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ABSTRACT

Objective: Fast and accurate detection of fluid balance in intensive care patients is of special significance. Many different methods are
used to determine the fluid balance. In this study, we aimed to determine the fluid balance of patients in the medical intensive care
unit using measurement of the inferior vena cava diameter and pro-brain natriuretic peptide (proBNP).

Patients and Methods: Patients admitted to the medical intensive care unit between September 2013 and February 2014 were enrolled
in the study. Inferior vena cava diameter was measured with a portable ultrasonography, according to guidelines published by the
American Echocardiography Association. For pro BNP measurement, samples were taken simultaneously with ultrasonography.
Results: One hundred and twenty-six patients (70 male,55.6%) were enrolled for the study. Mean age was 57.8 + 19.8 (18-89 years).
Ninety-six (76.2%) patients were receiving mechanical ventilation support. Mean proBNP levels were 10645.88 + 12731.08 pg/ml.
There was no statistically significant difference between proBNP levels in patients according to the fluid status. Collapsibility index
was not statistically different according to the volume status (p=0.75).

Conclusion: proBNP levels were not correlated with the fluid balance. proBNP levels and inferior vena cava diameters were negatively

but weakly correlated.
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1. INTRODUCTION

Assessment of fluid balance is one of the most important
management procedures for critical care patients. Previously,
the Swan-Ganz catheter has been used to assess the volume
status of the patients; however, it lost popularity due to its
invasiveness [1]. The surviving sepsis campaign guidelines in
2012 recommend using central venous pressure (CVP), but it
is not recommended anymore in Sepsis 3 because of its poor
correlation to the volume status of the patients [2].

In t recent years non-invasive assessment is becoming popular
in critical care settings. Respiratory variations in the inferior
vena cava measured by ultrasonography is one of them [3].
Ultrasound is quite simple, and it can be evaluated by medical
or non-medical staff following short-term instructions [4]. Also,
ultrasound provides results simultaneously with the procedure.
Additionally, inferior vena cava ultrasonography is well known

as a tool of point-of-care for restrictive fluid therapy in heart
failure or fluid removal in hemodialysis [5].

Brain Natriuretic Peptide (BNP) is a hormone whose active
form is C-Terminal BNP with 32 amino acids, which is released
as a 108 amino acid prohormone due to excessive stress in the
heart muscle cells. The 76 amino acid N-Terminal proBNP is
released in proteolysis, in which the active state of the hormone
occurs [6]. It is used to evaluate and monitor heart failure. The
place of BNP in fluid therapy in the intensive care unit is still a
matter of debate.

In this study, we aimed to determine the fluid status of patients
in the medical intensive care unit using measurement of the
inferior vena cava diameter and proBNP.
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2. PATIENTS and METHODS

The study is an observational descriptive study. We included all
patients hospitalized in the Medical Intensive Care Unit (ICU)
of the Marmara University Education and Research Hospital
between September 2013 and February 2014 who provided an
informed consent and were over 18 years of age after the approval
of the Institutional Ethics Committee of Marmara University
School of Medicine (Approval number: 09.2013. 0262). Patients’
demographic characteristics, comorbidities, medication they
were taking, vital signs, mechanical ventilator parameters and
fluid status as measured by intake-output follow-ups were
recorded.

Ultrasonography was performed by a certified researcher on
intensive care ultrasonography, using a Mindray M5 brand
portable ultrasonography device according to the guidelines
of the American Echocardiography Association [7]. The right
atrium was detected with a subcostal approach, the inferior vena
cava was imaged, and measurements were made using M-Mode
1 cm above the joining point of the hepatic vein. By recording
the diameters in inspiration and expiration, collapsibility and
distensibility indexes were calculated as previously described in
theliterature [8]. For ProBNP, samples were taken simultaneously
with ultrasonography and measurements were made by enzyme
immunoassay method [9].

Primary end point was to determine the association of the
inferior vena cava diameter indices, proBNP levels and the fluid
status of patients.

Statistical Analysis

All statistical analyses were made using the PSPP program
(free software). Data are given as mean + standard deviation
and frequencies when appropriate. The Kolmogorov-Smirnov
test was used to evaluate whether the distribution of data was
normal. Correlation analysis was performed for the relationship
between the diameter of the inferior vena cava and proBNP
and the follow-up. Since the data in the subgroups were not
normally distributed, the Mann-Whitney U test, one of the non-
parametric tests, was used. The Kruskall-Wallis test was used
when the means of more than two groups were compared. In
all analyses, p <0.05 value was taken as the limit for statistical
significance.

