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ABSTRACT
Objectives: Hypotension is a common complication of spinal anesthesia. Imaging of inferior vena cava (IVC)

and measurement of the IVC-collapsibility index (IVC-CI) by ultrasonography (USG) has been a widely used

non-invasive, easy and reliable method for measurement of the fluid imbalance. In the present study, we aimed

to investigate the predictive ability of the maximum IVC diameter (dIVCmax) and IVC-CI for hypotension

after spinal anesthesia. 

Methods: The study was designed as prospective and observational. One hundred thirty-two patients aged 18-

75 years with ASA I-II underwent inguinal hernia surgery with spinal anesthesia and recruited to the study.

Maximum and minimum (dIVCmin) IVC diameters were measured. IVC-CI (%) was quantified according to

the formula of [(dIVCmax-dIVCmin)/dIVKmax]×100%. 

Results: The patients were grouped as hypotensive and non-hypotensive. In fifty-seven patients of 120 cases

(47.5%), hypotension has emerged following spinal anesthesia. No significant differences in dIVCmax and

IVC-CI were recorded between the study groups (p > 0.05). There were significant inverse correlation between

age and IVC-CI. Significant positive correlation between the lowest values of the systolic arterial pressure,

diastolic arterial pressure, mean arterial pressure and IVC-CI and significant positive correlation between

dIVCmax and diastolic blood pressure, maximum and minimum values of the mean arterial pressure. 

Conclusions: We found that dIVCmax and IVC-CI values measured before spinal anesthesia were not

sufficient parameters enough to predict hypotension after spinal anesthesia. Further studies investigating the

IVC measurements under spinal anesthesia together with dynamic hemodynamic monitorization modalities

are needed.

Keywords: Hypotension, inferior vena cava, inferior vena cava collapsibility index, spinal anesthesia,

ultrasonography 

Hypotension is the most common complication of

spinal anesthesia. In the literature, hypotension

is reported at a ratio of 8.2-57.9%. The primary under-

lying cause of hypotension induced by spinal anesthe-
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sia (SA) is arterial, arteriolar and venous dilatation due

to preganglionic sympathetic nerve blockage. The hy-

potension may aggravate in case of volume depletion

in patients underwent spinal anesthesia [1-4].

      Measurement of the inferior vena cava (IVC) di-

ameter by ultrasound and IVC-collapsibility index

(IVC-CI) by ultrasonography (USG) has been a

widely used non-invasive, straightforward and reliable

method for assessment of intravascular volume. IVC

is a highly compliant vessel and the change in the col-

lapsibility of the vessel can guide the clinicians about

the clinical status of the patient. At each respiratory

cycle the vessel contacts and expands. With negative

pressure at each inspiration, the venous return to the

heart increases and IVC collapse. The changes in the

diameter of the vessel depends on the total body fluid

status. As compared to the relatively higher intravas-

cular volume status, lower volume within the vascu-

lature increases the percentage of the IVC collapse. It

has been demonstrated that IVC diameter can change

even in healthy subjects  however, the maximum di-

ameter of IVC may decrease deeply in hypovolemic

cases [5]. The collapsibility of IVC is efficient method

for demonstrating the intravascular volume. IVC col-

lapsibility can be calculated using he formula as fol-

lows: [(dIVCmax - dIVCmin) / dIVCmax] × 100%. 

      The aim of the current analysis is to investigate the

relationship between IVC diameter, hypotension

sourced from SA within the cases underwent an in-

guinal hernia operation and IVC -CI.

METHODS

      The ethics committee of the local institution ap-

proved the protocol, and each patient gave written in-

formed consent before inclusion. The study was a

prospective observational implemented between

01.04.2017-01.10.2017. The subjects between 18-75

years old with American Society of Anesthesiologists

(ASA) Score I, II those were planned to have inguinal

hernia operation under spinal anesthesia recruited to

the current study. The patient exclusion criteria were

as follows; body mass index > 35, presence of hyper-

tension, major peripheral artery disease, multiple ves-

sel disease, unstable angina, left ventricle ejection

fraction < 40%, respiratory disease, neurological dis-

order, increased intraabdominal pressure, cardiac

pacemaker, using angiotensin receptor blocker. The

cases with systolic arterial pressure > 150 mmHg and

mean arterial pressure < 60 mmHg were excluded

from the study. 

      The demographical data of the patients enrolled

into the study were recorded. By a blinded physician,
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Fig. 1. Ultrasound measurements of inferior vena cava (IVC) and calculation of collapsibility index. Panel above shows two-

dimensional scan of the IVC with right atrium to the left and panel below shows M-mode scan with respiratory variations in

diameter. dIVCmax = maximum diameter of IVC, dIVCmin = minimum diameter of IVC. 
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five min prior to spinal anesthesia, the diameters of

the IVC at inspiration (dIVCmin) and expiration (dI-

VCmax) were recorded at 2-3 cm subcostal location

using 5-Mhz probe ultrasound (Esaote, MyLab 30gold

cardiovascular, Florence, Italy) at M-mode with the

patient in the supine position. This process were re-

peated 3 times and the mean of the 3 measurements

were recorded. IVC collapsibility index (IVC-CI)

were calculated using the formula of [(dIVCmax - dI-

VCmin)/dIVCmax × %100] (Fig. 1). The cases with

>0.2 cm difference between the two sequential dIVC-

max were excluded from the study. 

