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Abstract

AIM: To study changes produced within the inferior
vena cava (IVC) during respiratory movements and
identify their possible clinical implications.

METHODS: This study included 100 patients (46
women; 54 men) over 18 years of age who required an
abdominal computed tomography (CT) and central ve-
nous access. IVC cross-sectional areas were measured
on CT scans at three levels, suprarenal (SR), juxtare-
nal (JR) and infrarenal (IR), during neutral breathing
and again during the Valsalva maneuver. All patients
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were instructed on how to perform a correct Valsalva
maneuver. In order to reduce the total radiation dose
in our patients, low-dose CT protocols were used in all
patients. The venous blood pressure (systolic, diastolic
and mean) was invasively measured at the same three
levels with neutral breathing and the Valsalva maneuver
during venous port implantation. From CT scans, three-
dimensional models of the IVC were constructed and
a collapsibility index was calculated for each patient.
These data were then correlated with venous pressures
and cross-sectional areas.

RESULTS: The mean patient age was 51.64 = 12.01
years. The areas of the ellipse in neutral breathing
were 394.49 + 85.83 (SR), 380.10 £ 74.55 (JR), and
342.72 + 49.77 mm® (IR), and 87.46 + 18.35 (SR),
92.64 + 15.36 (JR) and 70.05 + 9.64 mm’ (IR) dur-
ing the Valsalva (Ps < 0.001). There was a correlation
between areas in neutral breathing and in the Valsalva
maneuver (P < 0.05 in all areas). Large areas de-
creased more than smaller areas. The collapsibility indi-
ces were 0.49 + 0.06 (SR), 0.50 + 0.04 (JR) and 0.50
= 0.04 (IR), with no significant differences in any re-
gion. Reconstructed three-dimensional models showed
a flattening of the IVC during Valsalva, adopting an el-
lipsoid cross-sectional shape. The mean pressures with
neutral breathing were 9.44 + 1.78 (SR), 9.40 + 1.44
(JR) and 8.84 £ 1.03 mmHg (IR), and 81.08 + 21.82
(SR), 79.88 = 19.01 (JR) and 74.04 + 16.56 mmHg (IR)
during Valsalva (Ps < 0.001). There was a negative cor-
relation between cross-sectional caval area and venous
blood pressure, but this was not statistically significant
in any of the cases. There was a significant correlation
between diastolic and mean pressures measured during
neutral breathing and in Valsalva.

CONCLUSION: Respiratory movements have a major

influence on IVC dynamics. The increase in intracaval
pressure during Valsalva results in a significant de-
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crease in the IVC cross-sectional area.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This study is focused on the poorly investi-
gated and controversial field of vena caval dynamics. It
provides findings about possible correlations between
respiratory movements and caval hemodynamic char-
acteristics. This knowledge may have many clinical ap-
plications for therapeutic minimally invasive strategies,
especially for the study of intravenous devices.

Laborda A, Sierre S, Malvé M, De Blas I, Ioakeim I, Kuo
WT, De Gregorio MA. Influence of breathing movements and
Valsalva maneuver on vena caval dynamics. World J Radiol
2014; 6(10): 833-839 Available from: URL: http://www.wjg-
net.com/1949-8470/full/v6/i10/833.htm DOI: http://dx.doi.
org/10.4329/wjr.v6.i10.833

INTRODUCTION

The relationship between diameter and morphology of
the inferior vena cava (IVC) during respiration and in
Valsalva is poortly understood. In the medical literature,
there is no agreement on whether the IVC increases or
decreases in diameter during the Valsalva maneuver' .
In a study on the diameter of the IVC measured by ultra-
sound, Grant e# al acknowledged this controversy and
observed a decrease of IVC caliber during the Valsalva
maneuver with a maximum increase at the end of the
forced inspiration. Miraflor ef al’ attempted to relate IVC
diameter and vascular filling (volume status) in hypoten-
sion, but did not observe a strong correlation.

