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inferior vena cava collapsibility index
as a non-invasive method of assessing the volemic status
of patients during spine interventions

M. M. Ivachevskyj, A. V. Rusyn, V. V. Ivachevska

SHEI «Uzhhorod National University». Ukraine

Objective. To prove the possibility of using non-invasive diag-
nostics of the volemic state of postoperative patients using ul-
trasound assessment of inferior vena cava collapsibility index.
Methods. The study included 67 patients who underwent trans-
pedicular fixation of the spine with laminectomy. Volemic status
was determined for all participants in two ways: by catheteri-
zation of the central vein and determination of central venous
pressure, as well as by ultrasound examination of the inferior
vena cava and calculation of inferior vena cava collapsibility in-
dex. Results. According to the results of the invasive assessment
of central venous pressure, patients were divided into 3 groups:
group I (patients in hypovolemic state, n = 31), group Il (pa-
tients in euvolemic state, n = 25) and group Il (patients in hy-
pervolemic state, n = 11 ). The average values of central venous
pressure indicators in patients of these groups were statistically
significantly different from each other (p < 0.01). The difference
between the mean values of the inferior vena cava collapse index
in the respective groups was statistically significant (p < 0.01).
A reliable inverse correlation of very high strength was found
between the indicators of inferior vena cava collapsibility in-
dex and central venous pressure (p < 0.05). Conclusions.
Determination of the patient's volemic state is an extremely im-
portant tool for the correct selection of the fluid volume mana-
gement. Ultrasound assessment of volemic status has a number
of advantages, such as the non-invasiveness of the method, wide
availability, low price and speed of execution. According to
the results of our study, the possibility of using inferior vena
cava collapsibility index to assess the volemic status of patients
has been demonstrated.

Mema. Jlosecmu modicaugicms 3acmocy8anHs HeEiHBA3UE-
HOI dlaeHOCMUKU GOJEMIYHO20 CMAHY NICAA0ONepayiiuHux
nayicumie 3a 00NOMO2010 YIbMPA38YKOBO2O OYIHIOBAHHS
iHOeKCYy KONaOy8aHHs HUINCHLOI NOPONCHUCMOI GeHU.
Memoou. V odocnidocenns exaoueno 67 nayicumis, AKum
6yn0 nposedeno mpancneduKyIApHy Qikcayiio xpebma 3 1a-
Minexmomicio. Ycim xeopum eusnauaniu cmamyc Gojemii
osoma cnocobamu. wWaaAxXom Kamemepuzayii yeHmpaivHoi
6eHU Ma GUMIPIOBAHHAM YEeHMPANbHO20 8€HO3HO20 MUCKY,
a maxoodc 3a 00NOMO02010 YAbMPA38YKOBO20 00CAIONCEHHS
HUNCHBLOT NOPOAHCHUCMOL 8eHU | PO3PAXYHKY IHOEKCY Kola-
byeanns nudxiCcHboi nopodcuucmoi eenu. Pesynomamu. Ilicns
nposedents 1H8A3UGHOT OYIHKU YEHMPATbHO20 BEHO3HO20
mucky nayienmie 6yno nooinerno na 3 epynu: I — cman 2ino-
eonemii, n = 31; Il — cman eygonemii, n = 25; 111 — cinepso-
aemii, n = 11. Cepeone 3snauenns nOKA3HUKIE YeHMPaIbHO20
6€HO3H020 MUCKY V XBOPUX YUX 2PYN CMAMUCMUYHO GIPO-
2iono 8iopizHaAnocy misxe coboro (p < 0,01). Cmamucmuyno
8ip02iOHOI0 OYNa GIOMIHHICIb MIdHC cepeOHIMU 3HAYEHHAMU
iHOeKcy KONAOYBAHHA HUNCHLOI NOPOACHUCMOL GeHU Y 8i0-
nosionux epynax (p < 0,01). Miswc noxasnuxamu iHoekcy Ko-
1a0YBAHHS HUNCHLOI NOPOIICHUCMOL 6eHU MA YEHMPATbHO20
BEHO3H020 MUCKY GUABLEHO 00CMOBIPHUL 360POMHUT, OYiCe
sucoxoi cunu, kopensayiinui 36’130k (p < 0,05). Bucnosxu.
Busnauenns eonemiunozo cmamny nayienma € Ha036U4aino
BAJCIUBUM [HCIMPYMEHMOM 0N NPABUNLHO20 UDOODY 00 €My
ingysiunoi mepanii. Yiempaszeykose oyinio6anus GoneMii
Mae HU3Ky nepeeaz, MAaKux AK HEIHEA3UBHICMb Memooy,
wWupoxka 00CmMynHicms, HU3bKA YIHA MA WEUOKICMb 6UKO-
Hauus. 3a pe3yabmamamit nPo8edeH020 Hamu 00CAIOHCEeHHA
NnpoOeMOHCMPOBAHO MOJICIUBICIMb 3ACIMOCYBAHHA [HOEK-
Cy KOAaOY8AHHA HUNCHLOI NOPONUCHUCTOI 6eHU 01 OYIHIO-
8aHHs GoNeMiun020 cmamycy nayienmie. Kuiouosi cnosa.
Bonemiunuii cmamyc, yenmpanvHuil 6eHO3HUL MUCK, THOEKC
KOIaOY8AHHSA HUNCHBOI NOPONCHUCMOL BEHL.
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Introduction

