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Abstract

Background:�Central�Venous�Pressure�(CVP)�has�been�used�for�fluid�resuscitation�and�to�check�intravascular�
volume� status.� A� rapid� bedside� sonographic� examination� can� be� instrumental� in� guiding� management� of�
trauma�and�critically�ill�patients.�This�study�evaluated�the�Ultrasonographic�(USG)�measurement�of�Inferior�
Vena�Cava�(IVC)�diameter�and�caval�index�to�identify�intravascular�volume�status�and�its�correlation�with�
CVP.�We�also�investigated�the�association�of�caval� index�of�≥�50%�and�CVP�≤�8�mm�Hg.�Aims:�This�study�
was�designed�to�evaluate�Ultrasonographic�(USG)�measurement�of�Inferior�Vena�Cava�(IVC)�diameter�and�
caval�index�could�identify�intravascular�volume�status�and�its�correlation�with�CVP.�Also,�investigating�the�
association�of�caval�index�of�≥�50%�and�CVP�≤�8�mm�Hg.�Materials�and�Methods:�A�hundred�patients�aged�
18�years�and�above�were�enrolled�in� this�prospective,�observational�study.� IVC�inspiratory�and�expiratory�
diameters�were�measured�by�USG.�The�correlation�of�CVP�and�caval�index�was�calculated.�Participants�were�
stratified�by�their�CVP�≤�8�mm�Hg�and�>�8�mm�Hg.�Results:�In�100�participants�of�the�study,�68�had�a�CVP�≤�
8�mm�Hg�with�caval�index�>�50%.�The�efficacy�of�caval�index�predicting�the�low�CVP�(CVP�≤�8)�between�the�
Two�Groups�was�statistically�significant.�The�caval�index�≥�50%�predicting�a�CVP�≤�8�mm�Hg�had�sensitivity,�
specificity,�positive�and�negative�predictive�value�of�97%,�96%,�99%�and�93%�respectively.�Conclusions:�Bedside�
USG�measurement�of�caval�index�greater�than�or�equal�to�50%�is�strongly�associated�with�a�low�CVP�and�caval�
index�could�be�a�useful�tool�to�determine�CVP.
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Introduction

�Adequate� �uid� resuscitation� is� extremely� vital�
in� acutely� ill� patients,� as� under� correction� of�
intravascular� volume� is�associated�with� increased�
morbidity� and� mortality.� Appropriate� volume�

resuscitation� optimizes� the� preload,� improves�
Cardiac� Output� (CO)� and� tissue� perfusion.� But�
overzealous� resuscitation� can� lead� to� increased�
morbidity� and� mortality.1–5� Studies� have� shown�
that� only� about� half� of� the� critically� ill� patient’s�
exhibit�preload�responsiveness.6
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The� methods� of� determining� the� adequacy� of�
volume� resuscitation� have� relied� on� static� and�
dynamic�parameters.�The�static�parameters�include�
Central�Venous�Pressure�(CVP),�Pulmonary�artery�
wedge� pressure,� right� and� left� ventricular� end-
diastolic� volume� index.� However,� all� of� them�
require� invasive� access� and� none� of� these� are�
accurate� in� predicting� preload� responsiveness.6–8�

There�has�been�a�paradigm�shift�in�the�approach�to�
predicting�hypovolemia�with�the�use�of�USG.�

The�dynamic�parameters�are�respiratory�variation�
in� CVP,� diameter� of� Inferior� Vena� Cava� (IVC),�
Superior�Vena�Cava�(SVC),�Arterial�blood�pressure�
waveform,�Passive�Leg�Raising�(PLR)�and�an�actual�
�uid� challenge.� Dynamic� parameters� outperform�
the� static� ones� in� predicting� hypovolemia� and�
responsiveness�to�volume�resuscitation.

� Some� studies� propose� that� in� fundamentally�
sick� patients,� CVP� may� not� correlate� with� the�
successful� intravascular� volume.9� Moreover,�
invasive� hemodynamic� monitoring� has� not� been�
found�to�have�a�great�advantage�in�sick�patients.10�

Pulmonary�artery�catheters�and�CVP�catheters�are�
time-consuming,�intrusive�and�have�major�adverse�
effects.� The� use� of� sonography� has� led� to� better�
noninvasive� evaluation� of� intravascular� volume�
status.� A� quick� bedside� sonographic� examination�
can� be� instrumental� in� directing� therapeutic�
administration.

