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Abstract

Background: Sepsis is one of the leading causes of death in ICU patients. Fluid resuscitation is the main target in
septic patients. Proper fluid administration is needed in septic patients to overcome generalized vasodilatation and
capillary leak, this capillary leak itself may cause tissue edema and worsen septic patients. On the other hand,
vasopressors may improve tissue perfusion or worsen tissue hypoxia. Therefore, predictors for fluid responsiveness
are urgently needed. However, many studies have found static indicators useless. That is why dynamic predictors
for fluid responsiveness are attracting growing interest to optimize patients.

Our goal is to assess the predictive power of internal jugular vein distensibility index and inferior vena cava
collapsibility index for fluid responsiveness in spontaneously breathing septic patients.

Forty adult septic patients were enrolled from a single university teaching hospital's ICU. We measured the Internal
jugular distensibility index (IJV-DI) and Inferior vena cava collapsibility index (IVC-Cl) in spontaneously breathing
septic patients. Patients were considered responders if they had a change in cardiac index (2 15%) after fluid
resuscitation with 7 ml/kg crystalloid. The main outcome measure is predictive power of Internal jugular vein
distensibility index and Inferior vena cava collapsibility index.

Results: Data from 40 spontaneously breathing septic patients were analyzed. Sixty percent of the patients were
fluid responder. The areas under curve of receiver operating characteristic for Internal jugular vein distensibility
index and Inferior vena cava collapsibility index to predict fluid responsiveness were 0.96 and 0.97, respectively. 1JV-
DI (> 17.56%) was predictive of fluid responsiveness with 95.83% sensitivity and 87.5% specificity. IVC-Cl (> 35%)
was predictive of fluid responsiveness with 95.8% sensitivity and 93.7% specificity.

Conclusions: Both 1JV-DI and IVC-Cl have near good predictive value for fluid responsiveness in spontaneously
breathing septic patients.
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Background

Sepsis is one of the leading causes of death in ICU pa-
tients. The main target in septic patients is fluid resusci-
tation, but optimal fluid resuscitation for each patient is
the true question. Proper fluid administration is needed
in septic patients to overcome generalized vasodilatation
and capillary leak; this capillary leak itself may cause tis-
sue edema and worsen septic patients (Sakr et al., 2017).
Vasopressors may be needed to overcome this crucial
vasodilatation, but they may also cause tissue hypoperfu-
sion and hypoxia (Wiedemann et al., 2006).

Improving oxygen delivery and hemodynamic
optimization by intravenous fluids is a cornerstone in
treating septic patients. However, if not monitored, it
may be useless or even harmful. This emphasizes the
need for an approach to assess who will benefit from
fluid administration (Cumpstey et al., 2020).

(Wise et al., 2017) stated that central venous pressure,
systolic pressure, and other static predictors are of no
value as predictors for fluid responsiveness (Wise et al.,
2017). Therefore, it is very important to define noninva-
sive dynamic tools for fluid resuscitation prediction
(Haas et al., 2012).

Our goal is to determine whether the internal jugular
vein distensibility index and inferior vena cava collaps-
ibility index are good dynamic predictors for fluid re-
sponsiveness or not.

Methods

Ethics

Ethical approval for this study (FMASU MD 262/2019)
was provided by the Ethics committee of Ain Shams
University Hospital, Abbasia, Cairo, Egypt (Chairperson
Prof F. Tash) on 1/9/2019. Written informed consent
was obtained from all subjects or their caregivers.

Inclusion criteria

We enrolled 40 spontaneously breathing septic adult pa-
tients according to the surviving sepsis campaign (http://
www.survivingsepsis.org/Pages/default.aspx, 2019).

Exclusion criteria:
Patients were excluded based on the following:

Patients’ refusal

Non-echogenicity

Mechanical ventilation

Severe cardiac conditions

Severe respiratory conditions

Vein thrombosis

Patient on vasopressors or inotropes
Morbidly obese patients

. Patients with acute signs of hemorrhage
10. Evidence of fluid overload
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11. Renal dysfunction

Patients’ recruitment

Patients were recruited randomly from critical care units
at Ain Shams University Hospitals, on condition that
they meet our criteria of inclusion.

