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A B S T R A C T

Purpose: Fluid therapy in congestive acute decompensated heart failure (ADHF) patients might be inappropriate
and worsening the prognosis. The aim of our study was to analyze the effect of fluid administration on mortality
in non-septic, ADHF patients with reduced ejection fraction.
Material and methods: We analyzed 41 ADHF consecutive ‘cold-wet’ patients (mean age 69.3 ± 14.9 years, 27
men, LVEF 22.8 ± 11.1%, lactates 2.2 ± 1.6mmol/L) without sepsis. At admission central venous pressure
(CVP) was measured (17.6 ± 7.2 cm H2O), and ultrasound examination of inferior vena cava (IVC) was per-
formed (IVC min. 18.6 ± 7.3mm and IVC max. 24.6 ± 4.3mm). Moreover, the groups were compared (sur-
vivors vs. non-survivors as well as 1st and 4th quartile of CVP).
Results: Altogether 17 (41%) patients died: 16 (39%) during a mean of 11.2 ± 7.8 days of hospitalization and 1
during a 30-day follow up. Patients in the lowest CVP quartile (< 13 cm H2O) had significantly worse in-hospital
survival as compared to patients in the highest quartile (> 24 cm H2O), P=0.012. Higher intravenous fluid
volumes within the first 24 h were infused in patients in the lowest CVP quartile as compared to the highest CVP
quartile (1791.7 ± 1357.8mL vs. 754.5 ± 631.4 mL, P=0.046). Moreover, more fluids were infused in a
group of patients who died during a hospital stay and at 30-day follow up (1362.8 ± 752.7mL vs.
722.7 ± 1046.5mL, P=0.004; 1348.8 ± 731.0mL vs. 703.6 ± 1068.4mL, P=0.002, respectively).
Conclusions: CVP-guided intravenous fluid therapy is a common practice which in high risk ADHF ‘cold-wet’
patients might be harmful and should rather be avoided. Lower CVP seems to be related with worse prognosis.

1. Introduction

Currently, the number of hospitalizations of patients with acute
decompensated heart failure (ADHF) is growing rapidly [1]. Among
heterogeneous patients’ population being admitted to Intensive Cardiac
Care Unit (ICCU) the number of ADHF patients exceeds 30% [2]. The
bedside classifications based on the signs and symptoms of congestion
and the presence or absence of tissue hypoperfusion, according to the
current European Society of Cardiology (ESC) guidelines, should be
routinely used in the clinical practice [3]. The in-hospital mortality rate
in the most severe ‘cold-wet’ (hemodynamic profile C) ADHF group is
the worst and exceeds 40% [4]. The relationship between the fluid

balance and adverse outcomes in critically ill - usually septic intensive
care patients - is well established and, according to recent data, these
patients benefit from strategies to minimize or treat fluid overload [5].
In critically ill adults hospitalized in the Intensive Care Unit (ICU) the
use of saline for intravenous fluid administration resulted in a higher
rate of death from all causes and a higher rate of renal injury than
following the use of balanced crystalloids (lactated Ringer’s solution or
multiple electrolytes injection) [6]. Several studies suggest that hy-
perchloraemia associated with saline infusion could cause renal dys-
function and increase mortality [7–9]. However, there are no clear
guidelines regarding the definition of the fluid overload, monitoring the
volume status and, finally, the preferred method of treatment - diuretic
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or fluid therapy in ‘cold-wet’ ADHF patients. Moreover, the exact im-
portance of central venous pressure (CVP) among severe ‘cold-wet’
heart failure (HF) cardiac patients, especially without confounding
sepsis, is unknown.

The aim of the present study was to assess the effect of fluid ad-
ministration on mortality in the group of non-septic, refractory, ‘cold-
wet’ ADHF patients with reduced ejection fraction (HFrEF) and with
special consideration of CVP.

