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Is the inferior vena cava diameter measured by bedside
ultrasonography valuable in estimating the intravascular volume
in patients with septic shock?
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Introduction: Resuscitation should be initiated immediately in shock. Early goal-
directed therapy is an established algorithm for the resuscitation in septic shock.
The first step is to maintain cardiac preload. Central venous pressure (CVP) plays an
important role in goal-directed therapy. Central venous catheterization is invasive
and time-consuming in emergency conditions. There are some alternative and
noninvasive methods for estimating the intravascular volume such as measuring the
inferior vena cava (IVC) diameter by ultrasonography.

Methods: We searched PubMed, Google scholar, and Scopus databases with keywords
(central venous pressure OR venous pressure OR CVP) AND (ultrasonography OR
sonography) AND (sepsis OR septic shock) AND (inferior vena cava OR IVC).
Result: The search resulted in 2550 articles. The articles were appraised regarding
the relevance, type of article, and statistical methods. Finally, 12 articles were
selected. The number of patients was between 30 and 83 cases (mean age=57-67
years), intubated and non-intubated in each study. The IVC diameter was measured
in respiratory cycle by bedside ultrasonography in longitudinal subxiphoid view
and caval index was calculated, then they were compared with the CVP measured by
central venous catheter.

Discussion: CVP is an indicator of intravascular fluid status and right heart function.
CVP measurement is an invasive method and of course with some complications.
The IVC is the biggest vein of venous system with low-pressure; expansion of the
vein reflects intravascular volume.

Conclusion: It seems that IVC diameter measured by ultrasonography could be used
as an alternative method for the determination of CVP in the emergency or critical
patients.
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Introduction

Many patients in emergency department with
pale appearance, sweating, tachypnea, tachycardia,
and weak pulse are in shock (1). Shock may occur
due to various etiologies. Resuscitation should be
initiated immediately in all patients with shock, ac-

cording to the etiology. Early goal-directed therapy
is an established algorithm for the resuscitation
in septic shock (2). In this approach, patients are
resuscitated within the first 6 hours to reach stan-
dards of adequate preload, central venous pressure
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(CVP), perfusion, mean blood pressure (BP), and
normalization of oxygen delivery (central venous
oxygen saturation (ScvO,) of 70% or lactate clear-
ance of 10%). The first step in goal-directed therapy
is to maintain the cardiac preload. It is difficult to
estimate cardiac preload in an emergency situation.
Heart rate, BP, capillary refill, and adequate urine
output could be used to estimate intravascular vol-
ume in not severely ill patients, but in critically ill
patients, CVP plays an important role in goal-direct-
ed therapy (1).

Central venous catheterization insertion is an in-
vasive and time-consuming emergency procedure
with various complications such as hematoma,
hemothorax, pneumothorax, infection, and vascular
injuries. Besides, catheter could not be inserted in
patients with coagulopathy, insertion site infection,
and unsuitable anatomy (2). There are some alter-
native and noninvasive methods for estimating the
intravascular volume such as measuring the IVC di-
ameter by ultrasonography (1). Thus, we decided to
review the studies that utilized the bedside ultraso-
nography technique, its accuracy, and reliability for
estimating the intravascular volume.

Methods

The question of this study is considered in a
systematic review of literature which is prepared
based on preferred reporting items for systematic
reviews and meta-analyses, PRISMA statement (3).

Google Scholar, PubMed, and Scopus were used
as the main databases to search the most rele-
vant articles related to the aim of this review. No
time limitation were posed to the literature search
(since 1st January 2015), except a definite search
strategy with special keywords which were as fol-
lows: (central venous pressure OR venous pres-
sure OR CVP) AND (ultrasonography OR sonogra-
phy) AND (sepsis OR septic shock) AND (inferior
vena cava OR IVC). The non-published articles,
non-indexed journals, and non-English resources
were not reviewed.

Relevant articles were searched based on inclu-
sion and exclusion criteria to prevent any bias and
irrelevant issues. All the articles which studied
the comparison of IVC diameter by ultrasonogra-
phy with CVP were eligible to be included in this
review. The studies in trauma or children patients
were excluded. Those which applied computed
tomography scan or other methods for IVC diame-
ter estimation and case reports were not included.
Studies were first extracted based on the title and
abstract obtained through initial search. Eventu-
ally, the full texts of the articles were studied to
limit the results to the most relevant articles. Ref-
erences of the extracted articles were also studied
to prevent missing any additional article.

Results

The search resulted in 2550 articles, 230 cases
were selected based on the title, and then abstracts
were reviewed. Fifty-one articles were found rel-
evant and full texts were appraised for the study
design. Finally, 12 articles were selected (Figure 1).