3. RESULTS

Between September 2013 and February 2014, 126 patients (70
males, 55.6%) with a mean age of 57.8 + 19.8 (18-89 years) were
included in the study. Ninety-six (76.2%) patients were receiving
mechanical ventilatory support. Sixty-three (65.6%) of these
were on invasive, 33 (34.4%) were on non-invasive ventilation.
Thirty-six (37.5%) of the patients who received mechanical
ventilator support were in pressure support ventilation
(PSV) mode, 23 (24%) in pressure controlled synchronized
intermittent mandatory ventilation (P-SIMV), and 36 (37.5%)
in adaptive support ventilation (ASV) mode. Average external
positive end expiratory pressure (PEEP) was calculated as 5.4 +

0.9mmHg. The demographic and clinical characteristics of the
patients included in the study are summarized in Table I.

Table I. Demographic and clinical characteristics of the patients included
in the study

Parameters Value
Number of patients 126
Demographics
Male gender, n (%) 70 (55.6%)
Age (years) 57.8+19.8

Age (years), median (min-max) 62 (18-89)

Mechanical ventilation support, n (%) 96 (76%)
IMV support, n (%) 63 (50%)
NIV support, n (%) 33 (26.1%)
External PEEP (cmH,0) 54+09
Modes of mechanical ventilation, n (%)
PSV, n (%) 36 (37.5%)
P-SIMV, n (%) 23 (24%)
ASV, n (%) 36 (37.5%)
CMV, n (%) 1(%1)
APACHE I 243 +8.1
Fluid balance (ml) +635.8 £ 933.8
proBNP (pg/ml) 10645.9 + 12731.1

Ejection fraction (%) (95% CI) 48.4 + 3.6 (44.1 - 52.8)

IMV: invasive mechanical ventilation, NIV: noninvasive mechanical
ventilation, PEEP: positive end expiratory pressure, PSV: pressure support
ventilation, P-SIMV: Pressure targeted synchronized intermittent mandatory
mechanical ventilation, ASV: Adaptive support ventilation, CMV: controlled
mechanical ventilation, 95% CI: 95% Confidence interval

According to input-output follow-ups (IOF) , the average fluid
balance of the patients included in the study was found to be
+635.8 + 993.8 ml. When the patients were grouped according
to IOF, 26 (20.6%) patients were found to be in negative fluid
balance and 100 (79.4%) patients were found to be in positive
fluid balance. The mean fluid balance of patients with positive
fluid balance according to IOF was calculated as +958.9 + 742.8
ml, and the mean fluid balance of those with negative fluid
balance was calculated as — 582.2 + 443.8 ml. Although the
proBNP level increased in the group with positive fluid balance,
there was no statistically significant difference between both
groups (11705 vs 6362 respectively, p=0.153). In the subgroup
analysis performed excluding patients with systolic dysfunction
(EF <55%) on echocardiography, proBNP levels tended to
increase as the fluid balance shifted to the positive side, but no
statistically significant difference was found (p=0.256).

The mean end-inspiratory inferior vena cava diameter was
1.23 + 0.81 cm, and the mean end-expiratory inferior vena
cava diameter was 1.76 + 0.65 cm. The best limit value for the
collapsibility index to show the fluid balance was shown as
50% in previous studies. When the fluid balance averages of
both groups were compared, the fluid balance of those with
a collapsibility index over 50% tended to increase, but no
statistically significant difference was found. However, proBNP
levels were found to be higher in patients with collapsibility
index less than 50% (Table IT). A statistically significant negative
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correlation was found between the calculated collapsibility
indexes of the patients and the measured proBNP levels (r = -
0.409 p <0.01); as the proBNP levels increase, the collapsibility
index decreases (Figure 1).

Table II. proBNP levels according to the collapsibility index

Collapsibility index (n) proBNP (pg/ml), mean+SD (95% CI)

12938.8 + 13549.9
<50% (82)
(95% CI: 9658 - 16218,5)
5939.6 + 9504.9
>50% (44)
(95% CI: 2623.2 - 9256)

SD: standard deviation, CI: 95% Confidence interval

4000 r A0

001

[
Dé

30000

preBNP [pgim)

Collapsibllity Index

Figure 1. Collapsibility index and proBNP relationship

4. DISCUSSION

In our study, the place of the inferior vena cava diameter measured
ultrasonographically and the collapsibility index derived from it
and the proBNP level were investigated in determining the fluid
balance in patients in the medical ICU. According to the results,
as the positivity in fluid balance increased, proBNP levels
tended to increase and the collapsibility index decreased, but the
changes found did not reach statistical significance. However, a
negative, weak but statistically significant relationship was found
between the diameter of the inferior vena cava and proBNP level
in determining the fluid balance.

