation, including the inferior vena cava
(IVC) assessment by ultrasound.

Endpoint
The primary endpoint of this study was all-cause mortality
during hospitalisation or 30 days after discharge.

Statistical analysis

The results are presented as median and IQR given their
non-normal distribution. Differences between groups were anal-
ysed by Mann-Whitney U test for continuous variables and by X*
test for dichotomous variables. For mortality comparison, two
categories were created from the BIVA volume status, normal

and overload. A Kaplan-Meier survival analysis with log-rank
significance test was used to assess survival. All these tests were
two-sided. A value of p<0.05 was considered statistically signif-
icant. All data analyses were processed with SPSS V.21.0 for
Windows.

RESULTS

Of the 109 study patients included, only 10.3% of the patients
with fluid overload by FB agreed with the BIVA’s classification.
However, 80% of the patients classified with fluid overload (FO)
by BIVA were also classified with FO using FB, and 78 (71.6%)
were fluid overloaded at first BIVA assessment.

The main causes of hospitalisation were gastrointestinal
(37.6%), infection (22.9%) and cardiovascular (11.9%),
followed by neurology (6.4%), nephrology (6.4%), oncology
(5.5%), respiratory (3.7%), endocrinology (3.7%), rheuma-
tology (0.9%) and haematology (0.9%0).

Table 1 shows the baseline characteristics of the study popu-
lation. The proportion of patients with hepatic or renal disease
was similar in both groups; subjects with overload were older and
had higher SOFA scores, lactate, creatinine, blood urea nitrogen
(BUN) and urea blood concentration, as well as lower eryth-
rocytes, haematocrit and haemoglobin. During the follow-up
period, 25 (32.1%) patients with fluid overload assessed by
BIVA died but none with normovolaemia did (p=0.001).

When comparing survivors and non-survivors (table 2), age,
sex and BMI were similar in both groups, as well as the frequency
of liver cirrhosis and renal disease. There was no difference

Table 2 Baseline characteristics, fluid balance, bioelectrical impedance vector analysis and laboratory data in survivors and non-survivors

Variables Survivors, n=84 Non-survivors, n=25 P values
Age (years) 56 (37-67) 60 (49-73) 0.3
Women/Men, n (%) 50 (59.5)/34 (40.5) 12 (48)/13 (52) 0.2
BMI (kg/mz) 25 (22-28) 22 (21-28) 0.4
Hepatic cirrhosis, n (%) 11(13.1) 6 (24) 0.2
Renal disease, n (%) 15(17.9) 2 (8) 0.19
Hospital length of stay (days) 6 (3-14) 6(2-22) 0.7
SOFA score 5(2-7) 10 (6-12) <0.0001
Fluid balance
Diuresis (mL) 740 (210-1420) 290 (101-645) 0.04
Total input (mL) 1848 (1070-2766) 2598 (1017-3674) 0.4
Total discharge (mL) 1500 (830-2380) 790 (291-1861) 0.05
Accumulated fluid balance (mL in 24 hours) 532 (502 to 1138) 1221 (450-1992) 0.01
‘Bioelectrical impedance vector analysis
Fluid overload, n (%) 53 (63.1) 25 (100) <0.0001
Impedance 5 (kHz) 598 (524-704) 500 (421-608) 0.007
Impedance 50 (kHz) 546 (479-648) 454 (398-576) 0.02
Impedance 100 (kHz) 520 (455-626) 442 (395-562) 0.05
Impedance 200 (kHz) 495 (436-604) 427 (378-542) 0.05
‘Impedance index 200/5 kHz (0:84(0.8-0.86) (0:88)(0.86-0.91) <0.0001
Third-space fluid (L) 0.41(-0.21 t0 2) 1.7 (0.51-2.9) 0.01
Total body water (%) 55 (49-64) 62 (52-73) 0.03
Total body water (L) 36 (30-42) 41 (32-46) 0.2
Extracellular water (%) 25 (23-27) 29 (24-33) 0.04
Extracellular water (L) 16 (14-18) 18 (15-21) 0.04
‘Phase angle (°) 43/(3.6-5.6) 323-39) <0.0001
Resistance/height (C/m) 339 (289-410) 274 (235-359) 0.04
Reactance/height (Q/m) 29 (18-36) 13 (10-23) <0.0001

Data are presented as median (first quartile-third quartile).
BMI, body mass index; SOFA, Sequential Organ Failure Assessment.
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Figure 1

between survivors and non-survivors in hospital length of stay.
Nevertheless, SOFA scores and FBs were higher in the non-sur-
viving group.

