
Anesth Pain Med. 2022 February; 12(1):e121648.

Published online 2022 March 6.

doi: 10.5812/aapm.121648.

Research Article

Pre-operative Ultrasonographic Evaluation of the Internal Jugular

Vein Collapsibility Index and Inferior Vena Cava Collapsibility Index to

Predict Post Spinal Hypotension in Pregnant Women Undergoing

Caesarean Section

Amr Arafa Elbadry 1, *, Ahmed El dabe 1 and Motaz Amr Abu Sabaa 1

1Surgical Intensive Care and Pain Medicine, Faculty of Medicine, Tanta University, Tanta, Egypt

*Corresponding author: Surgical Intensive Care and Pain Medicine, Faculty of Medicine, Tanta University, Tanta, Egypt. Email: amr.elbadry@med.tanta.edu.eg

Received 2021 December 08; Revised 2022 February 06; Accepted 2022 February 08.

Abstract

Background: Post spinal anesthesia hypotension (PSAH) is frequently encountered in anesthetic practice, especially during ce-
sarean section. Ultrasound is a safe and easy technique for hemodynamic monitoring.
Objectives: This study was conducted to assess the efficacy of pre-operative inferior vena cava collapsibility index (IVCCI) and inter-
nal jugular vein collapsibility index (IJVCI) in predicting PSAH.
Methods: This cross-sectional blinded study included 55 pregnant females prepared for elective cesarean section. They were divided
into two groups based on the incidence of PSAH: (1) cases with PSAH (26 cases); and (2) cases without PSAH (29 cases). All the cases
underwent ultrasound-guided measurement of IVCCI and IJVCI. The efficacy of these parameters was assessed in predicting PSAH.
Results: Cases in both groups expressed non-significant differences regarding demographic data. However, IVCCI had mean values
of 38.27 and 23.97%, while IJVCCI had mean values of 46.50 and 33.41%, respectively, in cases with and without PSAH. For IVCCI, using
a cut-off point of 33% had sensitivity and specificity (84.6 and 93.1%, respectively) for predicting PSAH, with a diagnostic accuracy of
89.1%. IJVCI had sensitivity and specificity of 84.6 and 82.8%, respectively, for predicting the same complication using a cut-off value
of 38.5%.
Conclusion: IVCCI and IJVCI are efficacious and reliable tools in predicting PSAH in pregnant ladies undergoing cesarean section,
with a slight superiority for IVCCI regarding specificity and accuracy.
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1. Background

Post spinal anesthesia hypotension (PSAH) is fre-
quently encountered in the daily obstetric anesthesia
practice, and its incidence has been reported to reach up
to 71% (1). This consequence arises due to lower preload,
resulting from the gravid uterus compressing the inferior
vena cava (IVC), and decreased systemic vascular resis-
tance occurring followed by vascular dilation following
spinal anesthesia (2).

Pregnant women who suffer from prenatal hypov-
olemia are at an increased risk of cardiovascular collapse.
Also, PSAH can lead to severe maternal and fetal outcomes.
Hence, pre-anesthetic identification of the fluid deficit
may help prevent the critical decrease in blood pressure
during operation (3).

Recently, there have been significant advances in
hemodynamic monitoring devices (4, 5). Ultrasound is a

safe and easy technique used for hemodynamic monitor-
ing (6). Multiple studies have reported the usefulness of
point-of-care ultrasound performed by anesthesiologists
(7). It has been reported that ultrasonography measure-
ments of the inferior vena cava (IVC) or internal jugular
vein (IJV) can be used to determine the intravascular vol-
ume.

Transabdominal measurement of IVC diameters is an
easy method devoid of any complications. Based on col-
lected diameters, the IVC compressibility index (IVCCI) can
be calculated, and it is a reliable method for assessing pa-
tients’ volume status (8).

2. Objectives

There is a paucity of studies comparing IVCCI and
IJVCI in the prediction of PSAH during cesarean section.
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Hence, we conducted this study to assess the efficacy of pre-
operative IVCCI and IJVCI to predict PSAH.

