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Abstract

Objectives: The current study aimed to find the relation between the changes in the common carotid artery (CCA) diameter and
the central venous pressure (CVP) in response to a fluid challenge in spontaneously breathing adult patients.
Methods: This study included 65 adult patients aged 20 - 60 years who were admitted to the surgical ICU. The CCA diameter and CVP
were measured before and after fluid challenge, and the percentage of increase in the CCA diameter and CVP were calculated. The
correlation was assessed between changes in the CVP and CCA diameter.
Results: The CCA diameter before fluid administration had a significant strong positive correlation to the CVP (r = 0.8, P value <
0.001); the increase in the CCA diameter after fluid administration had a significant moderate positive correlation with the increase
in the CVP (r = 0.4, P value < 0.001). The percentage of increase in CCA diameters was positively correlated to the percentage of
increase in CVP (r = 0.589, P value = 0.001) following fluid administration. However, the Receiver Operating Characteristic (ROC)
analysis was an invalid test (area under curve 0.513, P value = 0.885).
Conclusions: After major surgeries, the change in the CCA diameter was positively correlated with the change in the CVP values in
response to fluid administration in the spontaneously breathing adult patients, but the cut-off limit cannot be reached.
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1. Background

Fluid management in critically-ill patients is a chal-
lenging task. Thus, it is highly important to predict which
patient will respond to the volume expansion in order to
avoid undesired hypovolemia or fluid overload (1).

In the presence of intravascular fluid depletion, the
veins respond to volume expansion by increasing their di-
ameter, but the response of the arterial vessels to volume
expansion is not yet known (2-4).

The CVP measurement is used for the estimation of
intravascular volume. However; the insertion of central
venous catheters is time- consuming (5). Therefore, non-
invasive assessment of the intravascular volume using bed-
side ultrasound became popular (6, 7). Previous studies
tried to find a relation between the changes in the CVP and
the extra-thoracic vessels via the inferior vena cava (IVC) di-
ameter (8-10), IVC collapsibility index (11), internal jugular
(IJV), or femoral vein collapsibility (12), IJV/CCA ratio (13),

but the assessment was difficult in obese and surgical pa-
tients, and their results were not reliable.

To the best of our knowledge, Hilbert et al. (14) reported
that the diameter of the CCA responds to intravascular vol-
ume expansion with significant dilation in fluid demand-
ing patients. They also recommended further studies to
confirm their results.

2. Objectives

The present study attempted to find a relation between
the diameter CCA, an easily accessible extra-thoracic artery,
and the change in the CVP after fluid administration to
help assess the intravascular volume status and find the
cutoff value for the diameter of the CCA that can predict
the response to fluid administration.
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3. Methods

This observational clinical trial was conducted at
the surgical intensive care unit (SICU) in Beni-Suef Uni-
versity Hospital, after approval of the local ethics and
research committee and the department of the anesthe-
sia, surgical ICU and pain management, and obtaining
consents from the patients, it was registered at ClinicalTri-
als.gov.https://clinicaltrials.gov/ct2/show/NCT04018443From
August 2019 to January 2020, the study admitted 65 pa-
tients of both sex (age 20 - 60 years) from the American
Society of Anesthesiology (ASA) physical status II and III
who were able to breathe spontaneously, lie supine, and
had CVP catheter (subclavian or internal jugular vein)
(the CPV catheter was inserted guided by sonography, a
chest x-ray was done to confirm its position and to exclude
any complications) from following elective or emergency
major surgeries (e.g., abdominal exploration for intestinal
obstruction, aorto-femoral bypass, and radical cystectomy.
It required post-operative close monitoring and assess-
ment of the intravascular volume status; it had signs of
depleted intravascular volume as low urine output < 0.5
mL/kg/h for > 2 h, systolic blood pressure < 90 mmHg or
tachycardia (heart rate > 100/min) (15).

The exclusion criteria were patients with a history
of carotid artery surgery, significant cardiac disease (car-
diomyopathy or moderate to severe valvular heart lesion
or having systolic and diastolic dysfunction), significant
hepatic disease (Child-Pugh score B or C), renal failure, obe-
sity (BMI > 30 kg/m2), pulmonary hypertension, the pa-
tients who need mechanical ventilation or having unstable
vital signs during the process of sonograph (patients on va-
soactive drugs ) were also excluded.