Regarding BIVA, patients who survived had higher impedance
frequencies, resistance over height (R/h), reactance over height
(Xc/h) and phase angle. Non-surviving patients had a higher
impedance index, higher total body water and fluid in the third
space. At/the same time, the proportion of patients with FO who
died was higher (table 2).

During the follow-up period, 25 (22.9%) deaths occurred
among the study patients.(All of the 25 who died presented fluid
overload measured by BIVA (p=0.001) (figure 1). Among the
group with fluid overload measured by FB, 7 (29.2%) patients
died (p=0.81, figure 2).

DISCUSSION

Several clinical studies have demonstrated the relationship
between positive FBs and adverse outcomes in critically ill
patients.’ 2° 78 Bouchard et al' found that fluid overload was
independently associated with mortality at 30 days (37 vs 25%,
p=0.02), 60 days (46 vs 32%, p=0.006) and at hospital discharge
(48 vs 35%, p=0.01) with or without the requirement of dialysis.
Basso et al® mentioned that more than 70% of patients admitted
to the ICU had fluid overload according to BIVA and presented a
significant association between ICU mortality (OR 2.64; CI 0.62
to 4.65; p<0.01). Samoni et al'® found that 64.8% of patients
were hyperhydrated at ICU admission. They found a signifi-
cant association between ICU mortality and severe fluid over-
load measured by BIVA (OR 22.91; 95% CI 2.38 to 220.07;
p<0.01). Jones et al*® showed that 25 patients (41%) who were
overhydrated had significantly higher impedance frequencies,
R/h, Xc/h and phase angles than the other groups (dehydrated

Kaplan-Meier survival curves for mortality at 30 days according to fluid status measured by bioelectrical impedance vector analysis (BIVA).

and normohydrated) and demonstrated an increase in BIVA
hydration in 26 patients (43%) with calculated fluid accumula-
tions >1L (median 1385 mL, IQR 1205-2022mL). Simultane-
ously, the median BIVA hydration also increased from 73.8% to
79.7% (p=0.09), and 13 (21%) patients with accumulated FB
reached at least >2L (median 2419 mL, IQR 2196-2696 mL).

In our study, we found that 78 patients (71.6%) out of 109
were classified as fluid overloaded, and these patients had more
alterations in biochemical parameters than those with normovo-
laemia, mainly in lactate, which could be caused by a decrease in
lung volume by the presence of fluid in the extravascular spaces
(interstitial and alveolar) of the lung.*” Likewise, the presence of
certain alterations in blood chemistry was found in overloaded
patients with higher BUN and creatinine, indicating alteration
in renal function. Although the above differences were observed
in patients with an abnormal fluid status, the presence of renal
disease or liver cirrhosis was similar in both groups, being
these the main diseases that could generate changes in fluid
volumes. The disease severity scale (SOFA) indicates that the
risk of mortality in both groups was the same (<10%),*' but it
was found that all those patients who died had fluid overload
according to BIVA, but these same patients who died presented
an accumulated balance of 1212mL fluids, an amount that
would be considered normal, in the measurement of fluid over-
load through FB in the ED.

The use of FB is usual among clinicians after the initial resus-
citation phase in the daily evaluation, and it continues to be one
of the classic reports on the nursing sheets. Volume response
is determined and boluses of intravenous solution are adminis-
tered in the acute phase; nevertheless, it should be kept in mind
that fluid overload may be present, and therefore whether it is
necessary to administer even more volume should be taken into
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Figure 2 Kaplan-Meier survival curves for mortality at 30 days according to fluid status measured by cumulative fluid balance.

account. Current guidelines (Surviving Sepsis 2016, 2018 update,
and circulatory shock guidelines)?®° recommend limiting initial
boluses to loads calculated at 30 mL/kg; nevertheless, the initial
reanimation of patients in shock does not take into account an
objective evaluation of the basal state of the fluid distribution,
this basal fluid distribution is regardless of the intravascular
volume status and the fluid responsiveness. Patients with FO by
BIVA presented more alterations in biochemical parameters than
those with normovolaemia, and the concordance between both
methods is very low (10.3%), suggesting a subclassification of
FO that could modify the decision to use a diuretic therapy or
a fluid control, explaining why those patients classified with FO
by FB have lower mortality.

