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Abstract 

Purpose: We sought to determine the diagnostic ability of the end‑expiratory inferior vena cava diameter  (IVCEE) to 
predict fluid responsiveness (FR) and the potential confounding effect of intra‑abdominal pressure (IAP).

Methods: In this multicenter study, 540 consecutive ventilated patients with shock of various origins underwent an 
echocardiographic assessment by experts. The  IVCEE, velocity time integral (VTI) of the left ventricular outflow tract 
(LVOT) and intra‑abdominal pressure (IAP) were measured. Passive leg raising (PLR) was then systematically used to 
perform a reversible central blood volume expansion. FR was defined by an increase in LVOT VTI ≥ 10% after 1 min of 
PLR.

Results: Since  IVCEE was not obtained in 117 patients (22%), 423 were studied (septic shock: 56%), 129 of them (30%) 
having elevated IAP (≥ 12 mmHg) and 172 of them (41%) exhibiting FR.  IVCEE ≤ 13 mm predicted FR with a specificity 
of at least 80% in 62 patients (15%), while  IVCEE ≥ 25 mm predicted the absence of FR with a specificity of at least 80% 
in 61 patients (14%). In the remaining 300 patients (71%), the intermediate value of  IVCEE did not allow predicting FR. 
An adjusted relationship between  IVCEE and FR was observed while this relationship was less pronounced in patients 
with IAP ≥ 12 mmHg.

Conclusions: Measurement of  IVCEE in ventilated patients is moderately feasible and poorly predicts FR, with IAP act‑
ing as a confounding factor.  IVCEE might add some value to guide fluid therapy but should not be used alone for fluid 
prediction purposes.
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Introduction
Optimization of venous return to adjust oxygen delivery 
to metabolic needs is crucial in patients with acute cir-
culatory failure, since excessive fluid loading may lead 
to interstitial edema and positive fluid balance has been 

shown to be detrimental [1]. Critical care echocardi-
ography (CCE) is currently recommended as one of the 
first-line modalities to assess patients sustaining acute 
circulatory failure [2]. Various echocardiographic indi-
ces based on heart-lung interactions—such as respiratory 
variations of the inferior vena cava diameter (ΔIVC)—
have been proposed to predict fluid responsiveness (FR) 
in ventilated patients, with suboptimal accuracy for the 
latter [3]. However, these parameters require a quali-
fied operator with an advanced level of CCE experience 
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[4], and their use is limited by numerous requirements, 
including the level of tidal volume [5] and the need to 
have a patient perfectly adapted to the ventilator [6]. In 
addition, the value of ΔIVC to predict FR has been sug-
gested to be hampered by increased intra-abdominal 
pressure (IAP) [7].

Right atrial pressure (RAP) is a static parameter that is 
inaccurate in predicting FR [8]. Nevertheless, the correla-
tion between the IVC diameter and RAP has been shown 
to be weak and inconsistent in mechanically ventilated 
patients [9], and we previously reported a large variabil-
ity of RAP for a given IVC diameter [10]. A large overlap 
between the measured and estimated RAP based on IVC 
diameter measurement has also been reported in spon-
taneously breathing patients [11]. RAP measurement is 
highly influenced by the transmitted pressure (i.e., the 
pleural or pericardial pressure), and its measurement is 
altered by numerous technical factors [12]. In contrast, 
the end-expiratory IVC diameter  (IVCEE) better reflects 
the transmural RAP and hence cardiac preload. In addi-
tion,  IVCEE is expected to be easier and faster for meas-
urements than ΔIVC by the front-line intensivist with 
competence in basic CCE in most critically ill patients 
[13]. It has recently been emphasized that  IVCEE should 
be evaluated as a static index of FR in a large cohort of 
patients with acute circulatory failure [6]. Moreover, in 
the context of an increasing incidence of intra-abdominal 
hypertension in ICU patients [14], the potential influence 
of IAP on its diagnostic capacity should be addressed.

