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Abstract

Non-invasive estimation of right atrial pressure from the inspiratory collapse of the inferior vena
cava using ultrasound machines is nowadays promising with the increasing availability of these
machines in emergency departments, critical care units and in operating theaters. The learning
curve of these tools is steep and they are becoming less expensive and give quick, non-
invasive, dynamic clue to the preload status.

The aim of this study is to evaluate the transhepatic inferior vena cava (IVC) diameter by non-
invasive sonographic imaging and compare it with that measured by subxiphoid approach to
reveal the degree of agreement between them.

This is a prospective study, done in a tertiary care referral hospital at intensive care unit in Al-
Sadr Teaching Hospital over a period of four months from 1st February 2017 to 5th of June
2017. Eighty shocked patients were included for assessment of volume status. Bedside
ultrasound images were obtained with the patient in supine position to determine the
dimensions and collapsibility of IVC. Evaluation of each patient included the standard anterior
subxiphoid IVC assessment and lateral transhepatic assessment of IVC by ultrasound using
liver as an acoustic window in mid-axillary line. The IVC diameter was measured 2 cm caudal to
the hepatic vein-IVC junction, or approximately 3-4 cm caudal to the junction of IVC and the
right atrium. Then IVC maximal diameter, IVC minimal diameter and collapsibility index were
calculated for both approaches. A comparison between these data was made.

A total of eighty patients were included, 31 (37.5%) were females and 49 (62.5%) were males.
Mean age was 45.81+14.89 years. The results showed that there is no statistically significant
difference between transhepatic and subxiphoid approaches in regard to IVC diameter and its
collapsibility. In conclusion, transhepatic lateral view of IVC provides a good alternative when
subxiphoid anterior view cannot be obtained to guide fluid management in shocked patients.

Introduction

onography has traditionally been used

to assess the anatomic abnormalities.
However, its value in evaluating
physiologic characteristics has recently
been recognized particularly in the care of
patients with hypovolemia. As the use of
point-of-care sonography grows in critical
care and emergency medicine, non-
invasive assessment of intravascular
volume status is increasingly being used
to guide therapy of the critically ill*.
Severe hypotension due to hypovolemia

or sepsis is continuously challenging the
management of hospitalized patients by
shock itself or by multi-organ failure that
is caused by inadequate tissue perfusion.

Fluid replacement without an accurate
guide with a possibility of either
underestimation or overestimation of fluid
replacement gives a poor outcome in
regard to morbidity and mortality in
addition to the financial costs of
prolonged hospital stay. Rapid and
accurate assessment of volume status may
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improve outcome by guiding a proper
intervention®.

Pulmonary artery and central venous
pressure catheters that are the standards
for decades to give physiologic data about
right atrial pressure are time-consuming,
invasive and have intrinsic risks. Central
venous pressure (CVP) has long been used
to guide fluid management; however,
recent researches failed to prove that its

data correlate with the effective
intravascular volume®,
Pulmonary  artery, central  venous

catheters or even peripherally inserted
central catheter (PICC) have a list of
inherited complications®. Complications
such as arrhythmias, cardiac chamber
injury, neural injury, pneumothorax,
hemothorax, hematoma, infection,
thrombosis and air embolism may occur
with catheter placement®®.

Noninvasive determination of right atrial
pressure (RAP) from the inspiratory
collapse of IVC using ultrasound machine
IS nowadays promising and more easily to
be obtained in emergency departments,
critical care wunits and in operating
theaters. The learning curve of these
rewarding tools is steep and they are
relatively less expensive and provide
quick, non-invasive and dynamic clue to
preload status and fluid responsiveness.
Recent researches have proved that they
are acceptably reliable tools for all non-
expert clinical specialties, being able of
determining intravascular volume status in
severe hypotension and shock, a rapid
bedside ultrasonic examination can guide

medical management of critically ill
patients’.
The IVC is a compliant, highly

collapsible vessel that distends and
collapses according to volume changes.
Although the absolute IVVC size has wide
variety among individuals and may not by
itself be diagnostic, the maximal 1VC
diameter has been shown to be lower in
patients with hypovolemia®. There is no
correlation between its diameter or
collapsibility index, regarding to age, sex
or body surface area’.

