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Abstract

Aim & background: Central venous pressure (CVP) is needed in acute resuscitation and in intensive care unit patients
to monitor hemodynamics and to guide fluid resuscitation.

The primary objective of our study is to compare the ultrasound (USG) guided measurement of CVP with conventional
measurement of CVP using saline column.

Methods: The study is Prospective observational study. The study was conducted at a tertiary care teaching hospital
from February 2020 to December 2021.

245 patients were included in this study using convenient sampling technique.

The primary measure in this study is to assess whether the accuracy of USG measurements (non invasive) of CVP is as
good as conventional measurements (invasive) of CVP using saline column method.

Results: The CVP measurements measured invasively and non invasively were categorized as below normal, normal,
and above normal. Using CVP (saline) as the gold standard, for CVP (USG) and CVP (saline) a 3 x 3 contingency table had
been made. To compare the diagnostic accuracy between CVP(Saline) and CVP(USG) where the measurements were
categorised, Kappa statistics has been used to measure the agreement between the two {CVP (saline) and CVP (USG)}.
The Kappa value was found to be around 96.33% and after weightage was 97.96% which was almost perfect agreement.

Conclusion: Based on our study, we conclude that the USG guided measurement of CVP is as good as conventional
measurement of CVP using saline column.
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1. Introduction

Central venous pressure monitoring is crucial in emergency department to assess volume status of the critically ill
patients[1]. Central venous pressure is needed in acute resuscitation and in intensive care unit patients to monitor
hemodynamics and to guide fluid resuscitation which is important to maintain adequate tissue perfusion[2].
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Central venous pressure can be measured invasively and non invasively. The standard practice to measure central
venous pressure is by placing a central venous catheter in the right internal jugular vein and by using the water column
method we measure central venous pressure which is an invasive method of central venous pressure measurement.
Central venous pressure can also be measured by clinical examination of the neck by determining the height of internal
jugular vein pulsation which is a commonly applied non invasive strategy to measure central venous pressure
bedside[3,4,5,6].

Intravascular volume can also be assessed by newer methods like bioimpedance, ultrasonography and by using
biomarkers like NT pro BNP, hematocrit. However, comparing these methods, ultrasonography can rapidly assess
intravascular volume status than the other two methods|[5].

Our current practice relies on ultrasonographic assessment of IVC (inferior vena cava) as a non-invasive technique to
estimate CVP (central venous pressure). But its validity and reliability is questionable and it is extremely difficult to
assess IVC in obese patients, patients who has undergone major abdominal surgeries, trauma and in those who has
subcostal midline chest drainage tubes[2,3]. The IJV (internal jugular vein) is easily accessible for sonographic
evaluation when compared to IVC[3]. The CVP measured from [JV by physical examination has many shortcomings like
lack of precision and accuracy- particularly in obese and elderly population, uncertainty in determining the true top of
JVP ( jugular venous pulse), variations in neck morphology which increases the difficulty in visualizing venous
pulsations transmitted to the overlying skin[4,5]. The ultrasonographic assessment of the height of IJV has been
described in literature but has not been well validated[4].

Advantages of ultrasound technique to measure CVP:

e Itisrapid,
e complications of central venous catheterisation like arterial puncture, pneumothorax and arrhythmias are not
seen with this technique[7].

Disadvantages of ultrasound technique to measure CVP:

e Itrequires proper training to learn and master the technique,
e Ultrasound machines are costly and not available in all centers.

Prospective observational studies done around the world have shown that the non invasive measurement of central
venous pressure with ultrasound is as good as invasive measurement of central venous pressure by placing a central
venous catheter in the right internal jugular vein. But all those studies have less sample size, none of them were done in
the emergency department and very few studies were done in India[8,9].

In our study, our primary objective is to assess whether the accuracy of ultrasonographic assessment of central venous
pressure is as good as conventional assessment of central venous pressure using saline column.

2. Materials and methods

The study was conducted at JIPMER, a tertiary care teaching hospital, located in South India. The duration of the study
was from February 2020 to December 2021.

