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ABSTRACT

Background: Assessment of intravascular volume is an important component in care of
hypovolemia. Physical examination is inaccurate tools in the assessment of intravascular
volume, leading to the need for more objective method and accuracy tool.

Aims: The prediction of validation of shock index (SI), modified SI (MSI), central venous
pressure (CVP), and inferior vena cava collapsibility index (IVC-CI) in assessment of intra-
vascular volume.

Methods: This study was conducted as cross-sectional, observational study on 150
Egyptians patients attending to the emergency room with hypovolemia state (systolic
blood pressure < 90 mmHg, heart rate > 100 beat/minutes, and capillary refill > 2 seconds,
and clinical signs with symptoms suggestive any types of shocks) and all patients enter
resuscitation room once they arrive to emergency room (ER). With applied resuscitation
guideline methods, all the life-threatening conditions of all participants can be treated.
Results: The studied patients revealed negative correlation between the CVP value and
(SI and MSI), but positive correlation with IVC-CI value. In addition, the mean CVP was
3.2 £ 2.2 but the mean IVC-Cl was 74.9% + 10.5%. MSI has 100% sensitivity and 98%
specificity, CVP has 100% sensitivity and specificity, and IVC-CI has 100% sensitivity and
specificity in diagnosis of hypovolemia when > 1.3, <8 cmH,0, and > 50%, respectively.
Conclusions: Assessment of intravascular volume is an important diagnostic tools and
management of hypovolemic patients with determining collapsibility (>50%) of the IVC
by bedside ultrasonography in conjunction with common clinical marker predictors, e.g.,
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Introduction

Central venous pressure (CVP) considered invasive
hemodynamic monitoring and a useful guide for an
early resuscitative response with the help to reduc-
ing the morbidity and mortality rates in Emergency
Department (ED) cases with hypovolemia. CVP less
than 8 cmH_0 is an indicator for intravenous fluid
therapy. However, invasive hemodynamic monitor-
ing may induce side effects (arterial puncture, infec-
tion, venous thrombosis, and so on), also may lose a
time and some practical limitations to used invasive
methods for monitoring CVP in the ED, such as the

need for special monitoring tools and supportive
resources [1].

The ABCDE approach for resuscitation patients
includes Airway patency, Breathing controlling,
optimized the Circulatory status, assessed Oxygen
Delivery for the tissues, and achieved End points for
the resuscitation [2].

The shock index (SI) is calculated by heart rate
(HR) divided on systolic blood pressure (SBP).
It is a physiological score that can be guided in
the pre-hospital and initial emergency care to
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determine the severity of the trauma, and to detect
an early hemorrhagic shock [3].

The modified SI (MSI) is calculated by HR divided
on mean arterial pressure (MAP = [(DBPx2) +
SBP]/3) has been proposed to evaluate the stability
of the patients and has a better predictor of mortal-
ity than the SI alone. The SBP is replaced by MAP in
the equation, so as to include the influence of dia-
stolic BP (DBP), MSI > 1.3 indicates a hypovolemic
status and is a stronger predictor of ED patient mor-
tality compared to the pulse rate and BP alone [4].

Ultrasound has increased role in ED rapidly
because it is safe, non-invasive, rapid, and consid-
ered as the bedside test. Bedside ultrasound is one
of the emergency clinical assessments today but
not formula radiological investigation and focused
on to evaluate a clinical question. The inferior vena
cava (IVC) carries deoxygenated blood into the right
atrium of the heart. Alarge vein of the size and shape
of the IVC is correlated to the CVP and circulating
blood volume, IVC can be assessed by ultrasound
which is non-invasive tools to measure the vol-
ume status. The IVC is compliant vessel whose size
changes with intravascular pressure. Consequently,
IVC collapses with inspiration because the blood
pumped to RT atrium due to the negative pressure
created by chest expansion [5].