Procedure and technique

All hemodynamic measurements (heart rate and mean
blood pressure), ultrasound measures IVC-CI (inferior
vena cava collapsibility index) and IJV-DI (internal jugu-
lar vein distensibility index) and Echo measures COP
(cardiac output) and CI (cardiac index) were recorded at
the beginning of the study on each patient after a 30-
min volume expansion with a 7-ml/kg crystalloid infu-
sion (Ringer Acetate) in the flat supine position. The
vivid ultrasound system of GE Healthcare was used for
ultrasound and echo measures.

The diameter (D) of aortic annulus was measured
using parasternal long-axis view to get the aortic cross-
sectional area through the equation = (D* x 3.14)/4.
Then, the aortic cross-sectional area was multiplied by
velocity time integral (VTI) (which is the distance a col-
umn of blood travels through the aortic annulus with
each stroke) to get the stroke volume. It is then multi-
plied by heart rate to get the cardiac output (Desai &
Garry, 2018).

Measuring the velocity time integral was conducted by
obtaining the apical five-chamber view (where the prox-
imal aorta, aortic valve, and left ventricular outflow tract
come in the view) (Matta et al., 2019). For the best flow
estimation, the probe of echo is positioned 15° to the left
ventricular outflow tract just near the aortic valve (Miller
& Mandeville, 2016).

Patients were considered fluid responders if the
change in cardiac index (ACI) was > 15% after fluid re-
suscitation. The cardiac index was calculated by dividing
measured cardiac output by body surface area (Guarra-
cino et al,, 2014).

The inferior vena cava diameter was estimated through
a subcostal view approach using M-mode. The max-
imum and minimum diameters were measured during
expiration and inspiration of the same respiratory cycle.
The inferior vena cava collapsibility index was calculated
according to the equation (Zhao & Wang, 2016):

IVC-CI = (Maximum diameter(IVCmax)
~Minimum diameter (IVCmin)/IVCmax)%

The internal jugular vein diameter was estimated by
placing the probe transversely on the right internal jugu-
lar vein on the right side of the neck, 2 cm above the
sternoclavicular joint. It is important not to compress
the vein by applying minimal pressure and to record the
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measurements only when the whole circumference of
the vein is visible. Measurements of maximum and mini-
mum diameter were taken during expiration and inspir-
ation of the same respiratory cycle, and the internal
jugular vein distensibility index was calculated according
to the equation (Guarracino et al., 2014):

IV -DI = Maximal IJV AP diameter

—Minimum IJV diameter to the minimum IJV diameter
x 100

Patient-reported outcomes

The primary outcome was to assess the internal jugular
vein distensibility index and inferior vena cava collaps-
ibility index as dynamic predictors for fluid
responsiveness.

Secondary aim
The secondary aim is to define the predictive value of
other tools as predictors of fluid responsiveness, such as

1. Heart rate
2. Cardiac output
3. Mean blood pressure

Statistical analysis

The sample size was calculated using PASS11 program
for sample size calculation, a sample of 40 patients
achieved 80% power to detect a change in sensitivity
from 50 to 80% for IJV distensibility and 99% power to
detect a change in sensitivity from 50 to 90% for IVC
collapsibility, assuming that the proportion of re-
sponders = 50%. The target significance level is 0.05.

Statistical methods

Data were analyzed using the Statistical Package for So-
cial Science (SPSS) version 22.0. Quantitative data were
expressed as mean * standard deviation (SD). Qualitative
data were expressed as frequency and percentage.

Results

A total of 55 patients were assessed for eligibility. Ten
patients did not meet the inclusion criteria, and 5 pa-
tients were excluded from the study analysis due to bad
echogenicity. The study was conducted on 40 patients;
we divided them into two groups (24 responders and 16
nonresponders). All patients were monitored with ECG
and noninvasive blood pressure. All measures were re-
corded in the flat supine position. Patients in our study
were considered responders if the increase in the cardiac
index is 15% or more after 30 min of fluid resuscitation
with 7 ml/kg of crystalloid (Ringer Acetate). Demo-
graphic data are shown in the following table (Table 1).
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Table 1 Demographic data

Mean + SD
Age(years) 5845 + 15.01
Weight(kg) 765 + 9.95
Gender Males 21 (52.5%) /Females 19 (47.5%)

There was no significant difference between re-
sponders and nonresponders regarding age, sex, and
weight.

After plotting the receiver operating characteristic
curve for the predictors of fluid responsiveness, we
found that the inferior vena cava collapsibility index had
sensitivity and specificity of 95.8% and 93.7%, respect-
ively, for cutoff value > 35%, while the internal jugular
vein distensibility index had sensitivity and specificity of
95.83% and 87.5%, respectively, for cutoff value > 17.56%
(Table 2).