2. Material and methods

Among 84 patients with previously diagnosed chronic heart failure
(CHF) due to reduced (< 40%) left ventricle ejection fraction (HFrEF)
admitted between May 2016 and October 2017 to ICCU of the
Department of Cardiology, Medical University of Bialystok (Poland) a
group of 41 patients was retrospectively analyzed. The inclusion cri-
teria for the analysis were: previously known and currently decom-
pensated heart failure patient, belonging to the ‘cold-wet’ − hemody-
namic profile C of the acute heart failure, demanding central venous
access. This was diagnosed at admission based on the clinical signs and
symptoms of both left- and/or right-side heart congestion accompanied
by symptomatic (i.e. the presence of peripheral hypoperfusion) hypo-
tension. The exclusion criterion was the clinical and/or microbiological
diagnosis of sepsis or septic shock. At admission, basic vital signs, in-
cluding the presence of atrial fibrillation as well as biochemical analysis
and routine echocardiographic examination, including detailed right-
side heart assessments (right atrium area - RAA, tricuspid annular plane
systolic excursion - TAPSE and tricuspid regurgitation peak gradient -
TRPG) were performed. Moreover, ultrasound measurements of inferior
vena cava (IVC) during inspiration (IVCi/IVC min.) and expiration
(IVCe/IVC max.) as well as left and right internal jugular veins (IJVs)
dimensions were performed.

CVP (in cm H2O) was measured at presentation, as soon as the
central venous access was obtained, using the fluid fill tube connected
to water column in supine position as described previously [10]. Before
pressure measurement, calibration was conducted and zero was put in
the mid thorax [10].

Admission illness severity scores, including Sequential Organ
Failure Assessment (SOFA) and Acute Physiology And Chronic Health
Evaluation II (APACHE II) for each patient were calculated [11,12].
Intravenous fluid infusion, hourly fluid output (diuresis) as well as net
fluid balance within the first 24 h were assessed.

Particular patients’ groups were compared (survivors vs. non-sur-
vivors as well as 1st and 4th quartile of CVP).

2.1. Ethical issues

Ethical approval for this study was provided by the Ethics
Committee of the Medical University of Bialystok (Poland) on 27th April
2017 (approval number: R-I-002/147/2017). The study was conducted
in accordance with the Declaration of Helsinki.

2.2. Statistical analysis

The distribution of all variables was verified with the Kolmogorov-
Smirnov test. Data are expressed as mean ± standard deviation (SD) or
median [interquartile range], depending on distribution. Statistical
analysis was performed using the Student’s t-test or Mann-Whitney test
for continuous data and the Pearson's chi-square test for categorical
variables. Spearman’s correlation coefficient was used to examine the
relationship between two continuous variables. P value<0.05 was
deemed statistically significant. A statistical software package Statistica
10 (USA) was used for the analysis.

Primary end point was death (either in-hospital or assessed at 30-
day follow up).

3. Results

3.1. Baseline characteristics

The study group comprised of 41 patients with previously diagnosed
CHF due to reduced HFrEF (< 40%) (mean age 69.3 ± 14.9 years; 27
men; mean LVEF 22.8 ± 11.1%; 24 patients with ischemic and 17 with
non-ischemic etiology; atrial fibrillation was present in 43% (n=18) of
the patients). The majority of the patients received either inotropic
agent alone (dobutamine, n=6) or vasopressor alone (dopamine,
n=2) or both – dobutamine and norepinephrine (n= 23) in infusion.
Ten patients received none of these agents within the first 24 h. Twenty-
four (58%) patients needed either invasive (IV) or non-invasive (NIV)
ventilation support and two patients needed renal replacement therapy.
Baseline patients’ characteristics is shown in Table 1.

3.2. In-hospital mortality

During a mean of 11.2 ± 7.8 days of hospitalization 16 (39%)
patients died (a mean time to death was 6.1 ± 5.1 days). The group of
patients who died during the hospitalization received more intravenous
fluids within the first 24 h, and were also found to have higher TAPSE,
lactates as well as SOFA score (Table 2). Among the patients who died
there were 13 (32%) with lactates> 2.0mmol/L as compared to 3 (7%)
patients with lactates< 2.0mmol/L (chi-square test, P=0.01). Ad-
ditionally, there were 11 (27%) patients with SvO2<65% who died
compared to 5 (12%) patients with SvO2>65% (chi-square test,

Table 1
The baseline characteristics of the study patients.