The IVC diameter (IVCD) changes depending
on the phase of respiration. During inspiration,
the negative pressure is developed in the thorax,
causing the IVC to drain into the right atrium, and
decrease its diameter. The measure of this is called
the IVC collapsibility index (IVC-CI) given by (IVCD
in expiration—IVCD in inspiration)/IVCD in expira-
tion [5].

Potential value of IVC collapsibility index
(IVC-CI) is increasing in investigating as non-inva-
sive tool of intravascular volume assessment. The
hemodynamic evaluation modality by point of care
ultrasound based on its non-invasive character, low
cost, easy reproducibility, greater availability, and
portability [6].The study aims of the prediction of
validation of SI, MSI, CVP, and IVC-CI in assessment
of intravascular volume at the ED of Suez Canal
University Hospital (SCUH) for improving the man-
agement process in hypovolemic status.

Methodology

Type of the study

This study was cross-sectional, observational study
on patients attended to the ED with hypovolemia
state for 1 year of the study, and all patients enter
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resuscitation room once they arrive to emergency
room (ER).

Site of the study

The work carried in the ED of SCUH and patients
presented with clinical signs (SBP < 90 mmHg, HR
> 100 beat/minutes, and capillary refill > 2 sec-
onds) and symptoms suggestive any types of shock
patients who require fluid resuscitation and center
venous catheterization with applied resuscitation
guideline methods and treat all the life-threatening
conditions if present to all participants.

Patients: inclusion criteria

1. Age: 16-70 years old

2. Both genders

3. Patients with functioning central venous
catheter

4. Spontaneously breathing patients

Exclusion criteria

1. Age below 16 and above 70 years

2. Non-functioning central venous catheter
3. Pregnancy
4. Pericardial effusion and tamponade
5. Mechanically ventilated patients
Sample size

Sample size was estimated using a predetermined
area under the curve for prediction of mortal-
ity among hypovolemic patients = 0.844 [7]. The
sample size calculated for power of the study of
90% and o error of 0.05. An estimated drop out
of 10% added. A series of equations used to esti-
mate sample size using area under the curve (AUC).
Computer-based software has been used to calcu-
late the required sample size. The least required
sample size is 150 patients.

Patients and methods

The following data obtained:

e Demographic: age, gender, and thorough
history.

e Primary evaluation by ABCDE, which means
Airway maintenance, Breathing and ventila-
tion, Circulation, Disability and neurological
status, and Exposure and environment con-
trol, respectively.

e Selected patients whose SBP < 90 mmHg,
HR > 100 beat/minutes, and capillary refill
>2 seconds and clinical signs with symptoms
suggestive any types of shocks.
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e Determination of patient’s SI from HR divided
by SBP and MSI by HR divided by MAP.

e Laboratory: as complete blood count, arte-
rial blood gases, blood typing, cross match-
ing, and serum creatinine.

e Radiology: after ABCDE, all patients were
subjected to full history and secondary
survey and research associate professor
of radiology was evaluated for intravascu-
lar volume status by performed bedside
ultrasonography using ultrasound machine
with convex (3.5-5 MHz) transducer to mea-
sure the IVCDs, both end-inspiratory (IVCi)
and end-expiratory (IVCe) measured by
two-dimensional bedside ultrasonography
by M-mode in the subxiphoid area. The IVC
collapsibility indices (IVC-CIs) were calcu-
lated by the equation: ([(IVCe - IVCi)/IVCe]
x 100)%.

e Central venous catheter: insertion and eval-
uation of CVP by a research associate profes-
sor of the emergency medicine.

e The IVC-CI compared with the CVP values.

Data analysis and management
Data collection

The researcher himself collected data.

Statistical analysis of data: statistical analysis

Data were studied, tabulated, and statistically ana-
lyzed using Statistical Package for Social Science
(SPSS) with P-value considered significant if P <
0.05.

