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Abstract

Background: In clinical area, assessment of body fluid and determination of the intravascular volume after major surgeries such
as heart surgery is a significant challenge. The initial purpose of intravascular volume assessment in patients with hemodynamic
instability is to determine whether they would benefit from fluid administration or not.

Objectives: This study aims to compare pulse pressure variation (PPV) compared to thoracic fluid content in checking out and
optimizing fluid volume in mechanically ventilated patients admitted to intensive care unit after cardiac surgery.

Methods: In the present study a prospective descriptive-analytic design was used. Thirty mechanically ventilated patients admitted
to intensive care units of Rajaie heart center, Tehran, Iran, were recruited in the current study after cardiac surgery based on inclu-
sion criteria. Data collection tools included demographic and clinical data sheets. Hemodynamic parameters such as CVP and pulse
pressure were recorded by bedside monitoring. Thoracic fluid content (TFC) was measured by non-invasive continuous cardiac out-
put monitoring (NICCOMO) system. Data were analyzed in SPSS version 15, using statistical tests.

Results: The mean values of CVP, before and five minutes after fluid administration were significantly different (10.10 & 6.01 mmHg
and 12.37 & 6.34 mmHg, respectively, P = 0.015). The mean changes in arterial pulse pressure, before and five minutes after fluid
administration were significantly different (16.94 + 8.32 mmHg and 12.77 - 4.02 mmHg, respectively, P = 0.005). PPV greater than
13% had sensitivity, specificity and positive predictive value of 40%, 71% and 75% respectively while CVP greater than 5 mmHg had
sensitivity, specificity and positive predictive of 13%, 85% and 66% respectively compared with cardiac index as the gold standard for
fluid responsiveness. These findings suggest a higher diagnostic power of PPV compared to CVP to assess fluid volume.
Conclusions: It seems that in the mechanically ventilated patients after heart surgery, PPV dynamic index is preferred to CVP static
index to evaluate and maintain fluid volume.
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. Background

The measurement of intravascular volume status to op-
timize the cardiac preload for the purpose of improving
cardiac output and tissue perfusion is very important in
caring critically ill patients (1, 2). But before the adminis-
tration of fluids, assessment of patients’ response to in-
creased fluid volume is necessary to prevent an unneces-
sary and harmful fluid imbalance. Volume administration
can be done when we expect an increase in left ventric-
ular stroke volume (3). In healthy individuals, increased
preload by fluid administration, was associated with a sig-

nificant increase in ventricular stroke volume. In contrast
only 50% of hemodynamically unstable patients had an in-
crease in ventricular stroke volume. Cardiac filling pres-
sures, including the central venous pressure (CVP) and pul-
monary artery occlusion pressure and other routine in-
dexes such as urine output and arterial blood pressure
have been traditionally used to guide fluid management.
However, several studies have demonstrated that these pa-
rameters are unable to predict fluid responsiveness (4).

CVPisagood indicator of RV preload (4). Furthermore,
because RV stroke volume determines LV filling, CVP is con-
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sidered as an indirect measurement of LV preload. How-
ever, due to changes in venous tone, intrathoracic pres-
sures and LV/RV compliance that occur in critically ill pa-
tients, there is a poor relationship between CVP and fluid
responsiveness (4).

A dynamic index like arterial pulse pressure variation
(PPV) is more accurate than static indices in predicting
fluid responsiveness (5). PPV which shows changes in ve-
nous return and stroke volume during mechanical ventila-
tion, predicts left ventricular preload reserve so that it can
be used for fluid management (6).

The Purpose of the current study is to compare the clin-
ical utility of CVP and PPV to predict fluid responsiveness in
patients who have undergone mechanical ventilation. The
authors’ hypothesis was PPV could be more effective than
CVP to predict fluid responsiveness via evaluation of TFC as
an accurate indicator of fluid responsiveness.

2. Methods

2.1. Patients

This study was conducted in cardiac surgery intensive
care units in Rajaie cardiovascular medical and research
center between March 2015 to August 2015. The studied
population was the patients who underwent open heart
surgery CABG, valvular and combined surgery (valvular
and CABG) following mechanical ventilation. 33 patients
who met inclusion criteria were enrolled but 3 patients
were excluded during study because of hemodynamic in-
stability. Inclusion criteria were: Patients under anesthe-
sia and mechanical ventilation with fixed settings and no
change in controlled mode, tidal volume of greater than 8
mL per kilogram of body weight, sinus rhythm and age be-
tween 20 to 70 years.