Age, years 69.3 (14.9)
Body weight, kg 86.7 (22.9)
APACHE II, points 13.8 (6.3)
SOFA, points 7.9 (3.5)
GCS, points 13.2 (3.8)
HR, beats per minute 94.3 (19.9)
MAP, mmHg 77.7 (10.8)
CVP, cmH2O 17.6 (7.2)
LVEF, % 22.8 (11.1)
TAPSE, mm 15.0 (3.8)
TRPG, mmHg 36.1 (12.0)
RAA, cm2 26.1 (6.8)
IVC min., mm 18.6 (7.3)
IVC max., mm 24.6 (4.3)
IJVd right, mm 14.4 (3.6)
IJVd left, mm 12.1 (2.8)
SvO2, % 67.49 (12.8)
Creatinine, mg/dL 1.8 (1.0)
GFR, mL/min/1.75m2 48.7 (25.7)
BNP, pg/mL 1895.2 (1254)
Troponin I hs, ng/L 190.7 [32.4-1218.1]
Lactates, mmol/L 2.2 (1.6)
Platelets, x103/μL 193.7 (83.9)
Bilirubin, mg/dL 1.2 (2.2)
Procalcitonin, ng/mL 1.2 (2.6)
Fluids given intravenously in the first 24 h, mL 992.2 (976.6)
Diuresis in the first 24 h, mL 1837.9 (1623.2)
Fluid balance in the first 24 h, mL 2906.8 (1649)
Daily dose of furosemide in the first 24 h, mg 270.5 (313.1)
Dose of dobutamine, μg/kg/min. 2.93 (2.2)
Dose of norepinephrine, μg/kg/min. 0.05 (0.1)

APACHE II - Acute Physiology And Chronic Health Evaluation II, BNP - B-type
natriuretic peptide, CVP - central venous pressure, GCS - Glasgow Coma Scale,
GFR - glomerular filtration rate, HR – heart rate, IJVd - internal jugular vein
dimension, IVC max. - inferior vena cava maximal diameter, IVC min. - inferior
vena cava minimal diameter, LVEF - left ventricular ejection fraction, MAP -
mean arterial pressure, RAA - right atrium surface area, SvO2 - mixed venous
oxygen saturation, SOFA - Sequential Organ Failure Assessment, TAPSE - tri-
cuspid annular plane systolic excursion, TRPG - tricuspid regurgitation peak
gradient.
Data shown as mean (SD) or median [interquartile range].
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P=0.02). Moreover, in the patients with SvO2<65% as compared to
the patients with SvO2>65% mean CVP was higher and mean arterial
pressure (MAP) was lower (19.5 ± 6.8 vs. 16.0 ± 7.2 cmH2O,
P=0.04, and 69.2±9.7 vs. 74.9 ± 10.3mmHg, P=0.04, respec-
tively). Patients with lactates> 2.0 mmol/L revealed a tendency to-
wards higher CVP and lower MAP as compared to those with lower
lactates levels (P=ns).

3.3. 30-day mortality

At a 30-day follow up after discharging home, one more patient
died, thus, altogether 17 (41%) patients died. Patients who died during
the 30-day follow up differed in the same parameters and additionally
had smaller IVC max. dimension and lower diuresis within the first 24 h
(data not shown).

3.4. Fluid therapy

For further analysis, we divided the study population based on the
median amount of intravenous fluids given within the first 24 h (pa-
tients who received a higher or lower than median value of 775mL,

which also included the fluids contained in the administered medi-
cines). The condition of patients who received more fluids was more
severe at admission as they had lower MAP, higher SOFA score and
needed higher doses of norepinephrine. More fluids were also given to
patients with lower IVC max. and lower diuresis (Table 3).

Higher CVP negatively correlated with lower diuresis (r=−0.4,
P=0.03) and positively with higher doses of furosemide (r=0.4,
P=0.04). Higher CVP positively correlated with larger IVC dimension
during expiration (IVC max.: r=0.5, P=0.001, Fig. 1) and during in-
spiration (IVC min.: r= 0.4, P=0.01).

3.5. Central venous pressure

We further divided the study group based on the CVP quartiles and
compared the patients from the first quartile (the lowest CVP < 13 cm
H2O) with the fourth quartile patients (the highest CVP > 24 cm H2O).
The distribution of CVP into quartiles disclosed that in the lowest CVP
quartile 8 out of 9 patients died, and in the highest CVP quartile only 4
out of 11 patients died (chi-square test, P=0.017).

The patients from both - the lowest and the highest - quartiles died

Table 2
The comparison of patients who died and survived during hospitalization.