� The� absolute� IVC� diameter� changes� broadly�
among� healthy� adults� and� by� itself� may� not� be�
diagnostic,� the� maximal� IVC� diameter� has� been�
found�to�be� lower�in�patients�with�hypovolemia.11�

A� better� indicator� of� intravascular� volume� is�
collapsibility� of� the� IVC.� The� IVC� collapsibility�
index,�also�known�as�the�caval�index,�it�is�calculated�
by� difference� between� the� maximal� (expiratory)�
and� minimal� (inspiratory)� IVC� diameters� divided�
by�the�maximal�IVC�diameter.�The�caval�index�has�
been� used� in� spontaneously� breathing� patients� to�
estimate� right� atrial� pressure.12,13� Measurements�
taken�during�normal�respiration�have�been� found�
to�be�reasonably�accurate.14�Recent�guidelines�from�
the� American� Society� of� Echocardiography� back�
the�use�of�IVC�diameter�and�collapsibility�of�IVC�in�
evaluation�of�volume�status.15�

� We� conducted� this� study� to� determine�
if� noninvasive,� bedside� ultrasonographic�
measurement� of� the� inferior� vena� cava� diameter�
and� caval� index� could� identify� intravascular�
volume�status�among�acutely� ill�patients�and�also�
correlation�of�Caval�Index�(CI)�of�≥�50%�witch�≤�8�
mm�Hg.

Materials�and�Methods

After� obtaining� approval� from� the� hospital�
institutional�review�board�the�study�was�conducted�
on� 100� consecutive� cases�admitted� to� the� hospital�
during� the� study� period,� satisfying� the� inclusion�
and�exclusion�criteria�and�consenting�to�participate�
in� the� study.� Patients� presenting� to� the� ER� with�
trauma� or� admitted� to� the� ICU� with� sepsis,�
septic� shock� were� included� in� the� study.� Written�
informed� consent� was� obtained� from� the� patients�
before� ultrasonographic� examination� and� central�
vein�placement.�The�inclusion�criteria�were�patients�
older�than�18�years,�unintubated�and�spontaneously�
breathing.� The� exclusion� criteria� were� II/III�
trimester� pregnancy,� presence� of� peumothorax/
hemothorax,� ascites� and� raised� intraabdominal�
pressures.�

� Ultrasonographic� guided� measurements� of�
inferior�vena�cava�during�inspiration�and�expiration�
were� taken� while� patients� were� supine.� A� low-
frequency�phased�array�transducer�(3.5–5�MHz)�was�
used�to�evaluate�the�IVC.�There�exists�considerable�
variability� in� the� literature� regarding� the� location�
at� which� the� IVC� diameter� should� be� measured.�
Most� studies� agree� that� the� measurement� should�
be�distal�to�the�junction�with�the�right�atrium�and�
within�3�cm�of�that�point,12–18�Other�studies�measure�
the� IVC� at� or� near� the� junction� with� the� hepatic�
veins.19–25�Guidelines�from�the�American�Society�of�
Echocardiography� recommend� an� assessment� of�
the� IVC� just� proximal� to� the�hepatic� veins,�which�
lie�approximately�0.5�to�3�cm�from�the�right�atrium,�
(Fig.�1).15�

Fig.�1:�Sagittal�view�of�the�inferior�vena�cava.

To� image� the� IVC,� the� probe� was�placed� in� the�
subxiphoid� 4-chamber� position� with� the� probe�
marker� oriented� laterally� to� identify� the� right�
ventricle� and� right� atrium.� Then,� the� probe� was�
aimed�toward�the�spine�and�the�convergence�of�the�
IVC�with�the�right�atrium�was�visualized.�The�IVC�
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was� then�visualized� inferiorly,�speci�cally� looking�
for� the� con�uence� of� the� hepatic� veins� with� the�
IVC.� Inspiratory� vena� cava� and� expiratory� vena�
cava� diameters� were� measured� just� proximal� to�
the�hepatic�veins,�which�lie�approximately�0.5�to�3�
cm� from� the� right� atrium,� (Fig.� 2).� Measurements�
were� taken� during� a� normal� respiratory� cycle.�
M-mode�Doppler�sonography�of�the�IVC�was�used�
to� graphically� document� the� absolute� size� and�
dynamic�changes�in�the�caliber�of�the�vessel�during�
the� patient’s� normal� respiratory� cycle.� The� Caval�
index�(CI)�was�calculated�as�CI�(%)�=�(IVC�expiratory�
diameter�-�IVC�inspiratory�diameter)�×�100.

