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Background & Objective:  The diameter of the internal jugular vein changes with 
variations in intrathoracic pressure during inhalation and exhalation and this 
difference increases during hypovolemia. One of the causes of increased 
intrathoracic pressure in patients under mechanical ventilation is the tidal volume, 
which can affect the diameter of the internal jugular vein. On this basis, the present 
study was designed to investigate the effect of tidal volume on the internal jugular 
collapsibility index. 

 Materials & Methods:  In this clinical trial, 30 hypovolemic patients under 
mechanical ventilation were studied and three tidal volumes of 8, 10, and 12 cc/kg 
were applied to the patients. Subsequently, patients received fluid therapy and the 
measurements were repeated. Finally, the internal jugular vein diameters and the 
indices before and after the fluid therapy were measured in the three mentioned tidal 
volumes. A repeated measures t- test was used to compare the data.  

Results:  The means of the internal jugular collapsibility index in the three tidal 
volumes of 8, 10, and 12 cc/kg were 27.78 ±8.87, 28.11±10.24, and 
29.67±11.72(p=0.577) respectively before fluid therapy. These values were 
27.78±8.87, 28.11±10.24, and 29.67±11.72 (p= 0.288) respectively, after fluid 
therapy. 

Conclusion:  The results of this study showed that the internal jugular collapsibility 
index does not correlate with the tidal volume in hypovolemic patients and after 
fluid therapy. 
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Introduction
The application of ultrasound on the patient's bed in the 

Intensive Care Unit (ICU) has been widespread for the 
past two decades, and several guidelines are presented for 
use by the Emergency Medicine Association (1) and the 
American Care Society (2, 3).  Ultrasonography is the 
widely-used method for early hypovolemia diagnosis and 
intravascular volume assessment (4-6). In this regard, 
numerous studies have been conducted on different 
organs to evaluate vascular volume. Among these cases 
are the volume and contraction of the right and left 
cavities of the heart (7), the amount of inferior vena cava 
vein collapsibility, and the internal jugular vein indices (8-
10). The internal jugular vein indices are easily 
measurable due to the accessibility of this vein (4). 
Internal jugular collapsibility is one of the most widely- 
used indices to examine the intravascular volume in 
patients undergoing mechanical ventilation (11). In these 
patients, there is a positive pressure inside the chest during 

the inhalation, which can reduce the intravenous return 
and increase the diameter of the artery outside of the chest, 
including the external and internal jugular veins. At the 
time of exhalation, this mode is reversed (12). On this 
basis, an internal jugular collapsibility index was created. 
Previous studies have shown that the internal jugular 
collapsibility index of more than 18% is a sign of 
hypovolemia (13).  

Previous studies have shown that an increase in airway 
pressure following mechanical ventilation increases the 
right atrial pressure (RAP), which results in reduced 
intravenous return (14). One of the factors in increasing 
intra-chest pressure in patients undergoing mechanical 
ventilation is the tidal volume. Therefore, we decided to 
examine the impact of the amount of tidal volume on the 
internal jugular collapsibility index in the present study.  
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Materials and Methods 
This study was a single-center clinical trial. The project 

was approved by the ethics committee of Zanjan 
University of Medical Science, Zanjan, Iran (IR. 
ZUMS.REC.1396.208).The study was started after 
receiving the IRCT code with the number 
IRCT20101211005363N11. 

Due to the lack of a similar study, a pilot form of the 
study was performed on 30 patients. This study was 
conducted on patients who were admitted to Mousavi 
Hospital of Zanjan University of Medical Sciences.  

The inclusion criteria were as follows: 
1. Hypotensive patients (systolic pressure less than 

90 mm Hg or decreased by more than 50 mm Hg 
in patients with high blood pressure) 

2. Urine less than 0.5 cc/Kg for more than two 
hours 

3. Heart rate over 100 beats/ min and central 
venous pressure less than 10 Cm H2o 

4. Age over 18 years 

5. Absence of heart and lung diseases 

6. Patient’s relative satisfaction to participate in the 
study 

The exclusion criteria were as follows: 
1- Jugular Collapsibility index Less than 18% 

2- Failure to find the internal jugular vein due to 
technical problems, including the inability of the patient’s 
position 

Patients entered the study when the intensivist decided 
to administer fluids based on the hypovolemia criterion. 
A central venous line was inserted for patients through the 
right internal jugular at the beginning of the study. Then a 
chest X-ray was taken. The tip of the catheter should be 
placed at the junction of the atrium with the superior vena 
cava. After confirming the location of the catheter, 
patients were under sedation with Midazolam (Exir 
pharmaceutical company) 0.15 mg /kg of body weight 
and Fentanyl (Caspian Company) 0.25 mg/kg of body 
weight. Three minutes later, Pancuronium (Caspian 
Company) was injected with a dosage of 0.06 mg/kg. Five 
minutes after the prescription of Pancuronium, patients 
were placed in the following settings of mechanical 
ventilation. 