Accordingly, we sought to determine the diagnostic 
ability of  IVCEE to predict FR in a multicenter cohort of 
ventilated patients with acute circulatory failure of vari-
ous origins and to assess the potential confounding effect 
of IAP on its diagnostic accuracy.

Materials and methods
Patients
This multicenter descriptive study was prospectively con-
ducted during a 2-year period in five intensive care units 
with expertise in CCE to initially assess the respective 
diagnostic value of echocardiographic dynamic param-
eters, including ΔIVC, for predicting FR [3]. We subse-
quently evaluated the clinical value of using  IVCEE as a 
static parameter to identify patients with FR. All proto-
col aspects were approved by the local Ethics Commit-
tee, which waived the need for informed consent (no. 
85-2012-09). Ventilated patients under sedation who 
required CCE assessment for an acute circulatory fail-
ure of any origin were eligible. Acute circulatory failure 
was defined as recommended [2]: sustained hypotension 
(systolic blood pressure < 90 mmHg or mean blood pres-
sure  <  65  mmHg) and/or the presence of clinical signs 
of hypoperfusion, metabolic acidosis (pH  <  7.35 and 

base excess < − 5 mmol/l), elevated lactate (> 2 mmol/l) 
or decreased central venous oxygen saturation 
 (ScvO2 < 70%). Hypotension may not have been present 
if previously corrected by ongoing vasopressor infusion. 
Exclusion criteria were: age < 18 years, pregnancy, ampu-
tation or severe lower limb ischemia and contraindication 
to the passive leg raising (PLR) maneuver (e.g., elevated 
intracranial pressure, tamponade, acute aortic dissec-
tion). Conventional hemodynamic parameters including 
RAP, respiratory parameters, bladder pressure used as a 
surrogate for IAP and ongoing therapy were recorded at 
the time of CCE assessment. Bladder pressure was meas-
ured as recommended at end-expiration through the 
patient’s indwelling bladder catheter after injecting 20 ml 
of normal saline, with the transducer zeroed on the mid-
axillary line at the level of the iliac crest [15].

Critical care echocardiography
Patients were hemodynamically assessed within the 
first 24  h of admission in the semi-recumbent position 
by experienced intensivists trained in advanced CCE 
[4]. All echocardiographic measurements were per-
formed in triplicate and averaged.  IVCEE was measured 
in the subcostal longitudinal view of the vessel, using 
the inner edge technique, strictly perpendicular to IVC 
walls, approximately 2  cm from its junction with the 
right atrium and usually upstream of the take-off of the 
supra-hepatic vein [16]. Particular attention was directed 
to obtaining the largest vessel size at end-expiration with 
IVC walls strictly parallel to take into account a potential 
respiratory motion [17]. In addition, the left ventricular 
(LV) outflow tract velocity-time integral and diameter 
were measured to calculate LV stroke volume [18]. In 
our hands, the intraclass correlation coefficients used to 
assess intra- and interobserver reproducibility of meas-
urements of  IVCEE and LV stroke volume are 0.97 [95% 
confidence interval (CI) 0.96–0.99], 0.94 (95% CI 0.90–
0.97), 0.98 (95% CI 0.97–0.99) and 0.93 (95% CI 0.89–
0.96), respectively [3].

Systematic fluid loading was not performed because 
it could have been considered  potentially harmful and 
unethical in our unselected consecutive patients sus-
taining any type of circulatory failure. Alternatively, 
PLR was systematically performed using a previously 
described technique allowing 90° tilting of the trunk [19]. 
This maneuver has been shown to mimic a blood vol-
ume expansion, with the advantage of being fully revers-
ible, and to accurately identify FR in critically ill patients 
[20–22]. In practice, PLR was performed by elevating 
the patient’s legs and simultaneously transferring the 
trunk from a semi-recumbent to supine position [19]. At 
the end of the first minute of PLR corresponding to the 
maximal increase of venous return, the LV outflow tract 
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velocity-time integral was measured and compared to the 
baseline value. FR was defined by an increase of the LV 
outflow tract velocity-time integral by at least 10% during 
PLR [23].