Moreover, the mean arterial blood pressure showed
sensitivity of 75% and specificity of 100% for cutoff value
< 52 mmHg, while cardiac output showed sensitivity of
83.3% and specificity of 93.7% for cutoff value < 7.65 1/
min. On the other hand, heart rate did not appear to be
a tool of value for fluid responsiveness.

The study showed a positive correlation between IVC-
CI and IJV-DI and between cardiac output and mean ar-
terial blood pressure. On the other hand, it showed
negative correlation between IVC-CI, cardiac output,
and mean arterial blood pressure and between IJV-DI,
cardiac output, and mean arterial blood pressure (Table
3), Fig. 1.

Discussion

Our findings demonstrate the value of the internal jugu-
lar vein distensibility index and the inferior vena cava
collapsibility index in predicting fluid responsiveness in
spontaneously breathing septic patients.

The main issue facing septic patients is circulatory fail-
ure which is often the result of hypovolemia, profound
vasodilatation, or both. Therefore, volume expansion
may be beneficial in improving tissue perfusion and
prognosis or hazardous in causing volume overload and
worsening previous cardiac condition or gas exchange.
The use of vasopressors may limit vigorous vasodilata-
tion and improve tissue perfusion or cause tissue hyp-
oxia and worsen the condition (Wiedemann et al., 2006).

Static hemodynamic parameters have been found to be
of little clinical value by many studies if compared to dy-
namic parameters in predicting fluid responsiveness
(Preisman et al., 2005; Osman et al., 2007). Dynamic
predictors for fluid responsiveness are more precise, but
some of them are invasive procedures (Theerawit et al.,
2016; Guerin et al., 2013).
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Table 2 Plotted receiver operating characteristic curve for IVC-Cl (inferior vena cava collapsibility index)

AUC Cutoff value Sensitivity Specificity Positive predictive value Negative predictive value 95% Confidence interval p value

IVC-Cl 097 >35 95.8 937 95.8
V-DI' 0969 > 17.56 95.83 87.5 92
MBP 0952 <52 75 100 100
COP 0928 <7.6545 83.3 937 95
HR 0598 <100 29.17 9375 875

93.7 0.861 to 0.999 < 0.001
933 0.859 to 0.999 < 0.001
727 0.833 to 0.994 < 0.001
75 0.801 to 0.986 < 0.001
46.9 0431 to 0.749 0.2760

1JV-DI internal jugular vein distensibility index, MBP mMean blood pressure, COP cardiac output, HR heart rate

Ultrasound has become one of the cornerstones of
modern ICU. It can be used in daily ICU practice to
measure the different dynamic predictors of fluid re-
sponsiveness (Theerawit et al., 2016; Orso et al., 2016),
such as inferior vena cava collapsibility index (variation
of IVC diameter with respiration) (Barbier et al., 2004;
Feissel et al., 2004) and internal jugular vein distensibil-
ity index to differentiate between fluid responders and
nonresponders (Guarracino et al., 2014).

Any pressure or volume change in the intrathoracic
systemic venous system is reflected in the extrathoracic
system, such as the inferior vena cava and the internal
jugular vein (Chiaco et al., 2013).

This observational cross-sectional study has been con-
ducted for 1 year in the ICU. Collected data from 40 pa-
tients were analyzed for reaching the final results. We
studied IVC-CI and IJV-DI in terms of their reliability
and effectiveness as simple bedside noninvasive dynamic
tools to define fluid responsiveness in spontaneously
breathing septic patients.

Our study demonstrated that changes in the internal
jugular vein and the inferior vena cava accompanied
with  respiration are well-correlated with fluid
responsiveness.

Patients in our study were defined as responders
when their CI increased by 15% or more after 30 min
of fluid resuscitation with 7 ml/kg crystalloid (Ringer

Acetate). The responders represented 60% of the
cases.

Our study found that the inferior vena cava collapsibil-
ity index (IVC-CI) > 35% was a good tool to predict fluid
responsiveness with AUC 0.97, revealing sensitivity of
95.8% and specificity of 93.7% with positive predictive
value of 95.8 and negative predictive value of 93.7 (p
value < 0.001) and 95% confidence interval from 0.861
to 0.999.