In the statistical comparison between the dif-
ferent groups, the significance of difference tested
using one of the following tests:

e Student’s t-test: used to compare between
mean of two groups of numerical (paramet-
ric) data.

e Inter-group comparison of categorical data
was performed by using chi-square test

(x,-value).

A P-value < 0.05 was considered statistically signif-
icant in all analysis.

Ethical consideration

1. Approval of authority.
2. Agreement of participant without obligation.
3. Confidentiality of data.
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4. Explanation of our study to the partici-
pants. An informed consent was taken from
each patient or from his relatives if coma-
tose before taking any data or doing any
intervention.

5. Explanation of the aim in a simple manner to
understood by the common people.

6. Right of the patient to refuse involving in the
research and he will have his usual treatment.

7. Right of the participant to withdraw from the
study at any time without giving any reason.

8. All participants announced the results of the
study.

9. Right of patient to have a copy from the
informed consent.

10. Signature or fingerprints of the patient or his
relatives.

11. The researcher phone number and all possi-
ble communicating methods identified to the
participant.

12. Inform the patient about the outcome of the
research.

Results

This study was prospective carried out on 150 cases
which needed CVP in their evaluation at ED, Suez
Canal University. They were hypovolemic patients.
The anteroposterior diameter of [VC measured in
IVCi and IVCe by ultrasonography M-mode in the
subxiphoid area. The collapsibility is the differ-
ence between the diameters of IVCe and IVCi, and
CI calculated by the equation ([(IVCe - IVCi)/IVCe]
x 100)% and measure for all patients SI, MSI, CVP,
and IVC-CL

Demographic characteristics of the studied
populations

Age

In this study, the mean age (£SD for the study group
42.38 + 12.903 and the mean age of the studied
patients was comparable without any statistically
significant differences (p = 0.74). The mean age of
the total population was 50.14 + 16.799 years with
the age ranged from 18 to 88 years. In total, the fre-
quency of males was 60%, while the frequency of
females was 40% (Table 1).

Body mass index (BMI)

Regarding the mean BMI (¥SD) was 31.46 + 4.69 in
the study group as in Table 1.
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We found respiratory rate (RR), HR, SBP, DBP,
MABP, SI, MS], and Glasgow coma scale (GCS), mean
+ SD as shown in Table 2.

Respiratory rate (RR)

For RR in the study group, the mean (*SD) was
28.40 % 7.589 with highly statistically significance
as clinical predictors for the hypovolemic state as
given in Table 2.

Heart rate (HR)

For HR in the study group, the mean (*SD) was
107.6 + 7.9 with statistical significance as clinical
predictors for the hypovolemic state as given in
Table 2.

Systolic blood pressure (SBP)

In our study on SBP, the mean (*SD) was 74 + 16.5
with statistical significance as clinical predictors for
hypovolemic state as given in Table 2.

Diastolic blood pressure (DBP)

In the study groups on DBP, the mean (+SD) was 44
+ 15.6 with statistical significance as clinical predic-
tors for hypovolemic state as given in Table 2.

Mean arterial pressure (MAP)

In our study group on MAP, the mean (£SD) was
53.9 * 15.9 with statistical significance as clinical
predictors for the hypovolemic state as given in
Table 2.

Glasgow coma scale (GCS)

In our study on GCS, the mean (xSD) was 13.120
+ 2.5285 with statistical significance as clinical

predictors for the hypovolemic state as given in
Table 2.

Stock index (Sl)

In our study, the mean and #SD of SI in the study
group were 1.5 + 0.4 with statistical significance
and P-value < 0.001, as clinical predictors for the
hypovolemic state as given in Table 2.

Modified shock index (MSI)

In our study, the mean and +SD of MSI in the study
group were 2.2 + 0.9 with a statistical significance
and P-value < 0.001, as clinical predictors for the
hypovolemic state as given in Table 2.

In the study group where 40% patients pre-
sented with diabetes mellites (DM), about 30% of
patients had hypertension (HTN), 22% of patients

had history of ischaemia heart disease (IHD), 26%
of patients had history of cerebrovascular stroke,
and 24% of patients had liver disease (Table 3).