A better indicator of intravascular volume
is collapsibility of the IVC. With a
decrease in intra-thoracic pressure during
inspiration in spontaneous breathing,
venous blood is pulled into the right
atrium. Consequently causes a decrease in
IVC diameter. With expiration, IVC
diameter increases (respirophasic
variability). The IVC collapsibility caval
index (CI) is defined as the difference
between the maximal (expiratory) and
minimal (inspiratory) 1VC diameters
divided by the maximal diameter. The
caval index is used in spontaneously
breathing patients to indirectly have a clue
about RAP!. The IVC-CI can provide a

guide for noninvasive intravascular
volume status assessment of critically-ill
patients®!?13,

With deep breathing, there will be more
accurate estimation of volume status;
however, measurements taken during
normal respiration are reasonably accurate
as well*2. The IVC respiratory collapse on
sonography is easily imaged and can be
used to roughly estimate RAP. The IVC-
Cl of greater than or equal to 50%
indicates RAP of less than 10 mmHg, and
Cl less than 50% indicates RAP greater
than or equal to 10 mmHg as shown in
Table 1'°,

Table I: Correlation between 1VC size, collapsibility and right atrial pressure,
representing low, intermediate, and high RAP™.

IVC Size % Collapse RA Pressure
Low <2.1 cm Normal >50% Normal 3 mmHg
Intermediate | <2.1 cm Normal <50% Abnormal | 8 mmHg
>2.1 cm Abnormal | >50% Normal
High >2.1 cm Abnormal | < 50% Abnormal | 15 mmHg

31
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A CI greater than 50% suggests a low
volume status, especially in combination
with a small IVC diameter. Conversely, a
low CI with a large I\VC diameter suggests
a high volume status™®.

To predict fluid responsiveness in critical
conditions, dynamic parameters (stroke
volume variation, pulse pressure variation,
leg raising and IVC variation) should be
used preferentially rather than static
parameters (CVP, pulmonary capillary
wedge pressure and physical
examination); these parameters can be
explored with a good accuracy by
ultrasonic IVC imaging during respiratory
cycles™.

Recent guidelines from the American
Society of Echocardiography support the
general use of IVC size and collapsibility
in assessment of volume status™.

Several studies have suggested the use of
specific parameters for maximal IVC
diameter and CI to predict volume
status'®2. One of these studies, suggests
that using 2 cm as the cut-off for the
maximal IVC diameter gives acceptable
sensitivity and specificity in predicting
elevated right atrial pressure’?. Guidelines
from the American  Society  of
Echocardiography recommend examining
it just distal to the hepatic veins, which
lies approximately 3-4 cm from the right
atrium®.

Emergency  physicians’ ultrasound
measurement of IVC diameter has a high
degree of inter-rater reliability. The IVC
percent collapse by visual estimation or
based on caliber measurements has low,
but still moderate to good reliability™.

The IVC size does not predict RAP in
patient receiving mechanical ventilation in
the same way it does in spontaneous
breathing'’.  Mechanical  ventilation
(positive pressure ventilation) reverses the
hemodynamics of venous return during
the respiratory cycle. With inspiration in
mechanical  ventilation, intra-thoracic
pressure increases, which impedes blood
flow from the IVC to the right atrium.
During expiration, intra-thoracic pressure

is lower and venous return increases.
When there is volume depletion, right
atrium and IVC becomes more compliant,
and there is more increase in IVC size
than in euvolemia. The variation of the
IVC in mechanically ventilated patients,
which is known as the IVC distensibility
index, is the difference between the
maximum and minimum IVC diameters
divided by the minimum diameter. In
contrast to Cl, which indicates volume
status in accordance to IVC collapse
during  spontaneous breathing, the
distensibility index has been used to
assess preload dependence and predict
fluid responsiveness such that the absence
of respiratory variation suggests that
volume expansion is unlikely to be
effective anymore, but this is to be done
under full relaxation and with a tidal
volume of 8ml/kg*®*.