The results obtained by Lee et al’! showed an association
between FB and survival; they found that those patients who
had an accumulated FB at 3 days higher than 7.6 L were associ-
ated with a risk of death of 35% (CI 1.24 to 1.95). They found
that the risk of mortality at 90 days of patients with more than
4.5L of FB was higher (OR=1.54; CI 1.20 to 2.01; p<0.001)
than those with a lower balance of fluids, but unlike their results,
in our study we found that out of those patients who died, only
27% had more than 4.5 L of accumulated FB, but 100% of the
patients who died had fluid overload according to BIVA.

The usefulness of BIVA in the prognosis of mortality of
cardiac patients was demonstrated by Santarelli ez al,*> where
they found that a resistance/height variation greater than 11 Q/m
from hospital admission to discharge was associated with greater
acute heart failure survival, since BIVA plus clinical evaluation
proved a predictive value (area under the curve (AUC) 0.97,

p<0.0001) for adverse outcomes (rehospitalisation and death) at
90 days. Regarding the management of patients with acute heart
failure at the ED, Di Somma et al'® verified that BIVA correlates
with brain natriuretic peptide (BNP), ultrasound IVC index and
width, and that the combination of BIVA with BNP can support
ED clinicians’ decision making about diuretic therapy. This
reinforces that patients regardless of the state of hemodynamic
shock, may present baseline overload conditions.

Main messages

» More than half of the patients had fluid overload according
to bioelectrical impedance vector analysis (BIVA) on
emergency department admission.

» After a follow-up period of 30 days, 32.1% of patients with
fluid overload according to BIVA died, and no one with
normovolaemia.

| v

"1ybuAdoo Aq paroslold 1sanb Ag 8T0Z aunr Tz uo Jwod fwqfwdy/:dny wouy papeojumoq '8T0Z dUNf 0Z U0 G69GET-8T0Z-[pawpelBisod/9eTT 0T se paysiignd 1sii ¢ paN pelbisod

Current research questions

» Will fluid overload according to bioelectrical impedance
vector analysis be a factor of worsening renal function in
emergency patients?

» Could fluid restriction in patients with fluid overload improve
prognosis?

» Would fluid elimination therapies, diuretics or ultrafiltration,
improve prognosis?
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The limitation of this study is mainly its small sample size,
which can reduce the power of the study. Also, since the study
was observational, it is not possible to establish conclusions
based on the treatment received in the ED, requiring future
clinical trials to observe associations between treatments
received, depending on the technique of assessment of volume
status and mortality of patients. Also we only included patients
with urinary catheters and minimised their use in patients
without an indication; we believe that including patients
without a urinary catheter could generate an unequal compar-
ison because of the inaccuracy in the calculation of FBs under
this circumstance, and so the analysis group was limited to
patients with greater disease severity, which eventually affects
the outcome.

Acknowledgements The authors would like to thank Professors Piccoli A and
Pastori of the Department of Medical and Surgical Sciences, University of Padova,
Padova, Italy, 2002, for providing the BIVA software (email: apiccoli@unipd.it), and
Angeles Espinosa for providing the

Contributors AK-G contributed to writing the manuscript and analysed the

data. ZP-M made the BIVA measurements and performed data collection. LC-M
contributed to writing the manuscript and conduct of the study. JLV-J coordinated
the BIVA measurements. FB-C made the BIVA measurements. HIR-G contributed to
the methodology of the study. MR-S contributed to the structure of the article. TH-G
contributed to writing the manuscript and planned the study.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent Obtained.

Ethics approval The study protocol was approved by the Research and Bioethics
Committee of the Instituto Nacional de Ciencias Médicas y Nutricion Salvador
Zubiran.

Provenance and peer review Not commissioned; externally peer reviewed.

Author note This work is part of the MSc dissertation of Kammar-Garcia A. He is
also a CONACYT fellow (number: 619671).

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2018. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1 Bouchard J, Soroko SB, Chertow GM, et a/. Fluid accumulation, survival and recovery
of kidney function in critically ill patients with acute kidney injury. Kidney Int
2009;76:422-7.

