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Respiratory changes in inferior vena
cava diameter are helpful in predicting fluid
responsiveness in ventilated septic patients

Abstract Objective: To evaluate the
extent to which respiratory changes
in inferior vena cava (IVC) diameter
can be used to predict fluid respon-
siveness. Design: Prospective clinical
study. Setting: Hospital intensive care
unit. Patients: Twenty-three patients
with acute circulatory failure related
to sepsis and mechanically ventilated
because of an acute lung injury.
Measurements: Inferior vena cava
diameter (D) at end-expiration
(Dmin) and at end-inspiration
(Dmax) was measured by echocardi-
ography using a subcostal approach.
The distensibility index of the IVC
(dIVC) was calculated as the ratio of
Dmax — Dmin / Dmin, and expressed
as a percentage. The Doppler tech-
nique was applied in the pulmonary
artery trunk to determine cardiac
index (CI). Measurements were per-
formed at baseline and after a 7 ml/kg
volume expansion using a plasma

Introduction

expander. Patients were separated
into responders (increase in CI
>15%) and non-responders (increase
in CI <15%). Results: Using a
threshold dIVC of 18%, responders
and non-responders were discrimi-
nated with 90% sensitivity and 90%
specificity. A strong relation (r=0.9)
was observed between dIVC at
baseline and the CI increase follow-
ing blood volume expansion. Base-
line central venous pressure did not
accurately predict fluid responsive-
ness. Conclusion: Our study suggests
that respiratory change in IVC diam-
eter is an accurate predictor of fluid
responsiveness in septic patients.

Keywords Inferior vena cava -
Central venous pressure -
Echocardiography - Sepsis - Fluid
responsiveness - Mechanical
ventilation

Tools proposed hitherto have proven insufficiently

Circulatory failure in patients presenting septic shock is
often the result of hypovolemia, which must be corrected.
Volume expansion improves prognosis in this indication
[1], whereas inappropriate use of vasoconstrictors leads to
harmful tissue hypoperfusion [2]. However, volume
expansion may prove ineffective or even deleterious
through worsening of a pre-existing heart failure [3, 4] or
by degrading gas exchanges in a patient ventilated for
ARDS. It is therefore essential to have reliable tools to
predict the efficacy of volume expansion.

reliable, whether invasive like the measurement of central
venous pressure and pulmonary capillary wedge pressure,
or non-invasive like the echocardiographic measurement
of cavity size in diastole [5]. Only variation in pulse
pressure currently seems to be a good predictor of the
response to volume expansion [6].

Echocardiography is a non-invasive procedure which
enables full assessment of cardiac function. The inferior
vena cava (IVC) may be visualized by a subcostal
approach,. The IVC is a compliant blood vessel, easily
distended, especially in cases of hypovolemia [7]. The
aim of our study was to test the hypothesis that respiratory
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changes in IVC diameter in mechanically ventilated
patients could predict the efficacy of volume expansion.

Patients and methods
Patients

This prospective study was conducted over a 7-month period
(January—July 2003) in the medical-surgical intensive care unit of
the Poissy-Saint-Germain-en-Laye hospital center. Ventilated pa-
tients (>18 years of age) were included when they presented
circulatory failure related to severe sepsis. Circulatory failure was
defined by a systolic arterial pressure below 90 mmHg and/or
perfusion of vasopressor amines. Sepsis was defined according to
American Consensus Conference criteria [8].

Mechanical ventilation was performed in volume mode using a
Horus ventilator (Taema) or a Servo Ventilator 300 (Siemens). The
study needed perfect adaptation of the patient to the ventilator
before starting the respiration cycle. Ventilatory parameters were as
follows: tidal volume 8.5+1.5 ml/kg, breathing rate 15+2 breaths/
min, PEEP 442 cmH,0. The plateau pressure was kept below
30 cmH,0.

This study was approved by the Saint-Germain-en-Laye Hos-
pital Consultative Ethics Committee, without the need for a consent
form.

Methods
Pressure measurements

Heart rate (HR) and systemic arterial pressure were monitored
continuously using a radial or femoral artery catheter. Central
venous pressure (CVP) was measured with an internal jugular or
subclavian catheter, inserted beforehand in view of the patient’s
condition. CVP was measured at end-expiration. All patients were
monitored with a nail-bed oximeter.

In the last six patients included in the study, we also evaluated
respiratory changes in abdominal pressure by measuring intraves-
ical pressure, as previously reported [9]. Pressure values were thus
measured at end-expiration and end-inspiration.