Fluid responsiveness is an emerging and
important concept in critical care in an
effort to avoid over estimated fluid
administration when a fluid challenge is
unlikely to improve hemodynamics and
organ perfusion. Fluid responsiveness
(FR) is a measure of preload dependence
defined as an increase in cardiac output
secondary to  volume  expansion.
Inadequate dilatation of the IVC after a
fluid challenge is more sensitive than
blood pressure for identification of
hypovolemia®®.

A low-frequency phased array transducer
(3.5-5 MHz) is used. IVC lies in the
retroperitoneal 2-3 cm to the right of the
aorta. It is differentiated from aorta by its
thinner walls, respiratory size variation,
being connected to right atrium, its
connection with hepatic vein and as less
pulsatile than aorta. There is a
considerable variation in the literature
regarding the choice of site at which the
IVC diameter should be measured. Studies
mostly agree about a point 3-4 cm from
RA0121921 - Other studies measure the
IVC just caudal to the junction with
hepatic veins'®?%%,

The IVC

diameter is measured
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perpendicular to the long axis of the IVC
at end-expiration and end-inspiration. The
finding of a small-diameter IVC with
large inspiratory collapse (high CI)
correlates with low volume states. This
observation is seen in hypovolemic and
distributive shock. Conversely, a large
IVC with minimal collapse (low CI)
suggests a high volume state such as
cardiogenic or obstructive shock. IVC
metrics do not change significantly based
on patient position. For those patients who
are unable to lay completely supine, a
semi- upright measurement of the IVC for
volume status may be an accurate
alternative®®. The IVC diameter and
inspiratory variability evaluation are also
quantifiable and reliable approach to
assess the hypervolemia associated with
congestive cardiac failure. Normalization
of inspiratory IVC collapse movement
correlates with successful diuretic therapy
and can be reliably wused in its
management®.

The M-mode Doppler can be used to
graphically document the size and
dynamic changes during respiratory cycle.
It is recommended that M- mode
sonography be used after adequately
visualizing 1VC variability in the B-mode
to avoid inaccurate estimation of vessel
size and collapse. Many studies tried to
define normal IVC parameters such as
size, collapsibility, and distensibility.
Until  then, assessment of IVC
collapsibility is useful in the critically ill
patient whose CIl is in the extremes.
Additionally, Caval sonography can be
repeated during fluid resuscitation to
follow up improvement of these
parameters. With B-mode holds the most
promise to deliver reliable measures of
IVC diameter?.

The IVC diameter of more than 2.5 cm
and minimal collapse (<10%) correlates
with raised right atrial pressure >15mm

Hg27
In a recent prospective study, a point-of-
care sonography evaluating cardiac

contractility and I1VC collapsibility in

patients with suspected sepsis was shown
to increase physician certainty and alter
more than 50% of treatment plans. Point-
of-care (POC) ultrasonography is per
definition, a bedside examination
performed and interpreted by the treating
physician.

The development witnessed, in part,
reflects equipment of increased quality,
mobility and availability, the latter is a
result of reduced costs.

POC ultrasonography is a safe and
valuable tool, for intensivists. It has
advantages in being repeatable and real-
time examination tool that supplies
images, which correlate directly to the
symptoms or the clinically suspected
diagnosis. In terms of airway, breathing,
circulation (ABC-), it covers cardiac,
pulmonary, abdominal and vascular
ultrasound?®,

Over-estimation of intravascular volume
may occur in conditions that impede flow
to the right side of heart, including
valvular abnormalities, pulmonary
hypertension and congestive heart failure.
Interpretation  of the  physiologic
characteristics of the IVC should be done
in context with the patient's clinical
scenario and adjunctive data®.