Figure 1. Flowchart of the selection process of articles

Potentially relevant studies
in the first search
n=2550

Studies excluded by initial
screening of titles and
abstracts
n=2499

Studies evaluated in
detail
n=51

Studies excluded studying
full text
n=39

Studies included in the
systematic review
n=12

In these 12 studies, evaluation was performed
in patients admitted to the emergency department
and intensive care unit. The number of patients
was between 30 and 83 cases in each study. The
mean age was 57 to 67 years. Some patients were
intubated and some were non-intubated. The un-
derlying diseases were mostly associated with hy-
povolemia, sepsis, or other non-traumatic medical
illnesses. Table 1 shows the characteristic data of
included articles.

IVC diameter in inspiration and expiration, and
IVC collapse were compared with the CVP mea-
sured by central venous catheter. In one study, IVC
diameter of patients was compared with healthy
volunteers (4).

Technically, the IVC diameter was measured in
inspiration and expiration by bedside ultrasonog-
raphy in longitudinal subxiphoid view and then
caval index [CI = dIVCe (Inferior vena cava diameter in
expiration)—dIVCi (inferior vena cava diameter in inspira-
tion)/dIVCe] was calculated. In one study, IVC di-
ameter was compared in the mid-abdomen, supra
iliac, and subxiphoid views (5). The best view for
the IVC diameter measurement was longitudinal
subxiphoid (5). Measurement of the IVC caval index
had a higher association with CVP compared to the
measurement of the IVC diameter alone (6). In in-
tubated patients, a significant relationship was not
found between caval index and CVP (7).

In one study, the sensitivity and specificity of [IVC
diameter for the determination of CVP<10 ¢cmH,0
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Table 1. Characteristic data of the included studies.

De Lorenzo 72 67 ED! Respira- 43% under me-
2012 ICU? tory fail- chanical venti-
(5) ure sepsis lated
pancreati-
tis

Serenat 45 N/A® malignancy  (24.4%) under

Citilcioglu sepsis mechanical

2014 pneumo- ventilation

7) nia, asth- (75.6%) spon-
ma, taneous respi-
COPD ration

Thanakitcha- 70 63.8+1.9 ICU Sepsis with ~ 64.3%  under
rua hemody- mechanical
2013 namic in- ventilation
6) stability

(80.0%)

Schefold severe Under mechan-

2007 sepsis ical ventilation
(14) or septic
shock

Minutiello 65 N/A N/A spontaneous
1993 respiration
(13)

IVC? diameter mea- From the anatomical

surement in sub-  views, the subxiphoid
xiphoid, ~ mid-ab-  was the most reliable
domen, supra iliac yjey, Longitudinal
views

views generally were
better than transverse

views.

IVC diameter mea-
surement during
inspiration and ex-
piration in the subx-
iphoid area.

In patients with spon-
taneous  respiration,
the ultrasonographic
measurement of IVC
diameter in expiratory
and inspiratory phases
was significantly re-
lated to CVP® values
(respectively p=0.002,
p=0.001). In mechan-
ically ventilated pa-
tients no statistically
significant association
between IVC diame-
ters and CVP values
were found.

The CVP had the most
significant correlation
with IVC-CI” (r=-0.612,
p<0.001).

IVC diameters mea-
surement in inspira-
tion and expiration
and IVC collapse in-
dex calculated

IVC diameters mea-
surement in respi-
ration

There was a great
correlation  between
inspiratory and expi-
ratory diameter of IVC
with CVP.

A caval index> or
=20% indicate normal
CVP, a caval index <
20% is related to an
elevated value of CVP.

The caval index was
measured in subcos-
tal views within 2 cm
of the right atrium
origin of IVC
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Author Number Mean age Ward Disease Condition Technique Result
Year of
Reference patients
Worapratya 30 59.90£21.81  ED shock spontaneous Caval index was cal- The caval index
2014 respiration culated as a relative  were of 30%, 20%,
(11) decrease in the IVC and 10% were re-
diameter during the spectively correlat-
normal respiratory ed with CVP levels
cycle by M mode <10 cm H20, 10-15
cm H,0, and >15 cm
H,0.
Stawick 79 55.8 ICU N/A under mechan- Sonographic inferior IVC-CI has an in-
2014 ical ventilation vena cava collaps- verse  correlation
(21) ibility index mea- with CVP. Each 1
sured mm Hg increase in
CVP was correlated
with 3.3% decrease
in median IVC-CL If
IVC-CI was less than
<25%, euvolemia/
hypervolemia exist-
ed, while IVC-CI was
greater than 75%
suggested hypovo-
lemia.
Prekker 67 N/A ICU Medical spontaneous Measurement of In patients with no
2013 disease respiration the internal jugular mechanical ventila-
9 vein height to width  tion or vasopressor