This study was approved by our local ethical commit-
tee according to the Helsinki declaration of the world med-
ical association (2000).

2.2. Mechanical Ventilation

All patients were monitored using an arterial catheter.
Transducers which were placed at the level of the fourth
intercostal space in the mid-axillary were zeroed to atmo-
spheric pressure. Due to the fact that any spontaneous
breathing reduces the inside pressure of chest and results
in false results in measured hemodynamic parameters, pa-
tients were sedated with propofol and opioids such as mor-
phine.

2.3. Hemodynamic Parameters

CVP was assessed at end-expiration continuously. Sys-
tolic and diastolic blood pressures were evaluated from ar-
terial pressure monitoring and pulse pressure was mea-
sured from systolic and diastolic blood pressure differ-
ences. Pulse pressure was determined using at least three
measurements average performed at end-expiration.

Cardiac parameters were assessed using NICCOMO
(Medizinische Messtechnik GmbH, Germany) with ACM
technology by non-invasive methods continuously. The
device is based on the method of Impedance Cardio-
graphy (ICG). ICG waves show changes in volume and
velocity of blood in the aorta by creating variations
in the thoracic impedance and are displayed as al-
gorithms to provide key hemodynamic parameters
non-invasively and continuously (NICCOMO, medis,
https://medis.company/cms/?page=niccomo).

2.4. Fluid Administration

For volume expansion, we used crystalloid solution
(ringer or normal saline) and colloid solution (Valoven 6%,
gelatin, albumin 5%) in ratio of 2/1via central vein catheter
over 20 minutes by CVP and PPV monitoring. Hemody-
namic parameters were measured immediately before and
5 minutes after the volume expansion. There were no
changes in vasoactive and sedative infusions or to venti-
lator settings during the study period. Endotracheal suc-
tioning and fluid or blood products administration were
avoided during patients’ monitoring.

2.5. Statistics

Data were expressed as mean values 4 standard devi-
ation for interval and count (%) for categorical variables.
All variables were tested for normal distribution with
Kolmogorov-Smirnov test. To study the changes of quan-
titative data before and after fluid administration, paired
t-test was used. The ROC curve was used to determine the
area under the curve (AUC), and the optimum cardiac in-
dex cut-off level. Statistical analyses were performed with
SPSS (ver 15; SPSS Inc. Chicago, Illinois). P values < 0.05
were considered significant.

3. Results

3.1. General Characteristics

Overall, 30 patients (20 men and 10 women, age: 61.4 +
6.97) were recruited. The characteristics of the patients are
demonstrated in Table 1.
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Table 1. Patients Characteristics

Variables No (%)orM =+ SD
Sex
Male 20 (66.7)
Female 10 (33.3)
Age 614 +6.9
Weight 713£10.5
EF 446168
Pump time 100.11 % 38.45
Cross clamp time 62.27 & 25.02

Abbreviations: EF, Ejection Fraction; M, Mean; SD, Standard Deviation.

3.2. Assessment of Hemodynamic Parameters

Hemodynamic measurements at baseline and after
volume expansion are shown in Table 2. CVP increased
significantly (P: 0.01) and PPV decreased significantly (P:
0.005) in response to fluid administration while SVI, CO,
CI and SV were not changed significantly after fluid expan-
sion (P < 0.05).

Table 2. Comparison of Hemodynamic Parameters Before and After Volume Expan-
sion

Variables Baseline Volume Expansion PValue
CcvP 10.10 % 6.01 1237+ 634 0.01
PPV 16.94 + 8.32 12.77 £ 4.02 0.005
SVI 33.04 + 8.92 33.45+9.29 0.74
CI 2.90 + 0.63 3.09 & 0.55 0.09
co 4.89 +1.12 4.74 +119 0.40
NY 60.18 - 18.15 59.27 +17.51 0.73
TFC 46.84 £ 8.25 46.90 £ 7.89 0.89

Abbreviations: CI, Cardiac Index; SVI, Stroke Volume Index; CO, Cardiac Output;
CVP, Central Venous Pressure; PPV, Pulse Pressure Variation, SV, Stroke Volume;
TFC, Thoracic Fluid Content.

3.3. Diagnostic accuracy of CVP and PPV

There was no agreement between PPV and CVP (Kappa:
-0.021,P: 0.90).