There is little data in the literature relating biometrics
and hemodynamics of the IVC"M, Kaura e al'™ studied
the biometrics of the IVC and concluded that venogra-
phy alone is not an ideal method to assess true IVC diam-
eters. Various authors recommend ultrasonographylw’]31,
intravascular ultrasonographylzj, computed tomography
€™ and even magnetic resonance imagingp’17J for
its morphologic study. To our knowledge, there are no
ptior studies that correlate the variation in venous blood
pressure with caliber and morphology of IVC during res-
piration and Valsalva maneuver. We present a prospective
study of biometric, geometric and hemodynamic changes
in the IVC during respiratory movements and Valsalva in
100 patients.

MATERIALS AND METHODS
Study participants

This work has been carried out in accordance with the
Declaration of Helsinki (1964, as revised in 2004) of the
Wotld Medical Association. This study was approved by
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the Ethics Committee of the Regional Government. All
patients gave their informed consent prior to their inclu-
sion in the study.

From January until December 2013, we measured
morphologic, geometric and hemodynamic changes
in the inferior vena cava in 100 patients during neutral
breathing and then in Valsalva maneuver. Inclusion cri-
teria were: patients over 18 years-old scheduled for im-
plantation of a subcutaneous venous port, required an
abdominal CT for evaluation of their underlying disease,
and gave informed consent. Patients under 18 years-
old, a body mass index over 30 kg/ mz, unable to follow
instructions, diagnosed with cardiovascular or pulmonary
pathology with prior abdominal surgery in the last two
years, or with any pathology of the abdominal walls were
excluded from the study. All patients were instructed on
how to perform a correct Valsalva maneuver, while the
operator controlled their inspiration and manually as-
sessed the abdominal pressure. Three rehearsals were
made before each of the two maneuvers.

Data collection
Intravascular blood pressure data were collected during
the central venous catheter implantation in the angio
suite. Systolic, diastolic and mean pressures were record-
ed at the same three levels, juxtarenal (JR), suprarenal
(SR) and infrarenal (IR), both during neutral respiration
and in Valsalva using a pressure monitor (Vitara PA 8060;
Dragér Medical Hispania, Madrid, Spain). We used a 100
cm, 5F pig-tail catheter (Cook Medical, Limerick, Ireland)
to obtain three measurements in each of the locations,
and calculated their average value.

Abdominal CT was also performed in Valsalva and
in neutral respiration. CT studies were performed in a
64-slice Brilliance CT scanner (Philips Electronics, Am-
sterdam, Netherlands) with 100-120 cc of intravenous io-
versol (Optiray Ultraject 240; Covidien, Barcelona, Spain)
and reconstructed with a slice thickness of 5 mm. In or-
der to reduce total radiation dose, low-dose CT protocols
(120 kV and 30 mAs) were used"” in all patients.

After the third rehearsal, contrast was injected and
a delay of 60 s was scheduled. At 55 s, the patient was
instructed to start the Valsalva maneuver. After the first
acquisition, they were instructed to breath normally and
the second scan was acquired.

IVC measurements

The cross-sectional area of the IVC was calculated us-
ing the software program Philips ViewForum R6.3V1L7
SP1-2010 (Philips Medical Systems Nederland B.V. Best,
Netherlands) in three planes along the IVC: JR, at the
renal veins junction; SR, 3 cm above; and IR, 3 cm below,
as shown in Figure 1. The validation of the calculations
was performed with axial CT measurements of the ellip-
tical cross-sectional areas using the major and the minor
diameters of the IVC: A = = (0.5 major diameter X 0.5
minor diameter). The software automatically calculated all
areas shown in results, but we used the classic formula for
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Figure 1 Inferior vena cava studied levels. The juxtarenal level is the site of
the entrance of the renal veins; at 3 cm to the juxtarenal level are the suprare-
nal (above) and the infrarenal (below) levels, marked in green.

validation. The collapsibility index (CI) was calculated as
the difference between the value of the maximum diam-
eter and the minimum diameter, divided by the maximum
of the two values”*, and ranged from O (non-collapsible)
to 1 (fully collapsible). All patients were monitored with
pulse oximetry and electrocardiogram during every pro-
cedure.