3. Methods

This cross-sectional blinded study was performed at
the Obstetrics and Gynecology Department, the Tanta Uni-
versity Hospital, from June 2020 to November 2020. The
study was designed for adult pregnant female cases whose
ages ranged from 25 to 35 years; they had class I or II
American Society of Anesthesiologists (ASA) physical sta-
tus and were prepared for elective cesarean section under
subarachnoid block. Before the study, the participants had
provided informed consent.

Cases with emergency conditions and uncontrolled
systemic comorbidities (cardiovascular, respiratory, or re-
nal) and patients in whom massive intraoperative loss was
expected (placenta accreta or placenta previa) were ex-
cluded. Additionally, cases who received preload of intra-
venous fluids were excluded.

The cases were divided into two groups based on the
incidence of PSAH: with PSAH (26 cases) and without PSAH
(29 cases).

The patients were hospitalized the day before surgery
and instructed to begin fasting at 12:00 a.m. A thor-
ough anesthesia examination was conducted the night be-
fore surgery when the patient arrived in the operating
room. Regular hemodynamic monitoring was performed,
including three-lead electrocardiography, pulse oximetry,
and non-invasive blood pressure measurement.

A sonosite M-turbo ultrasound machine was used for
IVC and IJV measurements. IVC imaging was done using
the curvilinear USG probe (1 - 5 MHz, 21 mm), while IJV imag-
ing was performed via the linear vascular transducer (7 - 13
MHz, 38 mm). The same anesthesiologist performed all ex-
aminations.

3.1. IJVCI Measurement

All the patients were positioned supine, and the right
IJV was checked in each case. The transducer was posi-
tioned two cm superior to the right sternoclavicular joint
in the transverse plane of the neck. The IJV was detected
via doppler examination, and care was made to minimize
vein blockage or compression during the examination.
Measurements were recorded for four respiratory cycles
when the entire vein circumference was visible. Follow-
ing that, the anteroposterior maximum and minimum di-
ameters were determined. IJVCI was determined using the
following equation: Maximum diameter - lowest diame-
ter/maximum diameter) 100% (9).

3.2. IVCCI Measurement
The transducer was placed in a longitudinal position

over the subxiphoid region. IVC measurements were es-
timated just distal to the entrance of hepatic veins into
IVC, about 3 - 4 cm distal to the right atrium. After expi-
ration and inspiration, internal anteroposterior IVC diam-
eters were measured at their highest and lowest values.
IVCCI was calculated via the same equation used for IJV.

3.3. Spinal Anesthesia
Following US measurements, the cases were posi-

tioned supine, and spinal anesthesia was administered
with 2.5 mL hyperbaric bupivacaine 5% and 20 mcg fen-
tanyl into the L 2 - 3 or L 3 - 4 intervertebral space using a
25-gauge B-braun needle after confirming free flow of cere-
brospinal fluid (CSF). Simultaneously, all the patients re-
ceived a co-load of ringer lactate solution (10 - 12 mL/kg over
15 minutes). When the sensory block reached the T6 level,
surgery was initiated.

Throughout the process, the heart rate and mean arte-
rial pressure (MAP) were recorded (every 3 min for the first
15 min). Ephedrine (6 mg increment) was used in addition
to Ringer lactate solution to treat hypotension, defined as
a decrease in MAP of more than 20% of its basal value or
MAP 65 mmHg (250 mL bolus). The ephedrine dosage was
recorded. Bradycardia, defined as a heart rate less than 50
beats per minute, was treated with an intravenous infusion
of atropine (0.6 mg).

This study aimed to determine the predictive values of
IVCCI and IJVCI in identifying PSAH. The secondary objec-
tive was to compare these two prediction values.

