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ABSTRACT 

Background: Differentiating fluid responders from non-responders is the primary goal when assessing 

critical care hypotensive patients for fluid responsiveness. 

Objectives: To assess the fluid responsiveness in critical care hypotensive patients using inferior vena cave 

(IVC) collapsibility index and correlating its effectiveness with lung ultrasound (US) and stroke volume 

variation (SVV) induced by passive leg raising (PLR) in prediction of fluid responsiveness. 

Patients and Methods: After approval of scientific and ethical committees, One hundred critical care 

hypotrnsive patients who were admitted to the ICU of El-Hussein University Hospital from November 2018 

to March 2021 were included in the study. The following were done: echocardiography on admission, routine 

hemodynamic monitoring, lung US for assessment for extra volume lung water (EVLW), assessment of IVC 

variability, assessment of SVV induced by passive leg raising. Patients were classified into fluid responders 

and non-responders based on SVV. Responders were patients with SVV ≥ 12%. 

Results: Caval index for assessment of fluid responsiveness is strongly correlated with lung US for 

assessment of EVLW and SVV with highest sensitivity and specificity in mechanically ventilated patients on 

muscle relaxant, and lower sensitivity and specificity in spontaneously breathing patients.  

Conclusion: Caval index can be used to predict fluid responsiveness, but with different values depending on 

mechanical ventilation status and use of muscle relaxation. 

Keywords: Inferior Vena Cave collapsibility index, Lung ultrasound, Stroke Volume Variation, Passive Leg 

Raising (PLR), Fluid responsiveness. 

 

INTRODUCTION 

     Fluid resuscitation of patients with 

acute circulatory failure aims to increase 

stroke volume (SV) and consequently 

improve cardiac output (CO) for better 

tissue oxygenation. However, this effect 

does not always occur. The evaluation of 

fluid responsiveness before their 

administration may help to identify 

patients who would benefit from fluid 

resuscitation and avoid the risk of fluid 

overload in the others. The dynamic 

parameters of fluid responsiveness 
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evaluation are promising predictive 

factors. Of these, the echocardiographic 

measurement of the respiratory variation 

in the IVC diameter is easy to apply and 

has been used in the hemodynamic 

evaluation of intensive care patients (ICU) 

patients. However, the applicability of this 

technique has many limitations, and the 

present studies are heterogeneous and 

inconsistent across specific groups of 

patients. Assessment of the IVC using 

trans-thoracic echocardiography (TTE) is 

a conventional element of the 

echocardiographic study of critical 

patients. The physiological principle 

behind it is the lung-heart interaction. The 

variation in transpulmonary pressure 

during respiration is transmitted to the 

right heart cavities, which varies the 

venous return and the IVC diameter. This 

relationship depends on the ventilatory 

mode and IVC compliance of the patient 

(Furtado and Reis, 2019). 

     In non-ventilated patients or those 

under invasive mechanical ventilation 

(IMV) with respiratory effort, there is a 

negative transpulmonary pressure at the 

beginning of inspiration that induces a 

variable degree of IVC collapse as a 

function of its compliance. For example, 

in patients with high right heart cavity 

pressure or elevated preload (during the 

flat phase of the Frank-Starling curve), 

IVC shows reduced compliance and 

limited collapse due to the negative 

transpulmonary pressure transmitted; in 

fact, collapse may be absent. Among 

patients with low right heart cavity 

pressure in hypovolemia (i.e., the 

ascending phase of the Frank-Starling 

curve), IVC compliance is high, and 

collapse is significant during inspiration. 

By contrast, positive pressure can be 

applied to the thorax during inspiration 

among patients under IMV without 

respiratory effort (in the controlled mode). 

This pressure is transmitted to the right 

heart cavities and the IVC, which 

stretches as a function of its compliance. 

Among patients without cardiac reserve 

due to poor cardiac function and/or those 

with high preload (i.e., during the flat 

phase of the Frank-Starling curve), the 

IVC shows reduced compliance and 

limited distention, and its diameter may 

not vary. Conversely, the IVC of patients 

with cardiac reserve who potentially 

benefit from the administration of fluids 

shows significant distension during 

inspiration (Funk et al., 2013, Lansdorp et 

al., 2014 and Widmaier et al., 2016). 