Three-dimensional reconstruction

Reconstruction was performed using the commercial
software MIMCS (Materialise, Leuven, Belgium). Lon-
gitudinal and orthogonal vena caval cross-sections were
used to build a three-dimensional model that was ex-
ported as a stereolithography and then imported into the
commercial CAD package SolidWorks (Dassault Sys-
temes, Vélizy-Villacoublay, France) as shown in Figures 2
and 3. Using this software, the three-dimensional model
was finally smoothed and refined in order to avoid pos-
sible irregularities of the geometry caused by the previ-
ous manual segmentation.

Statistical analysis

Statistical analysis was performed with the SPSS 17 soft-
ware (SPSS Inc., Chicago, 1L, United States). A P < 0.05
and a power of 90% was established for the statistical
analysis. The data were tested for normality using the
Kolmogorov-Smirnov test and means were compared
using Student’s #tests for paired samples. For correlation
between areas and pressure, the Pearson’s correlation co-
efficient was used. Data are presented as mean + SD.

RESULTS

The mean patient age was 51.64 + 12.01 years (range:
32-72 years), 46% were women and the average body
mass index was 22.58 + 3.48 kg/m” (range: 18.0-28.3
kg/m?®). Intravenous blood pressure measurement added
5.35 + 2.31 min to the total time of port-a-cath implan-
tation. Total fluoroscopy time was 0.74 = 0.28 min with
an increase of 105.4 mGy/cm” on the average dose area
product for implantation of a central venous catheter in
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our department. The procedure was technically success-
ful in 100% of the patients and no complications were
observed in any of the patients studied.

The IVC areas measured by CT in each region during
neutral respiration and in Valsalva are depicted in Figure 4.
Significant differences (P < 0.001) were observed between
both measurements in all three levels. The IVC areas in
neutral breathing were 394.49 + 85.83 (SR), 380.10 £ 74.55
(JR), and 342.72 £ 49.77 mm’ (IR), and 87.46 = 18.35 (SR),
92.64 £ 15.36 (JR) and 70.05 £ 9.64 mm’ (R) in Valsalva
(P < 0.001). The area of the IVC in Valsalva was 22.17%
(range: 16.43%-27.91%) of the area in neutral respiration
at the SR level, 24.37% (range: 19.21%-29.54%) at the JR
level, and 20.44% (range: 16.62%-24.26%) at the IR level.
There was a correlation between areas in neutral breathing
and in Valsalva (P < 0.05 in all levels) and larger areas de-
creased more than smaller areas.

The CI was constant and independent from the final
pressure in Valsalva: 0.49 = 0.06 (SR), 0.50 = 0.04 (JR),
and 0.50 £ 0.04 (IR). No significant differences were ob-
served between the three different levels.

The IVC showed an ellipsoid shape during neutral
breathing and adopted a crescent morphology during
Valsalva, as shown is Figures 5 and 6.

Venous blood pressures at the three different levels
are shown in Table 1. The standard deviation in Valsalva
measurements was significantly higher than in neutral
breathing (P < 0.001). The venous pressure in Valsalva
maneuver was up to five times higher than in neutral
breathing at all three levels (P < 0.001).

There was a negative correlation between cross-sec-
tional caval area and venous blood pressure, but this was
not statistically significant in any of the cases. There was
a significant correlation of diastolic and mean pressures
between neutral breathing and in Valsalva, but systolic
pressures showed higher variations and did not correlate
with respirations. There was no influence of patient body
mass index, age, or sex.

DISCUSSION

While reviewing the literature for this work, we encoun-

tered a controversy regarding variability of IVC size
during respiration. Some authors claim that the IVC di-
ameter increases in Valsalva based on measurements ob-
tained under general anesthesia using a forced inspiration
maneuver with positive pressure ventilation”. The Val-
salva maneuver is defined as a forceful attempted exhala-
tion against a closed airway, and we believe this cannot be
simplified as a forced inspiration, which would cause an
increased IVC diameter.