SIMV: Tidal Volume= 8 cc/Kg, Respiratory Rate=10, 
Positive end-expiratory pressure (PEEP) =5, Fio2=50% 

Five minutes after the mechanical ventilation with the 
above settings, the diameter of the internal jugular vein 
was measured at the end of the inspiration, and the 
expiration, then the internal jugular collapsibility index 
was calculated.  

These parameters were measured by the following 
method: 

1-The patient's head was elevated 30 degrees and 
moved 30 degrees to the left 

2. The linear ultrasound probe model eZono 3000 with 
a frequency of 7.5 MHz was placed in the transverse 
section in the margins of the cricoid cartilage. 

  3. Minimum pressure was applied on the patient's skin. 

The maximum diameter of the internal jugular vein was 
measured at the end of the inhalation and its minimum 
was measured at the end of the exhalation with B Mode. 
Then, the Jugular Collapsibility index was calculated 
from the following formula: 

IJV collapsibility index = [(Max diameter − Min 
diameter)/ (Max diameter)] × 100%    

It should be noted that in this situation if the internal 
jugular vein collapsibility index was less than 18 %, the 
patient was excluded from the study. Then Tidal Volume 
= 10, 12 cc/kg was applied for 5 minutes. After this period, 
all variables including the diameters of the internal jugular 
vein at the end of inhalation and exhalation, and the 
internal jugular vein collapsibility indices were measured 
in different tidal volumes. 

After completing the measurement of the variables, the 
patient was again placed on Tidal Volume = 8 cc/Kg. 
After 5 minutes, the central venous pressure was 
measured and 10 cc/kg of normal saline was prescribed. 
The prescription of normal saline continued so that the 
central venous pressure increased by more than 2 cm H2o. 
However, it should not be increased more than 5 cm H2o 
(according to law 5-2). In this case, the response to the 
liquid was considered. All the above steps were repeated 
after liquid therapy.  The diameters of the internal jugular 
vein at the end of the inhalation and exhalation and 
internal jugular vein collapsibility indices were measured 
in all three tidal volumes after fluid therapy. 

Statistics 

 The data were analyzed with SPSS version 20 
software. To compare the variables between tidal volumes 
of 8 and 10 and 12 cc/kg, according to the normal 
distribution of data, the REPEATED MEASURED test 
was conducted. 

Then, their significance level was compared using the 
Greenhouse-Geisser test. The significance level of the p-
value in the present study was less than 0.05.  

 

Results  
Demographic characteristics 

In this study, the mean age of the population was 50.1 
± 24.9 with a minimum of 18 and a maximum of 93 
years. 60% of patients (18 people) were male and 40% 
(12 people) were female. 

Among the three different tidal volumes, a significant 
difference was observed in the diameter of the internal 
jugular vein at the end of inhalation (p = 0.001) and 
exhalation (p = 0.001) before the fluid therapy. However, 
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there was no obvious difference in the internal jugular 
vein collapsibility index between the three tidal volumes, 
before the fluid therapy, (P = 0.577) (Table 1).  

 

 

Table 1. The averages and standard deviations of the jugular collapsibility index and the diameters of the internal jugular 
vein at the end of the inhalation and the exhalation before the fluid therapy. 

Consequences 8 cc/kg 10 cc/kg 12 cc/kg P value 

The diameter of the 
internal jugular vein at 
the end of the inhalation 

15.36±4.95 16.87±5.11 18.31±4.51 0.001* 

The diameter of the 
internal jugular vein at 

the end of the exhalation 
11.17±4.57 12.11±4.24 12.95±4.09 0.001* 

Internal jugular 
collapsibility index 27.78±8.87 28/11±10/24 29/67±11/72 0.577 

* The significance level of the P-value is less than 0.05. The REPEATED MEASURED TEST has been used. In each group, the mean 
value  is ± SD. 

 

After fluid therapy, the diameters of the internal 
jugular vein at the end of inhalation (p=0.001) and 
exhalation (p=0.001) were statistically significant 

between the three different tidal volumes, but in the 
internal jugular vein collapsibility index, no statistical 
difference was observed. (P = 0/288) (Table 2). 

 

Table 2. The averages and standard deviations of the jugular collapsibility index and the diameters of the internal jugular 
vein at the end of the inhalation and the exhalation after the fluid therapy. 

Consequences 8 cc/kg 10 cc/kg 12 cc/kg P value 

The diameter of the 
internal jugular vein 

at the end of the 
inhalation 

16.39±4.62 

 

17.72±4.64 

 

18.94±4.02 

 
0.001* 

The diameter of the 
internal jugular vein 

at the end of the 
exhalation 

14.03±4.23 

 

15.04±4.03 

 

16.36±4.08 

 
0.001* 

Internal jugular 
collapsibility index 14.40±8.62 15.12±9.74 13.62±10.38 0.288 

* The significance level of the P-value is less than 0.05. The REPEATED MEASURED TEST has been used. In each group, the mean 
value is ± SD. 