Correct assessment of the volemic state of patients
in the postoperative period is often of critical impor-
tance. After all, the volume of correctly selected infu-
sion has a direct effect on systemic perfusion and can
prevent the development of multiple organ failure and
reduce mortality [1].

It is not always easy to determine the volume
of the infusion. Sometimes there is a discrepancy
between intravascular volume and arterial pressure,
or between intravascular and extravascular volumes.
For example, severe vasoconstriction can increase
blood pressure in a hypovolemic patient. Some pa-
tients have low blood pressure, but at the same time
they have an overload of intravascular volume due to
cardiac dysfunction. Therefore, due to low specificity
and sensitivity, it is not worth relying only on physical
examination indicators and laboratory findings [2].

A European survey of anesthesiologists and in-
tensive care physicians showed that more than 90 %
of specialists use the central venous pressure (CVP)
indicator to select the infusion volume [3].

Invasive determination of CVP makes it possible
to more reliably assess the patient’s volemic state.
Central venous pressure reflects its value in the right
atrium, which, in turn, is a determining factor in
the filling of the right ventricle. Therefore, CVP is
a good indicator of right ventricular overload. In or-
der to evaluate it through the subclavian or jugular
vein, a catheter is inserted so that its tip is in the right
atrium. Normally, CVP is 8.0-12.0 cm of the water
column. Its decrease indicates hypovolemia, and its
increase indicates hypervolemia [4, 5].

This invasive method can have the following com-
plications: arrhythmia; damage to the heart chamber
or central vessels (both arteries and veins); nerve
plexuses and trunks; pneumothorax; hemothorax;
hematoma; infection; thrombosis; occlusion; pul-
monary embolism and post-thrombophlebitic syn-
drome due to catheter installation; superior vena cava
syndrome [6].

Determining the diameter and collapsing index
of the inferior vena cava using ultrasound diagnosis
allows for a quick and, most importantly, non-inva-
sive assessment of the patient’s volemic status.

During breathing, negative intrathoracic pressure
increases the return of venous blood to the heart and
reduces the diameter of the inferior vena cava (IVC).
At the end of exhalation, the intrathoracic pressure
rises to zero, reducing the return of venous blood
to the heart. Under these conditions, the diameter
of the LV reaches its maximum value. These physio-

logical features serve as the basis for calculating LV
collapsing index (IC LV) [7]:
IC = (IVCmax — IVCmin) / IVCmax) x 100 %.
Purpose: to prove the possibility of using non-in-
vasive diagnosis of the volemic state of postopera-
tive patients using ultrasound assessment of the index
of collapsing of the inferior vena cava.