In our study, we observed no relation between size of
the IVC and age, sex, or height and weight of the indi-
vidual, which is consistent with previous studies'. Some
studies have attempted to relate the biometrics of the
IVC with various clinical applications, especially in the
field of IVC filters"™"*"* and as an indirect assessment
of intravascular volume****", The majority of authors

October 28, 2014 | Volume 6 | Issue 10 |



Laborda A et a/. Valsalva maneuver and IVC dynamics

Table 1 Venous blood pressures (mmHg)

Inferior vena cava level Venous pressure

Neutral breathing

Suprarenal Systolic 11.84 £1.55
Diastolic 716 +1.86

Mean 944 £1.78

Juxtarenal Systolic 11.64 £1.32
Diastolic 7.24 +1.64

Mean 9.40 +£1.44

Infrarenal Systolic 11.28 £ 1.06
Diastolic 6.92+1.19

Mean 8.84 +1.03

Valsalva maneuver P
97.96 + 30.27 <0.001
62.92+12.48 <0.001
81.08 +21.82 <0.001
96.69 + 27.01 <0.001
62.20 +11.33 <0.001
79.88 £ 19.01 <0.001
88.12 +24.09 <0.001
58.68 +11.58 <0.001
74.04 +16.56 <0.001

Figure 2 Three-dimensional inferior vena cava reconstruction in neutral breathing and in Valsalva. The figure shows different perspectives in order to get the
different shapes of the vena cava cross-section. The inferior vena cava is marked in yellow during neutral breathing (A-D) and in red during the Valsalva maneuver (E-H).
A, E: Coronal cross-section; B, F: Sagittal cross-section; C, G: Axial cross-section; D, H: Reconstruction of the inferior vena cava.
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Figure 3 Distribution forces of the contrast medium in the inferior vena
cava. A: Phlebography in neutral breathing; B: Phlebography during the Val-
salva maneuver that shows distribution of the contrast medium to renal and
iliac veins; C: Computational study of inferior vena cava migration forces using
an experimental set up and finite element simulation during the Valsalva ma-
neuver. When the patient is asked to perform a Valsalva maneuver, the inferior
vena cava blurs as the contrast is displaced to lower pressure areas, such as
iliacs and renal veins.

have concluded that three-dimensional CT is the most ac-

curate method to study filter position and to assess safety
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against migration, as two projections are not adequate to
evaluate filter anchoring to the vein wall. Interestingly,
the classical concept of megacava (transverse diameter >
28-30 mm)”"*” as measured in two-dimensional venogra-
phy is still used as a contraindication for filter placement,
but we believe this definition should be revised based on
more accurate diameter assessments measured by (of e

In the current study, we identified a significant de-
crease in IVC size during Valsalva maneuvers to just
20%-25% of the full IVC area observed during neutral
breathing. This finding was less pronounced in the JR
IVC, and may be due to stabilization by the renal veins.
We also observed that larger veins decreased in size more
than smaller veins, and the CI remained constant and in-
dependent from the final pressures achieved in Valsalva.
Interestingly, three-dimensional geometry revealed that
this size decrease is not concentric, but instead involves a
flattening of the vein that could influence future develop-
ment of implantable intravenous devices.

There are few studies on the size of the IVC and its
relationship to respiratory movements'>'” or with central
venous pressurew’“’zuj, and no studies correlating these
data with the intravenous abdominal pressure. Using real-
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394.49 + 85.83 380.10 + 74.55 342.72 £ 49.77

87.46 + 18.35 I 92.64 + 15.36 I I 70.05 + 9.64

P < 0.001 e P < 0.001

SR JR IR

Figure 4 Mean area values in each level and their standard deviation (mm?). During neutral breathing (in light grey) and during Valsalva (in dark grey); SR: Su-
prarenal; JR: Juxtarenal; IR: Infrarenal.