Survivors
n= 25

Deaths
n= 16

p

Age, years 69.0 (14.4) 69.9 (16.3) 0.82
APACHE II, points 12.5 (5.6) 15.7 (7.0) 0.08
SOFA, points 7.2 (3.5) 9.1 (3.2) 0.05
GCS, points 14.1 (2.7) 11.8 (4.9) 0.27
HR, bpm 93.5 (19.2) 95.6 (21.6) 0.76
MAP, mmHg 79.0 (9.9) 75.5 (12.0) 0.42
CVP, cmH2O 18.7 (7.2) 15.9 (7.0) 0.15
LVEF, % 24.1 (11.4) 20.8 (10.5) 0.37
TAPSE, mm 13.9 (3.6) 17.3 (3.1) 0.004
TRPG, mmHg 37.0 (12.9) 34.7 (10.7) 0.66
RAA, cm2 26.1 (6.13) 26.2 (7.9) 0.76
IVC min., mm 20.0 (7.0) 16.5 (7.4) 0.21
IVC max., mm 25.8 (4.2) 22.7 (3.8) 0.07
IJVd, right, mm 13.4 (3.0) 15.4 (4.1) 0.15
IJVd, left, mm 11.9 (2.7) 12.4 (2.9) 0.57
SvO2, % 69.94 (10.21) 63.66 (12.23) 0.15
Creatinine, mg/dL 1.6 (0.8) 2.1 (1.2) 0.25
GFR, mL/min/1.75m2 50.9 (25.1) 45.2 (26.9) 0.57
BNP, pg/mL 1982.9 (1354.0) 1748.9

(1095.7)
0.87

Troponin I hs, ng/L 381.5 [48.2-
3354.5]

186.0 [31.2-
623.5]

0.83

Lactates, mmol/L 1.6 (0.9) 3.0 (2.2) 0.01
Platelets, x103/μL 213.6 (89.1) 162.6 (66.0) 0.05
Fluids given intravenously in the

first 24 h, mL
722.7 (546.5) 1362.8 (752.7) 0.004

Diuresis in the first 24 h, mL 3144.3 (1628.8) 2477.8
(1602.3)

0.2

Fluid balance in the first 24 h, mL −2201.2
(1608.7)

−1383
(1031.4)

0.09

Daily dose of furosemide in the first
24 h, mg

197.6 (267.9) 260.0 (183.6) 0.07

Dose of dobutamine μg/kg/min. 2.8 (2.1) 3.2 (2.3) 0.68
Dose of dopamine μg/kg/min. 0.0 (0.0) 0.3 (0.9) 0.52
Dose of norepinephrine μg/kg/min. 0.03 (0.01) 0.06 (0.02) 0.47

APACHE II - Acute Physiology And Chronic Health Evaluation II, BNP - B-type
natriuretic peptide, CVP - central venous pressure, GCS - Glasgow Coma Scale,
GFR - glomerular filtration rate, HR – heart rate, IJVd - internal jugular vein
dimension, IVC max. - inferior vena cava maximal diameter, IVC min. - inferior
vena cava minimal diameter, LVEF - left ventricular ejection fraction, MAP -
mean arterial pressure, RAA - right atrium surface area, SvO2 - mixed venous
oxygen saturation, SOFA - Sequential Organ Failure Assessment, TAPSE - tri-
cuspid annular plane systolic excursion, TRPG - tricuspid regurgitation peak
gradient.
Data shown as mean ± SD or median [interquartile range].

Table 3
The comparison of patients who received intravenous fluids lower and higher
than the median value (775mL) during the first 24 h.