Statistical analysis
As continuous variables did not meet the normality dis-
tribution criteria (assessed by the Shapiro-Wilk and the 
Shapiro-Francia normality tests), descriptive statistics 
were provided as median and interquartile range for 
continuous variables and as numbers and percentages 
for categorical variables. To select factors associated 
with FR, we performed a multivariate logistic regression 
using FR as the dependent binary variable and  IVCEE, 
age, gender, body surface area, septic shock, acute res-
piratory distress syndrome (ARDS), positive end-expir-
atory pressure level (as a binary variable: <  or ≥  8  cm 
 H2O) and IAP. The latter was evaluated as a binary vari-
able (IAP  <  or ≥  12  mmHg) and a continuous variable. 
The interaction between IAP and  IVCEE was specifically 
evaluated. The other relevant interactions were studied 
by including a cross-produced interaction term in the 
model. Adjusted probability of fluid responsiveness was 
then calculated from the model. The model’s goodness 
of fit was checked using the Hosmer-Lemeshow test. For 
regression purposes, age, body surface area and  IVCEE 
were centered on the minimal value (18  years, 1.24  m2 
and 4  mm, respectively) observed in the data set. We a 
priori defined three targeted specificities for FR and for 
fluid unresponsiveness (95, 90 and 80%). We then calcu-
lated the respective sensitivity and determined the cor-
responding threshold values of  IVCEE. Receiver-operating 
characteristic (ROC) curves were then plotted. p < 0.05 
was considered significant except for interaction terms 
where we considered  p  <  0.1 nominally significant. All 
analyses were performed using Stata SE 14.1 (Stata Corp, 
College Station, TX).

Results
Among the 540 patients initially described [3],  IVCEE 
was not obtained in 117 patients (22%) because of a poor 
subcostal view, and finally 423 patients were analyzed 
[median age: 65  years (IQR 56–76); 281 males; median 
SOFA score: 10 (8–12)], 172 of them being fluid respond-
ers (41%). One hundred twenty-nine patients (30%) had 
an IAP ≥ 12 mmHg. Acute circulatory failure was related 
to sepsis in 237 patients (56%) and ICU mortality reached 
41% (Table  1). Differences between patients included in 
the study and the 117 excluded patients from the statisti-
cal analysis are reported in the eTable 1.

Correlation between  IVCEE and RAP was significant, 
although weak, in the overall population and in the 
group of patients with an IAP < 12 mmHg, but not in the 

group of patients with an IAP ≥  12  mmHg (eFigure  1). 
Median  IVCEE was 19 (15–23) mm, significantly smaller 
in responders to fluid loading than in non-responders 
(18 [13–20] vs. 20 [18–23] mm: p =  0.000018) (Fig.  1). 
Distribution of individual  IVCEE values is also reported 
in Fig.  1: 300 patients (71%) had an  IVCEE diameter 
either > 13 mm or < 25 mm; 37% were fluid responders 
and 63% non-responders. To predict FR with a speci-
ficity of at least 95, 90 and 80%, the  IVCEE threshold 
values were ≤  8  mm (n =  16), ≤  10  mm (n =  31) and 
≤  13  mm (n =  62), respectively. Conversely, to predict 
the absence of FR with a specificity of at least 95, 90 and 
80%,  IVCEE threshold values were ≥  28  mm (n  =  17), 
≥ 27 mm (n = 28) and 25 mm (n = 61 patients), respec-
tively (Table 2 and Fig. 2). As reported in the eFigure 2, 
the area under the ROC curve was not different for  IVCEE 
and RAP in the overall population (0.620 and 0.573, 
respectively; p =  0.19), while the difference was signifi-
cant in the subgroup of patients with an IAP < 12 mmHg 
(0.662 and 0.551, respectively; p = 0.018). No statistically 
significant difference in the  IVCEE area under the ROC 

