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ABSTRACT

Background: Inferior vena cava (IVC) ultrasound measurement is a reliable indicator used in the 
assessment of intravascular volume status. The aim of this study was to evaluate intravascular 
volume changes in pediatric patients by measuring the IVC diameter and collapsibility index (CI) in 
children whose oral feeding was restricted preoperatively. Material and Methods: From May 2018 
to October 2018, a total of 55 pediatric patients who were scheduled for surgery were included in 
this prospective, observational, cohort study. Fasting and satiety IVC diameters and CIs of patients 
were determined by ultrasonographic evaluation twice: in the preoperative preliminary evaluation, 
when the patients were satiated, and before surgery, during a fasting period of 6–8 hours. Ultra-
sonographic data were recorded and compared between fasting and satiety periods. Results: In the 
grey scale (B-mode), mean IVC diameter was significantly higher when the patients were satiated, 
compared to the measurements made just before surgery during the fasting period. In the M-
mode, the mean IVC diameter was significantly higher only during the inspiratory phase when the 
patients were satiated, while during the expiratory phase it was detected to be statistically similar. 
Mean CI was significantly higher in the immediate preoperative period, compared to the assess-
ment made when satiated. Conclusion: Preoperative ultrasound IVC diameter and CI measurement 
can be a practical and useful method for evaluating preoperative intravascular volume in children.
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The evaluation of hydration status in children is of ut-
most importance. Acute overhydration can lead to acute 
pulmonary edema and hypertension, while chronic over-
hydration is a well-known cardiovascular morbidity and 

mortality factor in children.1,2 Therefore, the evaluation of 
fluid responsiveness (FR) is very important for the diag-
nostic and therapeutic management of critically ill pediat-
ric patients, since hypo- or hypervolemia may contribute 
to poor clinical outcomes.3,4

Introduction 
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Today, there are many complementary methods for the 
clinical evaluation of hydration status: cardiothoracic in-
dex based on chest x-ray evaluation, ultrasound-assessed 
inferior vena cava (IVC) diameter, brain natriuretic pep-
tide, bioimpedance spectroscopy, plasmatic volume varia-
tion monitoring, and lung ultrasound in recent times.5,6 
IVC is a major vessel that directly reflects the right heart 
function with high specificity. In addition, IVC is not af-
fected by the body’s compensatory vasoconstrictor re-
sponse to volume loss. Because of all this, it may reflect 
the body’s fluid deficit earlier than other arterial param-
eters such as blood pressure, pulse rate, and aortic diam-
eter.7 Although the evaluation of intravascular volume by 
central venous pressure (CVP) measurement is a valuable 
method, it is an invasive procedure. The diameter and 
shape of IVC may vary according to CVP and intravascular 
volume. Therefore, the sonographic measurement of IVC 
is an effective and noninvasive method that can be used to 
estimate CVP.8–10 

Many studies have been conducted to determine the fluid 
deficit with the help of the IVC diameter and collapsibility 
index (CI) in the postpartum period, in trauma, cardiogen-
ic-hypovolemic and septic shock patients.11–13 However, to 
our knowledge, there is no study evaluating preoperative 
intravascular volume with IVC diameter and CI in the pe-
diatric patient group. Therefore, this study was designed to 
evaluate changes in IVC diameter and CI of the restriction 
of preoperative oral nutrition in pediatric patients.