Transthoracic echocardiographic measurements

Doppler echocardiography was performed using a Philips ATL HDI
3500 CV system equipped with a phased array transthoracic probe
(1.67-3.2 MHz). Synchronization of the measurements with the
different times of the ventilatory cycle was verified by insertion of
a pressure signal. Measurements were recorded on videotape for
later review by a second operator not aware of fluid responsiveness.

The IVC was examined subcostally in longitudinal section. Its
diameter was measured in M-mode coupled to two-dimensional
mode, just upstream of the origin of the suprahepatic vein.
Measurements were validated when the M-mode tracing was
exactly perpendicular to the IVC. The distensibility index of the
IVC (dIVC), which reflects the increase in its diameter on
inspiration, was calculated as (maximum diameter on inspiration —
minimum diameter on expiration) / minimum diameter on expira-
tion. Intra- and inter-observer variabilities in the measurement of
IVC diameter were 6.3+8 and 8.7+9%, respectively.

The cardiac index (CI) was calculated from the right ventricular
outflow tract, as previously proposed [10]. From an echocardio-
graphic subcostal view, the velocity-time integral (VTI) was
measured in pulsed Doppler mode at the pulmonary annulus and
averaged over the whole respiratory cycle. The velocity-time

integrals were validated when we visualized the opening and the
closing click of the pulmonary valve. The diameter of the
pulmonary annulus (D) was also measured. The CI was calculated
using the following formula:

Cl(L/min/mz) = (VTI x IT x D2/4 X HR) /body surface area

Study protocol

All clinical and echocardiographic measurements were performed
before (Ty) and again immediately after (T;) a 30-min volume
expansion (7 ml/kg) using 4% modified fluid gelatin.

Statistical analysis

For all patients, the non-parametric Wilcoxon test was used to
compare paired values at Ty and T,. The non-parametric Mann-
Whitney test was used to compare unpaired values. The patients
were separated into two groups depending on the change in CI after
volume expansion: responders, whose cardiac index increased 15%
or more, and non-responders, whose increase was less than 15%. A
receiver operating characteristic (ROC) curve was plotted to
determine the threshold value of dIVC which provided the
prediction of the response to volume expansion with the best
sensitivity and specificity, using MedCalc statistical software.

Results

Three of the 23 patients initially included in the study
were excluded because their poor response to echocardi-
ography rendered data analysis difficult. Two of them had
undergone laparotomy and the third was morbidly obese.
Echocardiography coupled to volume expansion was
straightforward in the other 20 patients (15 men and 5
women). The mean age of the patients was 63+15 years

Table 1 Main diagnoses of patients in the study

Pneumococcal lung infection

Inhalation lung injury

Septicemia associated with central venous catheter
Mediastinitis

Infected pancreatic necrosis

Cellulitis and multiple organ failure

Angiocholitis

Pyelonephritis

SN SN |

Table 2 Changes in mean values measured after volume expansion
To T r*
99+20 96+20 NS

Heart rate (bpm)

Systolic arterial Jpressure (mmHg) 117+34 125+30 0.002

CI (I/min per m~) 2.7x1.2 3.0x1.2 0.0004
CVP (mmHg) 10+4 12+4 0.0004
dIVC (%) 23424 9+1.0  0.0016

Ty before a 30-min volume expansion (7 ml/kg) using 4% modified
fluid gelatin, 7; immediately after a 30-min volume expansion
(7 ml/kg) using 4% modified fluid gelatin

* Wilcoxon test



1742

Table 3 Comparison of base-
line values in responders and

non-responders

Responders Non-responders p*
Heart rate (bpm) 10625 92+13 NS
Systolic arterial pressure (mmHg) 112+42 123+26 NS
CI (/min per m~) 2.4+1.1 3.0£1.2 NS
CVP (mmHg) 104 9+3 NS
Dose of vasopressors (ug/kg per min) 0.14+0.19 0.26+0.39 NS
dIVC (%) 40+24 8+8 0.0019

* Mann-Whitney test

Table 4 Hemodynamic changes after volume expansion (7;) in
responders (R) and non-responders (VR)

Group Ty T, p*
Heart rate (bpm) R 10625 102+23 NS
NR 92+13 91+18 NS
Systolic arterial pressure R 112+42 124+37 0.005
(mmHg) NR 123£26 12624 NS
CVP (mmHg) R 10+4 12+4 0.01
NR 9+3 12+3 0.01
dIVC (%) R 40+24 17+12 0.01
NR 8+8 2+3 0.02
CI (I/min per m?) R 2.4+1.1 3.0x1.2 0.005
NR 3.0+1.2 3.0£1.2 NS

* Wilcoxon test

and the SAPS II score was 60+21. Their diagnoses are
listed in Table 1. Six patients had ARDS, according to the
criteria of the North American-European Consensus. One
patient developed acute cor pulmonale at echocardiogra-
phy. Five patients were given epinephrine (mean dose
0.31+£0.2 pg/kg per min), seven norepinephrine (mean
dose 0.5+0.5 pg/kg per min), four dobutamine (mean dose
11+2.5 pg/kg per min) and two dopamine (mean dose
10+3.8 pg/kg per min).