The sample size was calculated using IBMª SPSSª Sam-
ple Powerª version 3.0.1 (IBMª Corp., Armonk, NY, USA). The
mean total IVC collapsibility index (IVCCI) in pregnant fe-
males who underwent CS in the study conducted by Singh
et al. (4) was 28.6% (SD. 13.3). A sample size of 55 pregnant
females had 80% power to detect a 5-point difference in the
mean IVC collapsibility index (IVCCI), assuming that the
standard deviation is 13.3 using a one-group t-test with a
0.05 two-sided significant level.

3.4. Statistical Analysis
Data entry and analysis were performed using SPSS

software version 25 for Mac for data entry and analysis.
At first, data were tested for normality. Quantitative data
were expressed as mean and standard deviation, whereas
frequency and percentage were used to express categori-
cal variables. The chi-square test was performed to com-
pare two independent groups of qualitative data. Also, the
Mann-Whitney U test and independent samples t-test were
used to compare the two groups of non-parametric and
parametric quantitative data. Receiver operating charac-
teristic (ROC) curve analysis was also performed to show
the diagnostic accuracy. P-value < 0.05 was considered sig-
nificant.
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4. Results

Regarding demographics, cases with and without
PSAH had mean ages of 26.46 and 25.62 years and mean BMI
values of 29.64 and 29.4 kg/m2, respectively. Most of the
included cases had ASA class I (84.6 and 89.7% of cases in
the two groups, respectively), and the remaining cases had
ASA class II. Neither of the previous parameters was signif-
icantly different between the two study groups (P > 0.05)
(Table 1).

There was no significant difference between heart rate
readings in both groups apart from the 6-min reading,
which was significantly higher in cases with PSAH than in
those without PSAH (P = 0.04). However, cases tended to
express higher heart rates in the PSAH group than in the
other group, although statistically insignificant. When it
comes to blood pressure, although blood pressure was sig-
nificantly decreased in 26 out of the included cases, no sig-
nificant difference was noted between the two groups re-
garding the baseline reading (P = 0.857) (Table 2).

Cases with PSAH expressed significantly higher IVCCI
and IJVCI values than those without PSAH (P < 0.001). IVCCI
had mean values of 38.27 and 23.97%, while IJVCCI had mean
values of 46.50 and 33.41% in cases with and without PSAH,
respectively (Table 3).

For IVCCI, a cut-off point of 33% had sensitivity and
specificity of 84.6 and 93.1%, respectively, for predicting
PSAH, with a diagnostic accuracy of 89.1%. Additionally,
IJVCI had sensitivity and specificity of 84.6 and 82.8%, re-
spectively, for predicting the same complication using a
cut-off value of 38.5% (Table 4 and Figure 1).

5. Discussion

Although PSAH is usually well tolerated by healthy sub-
jects, as patients only complain of nausea, vomiting, and
lightheadedness, it may significantly impact patients with
preexisting cardiovascular risk factors (10). The ability to
predict which patients are at high risk of severe hypoten-
sion should enable anesthetists to prepare and individual-
ize treatment for such cases (11).

PSAH was encountered in 26 of the cases (47.27% inci-
dence). Another study reported a high incidence, as PSAH
was detected in 23 out of 40 included cases (57.5%) (4). A
previous report stated that the incidence of PSAH hypoten-
sion varied between 7.4 and 74.1% in different series (11).
The main reason for this discrepancy lies in the difference
in the definition of hypotension between studies.

The subjects were classified into two categories based
on PSAH prevalence: (1) with PSAH, and (2) without PSAH.
By and large, no significant variation in demographic fac-
tors was seen between patients in the two groups, which
should eliminate any bias that may have skewed the results
in favor of one group over the other.

The results revealed that cases with PSAH had signif-
icantly higher IVCCI than those without PSAH (38.27 vs.
23.97%, respectively - P < 0.001). IVCCI had sensitivity and
specificity of 84.6 and 93.1%, respectively, using a cut-off
value of 33%.