      Following the routine monitorization, premedica-

tion with intravenous (IV) midazolam 0.03-(0.05

mg/kg) (Dormicum®, Deva, Istanbul, Turkey) were

implemented by an anesthetist outside the study. At

the sitting position, sterilization was done over the skin

zone of the spinal anesthesia and around the L4-5 or

L3-4 intervertebral spaces with a 25G (gauge)

Quincke spinal needle was introduced using mid-line

approach. After observing the cerebrospinal fluid flow,

0.5% hyperbaric bupivacaine (Marcaine Heavy, As-

traZeneca, Kırklareli, Turkey) was injected at a dosage

according to the height of the patient (12-18 mg). The

level of the sensorial block was determined using Pin-

prick test and the level of the motor block level was

defined utilizing Bromage scale. As the block level

was reached to T8 and Bromage 0, the operation

started. Following spinal anesthesia, the subjects at

whom vasoactive medication was implemented due to

hypotension and the dosage of those vasoactive drugs

were recorded. After the anesthesia till the surgical op-

eration concluded, the heart beats per min and the

blood pressures of the patients were recorded at every

2 min. Also, the maximal sensory levels of the cases

were recorded. 

      No any patients received any fluid replacement

therapy before the spinal anesthesia. The fluid therapy

was planned calculating the preoperative starvation

time and fluid maintenance and target fluid replace-

ment was done during the surgical operation. Fluid re-

placement regime was implemented as follows; 4

mL/h for the first 10 kg body weight, 2 ml/h for the

second 10 kg body weight and 1 ml/h for the rest body

weight. Hypotension was defined as the starting mean

arterial pressure decreases by > 30% and/or mean ar-

terial pressure was < 60 mmHg. The patients were

grouped according to the hypotension status. As hy-

potension was determined IV fluid infusion was in-

creased. Ephedrine (Ephedrine hydrochloride, Osel,

Beykoz, Istanbul) was utilized at a dosage of 5-10 mg.

When heart beat per min was < 40, IV atropine (At-

ropine Sulfate, Biofarma, Sancaktepe, Istanbul) (0.5

mg) was administered. 

Statistical Analysis 

      For calculating the sample size G power version

3.1.9.2 was used. The effect size for the independent

study groups for the t-test was d = 0.57 and for α =

0.05 with power = 0.85, the minimum needed case

number was 118. For statistical analysis SPSS 22.00

(Statistical Package for Social Sciences, Inc., Chicago,
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!Fig. 2. Flow chart of the study.
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IL) was used. Numerical data are expressed as mean

± standard deviation or median and inter-quartile

range depending on their distribution which was tested

by Kolmogorov-Smirnov test. Spearman correlation

test was used for the correlation analysis. Continuous

variables with normal and non-normal distributions

were compared using Student’s t-tests and Mann–

Whitney U tests, respectively. Categorical variables

were compared using the Pearson's chi-square test or

Fischer’s exact test, as appropriate.

RESULTS

      A total of 132 patients who underwent inguinal

hernia with spinal anesthesia were included in the

study and statistical analysis was performed in 120

cases (Fig. 2). 

      The patient characteristics are shown in Table 1.

Hypotension was recorded in 47.5% (n = 57) of the

patients. No significant difference was noted for dI-

VCmax and IVC-CI between the study groups (Table

1). Sixty five percent of the cases have rendered dIVC

< 15 cm and IVC-CI > 50% whereas in 2.5% of the

subjects, IVC diameter was 15-25 mm and IVC-CI >

50%. 

      There was no meaningful correlation between dI-

VCmax and IVC-CI (r = 0.145, p = 0.114). No statis-

tically significant negative correlation was recorded

between age and IVC-CI (p ˂ 0.05, r = 0.184) (Table

2). No significant correlation was noted between the

percentage of the decrease in mean arterial pressure

and IVC-CI and dIVCmax (Fig. 3). 

DISCUSSION

      The researchers investigated the impact of USG

guided IVC measurement on the hypotension after

spinal anesthesia in patients undergoing inguinal her-

nia operation with a prospective observational study.

In 47.5% of the cases hypotension during the spinal

anesthesia has been recorded. There was no statisti-

cally significant difference between the cases in terms

of hypotension after spina anesthesia related with dI-

VCmax and IVC-CI. While there was a negative cor-

relation between age and IVC-CI, no significant

correlation was observed between the percentage of
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fall in MAP and IVC-CI and dIVCmax. 