In our study, there is negative correlation
between CVP value and (SI and MSI) (Table 4).

In our study, there is a positive correlation
between IVC-CI value and (SI and MSI) (Table 5).

1. Regarding IVCe: The mean (*SD) IVCe
diameter in the study group was 1.6 * 0.3
(Table 6).

2. Regarding IVCi: The average diameter of
IVCi in the study group was 0.4 * 0.2 cm;
P<0.001 (Table 6).

3. Regarding CVP: The mean CVP (#SD) in the
study group was 3.2 = 2.2 (Table 6).

4. Regarding IVC-CI: The mean IVC-CI in the
study group was 74.9 + 10.5 % (Table 6).

In the present study, the CVP shows the negative
correlation with the IVC-CI with P-value < 0.001 as
shown in Figure 1.

1. In our study, SI has 100% specificity and
sensitivity in diagnosis of hypovolemia when
>0.7.

2. In the present study, MSI has 100% sensitiv-
ity and 98% positive predictive value (PPV)
in diagnosis of hypovolemia when > 1.3.

3. In our study, CVP has 100% specificity and
sensitivity in diagnosis of hypovolemia when
< 8 cmH20.

4. In the present study, IVC-CI has 100% speci-
ficity and sensitivity in diagnosis of hypovo-
lemia when = 50%.

Discussion

The conducted study is a prospective, observational
study enrolled 150 adult patients undergoing cen-
tral venous catheterization at ED, SCUH.

The identification of the hypovolemic state is
essentially in critically ill cases because resus-
citation of hypovolemia—adequately and early
with time—has an effect on the prognosis and the
delayed fluid therapy received lead to bad out-
comes. Recently, inadequate fluid resuscitation was
the commonest errors in died hospital patients.
Insufficient fluid therapy resuscitation remains a
significant issue, especially in critical cases [8].

In this study, HR in the study group was higher
107.6 + 7.9 with statistical significance and P-value
<0.001.
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Table 1. Demographic characteristics of the studied popu-
lations: (number = 150 patients).

Table 4. Nonparametric Correlations of CVP with Sl and
MSI in the study group.

Study group Correlations of CVP with Sl and MSI CVP (cmH20)
Mean * SD Spearman’s rho Sl Correlation coefficient -0.876"
Age 50.14 £ 16.799 Sig. (2-tailed) 0.000
BMI 30.06 £ 5.33 N - 100
Female 60 (40%) MSI  Correlation Coefficient -0.870
Gender Male 90 (60%) Sig. (2-tailed) 0.000
N 100

Table 2. Clinical predictors for hypovolemia of the studied
patients.

Study group
Test of significance
Mean * SD
RR 28.40 £7.589 t=4.3,P<0.001
HR 107.6+7.9 t=18.02, P<0.001
SBP 74 £16.5 t=18.5,P<0.001
DBP 44 +15.6 t=14.2,P<0.001
MAP 53.9+159 t=15.8, P<0.001
GCS 13.1+2.5 t=5.26, P<0.001
Sl 1.5+04 t=15.2, P<0.001
MSI 2.2+0.9 t=11.5,P<0.001

t of student t-test, P < 0.05 statistically significant.

Table 3. Past medical history of the study group patients:
past medical history of patients in the study group.

Study (n = 150)

DM 60 (40%)
HTN 45 (30%)
IHD 33 (22%)
Cerebrovascular stroke 39 (26%)
Liver disease 36 (24%)

According to Nette et al. (2006), they found that
HR affected by both external factors (fever and anx-
iety) and positive inotropes s not good indication of
hypovolemic shock [9].

In this study, BP and MAP were significantly
lower with statistical significance and P-value <
0.001 and can predict low-volume states in hypovo-
lemic patients in context of medical scenarios.