Fig.�2:�Sagittal�view�of�the�inferior�vena�cava�showing�inspiratory�
and�expiratory�diameters�in�M�mode.

Simultaneously�a�right� internal� jugular� catheter�
was� inserted� and� central� venous� pressure�
measurements�obtained�by�digital�transduction�of�
the�pressure�tracing�of�the�distal�port�the�central�line�
after�con�rmation�from�a�supine�chest�radiograph�
that� the� catheter� tip� is� at� the� distal� aspect� of� the�
SVC.� Parameters� studied� included� heart� rate,�
systolic� blood� pressure,� diastolic� blood� pressure,�
mean� arterial� pressure,� central� venous� pressure,�
and� inspiratory� vena� caval� diameter.� Expiratory�
vena�caval�diameter�and�Caval�Index.

Statistical�Analysis

Summary� statistics� were� generated� for� the�
participants� characteristics� (age,� sex)� vital� Signs�
(pulse� rate,� systolic� blood� pressure,� diastolic�
blood�pressure),�and�study�measurements�(central�
venous� pressure,� inspiratory� vena� cava� diameter,�
expiratory�vena�cava�diameter,� inferior�vena�cava�
and�Caval�Index�percentage.�

Sample�size�calculation

The� sample� size� was� calculated� taking� into�
consideration� the� number� of� admissions� in� ICU�
being� 6800/year� and� the� number� of� cases� with�
hypotension� 420/year.� The� incidence� being� 6.2%,�

sample�size�of�89.4�patients�was�calculated�by�setting�
a�con�dence�level�at�95%.�In�order�to�compensate�for�
loss�of�data�a�sample�size�of�100�used�for�the�study.�
Data�analysis�was�done�with�the�help�of�computer�
using� Epidemiological� Information� Package� (EPI�
2010)� developed� by� Centre� for� Disease� Control,�
Atlanta.� Using� this� software� range,� frequencies,�
percentages,�means�and�standard�deviations,�Chi-
square� and� ‘p’� values� were� calculated.� Kruskal�
Wallis� and� Chi-square� test� were� used� to� test� the�
signi�cance� of� difference� between� quantitative�
variables,� Fisher’s� test� was� used� for� qualitative�
variables.�A�‘p’�value�less�than�0.05�is�taken�to�denote�
signi�cant� relationship.� Sensitivity,� speci�city,�
accuracy,� positive� predictive� value� and� negative�
predictive�values�were�calculated.�

Results

A� hundred� patients� were� enrolled� in� this� study.�
The� mean� age� of� the� patients� was� 45.52� ±� 14.42�
years.�There�were�58� males�and� 42� females� in� the�
�nal� analysis,� shows� in� (Table� 1).� The� number� of�
patients�having�MAP�≤�70�mm�Hg�CVP�≤�8�cm�H2O�
and�Caval�Index�≥�50�is�shown�in�(Table�2).

Table�1:�Demographic�parameters�(mean�±�standard�deviation)

Parameter Mean�±�SD
Age�(years) 45.52�±�14.42
Weight�(kgs) 60.97�±�12.46
Sex Males�58

Females�42

Table�2:�Hemodynamic�parameters�in�patients

Hemodynamic�parameter Number�of�patients
MAP�≤�70�mm�Hg 54
CVP�≤�8�cm�H2O 72
Caval�Index�≥�50 72

Participants�in�the�study�were�strati�ed�by�their�
central�venous�pressure�measurement�≤�8�mm�Hg�
and�>�8�mm�Hg.�The�mean�heart�rate�in�the�CVP�≤�
8�mm�Hg�group�and�CVP�>�8�mm�Hg�group�was�
113.4�±�7.9�per�minute�and�97.6�±�5.8�per�minute.�On�
comparing�between�the�groups�p�value�was�<�0.001�
which� was� statistically� signi�cant.� The� Systolic�
Blood� Pressure� (SBP),� Diastolic� Blood� Pressure�
(DBP)�and�the�Mean�Arterial�Pressure�(MAP)�was�
signi�cantly�lower�in�the�patients�with�CVP�of�≤�8�
mm�Hg�group�compared�to�the�patients�with�CVP�>�
8�mm�Hg�group.�The�mean�SBP�in�the�CVP�≤�8�mm�
Hg�group�and�CVP�>�8�mm�Hg�group�at�was�86.1�
±�6.0�mm�Hg�and�108.6�±�7�mm�Hg.�On�comparing�
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between� the� groups� p� value� was� <� 0.001� which�
was� statistically�signi�cant.� The�mean�DBP� in� the�
CVP�≤�8�mm�Hg�group�and�CVP�>�8�mm�Hg�group�
was�62.0�±�3.3�mm�Hg�and�69.8�±�4.5�mm�Hg.�On�
comparing�between�the�groups�p�value�was�<�0.001�
which�was�statistically�signi�cant.�The�mean�MAP�
in�the�CVP�≤�8�mm�Hg�group�and�CVP�>�8�mm�Hg�
group�was�69.8�±�3.6�mm�Hg�and�80.3�±�5.6�mm�Hg.�
On�comparing�between�the�groups�p�value�was�<�
0.001� which�was� statistically� signi�cant,� shows� in�
(Table�3).