Furthermore, our study revealed that the internal jugu-
lar vein distensibility index (IJV-DI) > 17.65% was a good
predictor for fluid responsiveness with AUC 0.969, re-
vealing sensitivity of 95.83% and specificity of 87.5% with
positive predictive value of 92 and negative predictive
value of 93.3 (p value < 0.001) and 95% confidence inter-
val from 0.859 to 0.999.

Regarding the inferior vena cava collapsibility index, in
line with our study, Caplan et al. (Caplan et al., 2020)
(who studied the effect of the site of measurement of
IVC readings), confirmed the predictive power of IVC
variability of fluid responsiveness in spontaneously
breathing septic patients. They collected data from 81
patients. Patients were considered responders with in-
creased SVI (systolic volume index) > 10% after intra-
venous administration of 500 ml of 4% Gelatin. They
found that 4 cm from the right atrium—ivc junction is
the best site to measure IVC with AUC 0.85, cutoff value

Table 3 Correlation between IVC-Cl (inferior vena cava collapsibility index)

1.0 [

B

JVDI(T0) IVCCI(T0) COP(T0) MBP (T0)

1JV DI (T0) 0.664 0520 | 0669

IVCCI(T0) | 0.664 0381 0619
COP(TO) 0520  -0.581 0.507
MBP (T0) [INR0669° 00 0619 |  0.507

[IJV-DI: Internal jugular vein distensibility index; IVC-CI: Inferior vena cava
collapsibility index; MBP: Mean blood pressure; COP: Cardiac output

1JV-DI internal jugular vein distensibility index, COP cardiac output, MBP mean blood pressure
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IJV DI (TO)

fluid resuscitation)

IVC C1(TOD)

Fig. 1 Correlation between IVC-Cl (inferior vena cava collapsibility index) and 1JV-DI (internal jugular vein distensibility index) at TO (before

of 33%, sensitivity of 66%, and specificity of 92% (Caplan
et al., 2020).

In the same context, Pereira et al. (Pereira et al., 2020)
compared pulse pressure variation (ppv) and IVC vari-
ation as predictors for fluid responsiveness in surgical
patients. They conducted their study on 22 patients and
stated that patients with ppv > 13% were considered
fluid responsive. They also discovered that IVC variation
had strong predictive value with cutoff value > 40%,
AUC 0.98, sensitivity of 100%, and specificity of 93.3%
for the IVC collapsibility index (Pereira et al., 2020).

Furthermore, Sanchez et al. (Sdnchez et al., 2021) col-
lected data from 33 studies conducted on 1352 patients
to assess predictors for fluid responsiveness in mechan-
ically ventilated patients at tidal volume <8 ml/kg. They
found that IVC variation strongly predicts fluid respon-
siveness with AUC 0.86, sensitivity of 77%, and specifi-
city of 87% at cutoff value of 16%. Their low cutoff value
could be explained because it was conducted on mech-
anically ventilated patients, and different calculation
equations were used (IVCmax - IVCmin/IVCmin) (Sén-
chez et al,, 2021).

On the other hand, Pinar et al. (Pinar et al, 2020)
measured the effectiveness of end-tidal carbon dioxide
and inferior vena cava variation to assess fluid respon-
siveness in 31 spontaneously breathing patients. Patients
were considered fluid responsive (15 patients) if cardiac
output increased by > 15% after passive leg raising. They
discovered that end-tidal carbon dioxide would be a
good predictive, while IVC variation did not show a sig-
nificant difference between responders and nonre-
sponders with AUC 0.50 and 95% CI 0.32-0.69. The

decision of the patients who required IV fluid treatment
was at the discretion of the treating physicians, thus
explaining the discordant results between the studies.
Different treatment strategies of the treating physicians
can affect the homogeneity of the study population
(Pinar et al., 2020).

Moreover, Yao et al. (Yao et al., 2019) in a study on 67
mechanically ventilated patients compared IVC variation
and IVC diameter ratio as predictors for fluid respon-
siveness. They concluded that IVC variation had weak
correlation with fluid responsiveness, with AUC 0.68
and 95% CI 0.56-0.81, but they claimed that the reason
for their results is the usage of assisted ventilation mo-
dalities. In the assisted ventilation modality, there is a
variable contribution to inspiration because the unpre-
dictable interplay of ventilator-generated positive pres-
sure and patient-generated negative pressure confusingly
influence the IVC. Additionally, because of the lung-
protective ventilation strategy, their tidal volume is lower
than 8 ml/kg. If the tidal volume is less than 8 ml/kg, it
may cause smaller variations in intrathoracic blood vol-
ume and pressure, and IVC variation will be smaller.
Therefore, these two factors can influence the IVC ac-
curacy in predicting fluid responsiveness (Yao et al,
2019).