Contrary, Zengin et al. (2013) reported that
clinical assessment revealed pulse, BP, and initial
lab results are one of the indicators used to assess
the intravascular volume status and are inaccurate
because they are affected by various clinical situa-
tions. These indicators may be physiological as the
initial compensatory mechanisms of the body. This
may lead to delays in the early detection of hypo-
volemia. For instance, in patients, the body and BP
would compensate a 20% loss of total body fluids
still within normal range whereas this amount of
loss may be induced multiple-organ failure [10].
While Yamanoglu et al. (2014) also revealed that BP
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**Correlation is significant at the 0.01 level (2-tailed).

Table 5. Nonparametric Correlations of IVC-CI with Sl and
MSI in the study group.

Correlations of IVC-CI with Sl and MSI IVC-CI (%)
Spearman’srho Sl Correlation coefficient 0.816**
Sig. (2-tailed) 0.000
N 100
MSI  Correlation coefficient 0.826**
Sig. (2-tailed) 0.000
N 100

**Correlation is significant at the 0.01 level (2-tailed).

Table 6. Relations between IVCDs and CVP in the study
group.

Study group
Parameter Median Significance test
Mean £ SD (Min-Max)
IVCe 1.6+0.3 1.6 (1-3) *t=1.4,P=0.2
IVCi 0.4+0.2 0.45(0-1) **7z=8.4,P<0.001
CvpP 3.2+2.2 3(0-7) **7=8.7, P<0.001
IVC-CI 74.9+10.5 73 (52-94) *t=25.8,P<0.001

*t of Student’s t-test, **Z of Mann—Whitney test

misguidance predictors of circulatory shock espe-
cially at class II and I traumatic hypovolemic shock
patients [11].

In this study, patients with history of cerebrovas-
cular diseases were 26% of the study patients as
they presented with dehydration.

This agreement with Rowat et al. (2011) who
conducted a study to reveal the frequency of risk
factors and associations’ dehydration with progno-
sis at hospital improved after stroke and presented
that of 2,591 patients registered, and (62%) were
dehydrated at some stages during their treatment
and admission. Some risk-precipitated factors for
dehydration included female, older age, total ante-
rior circulation syndrome, and received diuretics
(all P < 0.001). Dehydrated patients increased inci-
dence of dead or dependent at hospital discharge
than those without [12].

In our study, the number and percentage of
patients with history of liver disease were 24% of
the study patients.
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Figure 1. Scatter plot diagram showing correlation between CVP and IVC-CIL.

In this study, the mean CVP (£SD) in our study
was lower in the study patients (3.2 + 2.2) which
was statistically significance (P-value < 0.0001) and
the mean of IVC-CI in our study significantly higher
in the study patients (74.9 + 10.5%) with statistical
significance (P-value < 0.001).

In our study, there are negative relations between
CVP value and (SI and MSI) with r = -0.876 and
P-value < 0.001 and r = -0.870 and P-value < 0.001,
respectively.In this study, there is a positive correla-
tion between IVC-CI and (SI and MSI) with r=0.816
and P-value < 0.001 and r = 0.826 and P-value <
0.001, respectively.

In this study, CVP shows significant correlation
with the IVC-CI with r = -0.843 and P-value < 0.001,
we revealed an inverse relationship between CVP
and IVC-CL

This result is in accordance with that observed in
study performed by Stawicki et al., as they found that
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measurements of IVC-CI by intensivists performed
bedside ultrasonography can provide a useful guide
to non-invasive volume status assessment in the
surgical intensive care unit patients. CVP appears
to best correlate with IVC-CI in the setting of low
(£20%) and high (260%) collapsibility ranges [6].
In our study, the mean (+SD) IVCe in the study
patients was 1.6 + 0.3 which shows no statistical
significance while the average diameters of IVCi
in the study patients at arrival were significantly
smaller (0.4 = 0.2 cm) with P-value <0.001.
Thanakitcharu et al. (2013) found that during
inspiratory and expiratory phases of IVCD, there
was a significant difference between IVCi diame-
ter and CVP, but insignificant correlations in [VCe
diameter. Similarly, in hemodialysis patients, [VCD
measured by nephrologists for estimation of the
intravascular volume status and considered more
accurate for a dry weight. Also in critically ill
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patients, anesthesiologists, cardiologists, and inten-
sivists for assessment the body volume status have
done the same technique [13].