Material and methods

The study involved 67 patients who underwent
transpedicular fixation of the spine (thoracic, lumbar
and sacral divisions) with laminectomy. All study
participants were of legal age and had a central ve-
nous catheter in place for the purpose of conducting
infusion and transfusion therapy and determination
of volemic status. Among the examined patients,
the share of men was 47.8 % (32/167), and women —
52.2 % (35/67). The average age of the patients was
(47.08 = 9.30) years.

Informed consent was obtained from all patients,
and they were assured that the identities of the re-
spondents would remain anonymous. The study
was approved by the Bioethics Commission of Uzh-
gorod National University (Protocol No. 1 dated
29.09.2022).

Exclusion criteria from the study were: pregnancy,
organic heart disorder, arrhythmia, pulmonary hy-
pertension, prolonged artificial lung ventilation in
the postoperative period, unsatisfactory visualization
of the inferior vena cava, increased intra-abdominal
pressure, refusal to participate in the study:.

All patients underwent a comprehensive clinical
examination, which included the collection of demo-
graphic and anthropometric data, physical examina-
tion and the collection of venous blood for laboratory
analysis, as well as chest X-ray, electrocardiographic
and echocardiographic studies. Combined general ane-
sthesia (inhalation/non-inhalation) was performed.
Extubation was performed on the operating table af-
ter surgery. The criteria for central venous catheteri-
zation were: the need to control CVP, the potential
need for long-term infusion-transfusion therapy and
ensuring reliable venous access in the case of thin
peripheral veins, the need to regularly obtain venous
blood samples. Assessment of the volemic status was
carried out in all subjects within 612 hours after
the operation.

To determine the level of CVP, catheterization
of the internal jugular vein was performed under
the control of ultrasonography. Measurements were
made at the end of exhalation, with the patient lying
on the back, and the pressure sensor was set to zero
in the middle of the chest: for the CVP indicator, it



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2024. Ne 1

is less than 8 cmH20 patients were considered hy-
povolemic; between 8—12 cmH,0 — euvolemic, and
in CVP > 12 cmH,0 — hypervolemic.

Echocardiographic assessment was performed im-
mediately after invasive determination of the CVP
level to ensure the same volemic status of the patient
for both study methods.

All ultrasound examinations were performed
by the same physician throughout the study using
a GE Vivid E9 device with a transthoracic echocar-
diographic sensor. Before determining the diameter
of the IVC, the doctor was not informed about the he-
modynamics and CVP parameters. The anteroposte-
rior diameter of the inferior vena cava was measured
from the subcostal window proximal to the conflu-
ence of the hepatic veins, using “frozen” images at
the end of inspiration and expiration, as shown in
Fig. 1. Measurements were performed during normal
spontaneous inhalation and exhalation of patients,
trying to avoid Valsalva maneuvers [8—10].

Statistical processing of the obtained results was
carried out on a personal computer using the Office
Excel 2010 and Statsoft Statistica 12.0 software pack-
ages. The discrepancy was considered probable if its
value was equal to or greater than 95 % (p < 0.05).
Statistical analysis of materials, summarization of re-
sults and generalization of conclusions was carried
out by the method of variational statistics, taking into
account average values (mode, median, arithmetic
mean) and average error (M + m) with assessment
of the reliability of values according to the Stu-
dent’s t-criterion, as well as with the determination
of the correlation coefficient according to using

Fig. 1. Ultrasound image of the inferior vena cava along the long
axis. inferior vena cava is the inferior vena cava, RA is the right
atrium

the paired Pearson method to identify relationships
between the obtained indicators.

Results and their discussion

Among all 67 examined patients, the average
value of the diameter of the inferior vena cava at
the end of expiration was (14.7 + 6.2) mm (IVC max),
at the end of inhalation — (9.4 £+ 6.2) mm (IVC min).
The average value of the IC LV was (42.2 + 16.3) %,
and the CVP indicator was (7.2 £ 4.6) cmH20.