     We aimed by our study to evaluate 

the correlation of IVC variability index 

with lung US and SVV in assessment of 

fluid responsiveness and fluid tolerance in 

critical care hypotensive patients. 

PATIENTS AND METHODS 

     This prospective study was carried out 

on 100 adult patients who were admitted 

to the ICU of El-Hussein University 

Hospital from November 2018 to March 

2021. 

Inclusion criteria: All hypotensive 

critical care patients, both sexes and 

hypotension was defined as mean arterial 

pressure (MAP) less than 65 mm Hg or 

systolic blood pressure (SBP) less than 90 

mm Hg. 

Exclusion criteria: Patient's refusal, 

uncooperative patients, patients with poor 

echo window patients with valvular heart 

disease, patients with atrial fibrillation, 

patients with increased intra-abdominal 

pressure, patients in whom the supine 
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position was contraindicated, 

pontraindication to PLR including hip or 

spine surgery, post abdominal surgery. 

Ethical approval: was obtained from the 

Faculty of Medicine Al-Azhar University 

Research/Ethics Committee on 8/10/2018. 

     Informed consent was obtained from 

all patients or from their relatives and they 

received the fullest possible information 

about the study. 

     All examinations were performed 

using an echocardiograph (Philips Affiniti 

50, USA) with S4-2 Cardiac sector probe. 

The following were done: Complete 

history taking, complete physical 

examination, laboratory investigation and 

arterial blood gases measurements as well 

as echocardiography and routine 

hemodynamic monitoring. 

Pulmonary Assessment for EVLW: 

Lung US was performed according to a 

systematic protocol in supine patients. An 

increased amount of EVLW was 

diagnosed by multiple B-lines or comet 

tails. B-lines were defined as discrete 

laser-like vertical hyperechoic 

reverberation artifacts that arise from the 

pleural line and extended to the bottom of 

the screen without fading, and moved 

synchronously with lung sliding. They 

rrepresented a reverberation artifact 

through edematous interlobular septa or 

alveoli (Volpicelli et al., 2012). The echo 

comet score (ECS) was obtained by the 

28-rib interspaces technique, which 

divided the chest wall into 12 areas on the 

left (from the 2nd to the 4th intercostal 

space) and 16 areas on the right (from the 

2nd to the 5th intercostal space) anterior 

and lateral hemithorax (Volpicelli et al., 

2012, Zieleskiewicz et al., 2014, and 

Bouhemad et al., 2015). The sum of the 

B-lines found on each of the 28 chest-wall 

areas yields the ECS, denoting the amount 

of EVLW. 

Assessment of Inferior Vena Cava 

Variability: The patient was maintained 

in the supine position then the IVC was 

evaluated in the subcostal (SIVC) view. 

The IVC was first identified in a 

transverse plane, with the probe in a 

subxiphoid position perpendicular to the 

skin. Then the probe was moved to the 

right to visualize the IVC in the center of 

the field. The probe was then rotated by 

90° to obtain a longitudinal plane. The in-

plane view of the probe showed the IVC 

in its longitudinal axis draining into the 

right atrium. The right hepatic vein, the 

last tributary to join the IVC intra-

abdominally was visualized in this view 

(De Backer and Fagnoul, 2014, Evans et 

al., 2014, Lang et al., 2015, and Levitov et 

al., 2016). After confirming the IVC using 

the PWD mode, the M mode was used to 

select a plane just distal to the right 

hepatic vein, approximately 2–3 cm from 

the junction of the IVC and right atrium. 

This was to make sure that the IVC caliber 

was measured intra-abdominally avoiding 

the intrathoracic region and also for 

standardization. M mode was used to 

capture a 10-s cine loop of the IVC over 

two or three respiratory cycles (De Backer 

and Fagnoul, 2014, Evans et al., 2014, 

Lang et al., 2015 and Levitov et al., 2016). 

Then the maximum IVC diameter (Dmax) 

and minimum IVC diameter (Dmin) were 

measured. Three measurements were 

averaged. 

Caval index (dIVC) was calculated as 

[(Dmax − Dmin) / ((Dmax + Dmin)/2)] 

×100%. 
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     The caval index was expressed as a 

percentage, where one end of the 

spectrum was 0% which indicated 

minimal collapse of the IVC meaning 

volume overload and the other end of the 

spectrum was 100% which indicates 

almost complete collapse of the IVC 

meaning volume depletion. 