[t is known that in the respiratory cycle there is
IVCD variation. However, some authors measured
both IVCi and IVCe, and use them as collapsibility or
caval index. Nagdev et al. (2010) found that during
a respiratory cycle, 50% collapse of the IVCD was
strongly significant with a low CVP [1].

Similarly, Farkas and Anawati (2015) agreed that
measuring the IVC size at end-expiration just proxi-
mal to the junction of the IVC and hepatic veins cor-
relates with CVP. Respirophasic variation in the IVCD
(>50% with forced inspiration, or lesser degrees
with passive ventilation) suggests a low CVP [14].

According to Muller et al. (2012) in spontaneous
breathing patients, respiratory IVCD variation
is commonly used because it has good relations
to CVP even if CVP is poorly predicted for fluid
response. Respiratory IVCD variation corresponds
to fluid removal with chronic dialysis in nephrology
outpatients or during continuous hemofiltration in
spontaneously breathing intensive care unit (ICU)
patients with acute heart failure [15].

In this study, IVC-CI shows 100% specificity and
sensitivity in diagnostic hypovolemic status when
250%.

Kent et al. support the same result as they con-
cluded that IVCDs Measurements and calculation
of the IVC-CI found to be reliable markers of both
clinical response to volume resuscitation and intra-
vascular volume status. Hypovolemic patients more
likely to be diagnosed when IVC-CI >50%. However,
when it is <20%, the patient may be either hyper-
volemia or euvolemia [16].

Also Zengin et al. (2013) found that the IVC con-
sidered a major vein; highly collapsibility vein, and
its diameter correlate with right atrium of the heart.
However, its diameter not affected by the body’s
vasoconstrictor compensatory mechanisms to flu-
ids loss, so IVC reflects volume status more accurate
than other parameters, which based on the vascular
system, such as BP, pulse rate, and others [10].

Although Juhl-Olsen et al. (2013) found that
baseline IVC-CI and IVCe did not correlate with
the relative decrease in cardiac output induced by
blood donation, and baseline measurements did
not reflect the following hemodynamic response.
In addition, a lack of correlation with the decrease
in cardiac output also found for the changes in
IVC-CI and IVCe caused by blood loss. The sensi-
tivity of dynamic IVC measures for detecting early
blood loss was around 80%. They support the use
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of ultrasonography for assessment of patients with
suspected hemorrhage as it has moderate sensitiv-
ity [17].

As reported by Schefold et al., transabdominal
ultrasonography IVCD in mechanically septic venti-
lated patients considered a non-invasive approach
to assess the volume status. Especially in sitting
of invasive hemodynamic monitoring is unavail-
able, such as in early resuscitation phase, bedside
ultrasonography IVC measures in addition to other
methods such as echocardiography. With good
training, the use of IVC sonography will be a faster,
more goal-directed optimization of volume sta-
tus, and easy to determined patients with clinical
response to volume resuscitation and avoid volume
expansion. In addition, this approach not required
extensive training or more experiences [18].

Diseases that may influence the IVCDs,s e.g,
patients with high pulmonary artery pressures,
overt, right ventricular dysfunction, pulmonic,
or tricuspid valve disease, and any diseases with
increased intra-abdominal pressures, e.g., patients
with moderate to massive amount of ascites or
morbid obesity [13].

In our study, these patients excluded as obtain-
ing image or IVCDs were difficult and inaccurate.

Intravascular volume status assessment is essen-
tial indicators for the management and diagnosis of
ED cases.

The bedside ultrasonography evaluation of
IVC-CI may be a useful bedside method for the ER
physicians.