2.1. Study design

Prospective observational study to assess diagnostic accuracy

2.2. Study participants

Humans

2.2.1. Inclusion criteria

Patients older than 18 years of age who underwent central venous catheterization in JIPMER Emergency Department
resuscitation area.

2.2.2. Exclusion criteria

e Patients on mechanical ventilation
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Any type of defect at the site of sonography
Pregnancy

Tricuspid regurgitation

Pulmonary hypertension

Unable to hold breath

Younger than 18 years

Cervical or mediastinal masses

Proximal venous thrombosis

Informed consent was obtained from all individual participants included in the study

2.3. Sampling

2.3.1. Sampling population

All patients older than 18 yrs of age who underwent central venous catheterization in JIPMER Emergency Department
resuscitation area.

2.3.2. Sample size calculation

Considering the sensitivity of ultrasound estimation of CVP using IJV to be 64.3%, sample size was calculated using
nMaster software for diagnostic tests — estimating sensitivity of new test keeping absolute precision as 6% as 245.
Therefore we recruited 245 individuals into my study.

2.3.3. Sampling technique

Convenient sampling technique

2.4. Study procedure

All patients older than 18 years of age who satisfied inclusion and exclusion criteria were included in this study.
Considering the conventional method of CVP measurement using saline column as Gold standard, the CVP was measured
using the conventional method and ultrasonographic method applying convenient sampling technique[10]. Initially, the
position of the saline column in the central venous catheter was adjusted so that the 3-way locker was at the same level
of the cavity of right atrium (5 cm below the angle of Louis). After which 0.9% NS was guided into one of the locker ways
to feed the column. Then the 3-way locker was turned in such a way so that the NS solution column empties into the
jugular catheter. When the equilibrium is attained, the level at which the NS solution column stopped was taken as CVP.
The CVP value (cm H20) was recorded as CVP(saline)[11].

After which CVP was measured noninvasively using ultrasound with the patient lying at 45° reverse Trendelenberg
position. The collapsing point of the IJV was detected using ultrasound in both longitudinal and transverse view. In the
longitudinal view, the average point of IJV oscillation was marked on the neck. With the lowest pressure possible, the
ultrasound probe was applied with a large amount of gel on the skin and the height (vertical distance) was measured
between the point of collapse and the angle of Louis. After which the CVP was measured by adding 5cm (the mean
distance from the cavity of the right atrium to the angle of Louis) to the measured vertical distance of the IJV[3,11]. This
CVP value was recorded as CVP(USG).

These central venous catheter placements and measurements were done by emergency medicine physicians.
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Figure 1 In the above picture, the patient is lying down at 45° reverse Trendelenberg position and the internal
jugular vein is visualized using the ultrasound probe.

Figure 2 Internal jugular vein in longitudinal view Figure 3 Internal jugular vein in transverse view

The arrow mark in figure 2 and 3 indicate the collapsing point of internal jugular vein.

2.5. Data collection methods including settings and periodicity

Data is collected based on clinical and demographic proforma, in hospital settings and the CVP was measured once by
both methods.

2.6. List of variables and their measurement methods with standardization techniques

2.6.1. Independent variables

Age

Gender

BP

Pulse
Respiratory rate
MAP

Diagnosis

Spo2
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Height

Weight

BMI

Neck girth (measured at the level of cricoid cartilage)

2.6.2. Outcome variables

e CVP (USG)
e (VP (saline)

2.7. List variable wise statistical tests to be used for data analysis

Continuous variables like age, blood pressure, pulse, respiratory rate, mean arterial pressure, SpOz, height, weight, BMI
and neck girth were expressed as mean with standard deviation or median with Interquartile range after checking for
the normality. BMI was categorized according to Asia-Pacific BMI category. Categorical variables like gender, diagnosis
were summarized as frequencies with proportions. The primary outcome variables, the central venous pressure
measurement obtained using the new test (USG guided), and the reference test (saline column) was categorized into 3
categories- below normal (<8 cm H20), above normal (>12 cm H20) and normal (8 to 12 cm H20). Then a 3 x 3 table
was made keeping CVP measured using central venous catheter as a gold standard. Then by using Kappa statistics we
tried to study whether CVP measured using USG was as good as CVP measured using central venous catheter. All the
data was entered in Epicollect5 software and analyzed using SPSS v19.