Fluids < 775mLa

n= 19
Fluids
> 775mL
n=19

p

Age, years 67.8 (14.2) 68.2 (15.6) 0.93
APACHE II, points 11.8 (6.3) 15.6 (6.1) 0.06
SOFA, points 6.6 (2.9) 9.7(3.3) 0.004
GCS, points 14.4 (2.3) 11.7 (4.8) 0.08
HR, bpm 88.9 (15.7) 101.4(22.5) 0.13
MAP, mmHg 81 (10.3) 73.6 (10.2) 0.046
CVP, cmH2O 19.5 (7.8) 15.3 (6.0) 0.05
LVEF, % 21.1(10.4) 22.6 (11.6) 0.79
TAPSE, mm 14.5 (4.4) 15.5 (2.5) 0.19
TRPG, mmHg 36.9 (14.3) 34.3 (10.5) 0.76
RAA, cm2 27.1 (5.8) 25.9 (7.9) 0.37
IVC min., mm 20.2 (7.7) 17.1 (7.2) 0.3
IVC max., mm 26.1 (4.2) 23.0 (4.1) 0.03
IJVd right, mm 14.3 (3.1) 13.6 (3.9) 0.58
IJVd left, mm 11.9 (3.0) 12.0 (2.6) 0.91
SvO2, % 64.2 (12.5) 70.2 (12.2) 0.14
Creatinine, mg/dL 1.6 (0.9) 1.8 (1.1) 0.66
GFR, mL/min/1.75m2 52.1 (24.4) 50.1 (26.4) 0.91
BNP, pg/mL 1922.4(1248.1) 1757.6 (1148.4) 0.77
Troponin I hs, ng/L 183.8 [31.2-667.7] 190.7 [27.0-

1298.5]
0.93

Lactates, mmol/L 2.0 (1.5) 2.4 (1.9) 0.58
Platelets, x103/μL 210.1 (93.9) 177.0 (74.7) 0.26
Diuresis in the first 24 h, mL 3374.2 (1780.2) 2593.3 (1321.1) 0.03
Fluid balance in the first 24 h,

mL
−2692.4 (1706.3) −1213.1

(1172.1)
0.08

Daily dose of furosemide in the
first 24 h, mg

251.3 (276.5) 202.1 (191.3) 0.53

Dose of dobutamine μg/kg/min. 2.4 (2.2) 3.7 (1.9) 0.12
Dose of dopamine μg/kg/min. 0.0 (0.0) 0.3 (0.8) 0.58
Dose of norepinephrine μg/kg/

min.
0.01 (0.002) 0.07 (0.01) 0.005

APACHE II - Acute Physiology And Chronic Health Evaluation II, BNP - B-type
natriuretic peptide, CVP - central venous pressure, GCS - Glasgow Coma Scale,
GFR - glomerular filtration rate, HR – heart rate, IJVd - internal jugular vein
dimension, IVC max. - inferior vena cava maximal diameter, IVC min. - inferior
vena cava minimal diameter, LVEF - left ventricular ejection fraction, MAP -
mean arterial pressure, RAA - right atrium surface area, SvO2 - mixed venous
oxygen saturation, SOFA - Sequential Organ Failure Assessment, TAPSE - tri-
cuspid annular plane systolic excursion, TRPG - tricuspid regurgitation peak
gradient.
Data shown as mean (SD) or median [interquartile range].

a 3 patients who received equally the amount of 775mL of fluids were ex-
cluded from the analysis.
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during hospitalization (up to 10 and 13 days, respectively).
Furthermore, survival analysis revealed that patients with the lowest
CVP values had statistically significantly worse in-hospital survival as
compared to the patients with the highest values (log-rank test,
P=0.012, Kaplan-Meier curves, Fig. 2). Patients with the lowest CVP
values had lower mean values of echocardiographic parameters of right
ventricle (RV) overload (RAA and TRPG) as well as lower IVC diameters
assessed in ultrasound as compared to the patients with the highest CVP
levels (Table 4). Higher intravenous fluid volumes were infused within
the first 24 h in the patients from the lowest CVP quartile as compared
to the highest CVP quartile. Moreover, we observed a less negative fluid
balance in the lowest CVP quartile (Table 4). Among the patients within
the lowest CVP quartile 8 patients received intravenous fluid above the
median value (775mL), and in this group 7 patients died. We found a
significant negative correlation between the baseline CVP and in-
travenous fluid infusion during the first 24 h (r=−0.4, P=0.04)
(Fig. 3).