ratio (aspect ratio),
the inferior vena
cava diameter, and
the percent collapse
of the inferior vena
cava with inspiration
(collapsibility index)
by ultrasound

support, the max-
imal IVC diameter
has the best cor-
relation with CVP
(R2=0.58). An IVC
diameter<2 cm pre-
dicted a CVP<10
mm Hg with a sensi-

tivity of 85%, spec-
ificity of 81%, and
PPV of 87%.

'ED: Emergency department; 2ICU: Intensive care unit; *IVC: Inferior vena cava diameter; *RV: Right ventricle; °N/A: Not available; °CVP: Central
venous pressure; ’IVC-CI: Inferior vena cava caval index; °PPV: Positive predictive value; °NPV: Negative predictive value

were 77% and 91%, and 90% and 89% for CVP>10
cmH, 0, respectively (8). In another study, IVC di-
ameter<2 cm estimated a CVP of <10 mmHg with a
sensitivity of 85%, specificity of 81%, and positive
predictive value (PPV) of 87% (95% confidence in-
terval (CI) 71% to 95%) (9). Relationship between
caval index and CVP was 0.63 to 0.82. The sensitiv-
ity of caval index greater than 50% to predict the
CVP less than 8 mmHg was 91%, and the specific-
ity was 94% (10). In another study, cut-off points
of the caval index were 30, 20, and 10 at CVP lev-
els<10 cmH,0, 10-15 cmH,0, and >15 cmH?20, re-
spectively (11). Low IVC-CI (<25%) was consistent
with euvolemia/hypervolemia, while IVC-CI great-
er than 75% represented intravascular volume
depletion (12). In one study, PPV and negative pre-
dictive values (NPV) were calculated as 87% and
96%), respectively) (10). In this study, caval index
220% indicated normal CVP and caval index <20%
was related to the elevated CVP (13). In another
study, extravascular lung water index, intrathoracic
blood volume index, the intrathoracic thermal vol-
ume, and the Pa0,/FiO, (ratio of partial pressure
arterial oxygen and fraction of inspired oxygen),
oxygenation index were calculated (14). The diam-
eter of [VC, IVC collapsibility index, and the internal

jugular vein aspect ratio were compared in sponta-
neously breathing patients and it was shown that
maximal IVC diameter was a more robust estimate
of CVP (R2 = 0.58) compared to IVC collapsibility
index and internal jugular vein aspect ratio, R2=
0.16 and 0.21, respectively (9).

Discussion

CVP monitoring is applied in emergency depart-
ment in the patients who are in shock, heart failure
and the patient who may need resuscitation with
massive amount of fluid or blood with or without
existing heart problems (15). CVP shows the right
atrial or ventricular filling pressure. Thus, central
venous catheter are applied to have an estima-
tion of right heart function and intravascular vol-
ume. In normal physiology, CVP is a reflection of
filling pressure of left ventricle. CVP is influenced
by many conditions such as heart function, vaso-
pressor therapy, increased pressure of thoracic and
abdominal cavities. Therefore, a catheter should
be invisibly placed in central veins (16). Any inva-
sive procedure has its own complications and the
risk of 15% is noted for CV line placement. Thus,
it is preferred to substitute it by a reliable nonin-
vasive method (17). IVC delivers the blood of sub-
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diaphragmatic organs and lower extremities to the
heart and has the largest amount of blood in com-

ization and Central Venous Pressure Monitoring. In: Roberts
JR, editor. Roberts and Hedges’ Clinical Procedures in Emer-
gency Medicine.6th ed. Mosby Elsevier; 2014.p.422-430.

parison with other veins. The expansion of this vein 3. De Lorenzo RA, Morris MJ, Williams JB, et al. Does a sim-

is affected by the blood volume. Thus, IVC diameter ple bedsidf Sonographicl measurement of t7he inferior Veﬂ;

could be a good reflection of intravascular volume. ;%‘aazczgri;;eg ;entra venous pressure? . ] Emerg Med.