Materials and Methods

This was a prospective, observational, cohort study con-
ducted at a tertiary referral center in Turkey. The study 

protocol was approved by the local ethics committee (de-
cision number: 126, approval date: April 4, 2018). The 
study was conducted in accordance with the principles 
stated in the Declaration of Helsinki. Parents of all pa-
tients and the institution were informed about the study, 
and their written consents were obtained. The study pop-
ulation consisted of 55 patients (33 male/22 female) with 
ages between 2 and 12 years, who were admitted to the an-
esthesia outpatient clinic for preoperative evaluation and 
scheduled for pediatric urologic surgery such as circumci-
sion, undescended testes, hypospadias, and ureteropelvic 
junction obstruction between May 2018 and October 2018. 
In order to measure the fasting and satiety IVC diameter 
and CI, all patients received ultrasonographic evaluation 
twice: during the preliminary preoperative assessment 
when they were satiated, and before surgery, after man-
datory fasting. The fasting period ranged between 6 and 
8 hours, and appropriate perioperative maintenance fluid 
was infused in all cases. Ultrasonographic data of patients 
were recorded and then comparatively analyzed. Patients 
below 2 years and above 12 years, those with a previously 
known chronic disease, and those who had suboptimal 
sonographic evaluation due to preoperative anxiety were 
excluded from the study.

Ultrasonographic measurements

A low-frequency convex probe (3 MHz) with an Esaote 
MyLab Five device was used for evaluation. IVC measure-
ments were obtained in B-mode from a subxiphoid trans-
abdominal long axis in the supine or right lateral position 
approximately 2–3 cm inferior of the right atrial junction. 
M-mode measurements were performed as recommended 

�

FIGURE 1.  Ultrasound measurements of inferior vena cava (IVC) and collapsibility index (CI). A – Transabdominal long axis measurement; 
B – M-mode imaging from the transabdominal long axis.
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in the consensus document of the American and European 
Cardiologic Societies.7–9 The CI was obtained by dividing 
the difference between the expiratory (eIVC) and inspi-
ratory measurement of the IVC, divided by the eIVC [CI 
= (eIVC-IVC)/eIVC]. The IVC measurements at expiration 
and inspiration had to be measured during the same respi-
ratory cycle (Figure 1). All ultrasonographic measurements 
were performed by the same experienced radiologist.

Statistical Analysis

The analysis was performed using the Statistical Package 
for Social Sciences 25.0 for Windows (SPSS Inc., Chicago 
Illinois, USA). The difference between the measurements 
was analyzed with paired samples t-tests, after assessing 
for normality. Data were presented as mean ± standard 
deviation. The results were considered to be statistically 
significant at a level of p <0.05.

Results

When the measurements were made in the grey scale (B-
mode), the mean IVC diameter was significantly higher 
when the patients were satiated, compared to the measure-
ments made just before the surgery during the fasting pe-
riod (p = 0.010). When the measurements were made in M-
mode, only the inspiratory mean VCI diameter was detected 
to be significantly higher when the patients were satiated, 
while the expiratory VCI diameter was not significantly dif-
ferent (p <0.001 and p = 0.468, respectively). Mean CI was 
significantly higher when measured during fasting in the 
preoperative period (p <0.001). The sonographic measure-
ments of the patients are presented in Table 1.

Discussions

In addition to the information obtained from physical ex-
amination and laboratory evaluation, invasive methods 
are frequently used to obtain more accurate and faster 
hemodynamic parameters. Among them, CVP is a com-

monly used hemodynamic method. In addition, ultra-
sound examination, which is a noninvasive, practical and 
more economical method at the bedside and intensive care 
units, can also assist in assessing the fluid status of pa-
tients.14,15 Furthermore, ultrasound can evaluate the intra-
vascular status by measuring the diameter of the IVC.16,17 
This technique can evaluate the size and collapsibility of 
the IVC, similarly to the one used during cardiac ultra-
sound for the estimation of right atrial pressure (RAP) in 
non-acute care settings. Cyclic changes in thoracic pres-
sure may be associated with a collapse of approximately 
50% of the IVC diameter in cases without any other path-
ological conditions.18 The collapsibility of the IVC has been 
shown to provide accurate information for the noninva-
sive measurement of CVP in the follow-up of acute heart 
failure treatment and ongoing resuscitation.19,20 Zhang 
and Critchley suggested that preoperative ultrasono-
graphic measurement of the IVC and CI had a good predic-
tive value for hypotension after the induction of general 
anesthesia, with a sensitivity of 78.6% and a specificity 
of 91.7% at a cut-off value of 43%.21 Tomohiro et al. found 
that the ultrasonographic measurement of the IVC diam-
eter was a more accurate marker than vital parameters in 
predicting serious anemia after birth and identifying pa-
tients who will require blood transfusions.11 On the other 
hand, Sefidbakht et al.12 and Yanagawa et al.13 showed that 
the rapid ultrasound performed for bedside IVC evaluation 
was more sensitive than blood pressure in assessing fluid 
loss in patients presenting in the emergency department 
for various types of trauma.