 

Discussion  
This study was conducted to investigate the effect of 

three different tidal volumes on internal jugular vein 
collapsibility index in hypovolemic mechanically-
ventilated patients before and after fluid therapy. The 
present study was performed on patients who were 
hospitalized in the intensive care unit of Mousavi 
hospital in Zanjan. Thirty patients entered the study. 
The results of the study showed that there was no 
significant difference between the three tidal volumes 
(8, 10, and 12 CC/kg) in the internal jugular vein 
collapsibility index. The jugular vein diameters at the 
end of the inhalation and exhalation before and after 
the fluid therapy were significantly different between 
the three tidal volumes. As a result, higher tidal 
volumes not only increase the diameter of the internal 
jugular vein during inhalation, but also increase this 

diameter during exhalation. According to the formula 
of the internal jugular vein collapsibility index which 
is obtained from the difference of the diameter at the 
end of exhalation and inhalation divided by the 
diameter at the end of inhalation, it can be expected that 
despite the difference in the jugular vein diameters, the 
index does not have significant differences.  

Because there has been no study on the relationship 
between tidal volume and internal jugular vein 
collapsibility index, there was no study to compare 
with the present study.  

Thudium and et al., have investigated the effect of 
increased intrathoracic pressure on the internal jugular 
vein collapsibility index. They showed that changing 
the patient's position from 30 degrees to 0 degrees 
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affects the intrathoracic pressure and changes the 
internal jugular vein collapsibility index (15). Their 
study results are contrary to the present study, in which 
the increase in intrathoracic pressure following the 
increase in tidal volume had no effect on the internal 
jugular vein collapsibility index. The cause of this 
difference can be attributed to the method of increasing 
intrathoracic pressure. The increase in the tidal volume 
leads to decrease of the venous return which could 
explain the different results between the two studies.   

Taccheri et al., have shown that inferior vena cava 
distensibility was not a reliable indicator of preload 
responsiveness in the patients who are under Vt < 6 
mL/kg compared to Vt ≥ 8 mL/kg (16). It is not 
surprising that a low Vt, induces lower changes in 
intrathoracic and transmural pressures. This different 
change in intrathoracic pressure could explain the 
effect of different tidal volumes on hemodynamic 
index in patients. Their results are opposite to the 
present study which the different tidal volumes did not 
affect internal jugular vein collapsibility index. These 
differences depend on the site of index and volume of 
blood which returns to the atrium.  

Suehiro et al., have shown that for valuable 
prediction of fluid therapy response with stroke volume 
variability index, the tidal volume should be at least 8 
cc/kg. (17). Reuters et al., indicated that with increasing 
the tidal volume, the hemodynamic-associated 
parameters such as stroke volume variation (SVV) 
increased (18).  Their results are not consistent with the 
results of the present study. However, in their study, the 
comparison was only made between the tidal volumes 
of 6 and 8 cc/ kg, and stroke volume variation (SVV) 
was considered as the hemodynamic index. 

 Baker et al., also reported a minimum tidal volume 
of 8 cc/kg for the value of pulse pressure changes in the 
diagnosis of hypovolemia (19). Alvarado et al., have 
proven that Pulse pressure variation (PPV) is helpful in 
predicting fluid responsiveness in patients ventilated at 
tidal volume (Vt) >8 mL kg−1 (20). Pulse pressure is a 
hemodynamic index which could be influenced by 
increasing tidal volume changes.  Their study results 
are contrary to the present study. These contradictory 
results could be explained by site of hemodynamic 
index. PPV is dependent on arterial vessels structural 
opposite of jugular vein collapsibility index which 
shows changes of vein vessels.  

The present study showed that there is no correlation 
between tidal volume and internal jugular collapsibility 
index. As a result, the results of this study could not 
affect the confounding variables such as sex and type 
of disease, and other issues. As shown in the results, 
the internal jugular collapsibility index in the tidal 
volume group of 12 cc/kg was slightly increased 
compared to the other two groups but was not 
statistically significant. This could originate from the 
influence of the low power of study as a result of the 
low sample size. This study’s findings could be used to 

guide similar studies with sufficient sample size and 
high power.  

 

Conclusion 
The internal jugular collapsibility index is a dynamic 

parameter that can easily be recorded from a bedside 
monitor and reliably predict preload responsiveness. 
One of the major limitation of the index is its 
application in patients receiving controlled mechanical 
ventilation that may be unreliable during different tidal 
volume levels. The present study shows that the 
internal jugular collapsibility index is not associated 
with tidal volume in hypovolemic patients and after 
fluid therapy; however, maximum and minimum 
diameters of internal jugular vein could be affected by 
different tidal volumes. Until more evidence becomes 
available, the study directors do not recommend 
choosing among the three tidal volumes 8, 10, and 12 
cc/kg. 

 

Strenghts of the study 
According to the authors, this study was carried out 

for the first time which can be the basis for further 
studies. 

 

Limitations of the study 
 Because similar studies were not available, the 

generalization and comparison of data were not 
possible. Also, due to the lack of measurement of 
cardiac stroke volume, it was not possible to prove the 
response to more accurate fluid therapy. The 
University Ethics Committee did not allow more 
samples due to the lack of previous studies which 
resulted in the lower power of the study. 
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