Table 2 shows the hemodynamic data in the overall
population before and after volume expansion. Volume
expansion significantly increased the mean CI from
2.7#1.2 to 3+1.2 1/min per m? (p<0.05). However, ten
patients were responders and ten non-responders. As
shown in Table 3, only dIVC differed significantly
between the two groups (40+£24% for responders versus
8+8% for non-responders; p<0.05). An example of the
calculation of dIVC for each group is given in Fig. 1.
Table 4 lists the parameter changes after volume expan-
sion in the two groups.

A dIVC value above 18% allowed prediction of the
efficacy of volume expansion with 90% sensitivity and
90% specificity (Fig. 2). Figure 3 shows the change in CI
of each patient as a function of this threshold value. There
was a good correlation (r=0.9) between the IVC disten-
sibility index at Ty and CI increase after volume expan-
sion (Fig. 4). No significant difference was observed in
doses of vasopressors between patients with dIVC greater
or less than 18% (p=0.44). CVP was correlated neither
with CI change (r=0.17, p=0.45) nor with dIVC (=04,
p=0.07) and did not allow prediction of the response to
volume expansion (Fig. 2).

No difference between responders and non-responders
was found regarding end-expiration and end-inspiration
airway pressures, respiratory system compliance or
change in pleural pressure related to tidal ventilation
(Table 5). The mean change in abdominal pressure
between the two phases of the ventilatory cycle, evaluated
in six patients (three responders and three non-respon-
ders), was 1.35+0.1 cmH,O when the mean abdominal
pressure was 14.6+£2.3 cmH,0 at end-expiration.

Discussion

Echocardiography has a history of reliable assessment of
cardiac function in intensive care patients, notably in
septic shock where the causes of circulatory failure are
multiple and often overlap: hypovolemia, heart failure,
vasoplegia. Echocardiography can be completed by the
study of respiratory variations in the IVC. In our
population of mechanically ventilated patients with septic
shock we have shown that the IVC distensibility index
was a good predictor of response to volume expansion.

Table 5 Comparison of venti-

: 1
Jation pressures and thoracic Total population  Responders Non-responders  p
compliance in responders and Plateau pressure (cmH,0) 18+4 1743 20+3 NS
non-responders PEEP (cmH,0) 4+2 442 443 NS
Inspiratory increase in pleural pressure  5.3x1.4 4.8+1.2 5.8+1.4 NS
(cm H,0)?
Respiratory system compliance 44+12 48«11 40+11 NS
(ml/cmH,0)

! Mann-Whitney test comparing responders and non-responders
2 According to the formula published by Jardin et al. [24]
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Fig. 1 Measurement of inferior vena cava distensibility index (dIVC) in patients non-responding (panel A) and responding (panel B) to

blood volume expansion. E end-expiration, / end-inspiration

The poor predictive value of the CVP confirms previous
findings [11, 12].

The IVC is a compliant blood vessel subject to
abdominal pressure and acts as a reservoir [13]. Its caliber
is altered by respiration [13], blood volume [14] and right
heart function [15]. Takata et al. have reported abdominal
vascular zone conditions that could explain the respiratory
changes in IVC diameter [16]. In this study, the authors
suggested that IVC diameter depended on the relation
between the level of extra-mural IVC pressure, i.e. the

abdominal pressure, and the level of the backward
pressure, i.e. the right atrial pressure [16]. Moreover, this
has been demonstrated by echocardiography in sponta-
neously breathing patients with severe acute asthma, in
whom Jardin et al. observed inspiratory collapse of the
IVC [17], mainly explained by a marked decrease in
pleural pressure and then in right atrial pressure, associ-
ated with an increase in intra-abdominal pressure [17]. In
addition, Kircher et al. showed that the observed inspi-
ratory decrease in IVC diameter, expressed by the caval
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Fig. 2 Receiver operating char-