2 Payen D, de Pont AC, Sakr Y, et al. A positive fluid balance is associated with a worse
outcome in patients with acute renal failure. Crit Care 2008;12:R74.

3 Schneider AG, Baldwin |, Freitag E, et a/. Estimation of fluid status changes in critically
ill patients: Fluid balance chart or electronic bed weight? J Crit Care 2012;27:745.
e7-745.e12.

4 Liu KD, Thompson BT, Ancukiewicz M, et al. Acute kidney injury in patients with acute
lung injury: impact of fluid accumulation on classification of acute kidney injury and
associated outcomes. Crit Care Med 2011;39:2665-71.

Vaara ST, Korhonen AM, Kaukonen KM, et al. Fluid overload is associated with an
increased risk for 90-day mortality in critically ill patients with renal replacement
therapy: data from the prospective FINNAKI study. Crit Care 2012;16:R197.

Basso F, Berdin G. Virzi, Grazia Maria GM, et al: Fluid Management in the Intensive
Care Unit : Bioelectrical Impedance Vector Analysis as a Tool to Assess Hydration
Status and Optimal Fluid. Blood Purif 2013;36:192-9.

Wiedemann HP, Wheeler AP, Bernard GR, et al. Comparison of two fluid-management
strategies in acute lung injury. N Engl J Med 2006;354:909-2575.

Barmparas G, Liou D, Lee D, et al. Impact of positive fluid balance on critically ill
surgical patients: a prospective observational study. / Crit Care 2014;29:936-41.
Bagshaw SM, Brophy PD, Cruz D, et al. Fluid balance as a biomarker: impact of

fluid overload on outcome in critically ill patients with acute kidney injury. Crit Care
2008;12:169.

Samoni S, Vigo V, Reséndiz L, et al. Impact of hyperhydration on the mortality risk in
critically ill patients admitted in intensive care units: comparison between bioelectrical
impedance vector analysis and cumulative fluid balance recording. Crit Care
2016;20:95.

Di Somma S, Navarin S, Giordano S, et al. The emerging role of biomarkers and
bio-impedance in evaluating hydration status in patients with acute heart failure. Clin
Chem Lab Med 2012;50:2093—105.

Frank Peacock W, Soto KM. Current technique of fluid status assessment. Congest
Heart Fail 2010;16:545-1.

Eastwood GM. Evaluating the reliability of recorded fluid balance to approximate
body weight change in patients undergoing cardiac surgery. Heart Lung
2006;35:27-33.

Perren A, Markmann M, Merlani G, et al. Fluid balance in critically ill patients. Should
we really rely on it? Minerva Anestesiol 2011;77:802-11.

Lukaski HC, Johnson PE, Bolonchuk WW, et al. Assessment of fat-free mass

using bioelectrical impedance measurements of the human body. Am J Clin Nutr
1985;41:810-7.

Piccoli A. Whole body--single frequency bioimpedance. Contrib Nephrol
2005;149:150-61.

Piccoli A. Bioelectric impedance measurement for fluid status assessment. Contrib
Nephrol 2010;164:143-52.

Di Somma S, De Berardinis B, Bongiovanni C, et a/. Use of BNP and bioimpedance to
drive therapy in heart failure patients. Congest Heart fail 2010;16 Suppl 1:556-61.
Di Somma S, Lukaski HC. Consensus paper on the use of BIVA (Bioelectrical
Impendance Vector Analysis) in medicine for the management of body hydration.
Emerg Care J 2011;4:6-14.

Espinosa MA, Rivas L, Gonzélez EC, et a/. Vectores de impedancia bioeléctrica para la
composicion corporal en poblacion mexicana. Rev Invest Clin 2007;59:15e24.
Ferreira FL, Bota DP, Bross A, et al. Serial Evaluation of the SOFA Score. JAMA
2001,286:1754-8.

Cardenas-Turanzas M, Ensor J, Wakefield C, et al. Cross-validation of a Sequential
Organ Failure Assessment score-based model to predict mortality in patients with
cancer admitted to the intensive care unit. J Crit Care 2012;27:673-80.
Koonrangsesomboon W, Khwannimit B. Impact of positive fluid balance on mortality
and length of stay in septic shock patients. Indian J Crit Care Med 2015;19:708-13.
Claure-Del Granado R, Mehta RL, Granado RC. Fluid overload in the ICU: evaluation
and management. BMC Nephrol 2016;17:109.