Assessment of Stroke Volume 

Variability: SVV induced by passive leg 

rising was assessed at the left ventricular 

outflow tract (LVOT). LVOT diameter 

first was measured in the parasternal long 

axis view (PLAX) view and hence LVOT 

area i.e., cross sectional area (CSA), then 

LVOT velocity time integral (VTI) was 

measured using pulsed wave Doppler 

PWD) in the apical five chamber (AP5) 

view, while the patient in a semi 

recumbent position 30°. SV was 

calculated as the product of the CSA of 

the LVOT and the LVOT VTI (Poth et al., 

2014). PLR test was done by elevating the 

patient lower limbs to 45°(automatic bed 

elevation or wedge pillow) while at the 

same time placing the patient in the supine 

from a 30° semi recumbent position. After 

a minute of equilibration, while the 

transducer is in the same position, LVOT 

VTI was repeated and SV recalculated. 

SVV was calculated as [(SVmax − 

SVmin) / ((SVmax + SVmin)/2)] 

×100%. 

     Patients were classified into fluid 

responders and non-responders based on 

SVV. Responders are patients with SVV ≥ 

12% (Monnet et al., 2011, Brun et al., 

2013, Vos et al., 2015, Monnet et al., 

2016, Teboul et al., 2016 and Miller and 

Mandeville, 2016). 

     Vital data were recorded before and 

after PLR test. 

Statistical analysis: Recorded data were 

analysed using the statistical package for 

the social sciences, version 20.0 (SPSS 

Inc., Chicago, Illinois, USA). Quantitative 

data were expressed as mean± standard 

deviation (SD). Qualitative data were 

expressed as frequency and percentage. 

The following tests were done: 

Independent-samples t-test of significance 

was used when comparing between two 

means. Mann Whitney (z) test: for two-

group comparisons in non-parametric 

data. Chi-square (x2) test of significance 

was used in order to compare proportions 

between qualitative parameters. Pearson's 

correlation coefficient (r) test was used to 

assess the degree of association between 

two sets of variables. Receiver operating 

characteristic (ROC curve) analysis was 

used to find out the overall predictivity of 

parameter in and to find out the best cut-

off value with detection of sensitivity and 

specificity at this cut-off value. The 

confidence interval was set to 95% and 

the margin of error accepted was set to 

5%. So, the p-value was considered 

significant at < 0.05. 
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RESULTS 

 

     We aimed by our study to evaluate the 

correlation of IVC variability index with 

lung US and SVV in assessment of fluid 

responsiveness and fluid tolerance in 

critical care hypotensive patients and we 

applied our study on 100 patients with the 

same inclusion and exclusion criteria. 

     According to demographic data (age 

and sex), there was no statistically 

significant difference between fluid 

responders and non-responders (Table 1). 

 

Table (1): Comparison between fluid responder and non-responder according to 

their demographic data 

Fluid 

responsiveness 

 

Demographic 

data 

Responders 

(n=67) 

Non-responders 

(n=33) 
Test p-value 

Age (years) 

Mean±SD 49.12±13.64 49.73±13.31 
t=0.045 0.833 

Range 19-69 24-68 

Sex 

Male 39 (58.2%) 21 (63.6%) 
x2=0.271 0.602 

Female 28 (41.8%) 12 (36.4%) 

 

     According to the use of mechanical 

ventilation and muscle relaxation, there 

was no statistically significant difference 

between fluid responders and non-

responders (Table 2). 

 

Table (2): Comparison between fluid responder and non-responder according to 

their mechanical ventilation and muscle relaxantion 

Fluid 

responsiveness 

 

Mechanical 

ventilation 

Responders 

(n=67) 

Non-responders 

(n=33) 
x2 p-value 

Mechanical ventilation 

Ventilated 43 (64.2%) 24 (72.7%) 
0.731 0.393 

Not ventilated 24 (35.8%) 9 (27.3%) 

Muscle relaxation 

Yes 30/43 (69.8%) 19/24 (79.2%) 
0.693 0.405 

No 13/43 (30.2%) 5/24 (20.8%) 
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     No statistically significant difference 

between fluid-responders and non-

responders according to their blood 

pressure before & after PLR test, but for 

the changes in blood pressure with PLR, 

there were differences between pre and 

post SBP, DBP and MAP in fluid 

responder group with a mean of 

6.28±1.95, 6.04±1.47 and 6.36±1.07 

respectively and a mean of 0.00±2.66, 

0.79±1.93 and 0.73±1.40 respectively in 

fluid non-responder group. There was 

highly statistically significant higher mean 

value in fluid responders compared to 

non-responders with (p-value <0.001 

highly significant) (Table 3). 