4. Discussion

The aim of our study was to investigate the fluid therapy and its
consequences in the group of severe ‘cold-wet’, non-septic HFrEF pa-
tients. It is obvious that congestion should be treated with diuretic
therapy. However, symptomatic (i.e. with peripheral tissue hypo-
perfusion) hypotension is an indication for the use of inotropic agents
usually together with vasopressors. Nevertheless, hypotension might
lead physicians to unnecessary fluid therapy. The assessment of fluid
balance in the ‘cold-wet’ ADHF patients is difficult and various
methods, which complement each other, should be used in order to
properly interpret and guide the therapy. Hence, the association of
lower CVP values with more liberal fluid therapy and higher mortality
in ‘cold-wet’ group of patients found in our study, is worth of value.
Thus, we can assume that CVP is not a parameter for assessing vascular
filling and lower CVP values do not indicate fluid responsiveness. What
is more, this approach to CVP turns out to be ‘deadly’ for the heart

Fig. 1. Spearman correlation between central venous pressure (CVP) and inferior vena cava diameter during expiration (IVC max.).

Fig. 2. Kaplan-Meyer curves presenting deterioration free survival in patients depending on the lowest central venous pressure values (CVP 0–13 cm H2O) and the
highest values (CVP > 24 cm H2O), log-rank test, P=0.012.
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failure (HF) patients, because it allows more liberal fluid approach and,
as a consequence less negative fluid balance.

In order to avoid a confounding effect and to get a more homo-
genous group we excluded all patients with clinical or microbiological
suspicion of sepsis or septic shock. Baseline procalcitonin (PCT) con-
centrations were elevated, however, PCT is also known as a sensitive
marker of non-infectious inflammation [13]. In a group of acute HF
patients without an infection, elevated PCT is a marker of poor outcome
[14].

The mortality rate among ‘cold-wet’ HF patients is high. In the
variety of studies it balances between 22% to over 60% [15,16]. In our
study, the patients who died had more severe condition at admission as
well as higher SOFA score and higher levels of lactates. Higher lactates
are found to be a marker of poor prognosis also among HF patients
without the clinical signs and symptoms of tissue hypoperfusion (‘warm
hemodynamic profile’) [17]. Thus, it is not surprising that the majority
of our patients with elevated lactates and lower values of SvO2 died.
Moreover, the majority of our patients needed inotropic agent infusion

support, which was usually given together with the vasopressor. De-
spite the data suggesting increased mortality, dobutamine is the most
widely used inotropic agent and recommended by ESC guidelines as a
first-line therapy in the presence of tissue hypoperfusion [3,18]. This
explains high mortality rate in our patients, but, compared to similar
studies, vasopressor use might increase the mortality even up to 88%,
and in patients at the age>70 years reaches 100% [16]. Surprisingly,
the CVP values did not differ significantly between the patients who
died and survivors and there was a trend towards lower, not higher,
values in the first group.

We showed that both echocardiographic and ultrasound examina-
tion results are marked in the assessment of fluid balance. Especially the
echocardiographic parameters of RV function in this aspect are of value.
In our study, the RAA as well as the TRPG values correlated with CVP,
but regarding the mortality, only TAPSE remained significant. Higher
TAPSE might be a sign of preserved RV function, which is known to be
related with better outcome as compared to the left ventricle dysfunc-
tion [16]. Surprisingly, in our study, TAPSE values were higher in the
patients who died. The only explanation could be that higher TAPSE
values prompted physicians to start more intensive fluid therapy. When
choosing therapy, physicians are also suggested to consider the IVC
dimension and observe the amount of diuresis. But in our study while
choosing the type of therapy, CVP was the most important parameter
that was taken into account by the physicians. Elevated RA pressure and
CVP quite often occur in critical care patients [19,20]. It may be caused
by several conditions, such as congestive HF, pericardial effusion,
pneumothorax and others [19]. In congestive HF, reduced cardiac
output is the reason for the increased resistance to venous return, which
leads to tissue hypoperfusion and subsequent splanchnic organ damage
[20,21]. Based on the Starling curves and Guyton model on cardiac
function, CVP should be determined as an interaction between the
blood return to the heart and cardiac function. Elevated CVP can in-
dicate an obstruction to the venous return and an increase of micro-
circulatory blood flow (mean circulatory filling pressure - MCFP),
which in critically ill patients may further aggravate organ failure
[21,22]. Fluid therapy almost always increases the MCFP, but venous
return will increase only if the CVP is low (greater pressure difference
between MCFP and CVP). If CVP increases, venous return will not in-
crease, thus cardiac output will not rise, and the transfused fluids will
be placed in the splanchnic organs and tissues, which is commonly seen
in HF patients. Therefore, there is no single fixed CVP value for HFrEF
patients, but elevated CVP in patients with cardiovascular diseases is
associated with impaired hepatic and renal function and may be in-
dependently related to all-cause mortality [23,24]. In septic patients,
increased CVP is associated with worse outcome [25,26]. But, espe-
cially among the patients hospitalized in the ICU, an elevated CVP value
should not be a benchmark in diagnosing fluid overload and targeting
fluid balance determined by a physician [26]. In our study, although
the mean CVP was high in the whole group of patients, indicating poor
cardiomyocytes response to the increased preload, lower values were
related to worse survival. Higher CVP levels escalated the diuretic
therapy, yet, without evident effect, which might be related to more
prominent presence of cardio-renal syndrome. On the other hand, fluid
therapy in high CVP patients was more restrictive, which could affect
the better outcome observed in this group. Less negative fluid balance
in the patients with the lowest CVP might suggest that physicians
manage the diuretic therapy under CVP control which might be the
reason of increased mortality. At the same time, lower CVP and IVC
values together with lower diuresis led to more liberal fluid therapy,
which might not be a correct procedure in ADHF patients, since we
found more intensive fluid therapy used in patients who died. It is good
to be aware that ‘more liberal’ fluid therapy was largely based on the
volume administered in medicines within the first 24 h. Still, almost all
the patients with lower CVP values who received fluid therapy died.
Thus, patients with the lowest CVP values had the worst prognosis. It