However, the IVC diameter and CI are mainly related 
to intrathoracic and intra-abdominal pressures and may 
be affected by increasing pathophysiological causes such 
as asthma or respiratory infection.22 Stawicki et al. have 
demonstrated that the CI strongly correlates with low 
(<20%) and high (>60%) CVP values and suggested that 
the closer the CI is to 0% or 100%, the higher is the prob-
ability that the patient is either volume-overloaded or 
volume-depleted, respectively.23 Orso et al.24 have ana-
lyzed 26 studies that investigated the role of the caval in-
dex (IVC collapsibility or distensibility) and 5 studies on 
the IVC diameter. They observed an extreme heterogeneity 
of the included studies, and the meta-analysis highlighted 
that ultrasound evaluation of the diameter of the IVC and 
its respiratory variations is not a reliable method to pre-
dict fluid responsiveness.

The current study included cases that did not have any 
additional diseases, and were hemodynamically stable but 
were not given oral nutrition before the operation. In ad-
dition, these patients received parenteral maintenance 

TABLE 1.  Preoperative inferior vena cava (IVC) measurements in 
B- and M-mode and collapse index (CI) during fasting and satiated 
periods

Parameters Fasting Satiated p value

B-mode diameter (mm) 9.64 ± 2.50 10.33 ± 2.33 0.010

M-mode expiratory diameter (mm) 9.80 ± 2.76 9.59 ± 2.40 0.468

M-mode inspiratory diameter (mm) 5.84 ± 1.95 7.23 ± 1.93 <0.001

Collapsibility index 0.40 ± 0.10 0.24 ± 0.08 <0.001
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fluid treatments during the time when their oral feeding 
was interrupted. Therefore, there was no condition in the 
study population that could have disrupted the hemody-
namic balance such as hypovolemic shock. Hydration sta-
tus was evaluated for patients exposed to a fasting period 
of 6–8 hours before the operation, and the results re-
vealed that the IVC diameter and CI were high. Our results 
advocate for the importance and usefulness of preopera-
tive evaluation of intravascular volume by assessment of 
the IVC diameter and CI in the pediatric age group. This 
noninvasive method based on ultrasound examination can 
offer valuable information regarding fluid deficit or over-
load, earlier than other arterial parameters such as blood 
pressure, pulse rate, and aortic diameter.7 

Nevertheless, the present study has some limitations. 
First, this was a single-center assessment, and relatively 
few patients were included in the study. Therefore, a mul-
ticenter study is proposed to evaluate the cut-off point of 
the proposed parameters. Second, IVC collapsibility mea-
surements can be affected by the craniocaudal movement 
of the diaphragm, causing two different areas of the IVC 
to be measured during inspiration and expiration, which 
may lead to underestimation of the IVC diameter and CI. 
Finally, the included cases were heterogeneous in terms of 
type of surgery. However, the inclusion of different types 
of surgery reflects clinical applicability in a more general 
pediatric population undergoing surgery. 

Conclusions

In conclusion, the collapsibility index of the inferior vena 
cava, calculated by sonographic measurement of the in-
ferior vena cava and M-mode imaging, is an easily acces-
sible and noninvasive method used in the pediatric patient 
group for assessment of intravascular fluid status in the 
preoperative period. 
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