Respiration could also affect the size and diameter 4. Zengin S, Al B, Genc S, et al. G Altunbas. Role of inferior

of thin-walled IVC. During inspiration the IVC di- veila cava and right ventricular d(iiamelter in aszessr(l;ﬁnt of

L . volume status: a comparative study: ultrasound and hypo-
ameter decrease§ (.:lue to the.negat.lve }ntrathorac volemia, Am ] Emerg Med. 2013;31:763-767.

ic pressure, and it increases in expiration, valsalva 5. Citilcioglu S, Sebe A, Ay MO, et al. The relationship between

maneuver, and positive pressure ventilation. The inferior vena cava diameter measured by bedside ultraso_—

evaluation of IVC diameter changes during the re- gg%fgg@%c}g f?tml venous pressure value. Pak ] Med Sci.
spiratory cycle may lead to a more exact estimation 6.  Wiwatworapan W, Ratanajaratroj N, Sookananchai B. Cor-
of intravascular volume and predicting CVP (18). relation between inferior vena cava diameter and central

Shock state is a clinical situation in which the tis- 2012:95320.324. critically ill patients. J Med Assoc Thai.
sue perfusion is less than cellular metabolic needs. 7. Thanakitcharu P, Charoenwut M, Siriwiwatanakul N. Infe-

Shock may happen as the result of hypovolemic, ri(ir vena cava diamei'ter and cfollapsibilit}i in(}lex:da pll"acti—

i P . s s cal non-invasive evaluation of intravascular fluid volume
mechanical, distributive, or cardiac causes. During in critically-ill patients. ] Med Assoc Thai. 2013;96:14-22.
the sepsis, a combination of hypovolemia, vasodi- 8.  Nagdev AD, Merchant RC, Tirado-Gonzalez A, et al. Emer-
lation, cardiac and circulatory depressions and mi- gency department bedside ultrasonographic measurement
crocidatory dysegulation appers. e ol e eminet by

In the emergency department, bedside ultraso- 9.  Schefold JC, Storm C, Bercker S, et al. Inferior vena cava
nographic evaluation of IVC diameter could pro- _diameter co_rrelateswi_th invasive h_emodynamic_ measures
vide valuable information besides clinical context $itﬁlice}];§2c?lgm‘f:gltﬁzzd ;g{%ﬁg’%;;_ r6e3;1 nit patients
to determine the cause of shock (19). Moreover, the 10. Stawicki SP, Braslow BM, Panebianco NL, et al. Intensivist

IVC diameter could be measured frequently during use of hand-carried ultrasonography to measure IVC col-

the process of resuscitation and it could provide lraell’;tllt’;:gy“l,?t}f Sg}?‘fﬁi‘ggﬁ‘gﬁg?ggg};&?;ﬁgf' cor

an estimation of CVP noninvasively. In trauma pa- 11. Minutiello L. Non-invasive evaluation of central venous

tients, many different mechanisms result in shock pressure derived from respiratory variations in the di-

and this technique could be very valuable in these by it3h3e ;gf;mr vena cava. Minerva Cardioangiol

patients to differentiate the shock etiology. In hem- 12. Worapratya P, Anupat S, Suwannanon R, et al .Correlation
orrhagic shock, acute blood loss compensates by of caval index, i_nferior vena cava (_iiameter, and central ve-
sympathetic activation, vasoconstriction, and an g(;if] IX:CS:;FEQ:; (Iﬁlgdpzt(l)elrfég;{lgzemergency room:
increase in cardiac contractility and rate. Serially 13. Stawicki SP, Adkins EJ, Eiferman DS, et al. Prospective

measuring the IVC diameter in a patient with ongo- eva_luation of ir}travgscular volume status in critically ill

ing blood loss could be valuable (20). With contral venous pressure? ] Trauma Acute Care Sur

2014;76:956-963.

Conclusion 14. Prekker ME, Scott NL, Hart D, et al. Point-of-care ultra-

. . . sound to estimate central venous pressure: a comparison
It could not be stated with certainty but it seems of three techniques. Crit Care Med. 2013;41:833-841.
that IVC diameter measured by ultrasonography is 15. Lyon M, Blaivas M, Brannam L. Sonographic measurement

a reliable indicator for the determination of intra- of the infegiogggrslaz ;aVéS\ 651% a marker of blood loss. Am ]

. Emerg Med. ;23:45-50.

vascular .Volur.n.e. It cguld bfe used as an altern.atlve 16. Mauro MA, Murphy K, Thomson K, et al, editors. Im-

method in critically ill patients when there is no age-Guided Intervention. Philadelphia: Elsevier; 2008.

possibility of central venous catheter insertion, with 17. Michard E, Teboul JL. Predicting fluid responsiveness in

acceptable sensitivity, specificity, PPV, and NPV, ICU patients: @ critical analysis of the evidence. Chest
18. Cheriex EC, Leunissen KM, Janssen JH, et al. Echography of
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