In our study, although, proBNP levels tend to increase as the
fluid balance shifts to the positive side, we could not show a
significant relationship between proBNP levels and fluid balance.
The use of proBNP in evaluating the fluid balance is mostly used
in dialysis patients. In a study evaluating the hydration status of
hemodialysis patients, proBNP was used to assess fluid status
in relation to the diameter of the inferior vena cava [10]. In a
study evaluating bioimpedance and proBNP level in peritoneal

dialysis patients, it was stated that proBNP levels could be used
to show fluid status such as bioimpedance and guide treatment
[11]. Tapolyai et al., concluded that there was an exponential
relationship between bioimpedance measurements and proBNP
levels in dialysis patients [12].

The qualitative assessment of inferior vena cava diameter
indices has also been carried out in a prospective study which
demonstrated that they offer a rapid, non-invasive way to
evaluate volume status in critically ill patients [13]. However, in
our study we were unable to demonstrate similar results. Two
meta-analyses showed that inferior vena cava ultrasonography
is a reliable parameter for hypovolemia and has a great value in
predicting fluid responsiveness [14, 15]. However, other meta-
analyses on inferior vena cava ultrasonography concluded that it
is not a reliable method to predict fluid responsiveness [16, 17].
Hence, the effectiveness of inferior vena cava ultrasonography
to predict volume status or fluid responsiveness has not yet
reached a conclusion.

In studies evaluating the fluid status of intensive care patients in
the literature, the inferior vena diameter was mostly compared
with CVP. Zhang et al,, in their study of 32 patients who had
undergone gastrointestinal surgery, the fluid status of the patients
was evaluated with CVP and the inferior vena cava diameters
were evaluated by a researcher who was blind to the results. As
a result, a correlation was found between CVP measurements
and inferior vena cava diameters (r = 0.585, p <0.05) [18]. In this
study, as only a very small number of patients had central lines
to evaluate CVP (eight patients) we were unable to make such a
comparison.

In our study, we found a negative, weak but statistically
significant relationship between inferior vena cava diameters
and proBNP levels. In addition, when we divided the patients
into two groups with a 50% limit value of the collapsibility index,
we found a statistically significant difference between the groups
in favor of those with a collapsibility index of less than 50%. The
reason for using the 50% limit is that it was reported as the most
successful limit value in demonstrating fluid balance in previous
studies [19]. This finding shows that the collapsibility index and
proBNP levels are in agreement with each other in determining
the fluid balance.

According to our knowledge, there is no study in the literature
evaluating proBNP levels and inferior vena cava diameter in
medical intensive care patients. Current studies have been
conducted in heart failure patients. In a study investigating the
correlation of the inferior vena cava diameter and natriuretic
peptides in heart failure patients, a positive but weak relationship
was found (r = 0.27, 95% CI: 0.05-0.47; P = 0.01) [20]. In a study
evaluating the re-admissions of patients hospitalized with the
diagnosis of acute decompensated heart failure after discharge, it
was reported that patients with high proBNP levels at discharge
and with larger inferior vena cava diameters at presentation
had earlier and more frequent hospitalizations [21]. In a study
conducted in our country, the treatment responses of patients
admitted to the emergency department with acute heart failure
were evaluated with the inferior vena cava collapsibility index
and there was a statistically significant difference between
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pre-treatment collapsibility indexes and post-treatment
collapsibility index (p <0.001), but there was no difference
between proBNP levels [22].

Limitations

The limitations of this study should be acknowledged. First,
invasive assessments of fluid status were very limited in the
current study. Thus, comparisons between invasive methods and
inferior vena cava ultrasonography could not be made. However,
the correlation between invasive techniques and inferior vena
cava ultrasonography has already been shown in previous
studies as mentioned earlier. Secondly, there was no consecutive
measurement during or after fluid therapy. Therefore, no
comment could be made on changes in the indeces.

Conclusion

In conclusion, as the positivity in fluid balance increases,
proBNP levels tend to increase, and the collapsibility index
tends to decrease. In addition, a weak negative but statistically
significant relationship was found between the proBNP level
and the collapsibility index, and it was shown that these two
parameters were compatible with each other in evaluating the
fluid balance.
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