Ronco C, Kaushik M, Valle R, et al. Diagnosis and management of fluid overload

in heart failure and cardio-renal syndrome: the "5B" approach. Semin Nephrol
2012;32:129-41.

Jones SL, Tanaka A, Eastwood GM, et al. Bioelectrical impedance vector analysis

in critically ill patients: a prospective, clinician-blinded investigation. Crit Care
2015;19:290.

Mehta RL, Clark WC, Schetz M. Techniques for assessing and achieving fluid balance
in acute renal failure. Curr Opin Crit Care 2002;8:535-43.

Cecconi M, De Backer D, Antonelli M, et al. Consensus on circulatory shock and
hemodynamic monitoring. Task force of the European Society of Intensive Care
Medicine. Intensive Care Med 2014;40:1795-815.

Rhodes A, Evans LE, Alhazzani W, et a/. Surviving Sepsis Campaign: International
Guidelines for Management of Sepsis and Septic Shock: 2016. Intensive Care Med
2017;43:304-77.

Levy MM, Evans LE, Rhodes A. The Surviving Sepsis Campaign Bundle: 2018 update.
Intensive Care Med 2018;32.

Lee J, de Louw E, Niemi M, et al. Association between fluid balance and survival in
critically ill patients. J Intern Med 2015;277:468-717.

Santarelli S, Russo V, Lalle |, et al. Prognostic value of decreased peripheral congestion
detected by Bioelectrical Impedance Vector Analysis (BIVA) in patients hospitalized
for acute heart failure: BIVA prognostic value in acute heart failure. Eur Heart J Acute
Cardiovasc Care 2017;6:339-47.

6 Kammar-Garcia A, et al. Postgrad Med J 2018;0:1-6. doi:10.1136/postgradmed;j-2018-135695


http://dx.doi.org/10.1038/ki.2009.159
http://dx.doi.org/10.1186/cc6916
http://dx.doi.org/10.1016/j.jcrc.2011.12.017
http://dx.doi.org/10.1097/CCM.0b013e318228234b
http://dx.doi.org/10.1186/cc11682
http://dx.doi.org/10.1016/j.jvs.2006.08.053
http://dx.doi.org/10.1016/j.jcrc.2014.06.023
http://dx.doi.org/10.1186/cc6948
http://dx.doi.org/10.1186/s13054-016-1269-6
http://dx.doi.org/10.1515/cclm-2012-0289
http://dx.doi.org/10.1515/cclm-2012-0289
http://dx.doi.org/10.1111/j.1751-7133.2010.00166.x
http://dx.doi.org/10.1111/j.1751-7133.2010.00166.x
http://dx.doi.org/10.1016/j.hrtlng.2005.06.001
http://www.ncbi.nlm.nih.gov/pubmed/21730928
http://dx.doi.org/10.1093/ajcn/41.4.810
http://dx.doi.org/10.1159/000085478
http://dx.doi.org/10.1159/000313727
http://dx.doi.org/10.1159/000313727
http://dx.doi.org/10.1111/j.1751-7133.2010.00162.x
http://dx.doi.org/10.1016/j.jcrc.2012.04.018
http://dx.doi.org/10.4103/0972-5229.171356
http://dx.doi.org/10.1186/s12882-016-0323-6
http://dx.doi.org/10.1016/j.semnephrol.2011.11.016
http://dx.doi.org/10.1186/s13054-015-1009-3
http://dx.doi.org/10.1097/00075198-200212000-00009
http://dx.doi.org/10.1007/s00134-014-3525-z
http://dx.doi.org/10.1007/s00134-017-4683-6
http://dx.doi.org/10.1007/s00134-018-5085-0
http://dx.doi.org/10.1111/joim.12274
http://dx.doi.org/10.1177/2048872616641281
http://dx.doi.org/10.1177/2048872616641281
http://pmj.bmj.com/
Sakkie
Highlight

Sakkie
Highlight

Sakkie
Highlight

Sakkie
Highlight


	Mortality in adult patients with fluid overload evaluated by BIVA upon admission to the emergency department
	Abstract
	Introduction
	Methods
	Study population and design
	Data collection and management
	Endpoint
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