3. Results

This study was a single-center, prospective observational study conducted in the Department of Emergency Medicine,
JIPMER, Pondicherry, India from February 2020 to December 2021. 245 patients who presented to the Emergency
Medicine department were included in the study taking into account inclusion and exclusion criteria.

All the data was entered in Epicollect5 software and analyzed using SPSS v19.

3.1. Independent variables of the study

@ Female ) Male

Figure 4 Gender distribution of the study population (n = 245)

This study included 245 patients. Figure 4 shows the gender distribution in our study subjects. Among the 245 patients
included in the study, 170(69.39%) were males and 75(30.61%) were females.
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Figure 5 Age distribution of the study participants (n=245)

Figure 5 shows the age group distribution of the patients included in the study. The mean age (in years) of the patients
included in this study was 51 £14.35. The 51 - 60 years age group constituted around 34.69% followed by 41 - 50 years
and > 60 years, both constituted around 20.4% each.
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2000%
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Figure 6 Distribution of diagnosis in the study participants (n=245)

Figure 6 shows the distribution of diagnosis in patients presenting to ED who have been included in this study. Among
the 245 patients, the proportion of cardiogenic shock was 34.28%, septic shock was 21.22%, DKA was 18.36%, CKD was
13.87%, hemorrhagic shock was 8.1% and others were 4.08%.

@ <65mmHg @ 65- 100 mmHg @ >100 mmHg

Figure 7 MAP distribution of the study participants (n=245)
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Figure 7 depicts the distribution of mean arterial pressure (MAP) in the study participants. The mean MAP (in mmHg)
of the patients included in this study was 72.04 +31.09. Patients with MAP <65mmHg constituted around 64.08%
followed by the group 65 - 100 mmHg which constituted around 20.81%.

a

® <50/min @ 60-100/min @ >100/min

Figure 8 Distribution of pulse rate in the study participants (n=245)

Figure 8 depicts the distribution of pulse rate in the study participants. The mean pulse rate (beats per minute) of the
patients included in this study was 103 +21. Patients with pulse rate >100/min constituted around 55.51% followed by
60 - 100/min which constituted around 41.22%.

@ 12 20 breathsimin @ =20 breathsimn

Figure 9 Distribution of respiratory rate in the study participants (n=245)
Figure 9 depicts the distribution of respiratory rate in the study participants. The mean respiratory rate per minute of

the study participants was 28 + 8. 61.63% of patients had respiratory rate > 20/minute and 38.36% had respiratory
rate in the range of 12 - 20/minute.
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Figure 10 Distribution of SPO2 in the study participants (n=245)

Figure 10 shows the SPO2 of the patients included in this study. The mean SPO2 (%) of the study population was 92.97
+6.14. In the study population 48.16% had SPO2 >92% and 26.12% had SPO2 between 80 - 92%.

B0.00%

20.00%

0,00%:

=150em 150 -170em =17em

Figure 11 Distribution of height in the study participants (n=245)
Figure 11 depicts the height of the study participants. The mean height (in cm) of the patients included in this study was

163.91 +7.03. Patients with height in the range of 150 -170 cm constituted around 60% of the study population and
patients with height >170cm constituted around 27.75%.
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Figure 12 Distribution of weight in the study participants (n=245)

Figure 12 shows the weight of the patients included in this study. The mean weight (in kg) of the study population was
66.66 +7.57. About 49.79% patients had weight in the range of 50 - 70 Kg followed by 45.71% of patients had weight
>70Kg.
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£, 001%
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'-'"'ﬂ'?'sl"ﬂ‘ Cuynraigt

Figure 13 Distribution of BMI in the study participants (n = 245)

Figure 13 shows the BMI of the study participants. About 52.24% study participants were obese and 26.12% of study
participants were overweight.
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Figure 14 Distribution of neck girth in the study participants (n = 245)

Figure 14 shows the neck girth of patients included in this study. The mean neck girth (in cm) of the study population
was 42.77 +3.01 cm. About 60% of patients had neck girth in the range of 40 - 45cm followed by 24.48% of patients had
neck girth in the range of 35 - 40cm.