The position of scanning probe for IVC is
not standardized. While the usual
recommended location is subxiphoid
transabdominal long axis view, there are
limited data comparing this approach to
another one which is transhepatic.

The aim of this study was to compare the
size of IVC measured by transhepatic
sonographic imaging with that measured
by standard one, the subxiphoid anterior
approach in hypovolemic, spontaneously
breathing hypotensive patients.

Patients and Methods

This prospective study was done in a
tertiary care referral hospital at intensive
care unit of Al-Sadr Teaching Hospital in
Basrah, Irag.

Eighty hypotensive or shocked patients
aged 18-80 years were included for
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assessment of volume status in an attempt
to decide whether to continue on fluid
administration or to  shift into
vasopressors. The study was performed
over a period of four months from 1st
February 2017 until 5th June 2017. Using
world health organization (WHQO) sample
size calculator, a sample size of 80 was
taken.

The sonographic evaluation was done by a
final year anesthesia board trainee who
completed a four week course run by a
radiologist and an intensive care unit
director with five years' experience in this
evaluation, and then the reader developed
an extended experience in the field for the
following four months before the study.
Bedside ultrasound images were obtained
with the patient supine to measure the
dimensions and determine collapsibility of
IVC during deep spontaneous breathing.
Exclusion criteria included: Patients
below the age of 18 years, pregnancy after
the second trimester, congestive cardiac
failure, raised intra-abdominal pressure,
those on assisted ventilation or who
cannot take deep breath, dysrrhythmias
and tricuspid valve disease.

A portable M-Turbo ultrasound system
B\FUJI FILM SonoSite machine, version
of 06-2013\USA was used with the
curvilinear probe of low frequency (2-5)
MHZ transducer for all examinations.
First, ultrasound gel was applied to the
anterior subxiphoid region where IVC
assessment was done with inspiration
ultrasonically 1-2 cm to the right of the
midline by placing the probe horizontally
on the patient’s abdomen just below the
xiphoid bone with the marker facing to the
right of the patient. Once an appropriate
subxiphoid view of IVC is obtained, probe
is rotated 90 degree until the marker is
pointing towards the head of the patient, at
this point the IVC should be visualized in
the longitudinal plane as it enters the right
atrium at this position.

The IVC diameter was measured 1-2 cm
caudal to the hepatic vein- IVC junction
or approximately 3-4 cm from the junction

of IVC with right atrium, this position was
preferred as I\VVC collapsibility in the intra
hepatic segment is not affected by the
muscular activity of diaphragm. The
maximum IVC diameter (IVCmax) was
measured at end of expiration using the
leading edge technique (inner edge to
inner edge of the vessel wall). In addition,
the minimum IVC diameter was measured
at end of inspiration (IVCmin). Then
calculated the IVC-CI (%).

Then lateral transhepatic assessment of
IVC using liver as an acoustic window in
anterior to mid-axillary line was done,
similar to the placement for evaluating
Morison’s pouch (hepato-renal angle), the
marker should be pointing to the head of
the patient.

By scanning more anteriorly and cephalic
than the Morison’s pouch view, the IVC
can be visualized running longitudinally
adjacent to the liver and crossing the
diaphragm. Following the vessel along
until it enters the right atrium allows
confirmation that the IVC is being
visualized and not the aorta that running
parallel and posterior to it. In the same
way as to measure IVC diameter in
subxiphoid approach, the IVCmax and
IVCmin were estimated and then
calculated for the IVC-CI (%).