Regarding the internal jugular vein distensibility index,
our results were confirmed by Haliloglu et al. (Haliloglu
et al,, 2017) who collected hemodynamic data from 44
spontaneously breathing septic patients. They found that
the IJV collapsibility index was a good predictor for fluid
responsiveness with 78% sensitivity and 85% specificity
at the cutoff value of 36%. Patients were considered
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responders with cardiac index increase > 15% after pas-
sive leg raising (Haliloglu et al., 2017). Their results are
different from ours because of different calculation
equations.

Our results are in accordance with the work of Lizuka
et al. (Iizuka et al., 2020) who found that IJV variation is
a useful predictor for fluid responsiveness when they
carried out the study on 27 mechanically ventilated pa-
tients with acute circulatory failure. The study found
AUC 0.88 and 95% CI 0.75-0.99 with sensitivity of 84%
and specificity of 93% at the cutoff value of 11.4%. Pa-
tients were considered responsive with 8% increase in
stroke volume measured by arterial pulse contour after
passive leg raising (lizuka et al., 2020). Their cutoff value
differs from our results because of the usage of mechan-
ical ventilation and different calculation equations.

In the same context, Ma et al. (Ma et al,, 2018) con-
firmed our results stating that IJV is a strong predictor
for fluid responsiveness with AUC 0.88, 95% CI 0.78-
0.94, sensitivity of 91.2%, and specificity of 82.8% at cut-
off value > 12.99%. They collected hemodynamic data
from 70 mechanically ventilated post-cardiac surgery pa-
tients. Patients were classified as responders when stroke
volume increased by > 15% after passive leg raise and
intravenous infusion of 500 ml of Gelofusine (Ma et al.,
2018). Their cutoff value differs from ours presumably
because of mechanical ventilation usage and different
calculation equations.

On the other hand, Unluer and Kara (Unluer & Kara,
2013) found that the IJV collapse index was not a useful
parameter for the evaluation of hypovolemia in a study
performed on 80 volunteers to assess hypovolemia after
blood donation. The medians of IJV collapse indices be-
fore and after blood donation were 32.74 (95% CI
32.73-39.50) and 38.88 (95% CI 35.54—42.95), respect-
ively. They argued that carotid artery as a pulsatile struc-
ture will cause a bias for measurement of IJV diameter,
especially in the real traumatized hemorrhagic patient
due to tachycardic state. In addition, even a little pres-
sure will cause a great change in the cross-sectional
image and diameter of the jugular vein during scanning.
In patients with shock, venous scanning becomes more
difficult. They also suggested that the longitudinal meas-
ure of the internal jugular vein is more accurate and of
stronger prediction. Finally, their study was performed
on healthy volunteers hemodynamically stable after
blood donation who did not normally need fluid resusci-
tation, while our study was performed on
hemodynamically unstable septic patients (Unluer &
Kara, 2013).

Limitation
Our observational study has many limitations. The first
one is the accuracy of measuring COP (cardiac output)
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by VTI (velocity time integral). Using TTE (transthoracic
echo) necessitates good echogenicity of the patients, so
we excluded patients who did not fulfill these criteria.
Additionally, using TTE requires skilled personnel, and
it was documented that learning this technique is not
difficult among critical care doctors (Jozwiak et al,
2014).

The second limitation was the intra-abdominal pres-
sure measure because we did not measure it in our pa-
tients. However, we excluded all patients with any
expected cause of increased intra-abdominal pressure,
like ascites, pregnancy, abdominal malignancy, disten-
sion, and acute abdomen.

The third limitation is that the carotid artery as a pul-
satile structure will cause a bias for the measurement of
IJV diameter. Even a little pressure will cause a great
change in the cross-sectional image and diameter of the
jugular vein during scanning, especially with tachycardia.
The final limitation is that we did not study the predic-
tion of our indices in ventilated patients.

Conclusions

Our results showed that IJV and IVC can be used in the
assessment of fluid responsiveness of spontaneously
breathing septic patients with sinus rhythm in ICU and
they have near predictive value. Both methods are non-
invasive and can be performed at the bedside. IJV will be
superior on inferior vena cava in cases of abdominal sur-
gery, acute abdomen, or increased intra-abdominal
pressure.
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