3.2. Outcome variables of the study

The CVP (saline) measured was below normal (less than 8cmH20) in 23.67 % of the study population, normal (8 to 12
cm H20) in 18.78% of the study population and above normal (more than 12cm H20) in 57.55% of study population
(Table 1).

Table 1 CVP (saline) distribution of the study participants (n=245)

CVP (saline) | Frequency | Percent (%)
Below normal | 58 23.67
Normal 46 18.78

Above normal | 141 57.55

Total 245 100

The CVP (USG) measured was below normal in 24.49 % of the study population, normal in 17.96% of the study
population and above normal in 57.55% of the study population (Table 2).

Table 2 CVP (USG) distribution of the study participants (n=245)

CVP (USG) Frequency | Percent (%)
Below normal | 60 24.49
Normal 44 17.96

Above normal | 141 57.55

Total 245 100

Using CVP (saline) as the gold standard, for CVP (USG) and CVP (saline) a 3 x 3 contingency table had been made (Table
3). To compare the diagnostic accuracy between CVP(Saline) and CVP(USG) where the measurements were categorized
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(as normal, above normal and below normal), Kappa statistics has been used to measure the agreement between the
two {CVP (saline) and CVP (USG)}. The Kappa value was found to be around 96.33% and after weightage was 97.96%
which was almost perfect agreement.

Table 3 Cross tabulation of CVP measured using conventional and non- invasive method (n=245)

CVP (SALINE) CVP (USG)

Below normal | Normal Above normal | Total
Below normal | 56 1 1 58
Normal 4 41 1 46
Above normal | 0 2 139 141
Total 60 44 141 245

4. Discussion

Evaluation of volume status is an important part in the treatment of critically ill patients. Estimating fluid volume status
by clinical examination is essential, but it is inaccurate at times[12,13,14]. Measurement of CVP directly via a central
venous catheter (CVC) which is invasive is still being followed in many clinical scenarios for an accurate evaluation. But
invasive means of measuring CVP by placing a central venous catheter is potentially dangerous because of the risks of
infection and bleeding[15,16]. The ultrasonographic assessment of the height of IJV has been described in literature but
has not been well validated[4]. So, we did this study to assess whether the accuracy of ultrasonographic assessment of
central venous pressure is as good as conventional assessment of central venous pressure using saline column.

In the literature, the studies on central venous pressure measurement has been done in the intensive care unit and none
of the studies has been done in the emergency department. Most of the studies have been carried out in other countries
and not much studies have been conducted in our India. Hence, we conducted a study to compare the measurement of
central venous pressure using the standard water column method and ultrasound method in the Department of
Emergency Medicine in a tertiary care hospital in India.

The mean age (in yrs) of the patients included in our study was 51 +14.35,which was similar to the previous studies. A
prospective observational study done in 2019 in Qatar to study IVC and IJV collapsibility index had mean age of
54.34+16.61 years[17]. Another prospective observational trial in 2014, in USA to study the femoral or internal jugular
vein collapsibility had mean age (in years) of 54.1+16.9[18]. Another prospective observational study done in 2014 in
China to study the IVC diameter and CVP measurement had mean age (in years) group of 50.8 £ 11.2[19]. This was
because increasing age increases the risk of developing acute MI resulting in cardiogenic shock, CKD, diabetes mellitus
and sepsis[20].

In our study, 69.39% of study participants were males. The male proportion was high in our studies which was
comparable to other studies. A prospective observational study done in 2013, in the United States to study inferior vena
cava collapsibility with central venous pressure had 64.6% male population and 35.4% female population[21]. A
prospective observational study done in India, in 2016, to study CVP using near infrared spectroscopy (NIRS) had 70.3%
males[22]. A prospective observational study done in 2007, in Switzerland, to study CVP using central venous catheter
and USG had 62% males[23]. This was because male gender is a risk factor for developing Acute MI resulting in
cardiogenic shock[24,25].