3.1. Clinical Management

Upon admission to the surgical intensive care unit, the
standard monitors were attached, including [5 leads Elec-
trocardiogram (ECG), non-invasive arterial blood pressure,
and pulse oximetery]. Heart rate, arterial blood pressure,
and oxygen saturation (SPO2), invasive arterial blood pres-
sure, and urine output were monitored.

Laboratory investigations were obtained (complete
blood count, coagulation profile, liver, and renal function
test, and serum electrolytes), chest x-ray, and arterial blood
gases (ABG).

3.2. CVP Measurement

While the patient in the supine position the CVP was
measured in cmH2O using water- manometer at the end-
expiration (16), the CVP was measured and recorded by
SICU residents unaware of the study protocol and the sono-
graphers were blinded to the CVP readings.

3.3. The CCA Diameter

The CCA was visualized with the ultrasound transducer
12 MHz linear probe using a short-axis view perpendicu-
lar to the skin in a transverse plane on the patient’s neck
lateral to the cricoid cartilage on the contralateral side of
the central venous line insertion. While the patient was
in a supine position with the head of the bed 30° elevated
the diastolic antro-posterior diameter of the CCA was mea-
sured in millimeters (mm). The diastolic antro-posterior
diameter of the CCA was measured in millimeters (mm)
from intimal to intimal edge using the frozen B-Mode im-
age at the end of expiration. The position of the trans-
ducer was marked on the skin (each measure was taken
three times and the average was recorded; using Philips ul-
trasound HD5 machine (Philips Ultrasound, Bothell, WA,
USA). These measures were done by an anesthesia consul-
tant expert in ultrasound-guided central venous cannula-
tion and trained in measuring the diameter of CCA.

The following data were collected:

1) Demographic data: age, sex.

2) ASA physical status.

3) Type of surgery.

4) Vital signs (heart rate, mean arterial blood pressure):
baseline reading after admission to the SICU, then before
and after sonographic assessment.

5) CVP (cmH2O): Baseline reading, before and after in-
fusion of normal saline solution (30 ml/min till reaching
5ml/kg) and sonographic measurement of CCA diameter.

The percentage increase in the CVP was calculated us-
ing the formula: [(CVPpost/CVPpre) × 100] - 100

6) CCA diameter measurements: Baseline measure-
ment after admission, before (diam pre) and after (diam
post) infusion of normal saline solution (30 mL/min till
reaching 5 mL/kg).

The percentage increase in CCA diameter was calcu-
lated using the formula: [(diam post/diam pre)× 100] - 100
(14).

3.4. Sample Size Calculation

Considering a type, I error of 0.05, a power of 0.95 and
based on a Spearman’s rank correlation analysis revealed
that the increase in CCA diameter following fluid adminis-
tration (r = 0.53) as extracted from the previous study (14); a
minimum sample size of 40 cases was calculated; the study
included 65 patients who were admitted to the SICU from
August 2019 to January 2020. The sample size was calcu-
lated using G*Power software version 3.1.2 for MS Windows,
Franz Faul, Kiel University, Germany.
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3.5. Statistical Analysis

Data were presented as mean ± standard deviation
(SD) for the quantitative variables and numbers or percent-
ages for the categorical variables. The changes in hemody-
namic parameters were assessed via the t-test. The corre-
lations between CVP and CCA diameter were done by Pear-
son correlation coefficient, and the percentage increase in
CCA diameter and CVP was represented using a 4 quadrant
scatter plot. Receiver operator characteristic (ROC) analy-
sis was used to determine the optimum cut off value for
CCA% to predict CVP < 8. P values < 0.05 was considered
statistically significant. Computer program IBM SPSS (Sta-
tistical Package for the Social Science; IBM Corp, Armonk,
NY, USA) release 22 for Microsoft Windows was used for sta-
tistical calculations.

4. Results

Sixty five patients were admitted to the surgical inten-
sive care unit (SICU) after major surgeries [abdominal ex-
ploration for intestinal obstruction (54%), radical cystec-
tomy (25%), aorto- femoral bypass surgeries (21%)]; 2 pa-
tients were excluded due to hemodynamic instability and
needed for vasoactive drugs (Table 1 and Figure 1).

Table 1. Demographic Data of the Patients and Type of Surgery (N = 63)a

Demographic Data and Type of Surgery Values

Age, y 48 ± 8.6

Gender (male/female) 40/23

ASA status (II/III) 21/42

Procedure

Abdominal exploration for Intestinal obstruction 34 (54%)

Major vascular surgery 13 (21%)

Radical cystectomy 16 (25%)

aValues are expressed as mean ± SD or No. (%).