 

Table (3): Comparison between fluid responder and not responder according to 

their blood pressure 

Fluid 

responsiveness 

Blood 

pressure 

Responders 

(n=67) 

Non-responders 

(n=33) 
Test value p-value 

SBP before PLR 

Mean±SD 90.76±9.38 93.24±7.94 
t=1.706 0.195 

Range 75-110 77-106 

DBP before PLR 

Mean±SD 51.70±8.96 54.33±9.09 
t=1.889 0.172 

Range 31-67 31-69 

MAP before PLR 

Mean±SD 64.55±8.38 67.12±8.17 
t=2.113 0.149 

Range 48-81 47-79 

SBP after PLR 

Mean±SD 97.04±9.57 93.24±7.85 
t=3.907 0.051 

Range 78-117 75-108 

DBP after PLR 

Mean±SD 57.75±9.46 55.12±9.85 
t=1.658 0.201 

Range 37-76 30-74 

MAP after PLR 

Mean±SD 70.91±8.81 67.85±8.55 
t=2.723 0.102 

Range 53-89 48-82 

SBP change with PLR 

Mean±SD 6.28±1.95 0.00±2.66 
z=65.673 <0.001 

Range 0 – 10 -9 – 5 

DBP change with PLR 

Mean±SD 6.04±1.47 0.79±1.93 
z=23.418 <0.001 

Range 4 – 9 -2 – 7 

MAP change with PLR 

Mean±SD 6.36±1.07 0.73±1.40 
z=71.565 <0.001 

Range 4 – 8 -2 – 4 
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     There was statistically significant 

positive correlation between SVV and 

blood pressure changes with PLR test 

(Difference between blood pressure before 

& after PLR test) (Table 4). 

 

Table (4): Correlation between patients SVV and blood pressure changes using 

Pearson Correlation Coefficient 

Parameters 
SVV 

r p-value 

SBP change with PLR 0.814 <0.001 

DBP change with PLR 0.876 <0.001 

MAP change with PLR 0.949 <0.001 
r-Pearson Correlation Coefficient 

 

Figure (1): Statistically significant positive correlation between SVV and SBP change 

with PLR test (Difference between SBP before & after PLR test). 

  
Figure (2): Statistically significant positive 

correlation between SVV and 

DBP change with PLR test 

(Difference between DBP 

before & after PLR test). 

Figure (3): Statistically significant positive 

correlation between SVV and 

MAP change with PLR test 

(Difference between SBP 

before & after PLR test). 
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     There was statistically significant 

positive correlation between caval index 

and blood pressure changes with PLR test 

(Difference between blood pressure before 

& after PLR test) (Table 5). 

 

Table (5): Correlation between patients caval index and blood pressure changes 

using Pearson Correlation Coefficient 

Parameters 
SVV 

r p-value 

SBP change with PLR 0.520 <0.001 

DBP change with PLR 0.538 <0.001 

MAP change with PLR 0.596 <0.001 
r-Pearson Correlation Coefficient 

 

  
Figure (4): Statistically significant positive 

correlation between Caval 

Index and SBP change with 

PLR test (Difference between 

SBP before & after PLR test) 

Figure (5): Statistically significant positive 

correlation between Caval 

Index and DBP change with 

PLR test (Difference between 

DBP before & after PLR test) 

 
Figure (6): Statistically significant Positive correlation between  

Caval Index and MAP change with PLR test (Difference between MAP 

before & after PLR test). 
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     The Caval Index in fluid responder 

group ranged from 0.97-2.11l (mean 

1.53±0.26). While the Caval Index in fluid 

non-responder group ranged from 1.78-

2.26 (mean 1.96±0.14), there was highly 

statistically significant higher mean value 

in fluid responder compared to non-

responder with (p-value <0.001 highly 

significant) (Table 6). 