Table 4
Distribution of CVP into quartiles. The comparison of patients divided on the
basis of CVP quartiles− the lowest (< 13 cm H2O) and the highest (> 24 cm
H2O).

Quartiles of mean CVP level p

1
n=9

4
n=11

Age, years 65.1 (14.6) 70.0 (17.6) 0.41
APACHE II, points 14.56 (7.7) 19.0 (7.7) 0.86
SOFA, points 10.53 (3.4) 7.0 (3.4) 0.05
GCS, points 12.56 (3.7) 15.0 (3.7) 0.97
MAP, mmHg 77.0 (10.0) 89.0 (12.0) 0.09
LVEF, % 24.89 (11.6) 22.6 (11.1) 1.00
TAPSE, mm 16.10 (4.5) 19.0 (4.5) 0.51
TRPG, mmHg 23.0 (14.0) 42.1 (14.0) 0.04
RAA, cm2 22.5 (2.6) 35.0 (7.6) 0.03
IVC min., mm 15.22 (2.4) 25.0 (6.4) 0.01
IVC max., mm 20.6 (3.9) 29.5 (7.9) 0.001
IVJd right, mm 13.0 (2.3) 15.0 (2.9) 0.8
IVJd left, mm 12.0 (2.2) 16.0 (2.8) 0.12
SvO2, % 72.4 (16.2) 65.3 (13.2) 0.18
Creatinine, mg/dL 1.8 (0.75) 2.0 (1.2) 1.00
GFR, mL/min/1.75m2 44.8 (18.5) 48.2 (28.5) 0.72
BNP, pg/mL 1944.6 (712.1) 2717.8

(1378.1)
0.75

Troponin I hs, ng/L 378.9 [80.2-
2384.4]

186.0 [27.0-
667.7]

0.24

Lactates, mmol/L 2.8 (2.5) 1.7 (1.0) 0.86
Platelets, x103/μL 196.0 (62.5) 226.0 (62.5) 0.64
Fluids given intravenously in the

first 24 h, mL
1791 (1031.4) 733.3 (583.2) 0.03

Diuresis in the first 24 h, mL 3170.1 (1595.2) 2493.0
(1344.6)

0.03

Fluid balance in the first 24 h, mL −1047.2
(568.7)

−2256.4
(928.7)

0.02

Daily dose of furosemide in the first
24 h, mg

150.0 (133.3) 384.0 (173.3) 0.08

Dose of dobutamine, μg/kg/min. 3.35 (2.2) 2.15 (1.6) 0.27
Dose of dopamine μg/kg/min. 0.33 (0.1) 0.0 (0.0) 0.64
Dose of norepinephrine μg/kg/min. 0.07 (0.02) 0.02 (0.01) 0.21