In both of approaches, B-mode was used
to visualize 1VC by right angle position
and clear view of the IVC with careful
observations of the patient’s breath cycle
(end inspiration and end expiration) then

freeze the 1image and estimate the
diameters.
When patient have decreased IVC

diameter and the percentage collapse is
greater than 50%, it means volume
depletion. On the other hand, if IVC
diameter is large with minimal collapse on
inspiration, it means volume overload.
Data were collected from 80 patients that
have been taken from the subxiphoid 1VC
diameters and its Cl percentage and
transhepatic mid axillary IVC diameters
and its CI percentage then a comparison
between these data was made.
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Statistical analysis: Pearson correlation
coefficient was wused to assess the
significance between IVC-CI (%) and the
maximum and minimum IVC diameters in
subxiphoid and mid axillary approaches.
P-value <0.05 was considered strong
positive correlation between IVCmax and
IVCmin in both approaches as well as
their IVC-CI (%).

Three cases were dropped from the study
due to a failure of visualization by anterior
approach after recent laparotomy.

Results

Eighty patients who have been admitted
from different departments to ICU were
included. The mean age was 45.81+14.89
years. The sample is composed of 31
(37.5%) females and 49 (62.5%) males.
Twenty four post-operative general
surgical patients (30%), 13 medical
patients (16.3%), 12 orthopedic patients
(15%), 19 neurosurgical patients (23.8%),
7 obstetrical patients (8.8%) and finally, 5
thoracic-vascular patients (6.3%). This is
revealed by Table II.

Table I1: Prevalence of included cases.

Cases Frequency | Percent
General surgery | 24 30.0
Internal medicine | 13 16.3
Orthopedic 12 15.0
Neurosurgery 19 23.8
Obstetric 7 8.8
Vascular 5 6.3
Total 80 100.0
The mean of minimum diameter in and the mean of Cl was 54.3%#+15.2 and

transhepatic approach was 0.78+0.47 cm
while the mean in subxiphoid approach
was 0.8+0.44 cm with p-value 0.39 and
the mean of maximum diameter in
transhepatic approach was 1.6+0.54 cm
while its mean in subxiphoid approach
was 1.64+0.5 cm with p-value was 0.49

53.8%=15 in transhepatic approach and
subxiphoid approach respectively with a
p-value 0.116.

According to these statistical results, none
of the parameters showed significant
statistical difference. This is presented in
Table I11.

Table I11: Correlation between sub xiphoid and Transhepatic approaches

Parameter |Approach 1 Mean+SD|Approach 2 Mean+SD|P value
Min. 0.786cm + 0.478 0.800cm + 0.438 0.393
Max. 1.623cm + 0.539 1.640cm + 0.489 0.491
Caval index %}54.316cm+15.235 53.789cm+14.954 0.116

Approach 1: transhepatic. Approach 2:
subxiphoid. MIN: minimum size of IVC
diameters. MAX: maximum size of IVC
diameters. SD: Standard deviation.

Discussion

Over the last decade, many clinical
studies have led to the validation of
sonography for evaluation of many critical
cases as a first rapid assessment of
pulmonary, cardiovascular and airway

35

parameters in addition to being a bedside
tool for focused assessment sonography of
trauma (FAST) exam.

These machines are becoming available in
different hospital departments as their use
for  resuscitation = measures  have
progressively developed among different
medical specialties.

Standard measurements of preload for
fluid management in the near past
included mainly central venous pressure
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or pulmonary artery occlusion pressure.

The  Surviving  Sepsis  Campaign
guidelines still recommend assessing
hypovolemia and fluid therapy by using
CVP, to be between 8 and 12 mmHg™.

Uses of ultrasound for assessing the 1VC
diameter which provides a good
alternative tool to CVP because it has less
cost, less time consuming, non-invasive
and avoids the complications of CVP
insertion like arterial puncture,
pneumothorax, hemothorax, dysrrhyth-
mias, cardiac chamber injury, neural
injury, infection,  thrombosis  and
chylothorax (in left sided approach).
Central venous pressure is even regarded

of limited sensitivity in  some
circumstances as they are static
parameters®:,

Sonography also provides dynamic

interpretation of volumic status and fluid
responsiveness by assessment of I1VC
diameter ~ change  especially  with
spontaneous breathing based on heart-lung
interactions (dynamic estimation)3**°.