According to the results of invasive assessment
of CVP, patients were divided into 3 groups: I —
hypovolemic state, n = 31; II — euvolemia, n = 25
and III — subjects in a state of hypervolemia, n = 11.
The average value of the indicator of IC IVC in
Group I patients was statistically significantly dif-
ferent from the average value of the same indica-
tor of the patients of Groups II and III (p < 0.01).
Moreover, the mean values of IC IVC in patients
of Groups II and III differed (p < 0.01) (Table). Such
results of statistical analysis indicate that there are
statistically significant differences between indicators
of non-invasive assessment of volemia.

The graphic display obtained during the correla-
tion-regression analysis of the relationship between
the indicators of the IC IVC and CVP is presented
in Fig. 2. A reliable inverse, very strong, correla-
tion relationship (p < 0.05) was revealed, confirm-
ing the possibility of using non-invasive evaluation
volemic state in patients who do not require central
venous catheterization for other indications.

Factors that may influence the diameter of the [IVC
include the presence of pulmonary hypertension, he-
modynamically significant tricuspid or pulmonary

Scatterplot: VC Cl vs. CVP
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Fig. 2. Correlation-regression relationship between indicators
of the index of collapse of the inferior vena cava and central
venous pressure
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Table
Indicators of central venous pressure in groups of examined persons
Indicator Examination group Reliability index
I— hypovolemic, n =31 I — euvolemic, n =25 III — hypervolemic, n = 11 t p
tI-1I = 14.5 pI-11 < 0.01*
IVC collapse index, % 57.3+£6.6 348+4.5 164+2.3 tI-1II = 19.9 pI-1I1 < 0.01*
tI-I1=-12.7 | plI-11I < 0.01*

CVP, cmH,O 29+0.7 9.8+0.8 147+ 1.1 — —

Notes: n — number of patients; tI-II, tI-III, tII-IIT — Student’s criterion when comparing the corresponding groups;
pI-11, pI-III, pI-III — reliability of the difference in indicators of the respective groups; * — statistically probable
difference when comparing indicators between the respective groups.

valve insufficiency, right ventricular dysfunction,
and any condition with increased intra-abdominal
pressure, such as individuals with morbid obesity
or with moderate to massive ascites [4 ]. In addition
to the above limitations for the use of non-invasive
assessment of the state of volemia, there are still no
clear criteria for the index of LV collapse to deter-
mine hypo-, hyper- or euvolemia. Thus, a number
of studies showed that a decrease in the diameter
of the IVC during the respiratory cycle by 50 % or
more was strongly correlated with a low CVP [12,
13]. However, there is evidence that static parame-
ters have low sensitivity and specificity for determin-
ing the state of volemia. It is about the fact that it
is not recommended to evaluate only the maximum
and minimum diameters of the IVC without calcu-
lating the IVC collapse index [14]. Dynamic parame-
ters reflect the interaction of the heart and lungs and
change during breathing and the cardiac cycle. In hy-
povolemic patients, dynamic indicators are more sen-
sitive and better reflect the state of volemia compared
to static parameters [15—17]. The majority of studies
confirm the data that the IVC collapse index > 40 %
indicates hypovolemia, and < 20 % indicates hyper-
volemia [16, 18, 19]. According to the results of our
study, the indicators of the IVC collapse index coin-
cide with these criteria: the average value of this indi-
cator in the group of patients in a hypovolemic state
was (57.3 £ 6.6) %, and in the group of patients with
a hypervolemic state it comprised (16.4 & 2 ,3) %.

Conclusions

Determination of the patient's volemic state is
an extremely important tool for the correct selec-
tion of the volume of infusion therapy. Ultrasound
assessment of volemia has a number of advantages:
non-invasive method, wide availability, low price and
quick performance. According to the results of our
study, a very strong correlation was found between
the invasive determination of CVP and the non-

invasive evaluation of the IVC collapse index using
ultrasound. Therefore, in patients who do not need
central venous catheterization, it is sufficient to limit
the non-invasive method using ultrasound to deter-
mine the volemic status.