Figure 5 Angio computed tomography. Images showing the suprarenal inferior vena cava (arrows). A: In neutral breathing; B: In the Valsalva maneuver.

Figure 6 Three-dimensional reconstruc-
tion of the inferior vena cava. Modeling at
various perspectives showing the different
shapes of the vena cava cross-section in A:
Neutral breathing; B: During the Valsalva ma-
neuver.

A

time intravenous pressure measurements, we found that to five times higher than in neutral breathing, and this
the mean pressure during the Valsalva maneuver was up pressure change was similar along all three IVC levels.
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All patients were trained to perform a Valsalva ma-
neuver while the doctor kept his hand on the patient’s ab-
domen to feel the contraction of the abdominal muscles.
We noted that in women, abdominal contraction was not
as remarkable as in men, coinciding with observations
by Grant ef al", but there were not significant differences
in calculated IVC area or in invasive venous pressures
between the sexes. However, Valsalva maneuvers differ
greatly depending on the patient. In our investigation, we
observed higher standard deviations during Valsalva com-
patred with neutral breathing in calculated cross-sectional
areas (70.05 s 14.45 mm®) and in venous pressure mea-
surements (19.27 »s 1.43 mmHg). This may be consid-
ered a limitation of the study, as our measurements were
partially dependent on the cooperation of the patient and
their ability to perform full Valsalva maneuvers. Another
study limitation is that venous pressures and CT studies
were not performed in the same session, but Valsalva ma-
neuvers were standardized during these sessions.

In summary, we successfully correlated respiratory
movements to IVC morphology and dynamics. We found
a significant increase in intracaval pressure during Val-
salva that resulted in a significant decrease in IVC cross-
sectional area. This new knowledge of IVC physiology
and geometry may be applied to the future design of in-
travenous devices such as IVC filters, to better withstand
the dynamic caval environment.

COMMENTS

Background

The inferior vena cava (IVC) is the largest vein that returns blood from the lower
body to the heart. Nevertheless, caval hemodynamics are poorly investigated
and many aspects remain unclear, such as the influence of respiratory move-
ments on size, morphology and pressure. Various intravascular devices, such
as IVC filters, are deployed within it, so it is important to understand its changes
in morphology and pressure to better design these types of medical devices.

Research frontiers

A person may perform the Valsalva maneuver many times during a day, volun-
tarily (e.g., during defecation, urination, lifting something heavy) or involuntarily
(e.g., coughing). It causes changes in blood pressure and heart rate that can be
dangerous for patients with cardiovascular disease. This maneuver also causes
important biometric, geometric and hemodynamic changes in the abdominal
cava that are not well known. This study tries to explain what happens in the
normal IVC during neutral respiratory movements and during Valsalva.

Innovations and breakthroughs

In the medical literature, there is no consensus as to whether the IVC diameter
increases or diminishes during the Valsalva maneuver. Furthermore, there is
little published data relating biometrics and hemodynamics of the IVC. To our
knowledge, this study is the only work that investigates possible correlations
between the intravenous abdominal pressure and the size of the vena cava.
This study demonstrates that when performing the Valsalva maneuver there is a
great decrease in size of the vena cava, a flattening of the vein and an increase
of venous pressure.

Applications

The findings of this study may be used in clinical applications for venous thera-
peutic strategies, especially in minimally invasive techniques, such as for the
designing of vena cava filters or stents.

Terminology

Valsalva maneuver is defined as a forceful attempted exhalation against a
closed airway, which increases intrathoracic pressure and impedes venous
return of blood to the heart. Vena cava filters are devices designed to prevent
blood clots from traveling from the veins in the legs or pelvis to the lungs, typi-
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cally remaining inside the IVC for weeks or months.

Peer review

This manuscript presents a very interesting study evaluating the influence of
neutral breathing and Valsalva maneuver on the diameters and intravascular
pressure of the IVC at the suprarenal, juxtarenal and infrarenal levels. The
study is sound and may be a valuable contribution to the literature.
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