In another research, the sensitivity and specificity of
IVCCI with wedge in predicting hypotension in pregnant
women were 60.9 and 35.5%, respectively, when using a
cut-off value of 25.64%. Sensitivity and specificity for IVCCI
without wedge were 69.6 and 23.5% when a cut-off value
of 20.4% was used (4). Zhang and Critchley reported that
IVCCI had 50 and 31% mean values in cases with and with-
out hypotension, respectively. They estimated the optimal
cut-off value to be 43%, which had sensitivity and specificity
of 78.6 and 91.7% in predicting hypotension, respectively
(12).

IVCCI is a straightforward and accurate predictor of
fluid receptivity in both normal and mechanically venti-
lated patients, according to many studies (13-17). In a pre-
vious randomized controlled trial, IVCCI guided fluid ther-
apy was associated with a 35% reduction in the incidence
of PSAH (18).

In the present study, cases with PSAH had significantly
higher IJVCI than those without PSAH P < 0.001). IJVCI had
mean values of 46.5 and 33.41% in both groups, respectively.
With a cut-off value of 38.5%, IJVCI had sensitivity and speci-
ficity of 84.6 and 82.8%, respectively, in predicting PSAH.

Similarly, Killu et al. reported that IJVCI more than
39% had sensitivity and specificity of 87.5 and 100%, respec-
tively, in predicting hypovolemia in critically ill patients
(19). Moreover, Haliloğlu et al. reported that IJVCI more
than 36% had sensitivity and specificity of 78 and 85% re-
spectively, in predicting hypovolemia (20). On the other
hand, some authors reported a lower cut-off value (11.4%)
for IJV to predict hypovolemia, with sensitivity and speci-
ficity of 83 and 94%, respectively (21). The discrepancy be-
tween cut-off values in different studies can be attributed
to different populations, radiological experiences, or sta-
tistical tests used in them.

Unluer and Kara reported that IJVCI was a useful
marker in predicting hypovolemia. It had median values of
32.74 and 38.88% before and after blood donation, respec-
tively. Blood donation results in hypovolemia, which is re-
flected in IJV collapsibility (22).

Our results showed that both IVCCI and IJVCI could be
used as reliable markers to predict PSAH occurrence, with a
slight superiority for IVCCI (AUC = 0.950 and 0.898 for IVC
and IJV, respectively). In line with our results, Brolio and
his associates reported that IVC diameter changes were a
marker for fluid responsiveness. Furthermore, Prekker et
al. found a good relationship between the maximum IVC
diameter and the internal jugular aspect ratio (23). There-
fore, if one technique is reliable, the other will also be de-
pendable.
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Table 1. The Patients’ Demographics According to PSAH Occurrence a , z

Variables Patients with PSAH (n = 26) Patients Without PSAH (n = 29) 95% CI P Value

Age (y) 26.46 ± 2.731 25.62 ± 4.135 -1.1 to 2.8 0.384

BMI (kg/m2) 29.64 ± 3.583 29.40 ± 3.405 -1.7 to 2.1 0.805

ASA -0.13 to 0.23 0.696

I 22 (84.6) 26 (89.7)

II 4 (15.4) 3 (10.3)

Abbreviations: PSAH, post spinal anesthesia hypotension; BMI, body mass index; ASA, American Society of Anesthesiologists physical status classification.
a Values are expressed as No. (%) or mean ± SD.

Table 2. The Patients’ Heart Rate, MAP, and Intra-operative Ephedrine Usage According to PSAH Occurrence

Variables Patients with PSAH (n = 26) Patients Without PSAH (n = 29) 95% CI P Value

Heart rate (bpm)

Basal 98.04 ± 12.682 96.59 ± 8.862 -4.4 to 7.3 0.622

3 min 111.35 ± 15.417 105.21 ± 9.435 -0.7 to 13.0 0.077

6 min 116.69 ± 17.234 108.79 ± 10.618 0.2 to 15.6 0.043 a

9 min 116.50 ± 17.976 109.55 ± 10.963 -1.0 to 14.9 0.086

12 min 116.50 ± 18.898 110.72 ± 11.479 -2.6 to 14.1 0.172

15 min 116.31 ± 18.648 110.86 ± 12.808 -3.1 to 14.0 0.208

MAP (mmHg)