Conflict of interest. The authors declare no conflict
of interest.

References

1. Boyd, J. H., Forbes, J., Nakada, T.-A., Walley, K. R., &
Russell, J. A. (2011). Fluid resuscitation in septic shock:
A positive fluid balance and elevated central venous pres-
sure are associated with increased mortality*. Critical
Care Medicine, 39(2), 259-265. https://doi.org/10.1097/
ccm.0b013e3181feebls

2. Kaptein, M. J., & Kaptein, E. M. (2017). Focused Real-Time
Ultrasonography for Nephrologists. International Journal
of Nephrology, 2017, 1-13. https://doi.org/10.1155/2017/3756857

3. Kastrup, M., Markewitz, A., Spies, C., Carl, M., Erb, J.,
Grofle, J., & Schirmer, U. (2007). Current practice of hemo-
dynamic monitoring and vasopressor and inotropic therapy
in post-operative cardiac surgery patients in Germany:
results from a postal survey. Acta Anaesthesiologica Scan-
dinavica, 51(3), 347-358. https://doi.org/10.1111/j.1399-
6576.2006.01190.x

4. Stawicki, S. P., Braslow, B. M., Panebianco, N. L., Kirk-
patrick, J. N., Gracias, V. H., Hayden, G. E., & Dean, A. J.
(2009). Intensivist Use of Hand-Carried Ultrasonography to
Measure IVC Collapsibility in Estimating Intravascular Vol-
ume Status: Correlations with CVP. Journal of the American
College of Surgeons, 209(1), 55—61. https://doi.org/10.1016/].
jamcollsurg.2009.02.062

5. Eisen, L. A., Narasimhan, M., Berger, J. S., Mayo, P. H.,
Rosen, M. J., & Schneider, R. F. (2006). Mechanical
Complications of Central Venous Catheters. Journal
of Intensive Care Medicine, 21(1), 40—46. https://doi.
org/10.1177/0885066605280884

6. Marik, P. E., Baram, M., & Vahid, B. (2008). Does Central
Venous Pressure Predict Fluid Responsiveness?*: A Sys-
tematic Review of the Literature and the Tale of Seven
Mares. Chest, 134(1), 172—178. https://doi.org/10.1378/
chest.07-2331

7. Natori, H., Tamaki, S., & Kira, S. (1979). Ultrasonographic
evaluation of ventilatory effect on inferior vena caval con-
figuration. Am Rev Respir Dis., 120(2), 421-427.

8. Lyon, M., Blaivas, M., & Brannam, L. (2005). Sonographic
measurement of the inferior vena cava as a marker of blood
loss. The American Journal of Emergency Medicine, 23(1),
45-50. https://doi.org/10.1016/j.ajem.2004.01.004



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2024. Ne 1

10.

11.

12.

13.

Bortolotti, P., Colling, D., Colas, V., Voisin, B., Dewavrin, F.,
Poissy, J., Girardie, P., Kyheng, M., Saulnier, F., Favory, R., &
Preau, S. (2018). Respiratory changes of the inferior vena
cava diameter predict fluid responsiveness in sponta-
neously breathing patients with cardiac arrhythmias.
Annals of Intensive Care, 8(1). https://doi.org/10.1186/
s13613-018-0427-1

Caplan, M., Durand, A., Bortolotti, P., Colling, D., Goutay, J.,
Duburcq, T., Drumez, E., Rouze, A., Nseir, S., Howsam, M.,
Onimus, T., Favory, R., & Preau, S. (2020). Measurement site
of inferior vena cava diameter affects the accuracy with which
fluid responsiveness can be predicted in spontaneously breath-
ing patients: a post hoc analysis of two prospective cohorts.
Annals of Intensive Care, 10(1), 168. https://doi.org/10.1186/
s13613-020-00786-1