In addition, it reflects volume status more
closely than other parameters like blood
pressure, pulse rate or diameter of aorta™.
The use of ultrasonography for IVC
assessment in mechanically ventilated
patients gives different reliability among
different studies and is not studied here as
it needs more precise measurements and
hence, experience®*®,

In addition to the evaluation of
hypovolemia and patients with severe
sepsis, it can aid evaluation of fluid
overload and  congestive  cardiac
failure”®**%°_ The IVC-CI in B mode has
been used on anterior subxiphoid region
and compared in our study to lateral
transhepatic view. The M-mode is used to
precisely and dynamically measure 1VC
diameter but it has not been used here
because it needs experience and is
difficult to be done in some
circumstances, for example when patient
is breathing forcefully; thus inexpert can
get wrong angle.

Fluid responsiveness in this study was

assessed by making serial measurements
after fluid administration and followed up
till hemodynamic stability achieved with
normalization of blood pressure and tissue
perfusion or a vasopressor/inotropic is
initiated. Straight leg raising test adds to
the reliability but could not be done in a
number of multitrauma patients so it has
been excluded from the parameters.

Many clinical and experimental studies
have been done but no enough data in
regard to the comparison between the two
approaches. Yanagawa et al (2005), used
IVC diameter in expiratory phase in the
early diagnosis of hypovolemic shock by
ultrasound for trauma patients*’. In this
study, the IVC diameter in expiratory
phase for the diagnosis of hypovolemia
was 9 mm. The diameter (7.7£0.3 mm)
measured in the shock group was
significantly lower than (13.4 £ 0.7 mm)
measured in the control group.

Another study was performed by
Sefidbakht et al (2007), in patients with
trauma®’. In this study, IVC diameters in
expiratory and inspiratory phase were
(5.6+£0.8 and 4+0.7 mm) of the shock
group were also significantly lower than
those of the control group (11.9+2.2 and
9.6+2 mm) and CI was higher.

These studies suggest that 1VC diameters
can be considered a modestly reliable
indicator of hypovolemia, although blood
pressure is within normal limits because
of sympathetic activation.

Akilli et al (2010), compared the 1VC
diameter with other parameters during
shock state such as heart rate, systolic
blood pressure, diastolic blood pressure,
shock index, urine output, serum lactate
level and base excess level in patients at
emergency department with hemorrhagic
shock. They concluded that the IVC
diameters in such patients were more
valuable than other conventional shock
parameters™,

Fields et al (2011), reported that the

correlation coefficient of the IVC was
081 (95% CI, 0.67-0.89) for IVC
diameter in expiratory phase and
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correlation coefficient was 0.77 (95% Cl,
0.62-0.87) for IVC diameter in inspiratory
phase. They also stated that the interrater
reliability of measurement was increased
from 0.49 to 0.81 after expiration and
from 0.51 to 0.85 after inspiration at the
end of the first 5 examinations. Their
studies suggest that 15 ultrasound
examinations may be necessary to obtain
sufficient skill*.

Akkaya et al (2013), found that there was
an increase in the interrater reliability of
IVC diameter during inspiratory phase
measurements after 10 examinations™.
The interrater variability comparison was
not performed in this study but instead,
the same reader compared the two
approaches (and was blinded to) a
standard CVVP measurement as a reference
to add to the reliability of personal
experience.

A similar study was done to reveal
agreement between IVC diameters in
subxiphoid approach versus transhepatic
one, it was performed by Kulkarni AP et
al (2015), showed that IVC diameter
variability evaluation gives a clue about
fluid responsiveness equally in both
approaches, although the study was
applied on patients with mechanical
ventilation support while this study
selected those who are spontaneously
breathing*. There are obstacles in
assessing obese patients, patients with
recent abdominal surgeries and those in
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