 

Table (6): Comparison between fluid responders and non-responders according to 

their IVC parameters 

Fluid responsiveness 

 

IVC 

Responders 

(n=67) 

Non-responders 

(n=33) 
Test value p-value 

Dmax 

Mean±SD 1.53±0.26 1.96±0.14 
t=78.060 <0.001 

Range 0.97-2.11 1.78-2.26 

Dmin 

Mean±SD 1.17±0.18 1.67±0.08 
t=226.877 <0.001 

Rang 0.77-1.52 1.51-1.8 

Caval index 

Mean±SD 26.53±6.31 16.06±7.90 
z=37.410 <0.001 

Rang 19.2-36.7 7.8-31.1 

 

     There was statistically significant positive correlation between patients SVV and their 

Caval index (Table 7). 

 

Table (7): Correlation between patients SVV and IVC parameters using Pearson 

Correlation Coefficient 

IVC parameters 
SVV 

r p-value 

Dmax -0.752 <0.001 

Dmin -0.924 <0.001 

Caval index 0.616 <0.001 
r-Pearson Correlation Coefficient 

 

Figure (7): Statistically significant positive correlation between SVV and Caval 

Index 



 

 

MOHAMAD M. EL-GHONIMY et al., 

 

1916 

     The ECS (No. of B lines) in fluid 

responder group was ranged from 2-20 

(mean 11.51±3.92), while in the non-

responder group it was ranged from 25-58 

(mean 41.15±8.99), there was highly 

statistically significant lower mean value 

in fluid responder compared to non-

responder with (p-value <0.001 (Table 8). 

 

Table (8): Comparison between fluid responders and non-responders according to 

their EVLW 

Fluid responsiveness 

 

Lung US 

Responders 

(n=67) 

Non-responders 

(n=33) 
Test p-value 

N. of B lines 

Mean±SD 11.51±3.92 41.15±8.99 
z=24.125 <0.001 

Range 2-20 25-58 

 

     There was statistically significant 

correlation between SVV and echo comet 

score (number of B lines) for detection of 

EVLW (Table 9). 

 

Table (9): Correlation between patients SVV and EVLW using Pearson Correlation 

Coefficient 

EVLW 
SVV 

r p-value 

N. of B lines -0.990 <0.001 
r-Pearson Correlation Coefficient 

 

Figure (8):Statistically significant negative correlation between SVV and N. of B 

lines. 

     There was statistically significant 

correlation between caval index and echo 

comet score (number of B lines) for 

detection of EVLW (Table 10). 

 

Table (10): Correlation between patients Caval index and EVLW using Pearson 

Correlation Coefficient 

EVLW Caval index 

r p-value 

N. of B lines -0.627 <0.001 

Semiquantitive score -0.513 <0.001 
r-Pearson Correlation Coefficient 
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Figure (9): Statistically significant Negative correlation between Caval Index and N. 

of B lines. 

 

Prediction of fluid responsiveness using 

the Caval Index: 

     Receiver operator characteristics 

(ROC) curves were constructed for Caval 

Index indices for prediction of fluid 

responsiveness in different patient’s 

categories. In all patient categories it was 

significant predictor as denoted by the 

significantly large area under the curves 

(AUCs); with Caval Index in ventilated 

patients with muscle relaxant being the 

most significant predictor (Figure 10). 

 

 

Figure (10): Receiver-operating characteristic (ROC) curve for prediction of fluid 

responsiveness using the Caval Index 

 

 

 



 

 

MOHAMAD M. EL-GHONIMY et al., 

 

1918 

     There were different values of Caval 

index for prediction of fluid 

responsiveness depending on mode of 

ventilation and use of muscle relaxation as 

shown in (Table 11). 

 

Table (11): Caval index value for prediction of fluid responsiveness 

Patient category 

Ventilated patients 
Not 

ventilated 
All With muscle 

relaxant 

Without muscle 

relaxant 
All 

Cut-off value by 

Caval index 
≥16.4 ≥17.4 ≥17.4 ≥31.1 ≥20.2 

Sensitivity 95% 91% 93% 88% 73% 

Specificity 94% 92% 92% 87% 71% 

PPV 94.1% 91.9% 92.1% 87.1% 71.6% 

NPV 94.9% 91.1% 92.9% 87.9% 72.4% 

Accuracy 94.5% 91.5% 92.5% 87.5% 72.0% 

 

DISCUSSION 

     As to come to our knowledge, this was 

the first study to evaluate the effectiveness 

of IVC variability index for assessment of 

fluid responsiveness in correlation with 

lung US and SVV using PLR test. 