Cecconi, M., Hofer, C., Teboul, J.-L., Pettila, V., Wilkman, E.,
Molnar, Z., Della Rocca, G., Aldecoa, C., Artigas, A., Jog, S.,
Sander, M., Spies, C., Lefrant, J.-Y., & De Backer, D. (2015).
Fluid challenges in intensive care: the FENICE study. Inten-
sive Care Medicine, 41(9), 1529—1537. https://doi.org/10.1007/
s00134-015-3850-x

Kircher, B. J., Himelman, R. B., & Schiller, N. B. (1990). Noninvasive
estimation of right atrial pressure from the inspiratory collapse
of the inferior vena cava. The American Journal of Cardiology,
66(4), 493—496. https://doi.org/10.1016/0002-9149(90)90711-9
Nagdev, A. D., Merchant, R. C., Tirado-Gonzalez, A., Sis-
son, C. A., & Murphy, M. C. (2010). Emergency Department
Bedside Ultrasonographic Measurement of the Caval Index for
Noninvasive Determination of Low Central Venous Pressure.

14.

16.

17.

18.

Annals of Emergency Medicine, 55(3), 290-295. https://doi.
org/10.1016/j.annemergmed.2009.04.021

Broyles, M. G., Subramanyam, S., Barker, A. B., & Tol-
wani, A. J. (2021). Fluid repon- siveness in the critically
ill patient. Adv Chronic Kidney Dis, 28, 20-8. https://doi.
org/10.1053/j.ackd.2021.06.006

. Pourmand, A., Pyle, M., Yamane, D., Sumon, K., & Fra-

sure, S. E. (2019). The utility of point-of-care ultrasound in
the assessment of volume status in acute and critically ill
patients. World Journal of Emergency Medicine, 10(4), 232.
https://doi.org/10.5847/wjem.j.1920-8642.2019.04.007
Kaptein, M. J., & Kaptein, E. M. (2021). Inferior Vena Cava
Collapsibility Index: Clinical Validation and Application for
Assessment of Relative Intravascular Volume. Advances in
Chronic Kidney Disease, 28(3), 218-226. https://doi.org/10.1053/;.
ackd.2021.02.003

Broyles, M. G., Subramanyam, S., Barker, A. B., & Tol-
wani, A. J. (2021). Fluid Responsiveness in the Critically I11
Patient. Advances in Chronic Kidney Disease, 28(1), 20-28.
https://doi.org/10.1053/j.ackd.2021.06.006

Long, E., Oakley, E., Duke, T., & Babl, F. E. (2017). Does
Respiratory Variation in Inferior Vena Cava Diameter Pre-
dict Fluid Responsiveness. Shock, 47(5), 550-559. https://doi.
0rg/10.1097/shk.0000000000000801

Lanspa, M. J., Grissom, C. K., Hirshberg, E. L., Jones, J. P., &
Brown, S. M. (2013). Applying Dynamic Parameters to Predict
Hemodynamic Response to Volume Expansion in Spontaneously
Breathing Patients with Septic Shock. Shock, 39(2), 155-160.
https://doi.org/10.1097/shk.0b013e318291008e

The article has been sent to the editors 17.01.2024

INFERIOR VENA CAVA COLLAPSIBILITY INDEX

AS A NON-INVASIVE METHOD OF ASSESSING THE VOLEMIC STATUS
OF PATIENTS DURING SPINE INTERVENTIONS

M. M. Ivachevskyj, A. V. Rusyn, V. V. Ivachevska
SHEI «Uzhhorod National University». Ukraine

< Mykhailo Ivachevskij, MD, PhD: mykhailo.ivachevskij@uzhnu.edu.ua
<] Andriy Rusyn, MD, Prof: rusin.andrew@uzhnu.edu.ua

< Vitalina Ivachevska, MD, PhD: vitalina.ivachevska@uzhnu.edu.ua