The physician may be able to obtain a bedside
assessment of intravascular volume by the IVC-CI
assessment during normal respiration (>46.4%). In
conjunction with common clinical markers, bedside
ultrasonography of the IVC may be a useful adjunct
in the evaluation of the ED patients.

Limitations of the Study

Although we used a larger sample size than that
used by Elbaih et al. [19], the sample size was still
small and the study could not be blinded which
might have introduced some bias into the results.
In addition, the accuracy of bedside ultrasonogra-
phy in measured IVC-CI in shock patients could not
be precisely detected from history and diagnosis,
which is based on clinical manifestations.

In the case of unstable shock patients, there
were contraindications to transport these patients
for more investigations, e.g., Pan-CT unless to fin-
ished resuscitations so little studied were done for

11
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measurement IVC-CI in shocks patients so this con-
sidered some limitations.

In addition, the measurement of IVC-Cl depended
mainly on individual physicians who experience
variations, but in our study, all investigations were
carried out on them.

Conclusion

Intravascular volume status assessment is an
important parameter for the diagnosis and man-
agement of ED patients.

We believe that bedside evaluation of the IVC
may be a useful tool for the ER physicians.

The physician may be able to obtain a bedside
assessment of intravascular volume by IVC-CI
assessment during normal respiration (>50%). In
conjunction with common clinical markers, e.g., SI,
MSI, and CVP in assessment among hypovolemic
Egyptian patients are considered useful adjunct
tools in the evaluation of the ED patients.

Recommendations

¢ Bedside ultrasound should become available
and more integrated in clinical practice of
emergency medicine and ER physicians.

e Proper training to emergency physicians
to use ultrasound in rapid assessment and
diagnosis of critical patients by determining
the ability to measure caval index.

e Further integration of IVC-CI with clinical
markers predictors, e.g., SI, MSI, and CVP for
evaluation, early diagnosis, and treatment
to improve the management process with
hypovolemic state patients.

e Further research in that era.

Summary

Determination of intravascular volume status can
sometimes be challenging in the ED patient. Recent
research indicates that invasive hemodynamic
monitoring of CVP is a useful guide in directing
early resuscitation. CVP considered invasive proce-
dure with possible complications.

The aim of this study is to compare IVCi, IVCe,
and the caval index (CI) with non-invasive study
with CVP, SI, and MSI in patients with hypovolemia.

In this study, the mean age (+SD) for the study
group was 50.14 + 16.799 and for the control group
was 42.38 £ 12.903.

SBP in the study group was lower than the con-
trol group; the mean (+SD) was 74 + 16.5 and 122.4

12

+ 8.2, respectively, with statistical significance.
DBP in the study group was lower than the control
group; the mean (£SD) was 44 = 15.6 and 79.2 *
8.04, respectively, with statistical significance.

The mean and +SD of SI in the study group were
lower than the control group 0.6 * 0.08 and 1.5 *
0.4, respectively, with statistical significance and
P-value < 0.001. The mean and *SD of MSI in the
study group were lower than the control group 0.8
+ 0.1 and 2.2 £ 0.9, respectively, with statistical sig-
nificance and P-value < 0.001.

There was negative correlation between CVP
value and (SI and MSI), while there is a positive cor-
relation between IVC-CI value and (SI and MSI).

CVP shows significant correlation with the IVC-CI
with r = -0.843 and P-value < 0.001; we noted an
inverse relationship between IVC-CI and CVP.

IVC-CI shows 100% sensitivity and specificity
in diagnosis of hypovolemia when = 50% also CVP
shows 100% sensitivity and specificity in diagnosis
of hypovolemia when <8 cmH,0

Bedside ultrasonography evaluation of the IVC
could be a non-invasive marker of low volume sta-
tus for the emergency physician, thereby aiding the
clinician in fluid management early in the course of
resuscitation before more invasive measurements
are undertaken.
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