� The� mean� inspiratory� vena� caval� diameter�
between�CVP�≤�8�mm�Hg�group�and�CVP�>�8�mm�
Hg�group�was�found�to�be�0.54�cm�and�1.24�cm�and�
was� statistically� signi�cant.� The� mean� expiratory�
venacaval�diameter�between�CVP�≤�8�mm�Hg�group�
and�CVP�>�8�mm�Hg�group�at�was�found�to�be�1.78�
cm�and�2.23�cm�and�was�statistically�signi�cant.�The�
mean�caval�index�between�CVP�≤�8�mm�Hg�group�
and�CVP�>�8�mm�Hg�group�was�found�to�be�70.3%�

and�44.3�%�and�was�statistically�signi�cant�(Fig.�3).�
There�is�a�positive�correlation�between�caval�index�
and� a� hypovolemic� state� (patients� with� CVP� ≤� 8�
mm�Hg),�(Table�3).

Fig� 3:� Graph� showing� correlation� of� Caval� index� with� central�
venous�pressure�(CVP).

Table�3:�Hemodynamic�variables�stratified�by�their�central�venous�pressure�(CVP)�≤�8�mm�Hg�and�>�8�mm�Hg�
at�0�min

Variable CVP�abnormal�(<�8�mm�
Hg)�Mean�±�SD

CVP�normal�(>8�mm�Hg)�
Mean�±�SD ‘p�value’

Heart�rate�(beats/minute) 113.4�±�7.9 97.6�±�5.8 <�0.001
Systolic�BP�(mm/Hg) 86.1�±�6.0 108.6�±�7.1 <�0.001
Diastolic�BP�(mm/Hg) 62.0�±�3.3 69.8�±�4.5 <�0.001
MAP�(mm/Hg) 69.8�±�3.6 80.3�±�5.6 <�0.001
Inspiratory�IVC�dia�(cm) 0.54�±�0.2 1.24�±�0.23 <�0.001
Expiratory�IVC�dia�(cm) 1.78�±�0.26 2.23�±�0.36 <�0.001
Caval�Index�(%) 70.3�±�7.7 44.3�±�2.8 <�0.001

Table�4:�Comparative�efficacy�of�IVC�diameter�and�Caval�Index�in�predicting�central�venous�pressure

Sensitivity Specificity Accuracy PPV NPV
Inspiratory�IVC�diameter 94 82 91 93 85
Expiratory�IVC�diameter 93 86 91 94 83
Caval�Index 97 96 97 99 93

The�ef�cacy�of�ultrasound�guided�measurement�
of�caval�index�in�predicting�central�venous�pressure�
in� our� study� was� found� to� have� a� sensitivity� of�
97%,� speci�city�of�96%,� accuracy�of� 97%,� positive�
predictive�value�of�99%�and�negative�predictive�of�

93%.� We� found� to� have� that� caval� index� a�higher�
sensitivity,�speci�city,�accuracy,�negative�predictive�
value�and�positive�predictive�value�when�compared�
to�inspiratory�and�expiratory�vena�caval�diameter,
shows�in�(Table�4).

Discussion

The� usage�of� ultrasound� in� anesthesia�and�critical�
care/emergency� care� has� seen� a� rapid� upsurge�
in� recent� times.� Estimation� of� hypovolemic�
by� ultrasound� has� become� a� routine� in� many�

centres� because� it� is� rapid,� less� time� consuming,�
noninvasive� and� costeffective.� Currently� there� are�
many�parameters�to�evaluate�hypovolemic�state�by�
ultrasound�method�and� the�most�promising�being�
caval� index.� Caval� index� has� shown� to� be� most�
sensitive,�speci�c,�and�has�a�high�positive�predictive�
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value,� high� negative� predictive� value� when�
compared� to� inspiratory,� expiratory� vena� caval�
diameter�or�CVP�when�these�were�used�alone.�Caval�
index� being� a� dynamic� parameter� takes� multiple�
factor�into�consideration�in�determining�the�volume�
status�and�the�trend�of�caval�index�has�found�to�be�
more�reliable�indicator�of�adequate�resuscitation�than�
a�single�value�at�any�point�of�time.�The�complexity�
and� complications� of� CVP� can� be� overcome� by�
simple� noninvasive� measurement� of� inferior� vena�
caval�diameter�and�calculating�the�Caval�Index�by�
ultrasonography.� This� makes� ultrasonographic�
guided� �uid� resuscitation� most� appropriate� mode�
of� monitoring� intravascular� volume� status� in�
critically� ill� patients� and� in� emergency� situations.�
The� sonographic� evaluation� of� the� IVC� has� been�
found�to�the�improve�the�precision�of�diagnosis� in�
patients�with�undifferentiated�hypotension.26

� In� a� recent� study,� point-of-care� sonography�
assessing�cardiac�contractility�and�IVC�collapsibility�
in� patients� with� suspected� sepsis� it� was� found�
to� improve� the� physician� certainty� of� diagnosis�
and� modify� more� than� 50%� of� treatment� plans.27�

Inadequate� dilatation� of� the� IVC� after� a� �uid�
challenge�has�been�found�to�be�more�sensitive�than�
blood�pressure�for�identi�cation�of�hypovolemia�in�
trauma� patients.28�A� study� in� trauma� patients�has�
shown�bedside�caval�sonography�extremely�useful�
in� assessment� of� �uid� status� and� resuscitation� of�
critically�sick�patients.29�In�another�study,�intensely�
dyspnoeic� patients� presenting� to� the� emergency�
department�,� IVC� sonography� quickly� recognized�
patients�with�congestive�heart� failure�and�volume�
overload.30� Instead� of� depending� on� a� single�
estimation�of�the�IVC,�it�may�be�more�valuable�to�take�
after�changes�in�vessel�diameter�and�collapsibility�
over� time,� in� relation� to� an� intervention.� Studies�
have� shown� a� decrease� in� the� IVC� diameter� and�
increased� collapsibility� after� blood� loss� and� �uid�
removal� during� hemodialysis.31� In� hypotensive�
patients,�volume�resuscitation�was�associated�with�
increments� within� the� IVC� diameter� and� lower�
inspiratory�collapsibility.32�

� In� our� study,� we� found� to� have� that� caval�
index� a� higher� sensitivity,� speci�city,� accuracy,�
negative� predictive� value� and� positive� predictive�
value�(Table�4)�when�compared�to�inspiratory�and�
expiratory�vena�caval�diameter.�We�also�found�that�
ultrasound� guided� measurement� of� Caval� Index�
could�predict�the�low�intravascular�volume�status�
in�96%�of�the�cases�in�the�study�and�their�difference�
with�the�central�venous�pressure�between�the�Two�
Groups� were� statistically� signi�cant� (p� <� 0.01).�
It� implies� that� noninvasive� ultrasound� guided�

dynamic� measurement� of� caval� index� which�
is� obtained� by� measuring� the� IVC� diameters� is�
reliable�to�assess�the�intravascular�volume�status�of�
the�patient�and�will�aid�the�physician�towards�goal�
directed�treatment�of�resuscitation.

Conclusion�

We� conclude� that� noninvasive,� bedside�
ultrasonographic�measurement�of�Caval�Index�is�a�
quick,�safe,�and�reliable�method�to�identify�patients�
with�low�intravascular�volume.

Key�Messages

Currently� there� are� many� parameters� to� evaluate�
hypovolemic�state;�the�ultrasound�method�is�most�
promising.�Caval�index�being�a�dynamic�parameter�
has�found�to�be�more�reliable�indicator�of�adequate�
resuscitation� than� a� single� value� at� any� point� of�
time.� Ultrasound� guided� measurement� of� caval�
index�could�predict�the�low�intra-vascular�volume�
status� and� thus� a� low� central� venous� pressure.�
This� technique� is� noninvasive,� easy� to� measure,�
inexpensive,�fast,�and�reproducible�and�also�guides�
the�treatment�plan.

Abbreviation

MAP�=�Mean�Arterial�Pressure
CVP�=�Central�Venous�Pressure
IVC�=�Inferior�Vena�cava
Caval� Index� =� Maximal� (expiratory)� -� Minimal�
(inspiratory)�IVC�diameters/maximal� (expiratory)�
IVC�diameter
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