Table 1 Baseline characteristics of the study population

Continuous variables are presented as median [interquartile range] and 
categorical variables as numbers (%)

ICU intensive care unit, SOFA sequential organ failure assessment, PEEP positive 
end-expiratory pressure

Variable All patients (n = 423)

Age, years 65 [56–76]

Males, n (%) 281 (66)

Reason for ICU admission, n (%)

 Coma 28 (6.6)

 Acute respiratory failure 121 (28.6)

 Circulatory failure 187 (44.2)

 Elective surgery 15 (3.5)

 Acute kidney injury 5 (1.3)

 Miscellaneous 67 (15.8)

SOFA score 10.0 [8.0–12.0]

Type of shock, n (%)

 Septic shock 237 (56.0)

 Hemorrhagic shock 11 (2.6)

 Hypovolemic shock 36 (8.5)

 Cardiogenic shock 88 (20.8)

 Pulmonary embolism 9 (2.1)

 Anaphylactic shock 3 (0.7)

 Other cause of shock 39 (9.2)

Intra‑abdominal pressure, mmHg 10 [7–13]

Central venous pressure,  cmH2O 9 [7–13]

PEEP,  cmH2O 5 [3–7]

Inferior vena cava diameter, mm 19.0 [15.0–23.0]

ICU mortality, n (%) 172 (40.7)
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Fig. 1 Distribution of the end‑expiratory inferior vena cava diameter measured in fluid responders and in non‑responders. a Distribution in the 
overall population according to the different threshold values (dotted lines), as reported in the results. b Distribution according to the response to 
fluids (responders, green line; non‑responders, blue line)

Table 2 Threshold values of end-expiratory inferior vena cava diameter to predict fluid responsiveness with different tar-
geted specificities and corresponding sensitivities

Targeted specific-
ity (%)

Corresponding 
sensitivity (%)

Positive predictive 
value (%)

Negative predictive 
value (%)

IVCEE 
threshold 
(mm)

Fluid responders 
(n)

Fluid non-
responders (n)

Prediction of fluid responsiveness

 ≥ 80 24.4 67.7 64 ≤ 13 Yes 42 20

No 130 231

 ≥ 90 11.6 64.5 61.2 ≤ 10 Yes 20 11

No 152 240

 ≥ 95 5.8 62.5 60.2 ≤ 8 Yes 10 6

No 162 245

Prediction of absence of fluid responsiveness

 ≥ 80 16.7 68.9 42.3 ≥ 25 Yes 19 42

No 153 209

 ≥ 90 7.2 64.3 41 ≥ 27 Yes 10 18

No 162 233

 ≥ 95 4.8 70.6 41.1 ≥ 28 Yes 5 12

No 167 239
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curve was observed between patients with and without 
elevated IAP (p = 0.1178).

In multivariable analysis,  IVCEE was independently 
associated with FR, and we observed a significant inter-
action between  IVCEE and IAP (p for interaction = 0.069) 
(eTable  2). An adjusted relationship between  IVCEE and 
FR in the subgroup of patients with an IAP < 12 mmHg 
was observed, while this relationship was less pro-
nounced in patients with IAP ≥ 12 mmHg (Fig. 3).

Discussion
In ventilated patients assessed using CCE for an acute 
circulatory failure of any origin, the present study shows 
that: (1) the feasibility of measuring IVC is moderate 
since  IVCEE could not be measured by experts in CCE 
in 22% of the cohort; (2)  IVCEE was independently asso-
ciated with FR, while its diagnostic value to predict FR 
remains globally low; (3)  IVCEE predicted FR and fluid 
unresponsiveness in approximately 23% of patients 
(123/540) with a specificity of at least 80% based on two 
distinct threshold values, 13 (62 patients) and 25  mm 
(61 patients), respectively, while FR remained undeter-
mined in 77% of the cases; (4) the relationship between 
FR and  IVCEE was looser in the presence of elevated IAP 
(≥ 12 mmHg), a situation encountered in 30% of patients.