APACHE II - Acute Physiology And Chronic Health Evaluation II, BNP - B-type
natriuretic peptide, CVP - central venous pressure, GCS - Glasgow Coma Scale,
GFR - glomerular filtration rate, HR – heart rate, IJVd - internal jugular vein
dimension, IVC max. - inferior vena cava maximal diameter, IVC min. - inferior
vena cava minimal diameter, LVEF - left ventricular ejection fraction, MAP -
mean arterial pressure, RAA - right atrium surface area, SvO2 - mixed venous
oxygen saturation, SOFA - Sequential Organ Failure Assessment, TAPSE - tri-
cuspid annular plane systolic excursion, TRPG - tricuspid regurgitation peak
gradient.
Data shown as mean (SD) or median [interquartile range].
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still remains the question of debate, if that was due to more intensive
fluid therapy for HFrEF patients with cardiomyocytes of weak reserve
and the lack of increased cardiac output (simply called ‘cardiomyocyte
exhaustion’). In this aspect the fluid responsiveness (FR) assessment and
the location of the patients on the Frank-Starling curve could make the
study more valuable [27]. FR is defined as the ability of the left ven-
tricle to increase its stroke volume (SV) in response to fluid adminis-
tration. FR assessed by SV measured after fluid supply or passive leg
raising (PLR) can provide relevant information whether fluid adminis-
tration leads to the harmful overload, and therefore might be deleter-
ious [28,29].

The newest data shows that 0.9% saline infusion is related with
increased mortality in critically ill adults hospitalized in the ICU [6].
Nowadays, 0.9% saline solution has been the most widely used re-
suscitation fluid, which was also shown in our study–the majority of the
patients (95%, n= 39) received 0.9% saline at least in combination
with other crystalloids. Thus, at least in our study, the assessment of the
mortality in this aspect is of limited value. For further analysis we di-
vided the study population - based on the median amount of in-
travenous 0.9% saline infusion given within the first 24 h – into patients
who received higher or lower than 400mL (the remaining volume up to
775mL consisted of non-0.9% saline infusion). This analysis revealed
that patients who received more than a median value of 0.9% saline had
higher in-hospital mortality as compared to those who received less
(chi-square test, P=0.02, data not shown). Saline is a hypertonic fluid,
which has a higher chloride concentration than the plasma (approxi-
mately 40%), and causes hyperchloremic metabolic acidosis with this
acidosis derived from the hyperchloraemia [30]. This high concentra-
tion of chloride is associated with proinflammatory state, renal vaso-
constriction, decreased glomerular filtration rate [31–34] and increased
mortality [9]. Moreover, hyperchloraemia can adversely affect the
pulmonary, splanchnic, circulatory, and coagulation systems [8,35].
More liberal fluid resuscitation strategy together with the use of 0.9%
saline and CVP > 8mmHg was related to organ damage and death in a
variety of diseases and, according to some authors, should be called a
‘deadly trio’ [19]. This, at least partially, could explain our results.

In summary, a low CVP value may provoke an increase in the
amount of fluids transfused in HF patients, including those adminis-
tered with medications, which may be translated into mortality. CVP
measurement alone, especially in HFrEF patients, is not suitable for the
estimation of the target volume (goal-directed fluid therapy - GDT) of
fluid infusion.

4.1. Study limitations

The study has several limitations, first of all, the lack of CVP
changes in response to fluid or diuretic treatment. Moreover, fluid re-
sponsiveness (including VTI LVOT assessed in echo) was not examined.
Inclusion as well as exclusion criteria were based only on clinical
manifestation of congestion and the presence of peripheral tissue hy-
poperfusion. However, based on the biochemical results as well as CVP
levels, the patients were truly belonging to the ‘cold-wet’ hemodynamic
profile. Moreover, in similar studies, in the absence of specificity of PCT
a clear cut-off value should exist to confirm sepsis or septic shock,
which, especially in severe ADHF patients, might be difficult. Finally,
the results would be more obvious, if the study group was larger.

5. Conclusions

The assessment of fluid balance in ADHF patients is difficult to in-
terpret, however, imaging examination results analyzed together with
CVP could be complementary in this aspect. CVP values in non-septic
ADHF patients are difficult to analyze, but lower values seem to be
related with worse prognosis. CVP-guided intravenous fluid therapy is a
common practice, which in high risk ADHF ‘cold-wet’ patients with
reduced ejection fraction, might be harmful and should rather be
avoided.
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