In our study, 34.28% of patients had cardiogenic shock. The proportion of cardiac illness was more in our study
population. This was because our country has one of the highest burdens of cardiovascular disease in the world[26].
The higher proportion of cardiac illness in our study was comparable to other studies. A prospective observational study
done in 2007, in Switzerland, to study CVP using central venous catheter and USG had 44% patients with cardiac
illness[23]. A prospective observational study was done in England in 2004 to measure CVP invasively and non
invasively using ultrasonography had 40.62% patients with critical cardiac illness[1]. Another prospective
observational study done in 2012, in Switzerland for comparison of noninvasive, bedside ultrasound methods for
assessing central venous pressure had 50.6% cases of cardiac illness[27].
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The mean MAP in our study participants was 72.04 + 31.09 mmHg. This was because in our study we included both the
patients with low BP(cardiogenic shock, septic shock, hemorrhagic shock) and high BP (CKD). The mean MAP obtained
in our study was comparable to other studies. A study done in 2019 in Qatar to analyze the relationship between internal
jugular vein, inferior vena cava and central venous pressure in which the mean MAP was 73.13+20.21 mmHg in patients
with CVP < 10 mmhg and 68.15+18.17 mmHg in patients with CVP > 10 mmhg[17]. A prospective observational study,
done in Iran, in 2016 to assess IJV/CCA cross-sectional area ratio and CVP had mean MAP 70.57+ 29.09 mm Hg[7]. A
prospective observational study done in 2015, in Germany to study IJV ultrasonography and CVP had mean MAP of
67mm Hg[28].

The mean heart rate per minute in our study was 103.64 + 21.36. This was similar to other studies. A prospective
observational study, done in Iran, in 2016 to study IJV/CCV cross sectional area and CVP had 101.12 + 21.60 as mean
heart rate per minute[7]. This was similar to our study, because they included most of the patients with shock, so there
was compensatory tachycardia.

In our study the CVP values were summarized in 3 categories - above normal (>12cmH20), below normal (<8cmH20)
and normal (8-12 cm H20). Since we had to compare the diagnostic accuracy of tests which were in categories, here we
used Kappa statistics -which measured the agreement between the two. The Kappa value was found to be 97.96% after
weightage which was in almost perfect agreement. The final result was as we expected when we started the study.

This was similar to other study results. A prospective observational study was done in Germany in 2015 to determine
the use of ultrasonography of the internal jugular vein (IJV) to estimate high or low central venous pressure values in
patients who were on mechanical ventilation. In that study it was concluded that the calculation of high or low central
venous pressure values by internal jugular vein ultrasonography in various patient positions could be an useful
instrument for a quick hemodynamic assessment of the critically ill patients[28].

A prospective observational study was done in China, in 2015, in 76 patients, to measure the degree of correlation
between central venous pressure measured invasively by placing a central venous catheter in the right internal jugular
vein and non invasively by doing ultrasound in the right internal jugular vein. They finally concluded that the non
invasive ultrasound measurement of central venous pressure was as good as conventional measurement of central
venous pressure using a central venous catheter[9].

A prospective observational study, done in Malaysia, in 2015, in 25 patients to assess the correlation between IJV height
and CVP measured by invasive central venous access had found that the measurement of IJV height using USG correlated
well with the invasive central venous pressure measurement[29].

An observational study was done in 2016, in Iran, in 20 shock patients to assess central venous pressure using central
venous catheterisation and by ultrasound measurement of central venous pressure using internal jugular vein and
inferior vena cava. In that study, they concluded that the non invasive measurement of central venous pressure with
ultrasound was as good as invasive measurement of central venous pressure by placing central venous catheter in right
internal jugular vein[8].

A prospective observational study, done in 2018, in France, in 22 patients to assess CVP measured using the central
venous catheter and USG in right IJV had concluded that the noninvasive measurement of CVP using USG in right IJV

was as good as invasive measurement of CVP using central venous catheter in right IJV[5].

In our study, we did not include the patients on mechanical ventilation. So, our results may not be applicable on patients
with mechanical ventilation.

5. Conclusion

Based on the study, we conclude that the USG guided measurement of CVP is as good as conventional measurement of
CVP using saline column.
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