IVCEE was measured approximately 2  cm from the 
junction with the right atrium in the IVC long axis, as 
widely advocated [24], usually caudal to the hepatic vein 
inlet for the best accuracy [25]. However, the feasibility 
of such measurement reached only 78% in our cohort, 
a lower proportion than that reported in outpatients 
with only a 12% failure rate [26], presumably because of 
positive-pressure ventilation and the high prevalence of 

elevated IAP. Although previous studies have reported 
that two-dimensional measurement of  IVCEE is accurate 
when performed by recently trained operators with a 
basic CCE level [27, 28], with a good interrater reliabil-
ity [29], one may anticipate that the feasibility of  IVCEE 
measurement could be even lower in less experienced 
hands.

Most studies assessing the ability of IVC ultrasound to 
predict FR used ΔIVC rather than  IVCEE [6, 30]. ΔIVC, 
which is based on respirophasic variation of IVC, requires 
the use of M-mode tracing and an advanced level in CCE 
to be accurately measured [6, 13]. In ventilated patients 
it also probably requires that tidal volume exceeds 7 ml/
kg [5] and that the patient is perfectly adapted to the ven-
tilator [31]. Some authors also suggested that its accu-
racy could be altered in patients with elevated IAP [7]. In 
contrast, the subcostal view centered on the IVC is easily 
obtained [27, 28], and accuracy of  IVCEE to predict FR is 
expected to be less dependent on respiratory settings.

In the present study, the overall diagnostic value of 
 IVCEE for predicting FR was poor, as shown by the 
low area under the ROC curves. Nevertheless, mark-
edly low or high  IVCEE values may help the front-line 
intensivist guiding fluid therapy in certain patients. 
 IVCEE  ≤  13 and  ≤  10  mm identified FR with a speci-
ficity of at least 80 and 90%, respectively. Similarly, all 
patients with  IVCEE < 10 mm responded to a fluid load-
ing in a previously published single-center study of 39 
ventilated patients with septic shock [32]. Conversely, 
in our patients  IVCEE ≥ 25 and ≥ 27 mm indicated the 
absence of FR with a specificity of at least 80 and 90%, 

Fig. 2 Specificity of end‑expiratory inferior vena cava diameter to 
predict fluid responsiveness (black circles) and the absence of fluid 
responsiveness (gray circles). Pre‑determined thresholds of interest 
(targeted specificity of 80, 90 and 95% for both outcomes) are plotted

Fig. 3 Adjusted probability (and its 95% confidence intervals) of 
fluid responsiveness according to end‑expiratory inferior vena cava 
diameter and intra‑abdominal pressure. Probability was calculated 
using a multivariable logistic regression including an interaction 
term between inferior vena cava end‑expiratory diameter and intra‑
abdominal pressure
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respectively. These results are consistent with those of 
the same previous study reporting that all patients with 
 IVCEE  >  24  mm failed to respond to fluid loading [32]. 
Due to the large overlap of individual values of  IVCEE, we 
purposely targeted high specificity to establish threshold 
values that could be used in the setting of a basic CCE 
assessment [13]. Although the proportion of patients 
exhibiting markedly low or high values of  IVCEE is rela-
tively small in the present cohort, using a specific and 
easy-to-obtain static index to guide the fluid require-
ment appears clinically relevant, especially during the 
basic CCE assessment of patients without advanced 
hemodynamic monitoring. If a reasonable specificity of 
80% is considered clinically relevant by the physician to 
predict or eliminate FR, applying two distinct threshold 
values of 13  mm and 25  mm might allow discriminat-
ing 123 patients (22.7% of the 540 patients), 62 with a 
value ≤ 13 mm and 61 with a value ≥ 25 mm, while 71% 
of the 423 analyzed patients exhibited a value of  IVCEE 
within an indeterminate range. A pragmatic approach 
that remains to be validated would be to administer fluids 
in patients with sustained acute circulatory failure and 
low risk of lung water overload when presenting with an 
indeterminate value of  IVCEE, but to use highly specific 
threshold values of  IVCEE to ascertain the benefit of fluid 
loading in patients at high risk of volume overload (e.g., 
ARDS), even though positive predictive values of such 
threshold values are not good.