     Patients were classified into fluid 

responders and non-responders based on 

SVV. Responders are patients with SVV ≥ 

12% (Monnet et al., 2011, Brun et al., 

2013, Vos et al., 2015, Monnet et al., 

2016, Teboul et al., 2016 and Miller and 

Mandeville, 2016). 

     There were 67 (67%) patients with 

SVV ≥ 12% and hence they are fluid 

responders and 33 (33%) patients with 

SVV < 12 (fluid non-responder). Of the 

fluid responder group there were 43 

patients mechanically ventilated (40 

mechanically ventilated with muscle 

relaxant and 13 without muscle relaxant) 

and 24 spontaneously breathing patients; 

while in the non-responder group there 

were 24 patients mechanically ventilated 

(19 mechanically ventilated with muscle 

relaxant and 5 without muscle relaxant) 

and 9 spontaneously breathing patients. 

     There was strong positive correlation 

between SVV and Caval index in both 

responders and non-responders with 

highly significant p-value <0.001. Also, 

there was strong positive correlation 

between Caval index and EVLW in both 

responders and non-responders with 

highly significant p-value <0.001 and 

blood pressure changes with PLR test in 

both responders and non-responders with 

highly significant p-value <0.001 with 

highly significant p-value <0.001. 

     There were different values of Caval 

index for prediction of fluid 

responsiveness depending on mode of 

ventilation and use of muscle relaxation: 

     In mechanically ventilated patients 

with muscle relaxation: Caval index ≥ 

16.4% is the value for prediction of fluid 

responsiveness with 95% sensitivity, 94% 

specificity, 94.1 positive predictive values 

and 94.9 negative predictive values. Other 

studies showed that a distensibility index 

(Dmax - Dmin)/Dmin) of > 19.4% is the 

value for prediction of fluid 

responsiveness with 79.17% sensitivity 

and 80% specificity with an AUC of 0.886 

(Aboelnile et al., 2020). 
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     In a systematic review and meta-

analysis done by Long et al. (Long et al., 

2017), they found that pooled results of 

dIVC in mechanically ventilated patients 

had AUC of 0.79 with a sensitivity of 

67% and a specificity of 68%, which is 

not in line with our results. 

     In another recent systematic review 

and meta-analysis done by Huang et al. 

(Huang et al., 2018), dIVC has better 

performance in mechanically ventilated 

shocked patients with a pooled AUC of 

0.82 (95% CI 0.79–0.85) with a 

specificity of 80% and a sensitivity of 

69%. 

     Additional studies had less consistent 

results, showing discriminatory powers of 

AUC = 0.43 (95%CI 0.25 - 0.61) and 

AUC = 0.69 (95%CI 0.48 - 0.89), 

respectively (Charbonneau et al., 2014) 

(Theerawit et al., 2016). 

     One potential explanation of this 

discrepancy compared with previous 

studies is related to the fact that 

Charbonneau et al. found a higher 

percentage of patients receiving 

laparotomy 23% which might have 

conditioned the accuracy of the test 

casting doubts about its use among 

patients undergoing abdominal surgery 

(Charbonneau et al., 2014). In the case of 

Theerawit et al., (Theerawit et al., 2016) 

patients with severe sepsis were included, 

who might have increased intra-abdominal 

pressure in that context. Intra-abdominal 

pressure was not monitored and may have 

biased the results. 

     Many factors can affect dIVC 

measurements and cause this difference 

between studies as respiratory compliance 

(Lakhal et al., 2011), and factors affecting 

intra-abdominal pressure (Bendjelid & 

Romand, 2012) and (Santa-Teresa et al., 

2012). 

In mechanically ventilated patients 

without muscle relaxantion: Caval index 

≥ 17.4% is the value for prediction of 

fluid responsiveness with 91% sensitivity, 

92% specificity, 91.9 positive predictive 

values and 91.1 negative predictive value. 