Diagnostic accuracy indices for PPV and CVP compared
to gold standard are seen in Table 3. Our results show that
PPV is more accurate than CVP for fluid responsiveness af-
ter cardiac surgery. Although PPV and CVP are the same re-
garding accuracy indices, PPV seems to be a more useful in-
dicator of fluid responsiveness than PPV based on sensitiv-
ity and positive predictive value.
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4. Discussion

An adequate volume expansion would decrease the
risk of organ injury due to hypo-perfusion and hypov-
olemia, therefore it would avoid the risk of volume over-
load in patients who underwent cardiac surgery. Recently,
goal-directed fluid management protocols were used to
decrease the morbidity related to cardiovascular surgery.
Several studies demonstrated that dynamic measures of
preload responsiveness such as PPV are preferred to static
preload parameters like CVP in fluid management (7, 8).
But some other studies note to CVP as a simple and readily
available measurement that can provide a useful guide to
the management of hemodynamically unstable patients
(2).

Our study showed that PPV during mechanical venti-
lation can be used to accurately predict fluid responsive-
ness after cardiac surgery. In contrast, CVP was a poor pre-
dictor of fluid responsiveness. Our findings show that al-
though CVP had reached a considerable level after fluid ad-
ministration, it was not in line with increased cardiac in-
dex and other cardiac functional indices. It can be con-
cluded that increase in CVP cannot be effective in improv-
ing the prognosis of patients. Yazigi A et al. concluded that
PPV, but not baseline CVP, can be used to guide fluid ther-
apy especially in old patients with limited physiologic re-
serves (6). Nevertheless, dynamic preload monitoring like
PPV has some limitations such as arrhythmia and patient
condition without mechanical ventilation support (9).

We showed that PPV is a better predictor of fluid re-
sponsiveness than CVP because it has a higher sensitivity
and positive predictive value than CVP. In our results, PPV
greater than 13% had sensitivity, specificity and positive
predictive value of 40% ,71% and 75% respectively while CVP
greater than 5 mmHg had sensitivity, specificity and posi-
tive predictive of 13%, 85% and 66% respectively compared
with cardiac index as the gold standard for fluid respon-
siveness.

Michard et al. reported a PPV of 13% to have the high-
est sensitivity and specificity to predict an increase in CO in
response to volume expansion (10). Karmar A et al. found
a PPV value > 11% predicted an increase in CO with 100%
sensitivity and 93% specificity (1). The reason for higher
amount of sensitivity and specificity of Karmar A et al.
study seems to be our small sample size.

Thoracic fluid content (TFC) is an indicator of total
fluid volume, both intracellular and extracellular. Because
it is measured noninvasively using impedance cardiogra-
phy (ICG), has an exact reliable test and it is one of the cut
point monitoring for prevention of fluid overload (11). In
the current study, we found that TFC is an efficient indica-
tor to predict fluid overload. So, the combination of nonin-
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Table 3. Diagnostic Accuracy of CVP and PPV Compared with Cland TFC

Variables Cl> 28 TFC > 50
% 95%CI % 95%CI
CVP> 5
Sensitivity 13.33 1.66-40.46 12.50 1.55-38.35
Specificity 85.71 42.13-99.64 8333 35.88-99.58
Positive predictive value 66.67 17.75-94.88 66.67 18.00 - 94.80
Negative predictive value 31.58 24.32-39.86 26.32 19.27-34.83
PPV > 1.3
Sensitivity 40.00 16.34- 67.71 43.75 19.75-70.12
Specificity 71.43 29.04-96.33 83.33 35.88-99.58
Positive predictive value 75.00 44.36-91.86 87.50 51.81-97.85
Negative predictive value 35.71 22.93-50.92 35.71 24.07-49.33

Abbreviations: CI, Cardiac Index; 95%CI, Confidence Interval 95%; CVP, Central Venous Pressure; PPV, Pulse Pressure Variation; TFC, Thoracic Fluid Content.

vasive measurements of both TFC and Cl obtained from the
ICG monitor can help manage fluid expansion in patients
after surgery.

4.1. Conclusion

In summary, in contrast to CVP, PPV is a reliable pre-
dictor of increased CI in response to fluid expansion dur-
ing controlled mechanical ventilation in patients after car-
diac surgery and it is a good index to manage fluid therapy
in these patients and reduce postoperative morbidity and
mortality caused by increased volume of fluid.

There are several hemodynamic indices used for fluid
management such as stoke volume index, pulmonary cap-
illary wedge pressure and mixed venous or central venous
oxygen saturation since they are useful but they have some
limitations in usage.
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