One may consider that  IVCEE has no additional value 
since it behaves as a static parameter and is related to 
RAP, which has widely been shown as inaccurate to pre-
dict FR [8]. Nevertheless, RAP suffers from numerous 
technical factors that limit its accuracy [12], whereas 
 IVCEE measurement is straightforward and reproduc-
ible [3]. Moreover, RAP is very sensitive to any airway 
pressure transmission. Accordingly, it fails to accurately 
reflect right atrial transmural pressure, hence right ven-
tricular preload. This may explain the weak correlation 
between RAP and  IVCEE reported in many studies [9–11] 
and confirmed in the present cohort. Interestingly, the 
area under the ROC curve of  IVCEE for predicting FR 
was significantly higher than that of RAP in the subgroup 
of patients with an IAP < 12 mmHg, which was not the 
case in patients with elevated IAP. As far as we know, 
our study first assessed the relationship between IAP and 
 IVCEE in a large cohort of ventilated patients with acute 
circulatory failure of all causes. While  IVCEE was inde-
pendently associated with FR, a significant interaction 
with IAP was evidenced by a looser relationship in the 
presence of elevated IAP values (≥ 12 mmHg). Accord-
ingly, elevated IAP appears to be a confounding factor 
and  IVCEE should be used with caution to predict FR in 
patients with suspected or documented intra-abdominal 

hypertension. In our study, 30% of the patients had an 
elevated IAP, a similar proportion as that reported by 
Malbrain et  al. (27.7%) in a large cohort of unselected 
critically ill patients [14]. Interestingly, the weak yet sig-
nificant correlation between  IVCEE and RAP observed in 
the overall study population was no longer present in the 
subgroup of patients with elevated IAP.

The present study has several limitations. First, PLR 
was performed to identify FR rather than systematic fluid 
loading because of the various origins of acute circula-
tory failure encountered in our cohort (e.g., cardiogenic 
shock, ARDS). However, in two recent meta-analyses, 
PLR had an area under the curve of 0.96 and 0.95, respec-
tively, to predict FR in shocked patients and is well 
known to transiently mimic a blood volume expansion 
[20, 21]. Moreover, only 39 of our patients exhibited an 
IAP  >  16  mmHg, a level known to reduce the effect of 
PLR on volume expansion [33]. Second,  IVCEE was meas-
ured in ventilated patients who were sedated and per-
fectly adapted to the ventilator. Accordingly, our results 
cannot necessarily be extrapolated to the patient with 
spontaneous respiratory effort. This will require further 
study. Nevertheless,  IVCEE measured in the long axis 
view of the vessel is neither influenced by respirophasic 
variation of the diameter of the vessel [5] nor by respira-
tory displacement of the vessel [17]. This offers an advan-
tage compared to the measurement of ΔIVC. Third, we 
made the choice to study specificity instead of positive 
predictive value as the latter is dependent on the preva-
lence of fluid responsiveness in the study population and 
may not be therefore replicable in another ICU popula-
tion with a different prevalence. However, we acknowl-
edge that the positive predictive values were not good, 
even using low or high threshold values with high speci-
ficity. Finally,  IVCEE was measured by an expert in CCE. 
Consequently, our results cannot be extrapolated to other 
clinical settings with less experienced operators.

In summary, even in expert hands, the measurement of 
 IVCEE is moderately feasible in ventilated patients with 
acute circulatory failure of various origins and poorly 
predicts FR because of a broad range of uncertainty. 
Nevertheless,  IVCEE might add some value to guide fluid 
therapy, but should not be used alone for fluid predic-
tion purposes. This static parameter should be used with 
caution in patients with suspected or documented intra-
abdominal hypertension because of the confounding 
effects of elevated IAP.
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