The mean of the heart rate (bpm) on admission to the
SICU was 105 ± 8, and significantly decreased from 103 ±
8 to 84 ± 7 after fluid administration (P < 0.001) while the
mean of MAP (mmHg) was 56 ± 5.9 on admission and sig-
nificantly increased from 57± 5.7 to 63± 6.2 after fluid ad-
ministration (P < 0.001) (Table 2).

The mean CVP was 3.7 ± 1.7 (cmH2O) on admission and
significantly increased from 4.1 ± 2 to 8.5 ± 1.4 (cmH2O)
after fluid administration (P < 0.001) (Table 2). Also, the
mean diastolic CCA diameter was 5.4±0.6 (mm) on admis-
sion and significantly increased from 5.5± 0.7 to 6.6± 0.5
(mm) after fluid administration (P < 0.001) (Table 2).

Pearson correlation analysis showed that the CCA
diameter before fluid administration had a significant

strong positive correlation to the CVP (P < 0.001, r = 0.8)
(Figure 2), the increase in CCA diameter after fluid admin-
istration had a significant moderate positive correlation
with the increase in the CVP (P < 0.001, r = 0.4) (Figure 3).

Following fluid administration, the mean CCA diame-
ters increased by 21 ± 14 % and the mean CVP increased by
181.5 ± 64.8%; there was a moderate positive correlation (r
= 0.589, P < 0.001) between them as presented by the four-
quadrant plot analysis (Figure 4) that evaluated the trend-
ing capabilities of the changes in the CCA diameter com-
pared with the CVP. Using ROC analysis to find the accuracy
of CCA% to determine the changes in CVP% (CVP ≥ 8), the
maximum accuracy was 51%, so it was an invalid test (area
under curve 0.513, P value = 0.885). The overall accuracy of
the curve is 51.3%, and this is non-significant from the null
of hypothesis, and the cut of limit cannot be determined
(Figure 5).

5. Discussion

The results of the present study showed that the di-
ameter of the CCA (measured using bedside ultrasound)
increased after intravenous fluid expansion; this increase
had a moderate positive correlation to the increase in the
CVP, but the ROC curve for the changes in the CCA in pre-
dicting a CVP ≥ 8 cmH2O was non-significant (area un-
der curve 0.531, P value = 0.885) in spontaneously breath-
ing adult patients who needed close monitoring of the in-
travascular fluid volume status after major surgeries.

The most commonly used methods for evaluating the
intravascular volume are the pulmonary artery catheter
(PAC) and CVP. However, PAC is not widely used these days
due to the high incidence of complications with its place-
ment (17). Also, CVP catheterization is invasive, expensive,
and time-consuming (18).

Bedside ultrasonography is widely used in patient
management, especially in emergency and intensive care
units (19) because it is simple and noninvasive (20). Some
of the noninvasive methods for volume status assessment
include an ultrasonographic assessment of IVC diameter
(8-10), IVC collapsibility index (11), IJV or femoral vein col-
lapsibility (12), IJV/CCA ratio (13), but no single method is
universally accepted since each has its limitations (21).

Following the intravenous fluid administration to cor-
rect hypovolemia, 65% - 85 % of the fluid is accumulated in-
side veins (4), and the increased intravascular volume di-
lates the veins by the intrinsic pressure (22) while the ar-
terial dilatation is caused by endothelial shear stress that
causes an increase in nitric oxide (NO) syntheses and a de-
crease in endothelin secretion (23). Also, the activation of
baroreflex is involved in the regulation of arterial diameter
(24).
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Assessed for eligibility (n = 65)

Excluded (n = 2): duo to hemodynamic
instability and need for vasoactive drugs

Randomized (n = 63)

Enrollment

Allocation

Allocated to intervention (n = 63)

■  Received allocated intervention (n = 63 )

■  Did not receive allocated intervention (n = 0)

■  Continued intervention (n = 63)

■  Discontinued intervention (n = 0)

Follow-Up

Analysis

Analysed (n = 63)
 ■  Excluded from analysis (n = 0)

Flow Diagram

Figure 1. Consort flow participant diagram

Table 2. Hemodynamic Parameters and CCA Diametera

On Admission (N = 63) Before Fluid Bolus (N = 63) After Fluid Bolus (N = 63) P Value