      IVC ultrasound has been a frequent, easily doable

and non-expensive method for assessment of intravas-

cular volume status. Regarding the importance of de-

termination of the pre-operative volume status, fast

evaluation by ultrasonography may provide benefit in

the treatment of critical patients [5]. While inspiration

induces IVC collapse by enabling a negative pressure

within the thorax, expiration allows an increment in

venous return that yields the return of the IVC diame-

ter to its original size. The decrease in the intravascular

volume status may increase the percentage of the IVC

collapse. In the children with dehydration needing vol-

ume supplement, the IVC diameter was decreased [6,

7]. Relatively higher IVC-CI, in particular with a small

IVC diameter shows a decreased volume status [8]

.According to the Society of Emergency Physicians,

in adult patients with normal CVP, IVC dimeter and

IVC-CI should be 15-25 mm and > 50% whereas in

cases with volume deficient due to total compression

the diameter of the IVC was less than 15 mm [9]. In

our study, in 65% of the cases IVC diameter was < 15

mm and IVC-CI was > 50% while in 2.5% of the sub-

jects the diameter of the IVC was 15-25 mm and IVC-

CI was > 50%. By those results, it was assumed that

there was volume deficit in most of our patients. How-

ever, since there was no monitorization of the CVP, no

relation could be detected between the CVP and the
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Fig. 3. (a) Correlation between the percentage of the decrease in mean arterial pressure (MAP) and inferior vena cava col-

lapsibility index (IVC-CI), (b) Correlation between the percentage of the decrease in mean arterial pressure (MAP) and in-

ferior vena cava maximum diameter (dIVCmax). 
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volume status. 

      Ceruti et al. [10] has reported the results of 160

cases about the IVC diameter and IVC collapsibility

by ultrasound preceding spinal anesthesia. In one

group within 15 min 500 ml fluid (Ringerfundine; B.

Braun) was loaded and IVC-CI was evaluated and fol-

lowing 15 min volume replacement spinal anesthesia

was implemented. Finally, before the spinal anesthe-

sia, volume loading by the guidance of IVC USG de-

creased the incidence of arterial hypotension, provided

the volume status optimization and decreased the in-

terventions following arterial hypotension attacks.

However, no any correlation has been demonstrated

between the volume loading preceding the spinal anes-

thesia and IVC-CI [10]. Beside that study, no ant sub-

ject received pre-operative volume replacement.

Calculating the pre-operative starvation time and

hourly volume replacement requirement, crystalloid

replacement was applied. There was no any significant

relationship between the amount of volume loaded and

hypotension, in the present study. In line with the

study by Ceruti et al. [10], no any meaningful corre-

lation was detected between the IVC-CI and the hy-

potension after  spinal anesthesia, in the current study. 

      Zhang et al. [11] has demonstrated that for the hy-

potension after general anesthesia, IVC measurements

before induction of general anesthesia, IVC-CI was

more predictive than dIVCmax and in the same study

the threshold value was 43% for IVC-CI. In the pres-

ent study, there was no significant difference in IVC-

CI between the study groups and IVC-CI was not

found predictive for hypotension after spinal anesthe-

sia. The underlying cause for such result might be mul-

tifactorial component of the hypotension after spinal

anesthesia in which hypovolemia could be one of

them. While IVC-CI is so determinant for the stats of

intravascular volume, it doesn’t seem the same as for

hypotension after spinal anesthesia. 

      Intra-operative hypotension is one of the frequent

adverse event for anesthesia, whereas the definition

may change within the clinical trials. Bjiker et al. [12]

[has found 140 definitions for hypotension in the lit-

erature. In our study, similar to the study of Zhang et

al. [11] , hypotension was defined as > 30% decrease

in mean arterial pressure and/or a value of < 60mmHg

in mean arterial pressure. The sympathetic blockage

following spinal anesthesia impacts of the regulation

of the circulation both by decreasing the venous return

and also decreasing the systemic vascular resistance.

By the way, as the level of blockage reaches to T4, the

cardioselective fibers also are impeded, heart rhythm

and also the cardiac output may reduce [13] . Since

the sympathetic fibers are within T1-L2, the blockages

under the L2 don’t have influence on arterial blood

pressure [14] . In the present study, as the block level

was T8, the surgical operation was initiated. The level

of the blockage didn’t reach to T4 in any patient within

our study. There was no significant difference in the

highest level of the blockage between the cases with

and without hypotension after spinal anesthesia in the

present study. 

Limitations 

      The limitations of our study are as follows; one-

center design of the study, the nature of the data came

from only one type of surgical operation, no measure-

ment of IVC during the hypotension and after the

spinal anesthesia, no comparison of the IVC measure-

ments with some dynamic tests such as CVP and car-

diac output. Another limitation was several definitions

of the hypotension. The cases with the history of hy-

pertension were not included but the subjects with un-

diagnosed hypertensive subjects might be recruited.

CONCLUSION

      IVC-CI and dIVCmax were not significantly as-

sociated with the hypotension after spinal anesthesia

in the patients undergoing inguinal hernia operation

with spinal anesthesia. Further studies investigating

the IVC measurements under spinal anesthesia to-

gether with dynamic hemodynamic monitorization

modalities are needed. 
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