In all ventilated patients: Caval index ≥ 

17.4% is the value for prediction of fluid 

responsiveness with 93% sensitivity, 92% 

specificity, 91.1 positive predictive value 

and 92.9 negative predictive value 

In spontaneously breathing patients: 

Caval index ≥ 31.1% is the value for 

prediction of fluid responsiveness with 

88% sensitivity, 87% specificity, 87.1 

positive predictive values and 87.9 

negative predictive value. 

     Other studies have shown that a 

collapsabolity index (Dmax - 

Dmin/Dmax) of > 40% among 40 non-

ventilated patients with hemorrhagic, 

hypovolemic or septic shock had a 

specificity of 80% and a sensitivity of 

70%, with an AUC of 0.77 (95%CI 0.60 - 

0.88); however, the test was not reliable 

concerning these patients because the 

lower limit of the 95%CI of the AUC was 

< 0.75. An IVC collapsibility index below 

40% does not allow us to exclude fluid 

responsiveness, and the probability of 

response increases when the index is 

above 40% (Muller et al., 2012). 

     Airapetian et a. (Airapetian et al., 

2015) found similar results among 59 non-

intubated, non-ventilated patients, in 

which a collapsibility index (Dmax - 

Dmin/Dmax) of > 42% had a specificity 

of 97% and a positive predictive value of 

90% but low sensitivity and negative 
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predictive values, with an AUC of 0.62 

(95%CI 0.49 - 0.74). 

     In all patients (mechanically ventilated 

and spontaneously breathing): Caval index 

≥ 20.2% is the value for prediction of 

fluid responsiveness with 73% sensitivity, 

71% specificity, 71.6 positive predictive 

value and 72.4 negative predictive value. 

     In a 2014 meta-analysis of eight 

studies including 235 patients, either non-

ventilated or under IMV, the combined 

sensitivity was 76% (95% CI = 61 - 86) 

and the specificity was 86% (95%CI 69 - 

95). The combined AUC was 0.84 

(95%CI 0.79 - 0.89). The discriminatory 

value of IVC variation ranged between 12 

and 40% across these studies. Of the 

patients under IMV, better sensitivity 

(81%; 95%CI 67 - 91) was found for 

similar specificity (87%; 95%CI 63 - 97) 

(Zhang et al., 2014). 

     In a 2017 systematic review and meta-

analysis (Long et al., 2017) of 17 studies 

including 533 patients with circulatory 

failure, the combined sensitivity and 

specificity values of the IVC variation 

index to predict fluid responsiveness were 

63% (95%CI 56 - 69) and 73% (95%CI 67 

- 78), respectively, with a combined AUC 

of 0.79 (standard error = 0.05). The 

subgroup of ventilated patients (combined 

sensitivity = 67% [95% CI = 58 - 75]; 

specificity = 68% [95%CI 60 - 76]) 

presented with better results than non-

ventilated patients (combined sensitivity = 

52% [95%CI 42 - 62]; specificity = 77% 

[95%CI 68 - 84]). 

CONCLUSION 

     Fluid therapy increases CO in only 

approximately two third of patients with 

acute circulatory failure. Ideally, patients 

with acute circulatory failure should be 

evaluated with regard to fluid 

responsiveness before its administration to 

avoid deleterious effects. In intensive care 

units, the use of IVC variation measured 

by TTE may play a role in this evaluation; 

however, it is necessary to guarantee the 

conditions under which the technique is 

validated and to consider its limitations, 

depending on the clinical context, for 

correct interpretation. 

     Our study concludes that Caval index 

is strongly correlated with lung US for 

assessment of EVLW and SVV and it can 

be used to predict fluid responsiveness, 

but with different values depending on 

mechanical ventilation status and use of 

muscle relaxation. 
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تقيييييا ة ايييم لاالمييييل لام يييال افقفيييس  ييي  لاايييى  ل    ييي   ايييل    ييي       :خلفيةةةة البحةةة 

 ييي للل ام اييي  لاال ريييا لال  يييا لافييينرخ راييي ا د  يييخ لاتمييي   اييي   لايييى    اييي  افاميييي  

 .بيخ لام اجيايخ اف  للل  غي  لام اجيايخ

ؤشييي  لا ييي  اف  ريييى تقيييييا ة ايييم لاالمييييل لام يييال افقفيييس ب  يييامىل    :الهةةةدن مةةةن البحةةة 