HR, bpm 105 ± 8 103 ± 8 84 ± 7b < 0.001

MAP, mmHg 56 ± 5.9 57 ± 5.7 63 ± 6.2b < 0.001

CVP, cmH2O 3.7 ± 1.7 4.1 ± 2 8.5 ± 1.4b < 0.001

CCA diameter, mm 5.4 ± 0.6 5.5 ± 0.7 6.6 ± 0.5b < 0.001

Abbreviations: bmp, beat per minutes; CCA, common carotid artery; cmH2O, centimeter water; CVP, central venous pressure; HR, heart rate; MAP, mean arterial pressure;
mm, millimeter; mmHg, millimeter mercury.
aValues are expressed as mean ± SD.
bHighly statistically significant compared to before fluid bolus, P value < 0.001.

In the current study, the mean CCA diameters were in-
creased by 21 ± 14 % following fluid administration (30
mL/min till reaching 5 mL/kg). This coincides with the re-
sult of Hilbert et al. (14), who reported that CCA diameters

increased by 5.0 (1.9 - 10.5) % in comparison to its diameter
before fluid bolus.

The mean diastolic CCA diameter (mm) was 5.5 ± 0.7
before fluid administration then increased significantly to
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Figure 2. Showing the correlation between CVP and CCA diameter before fluid (r = 0.8, P < 0.001)
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Figure 3. Showing the correlation between CVP and CCA diameter after fluid (r = 0.4, P < 0.001)

6.6 ± 0.5 after fluid administration (P < 0.001). This was
also reported by Hilbert et al. (14) who found that the diam-
eter of CCA diameter increased significantly after the crys-
talloid solution from 6.2 (5.4 - 7.1) mm to 6.7 (5.8 - 7.3) mm
(P = 0.03) in mechanically ventilated patients after cardiac
surgery.

Marik et al. (25) used carotid artery Doppler ultrasound
to assess hemodynamically unstable patients and observe
a significant increase in the diameter of the CCA in the fluid
responders. Bapat et al. (26) reported an increase in the di-
ameter of the brachial artery in response to volume load-
ing by a passive leg raising (PLR) maneuver.

In the present study, Pearson correlation analysis
showed that the CCA diameter before fluid administration

had a significant strong positive correlation to the CVP (P
< 0.001, r = 0.8) and showed that the increase in the CCA
diameter after fluid administration had a significant mod-
erate positive correlation with the increase in the CVP (P
< 0.00, r = 0.4). These findings are contradicted with the
results of Bano et al. (13), who reported that there was no
significant correlation between CCA diameter and CVP (r
= 0.281, P = 0.051). This contradiction was because Bano
et al. (13) measured the CVP and CCA diameter once; with-
out explaining the relation of these measurements to fluid
administration and their study was on a mixed popula-
tion of the ventilated and non-ventilated patients, while
the present study aimed to assess the change in the CVP
and CCA diameter in response to fluid on spontaneously

Anesth Pain Med. 2020; 10(4):e105138. 5
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Figure 5. Receiver operating characteristic (ROC) curve for the changes in the com-
mon carotid artery in predicting a central venous pressure (CVP) ≥ 8 cmH2O (area
under curve 0.531, P value = 0.885)

breathing patients. In the present study, after fluid admin-
istration, the mean CCA diameters increased by 21 ± 14 %
and the mean CVP increased by 181.5 ± 64.8% and there
was moderate positive correlation; (r = 0.589, P < 0.001) be-
tween them. When using ROC analysis to find the accuracy
of CCA% to determine the changes in CVP% (CVP ≥ 8), the
maximum accuracy was 51%, so it was an invalid test (area
under curve 0.513, P value = 0.885) and the overall accuracy
of the curve is 51.3% which was an invalid test to discrimi-
nate between normal and abnormal CVP. It cannot be used

as a clinical discriminator, and the cut of limit cannot be
determined.

5.1. Limitations

It is a single-center study conducted on a limited num-
ber of spontaneously breathing patients after major surg-
eries.

5.2. Conclusions

The changes in the CCA diameter is positively cor-
related with the changes in the CVP values in response
to fluid administration, but the cut- off limit cannot be
reached. Thus further studies are recommended on multi-
centers in different settings and larger population samples
to find the cutoff value for the diameter of the CCA that can
predict the response to fluid administration.
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