Basal 99.69 ± 10.525 100.21 ± 10.503 -6.2 to 5.2 0.857

3 min 85.08 ± 11.883 95.45 ± 9.664 -16.2 to -4.5 0.001 a

6 min 76.81 ± 10.131 93.07 ± 9.783 -21.7 to -0.9 < 0.001 a

9 min 76.81 ± 10.186 92.83 ± 10.265 -21.6 to -10.5 < 0.001 a

12 min 78.04 ± 8.816 92.34 ± 10.386 -19.5 to -9.1 < 0.001 a

15 min 78.54 ± 8.561 92.21 ± 11.030 -19.1 to -8.3 < 0.001 a

Abbreviations: bpm, beat per min; MAP, mean arterial pressure; CI, confidence interval.
a P < 0.05 is significant.

Table 3. The Patients’ IVCCI and IJVCI According to PSAH Occurrence

Variables Patients with PSAH (n= 26) Patients Without PSAH (n= 29) 95% CI P Value

Maximum IVC diameter 1.33 ± 0.192 1.39 ± 0.173 -0.16 to 0.04 0.248

Minimum IVC diameter 1.12 ± 0.113 1.00 ± 0.122 -0.25 to -0.12 < 0.001 a

IVCCI (%) 38.27 ± 6.155 27.97 ± 4.851 7.32 to 13.29 < 0.001 a

Maximum IJV diameter 1.13 ± 0.331 1.01 ± 0.238 -0.04 to 0.27 0.147

Minimum IJV diameter 0.58 ± 0.111 0.67 ± 0.152 -0.16 to -0.01 0.020 a

IJVCI (%) 46.50 ± 8.594 33.41 ± 6.344 9.0 to 17.1 < 0.001 a

Abbreviations: IVC, inferior vena cava; IVCCI, inferior vena cava collapsibility index; IJV, internal jugular vein; IJVCI, internal jugular vein collapsibility index; CI, confi-
dence interval.
a P < 0.05 is significant.

Either technique is recommended to evaluate patients
for whom hypotension would form a potential risk. Anes-
thesiologist experience in ultrasonography will play a role
in setting the preferred technique together with center

policy and patient characteristics. For instance, IVCCI
would be harder to assess in obese individuals or cases
with excess intraabdominal gases (9), and it would be eas-
ier for anesthesiologists to calculate IJVCI. Junior anesthe-
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Figure 1. The ROC curve for IVCCI and IJVCI in predicting PSAH.

Table 4. The Diagnostic Profile for IVCCI and IJVCI in Predicting PSAH

Variables IVCCI IJVCI

AUC 0.950 0.898

P value < 0.001 a < 0.001 a

Diagnostic point 33.0 38.5

Sensitivity (%) 84.6 84.6

Specificity (%) 93.1 82.8

PPV (%) 91.7 81.5

NPV (%) 87.1 58.7

Accuracy (%) 89.1 83.6

Abbreviations: IVCCI, inferior vena cava collapsibility index; IJVCI, internal
jugular vein collapsibility index; AUC, area under the curve; PPV, positive pre-
dictive value; NPV, negative predictive value.
a P < 0.05 is significant.

siologists should start learning IVC as they are more fa-
miliar with this anatomical area and the sonographic view
based on their everyday experience in ultrasound-guided
central catheter installation. IJV should provide an addi-

tional advantage as it requires less image acquisition time
than IVC, as reported by previous authors (20).

Our study had a number of limitations. First, it was a
single-center study that included a relatively small sample
size. Therefore, more studies, including more cases, should
be conducted in the future. Second, those with sensory
blocks higher than T4 were excluded from the study.

5.1. Conclusion

IVCCI and IJVCI are efficacious and reliable tools in pre-
dicting PSAH in pregnant ladies undergoing cesarean sec-
tion, with a slight superiority for IVCCI regarding speci-
ficity and accuracy. A greater collapsibility index leads to
a lower volume status.
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