ل  ييي   لا يييتف   تقيييييا  يييى  ل تا تيييا  يييل لام  ييي   لاالييي تيا اف ليييم   ايييى    يييا   

ةجيييا اتايييم لاقفيييس لييي    اييي  لا   ريييم لال  يييم لاييينرخ راييي ا د  يييخ لامتييي   اييي   

 لاى  ل   ى  ل اج بااا  تلمفاا اف  للل

ز يييي  تييييا م ل باييييى   للقييييم لافجيييي د لاافميييييم  ل    يييييم اج  ايييي :المرضةةةةر واةةةةر  البحةةةة 

، ثيييا لاييينرخ راييي ا د  يييخ لامتييي   اييي   لايييى لا   ريييم لال  يييم    ايييي     ليييا  يييخ   اييي 

تييييا  مييييل لاايييي ا    يييين لاايييي  رض لام ايييي  لاى  ييييل افم ايييي   لاتليييي  لااييييىا  لاى  ييييل   

لاال ايييييل لامما رييييم  غيييي زل  لاييييى  لاصيييي ر ايا   تم ييييي   ييييى  لاقفييييس  لييييى لاييييى    

ا  يييي   لالي رييييم   لام  يييي   لااليييي تيا اف لييييا افال رييييم لام ويييي ا   لاما باييييم لا  تيليييييم اف

ااقييييييا وميييييم ت شييييا لامييييي   لا للييييى     ييييي    ؤشيييي  لا يييي  اف  رييييى ل  يييي   لا ييييتف    

 يييي    ايييى    يييا   ةجيييا اتايييم لاقفيييس لالييي  ا  يييخ ل ااييي    ليييل لا ييي   لا يييفا    تيييا 

لاا  ييي   لالي ريييم  ايييل  بايييى   ااييي    ليييل لا ييي   لا يييفا   تيييا تق ييييا لام اييي   ت يييجيل

س  اييي    ييياجيايخ اف ييي للل  غيييي    ييياجيايخ بلييي  ج  فييي   ايييى  ل يييا   ةجيييا اتايييم لاقفييي

ةييييي  لد لام يييياجيا د  ييييا لام ايييي  لايييينرخ اييييىراا  اييييى  ل ييييا   ةجييييا اتاييييم لاقفييييس 

  %١٢بل ام ≥ 

 اييييا  رمىييييخ   ييييامىل   ؤشيييي  لا يييي  لا  رييييى وصييييتا اايييي لد  يييين  لاى ل ييييم  :نتةةةةالب البحةةةة 

ل  ييي   لا يييتف  ااقيييييا ة ايييم لاالمييييل لام يييال افقفيييس بل   ييييم   ال  ييييم   اييييم لييي  
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لام اييييي  لام ايييييايخ لااا ريييييم لاميى ايىييييييم ب  يييييامىل     ييييي  لاااييييي    بل   ييييياا 

  ال  ييييم   يييل لييي  لام اييي  لاييينرخ رالت ييي د تفق ليييي ، ومييي   ايييا رييي تا    تا تييي   رج بيييي  

  ييييخ لام يييياجيايخ  غييييي   اييييى  ل ييييا   ةجييييا اتاييييم لاقفييييس ليييي  ويييي  يييي    ييييل 

،  ل تا تييي   يييفاا    رييي   يييل ومييييم لاا شيييا لا لييي   لييي  ويييل  يييخ لام ييياجيايخ لام ييياجيايخ

 . غي  لام اجيايخ

رمىيييخ ل يييامىل   ؤشييي  لا ييي  اف  رييييى ل  ييي   لا يييتف  ااقييييا ة ايييم لاالميييييل  :االسةةةتنتا 

ل  فيييي  ت رقييييم لااا رييييم  ل ييييامىل     يييي  لام ييييال افقفييييس  اىييييخ باقييييييا  مافتييييا   اميييي   

 .لااا   

 ؤشيييي  لا يييي  اف  رييييى ل  يييي   لا ييييتف ، لام  يييي   لااليييي تيا اف لييييم،  الكلمةةةةاد الدالةةةة :

  ، ل اا    لل لا    لا فا  اى    ا   ةجا اتام لاقفس 