> . . 100
acteristic curve analysis of in- s
ferior vena cava distensibility
index (dIVC) and central ve-
nous pressure (CVP) in predic- 80
tion of fluid responsiveness. -
The areas under the curve -
(= SEM) were 0.91+0.07 and S
0.57+0.13, respectively, < 60 [
p=0.008. Threshold values of S i — 4Ive
dIVC and CVP are given with = -=- CVP
their respective sensibility, 2 [
specificity, positive and nega- (‘}’) 40 | 1
tive likelihood ratios (+LR, | 1
-LR). Sensitivity and specificity I I .
of CVP are presented as the 20 H }
predictive value of a CVP lower I Py
than the threshold, whereas 1
sensitivity and specificity of 5 1
dIVC are presented as the pre- 0 . P
dictive value of a dIVC higher
than the threshold value 0 20 40 60 80 100
100-Specificity (%)
dIVC (%) Sensitivity (%)  Specificity (%) +LR -LR
3 100 50 4.50 0.12
12 90 80 4.50 0.12
18 90 920 9.0 0.11
28 50 90 5.0 0.56
CVP (mmHg)
3 0 90 0 1.11
5 0 80 0 1.25
7 40 80 2.0 0.75
12 90 30 1.29 0.33
Fig. 3 Individual changes in CI (L/min/m?) CI (L/min/m?)
cardiac index (CI) produced by
volume expansion (77). Patients ~ 6000F - 6000F
were divided into two groups: 5500F / 5500F
inferior vena cava distensibility E g
index >18% (left panel) and izzz ~ i:gg
<18% (right panel). TO baseline 3 E
4000F 4000f —
3500% ;V//: 3500% —
30005 —— 30005 3’/,/4;
2500 - —— 2500 - 2
2000F — 2000F A—
1500F / 1500F
o E I—————
1000 1000
To T1 To T1
dIVC >218% dIVC <18%
index (expiratory diameter — inspiratory diameter / tion, the increase in pleural pressure leads to a rise in

expiratory diameter), was well correlated with right atrial
pressure in spontaneous ventilation [18].

But this index is no longer valid in patients undergoing
positive pressure ventilation [19, 20] since, in contrast to
spontaneous ventilation, IVC diameter is maximal at
inspiration and minimal on expiration [21]. On inspira-

intravascular pressure of the right atrium and of the IVC.
At the same time, the rise in abdominal pressure is less,
since only 20% of the airway pressure is transmitted to
the abdomen [22, 23]. This results in a rise in transmural
pressure of the IVC. Applying a formula published by
Jardin et al. [24], we calculated that the mean change in
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Fig. 4 Relation between inferior vena cava distensibility index at
baseline (70 dIVC, x-axis) and changes in cardiac index after blood
volume expansion, expressed as a percentage

pleural pressure on inspiration was 5.3x1.4 cmH,0,
whereas the change in intra-abdominal pressure was only
1.35+£0.1 cmH;O0 in the six patients studied. Thus, the IVC
dilates as transmural pressure rises, and dilation will be
even greater if the IVC is easily distended because of a
high compliance, as in hypovolemia [7].

As we have seen, changes in IVC diameter depend on
the ventilation parameters. For a given plasma volume in
a given patient, the increase in tidal volume and the
application of PEEP can alter IVC diameter. This is,
moreover, the principal usefulness of the recently studied
dynamic indexes in predicting the response to volume
expansion [6, 25, 26]: they take into account the “ther-
apeutic” ventilation of patients and allow plasma volume
to be adapted to the level of pressure. However, we did

not observe significant differences between responders
and non-responders in PEEP, plateau pressure or respi-
ratory system compliance.

The study of respiratory variations in IVC diameter is
limited in various ways in evaluating the efficacy of
volume expansion. Certain patients (three (13%) in our
study) respond poorly to echocardiography. Such patients
are often obese or have undergone laparotomy and
subcostal echocardiography is impossible. We also noted
that changes in IVC diameter depended, among other
parameters, on intra-abdominal pressure. In this way, we
can hypothesize that the accurate value of changes in IVC
diameter in predicting fluid responsiveness would not be
demonstrated in patients with higher intra-abdominal
pressures. This represents a significant limitation of
routine use of the distensibility index of IVC. In our
study, the intra-abdominal pressures, when measured,
proved only slightly increased. Unfortunately, this was
only measured in six patients, precluding any conclusion
regarding the impact of intra-abdominal pressure on IVC
diameter value. Lastly, the distensibility index of the IVC
depends on IVC compliance. Plasma volume is not the
only factor that could explain changes in IVC compliance.
It is probable that the infusion of vasoconstrictors (14
patients in our study) can alter respiratory variation in
IVC, as well as severe pulmonary hypertension.

In conclusion, evaluation of IVC distensibility by
echocardiography can be of value in the management of
ventilated intensive care patients. In circulatory failure
during severe sepsis, a distensibility index above 18% is a
good argument in favor of volume expansion. However,
the impact of intra-abdominal pressure remains to be
evaluated, especially in patients admitted to a surgical
intensive care unit.
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