International Journal of Nephrology and Renovascular Disease

Dove

ORIGINAL RESEARCH

Comparison of Respiratory Variations of Subclavian
Vein and Inferior Vena Cava in Hospitalized Patients
with Kidney Disease

Elaine M Kaptein®'

Alan Cantillep'
John S Kaptein
Zayar Oo ('
Myint B Thu®'
Phyu Phyu Thwe'
Matthew | Kaptein'"?

IDepartment of Medicine, Division of
Nephrology, University of Southern
California, Los Angeles, CA, USA;
2Depar‘tment of Medicine, Division of
Nephrology, Loma Linda University
Medical Center, Loma Linda, CA, USA

Correspondence: Elaine M Kaptein
Tel +1 213 220-0373
Email ekaptein@usc.edu

This article was published in the following Dove Press journal:
International Journal of Nephrology and Renovascular Disease

Background: Accurate assessment of relative intravascular volume is critical for appro-
priate volume management of patients with kidney disease. Respiratory variations of inferior
vena cava (IVC) diameter have been used and may correlate with those of subclavian vein
(SCV) by bedside ultrasound. The purpose of this study was to assess the relationship
between SCV and IVC respiratory variations by bedside ultrasound in a large group of
hospitalized patients with acute and/or chronic kidney disease.

Methods: We compared 160 paired SCV and IVC bedside ultrasound studies from 102
semi-recumbent hospitalized adult patients with kidney disease. Patient encounters in which
the SCV or IVC could not be clearly visualized were excluded. Collapsibility index=(Dmax—
Dmin)/Dmax*100%; D=venous diameter.

Results: Relationships between SCV collapsibility index and IVC collapsibility index were not
different for longitudinal and transverse views of the SCV. Correlation of SCV collapsibility index
with IVC collapsibility index was 0.75 for mechanical ventilation (n=65, P<0.0001) and 0.67 for
spontaneous breathing (n=95, P<0.0001). IVC collapsibility index cut-offs <20% for hypervolemia
and >50% for hypovolemia corresponded to SCV collapsibility index cut-offs of <22% and >39%,
respectively, for both mechanical ventilation and spontaneous breathing encounters. Using these
cut-offs for SCV collapsibilities, assessment as hypervolemia versus not-hypervolemia had max-
imal sensitivity and specificity for predicting respective IVC collapsibility cut-offs of 88% for
mechanical ventilation and 74% for spontaneous breathing, and assessment as hypovolemia versus
not-hypovolemia had maximal sensitivity and specificity of 91% and 70%, respectively.
Concordance, defined as agreement between assessment using SCV CI and assessment using
IVC CI, was 85% for mechanical ventilation and 72% for spontaneous breathing when differentiat-
ing hypervolemia versus not-hypervolemia and was 89% and 71% respectively when differentiat-
ing hypovolemia versus not-hypovolemia.

Conclusion: Assessment using SCV collapsibility index in the semi-recumbent position has
a reasonable concordance with assessment using IVC collapsibility index for both spontaneous
breathing and mechanical ventilation, in a wide range of hospitalized patients with concurrent
kidney disease, and may be a useful adjunct to assess relative intravascular volume in patients with
kidney disease.

Keywords: acute kidney injury, chronic kidney disease, end-stage kidney disease,
hospitalized patients, inferior vena cava ultrasound, intravascular volume assessment, point-
of-care ultrasound, subclavian vein ultrasound, venous collapsibility index

Plain Language Summary
Hospitalized patients with kidney disease require evaluation of whether excess volume has to

be removed using dialysis or with diuretics, or whether volume should be administered.
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Relative volume in the veins can be assessed by using ultrasound
at the bedside to determine whether the larger veins of the body
are full or empty. Most frequently the inferior vena cava, a large
vein in the upper abdomen below the heart, is viewed using
ultrasound. In some patients, this is not possible. An alternate
vein that has been proposed is the subclavian vein, which is just
below the clavicle or collar bone. The ultrasound findings com-
paring these two veins have only been reported in two small
studies that did not involve patients with kidney disease.
Therefore, we compared the ultrasound findings for the inferior
vena cava and subclavian vein done at the same patient visit in
160 encounters from 102 hospitalized patients with kidney dis-
ease. We found that the ultrasound assessment of the volume of
blood in the veins was similar for the two veins. Therefore,
ultrasound of the subclavian vein may be a useful alternative to

guide volume management in patients with kidney disease.

Introduction

Accurate assessment of relative intravascular volume is cri-
tical to guide volume management of patients with acute and/
or chronic kidney diseases especially for those with complex
comorbidities requiring hospitalization and/or intensive care.
Clinical evaluation of relative intravascular volume has been
shown to be largely unreliable,"* which may be due to non-
steady state conditions and mismatch between intravascular
and extravascular volume in hospitalized patients.> More
reliable and readily available techniques to assess relative
intravascular volume to guide volume management are
necessary to improve the quality of patient care.

Techniques to predict relative intravascular volume
responsiveness, defined as an increase in cardiac output of
10% to 15% after a volume challenge, can be categorized as
static or dynamic.® Static parameters include mean values
for central venous pressure, right atrial pressure (RAP),
pulmonary artery occlusion pressure, maximum inferior
vena cava (IVC) diameter, stroke volume, or cardiac output
and generally have low sensitivity and specificity to assess
relative intravascular volume and volume responsiveness® >
Dynamic parameters which take into account the respira-
tory/ventilatory variation of RAP, IVC diameter, stroke
volume, systolic blood pressure, or pulse pressure, vary
throughout the respiratory and cardiac cycles and tend to
have higher sensitivity and specificity to predict volume
responsiveness.” IVC variability by ultrasound allows
a dynamic non-invasive point-of-care estimate of relative
intravascular volume. Greater IVC variation predicts an
increase in cardiac output in response to volume adminis-
tration in patients with relative intravascular volume deple-

3,4,6-8

tion with reasonable sensitivity and specificity, and

lesser variation is associated with the ability to remove
volume by ultrafiltration’ or to increase cardiac output in

response to volume removal'®

in kidney disease patients
with relative intravascular volume overload.
Ultrasound visualization of the IVC may not be adequate

12 particularly those with anterior

in up to 16% of patients,
abdominal injury or surgery, severe obesity or abdominal
distention, abdominal breathing, and abdominal wall
edema.' Fatty liver, hepatocellular damage, cirrhosis and
acute pancreatitis may also result in poor visualization of
the IVC. In patients with abdominal compartment syndrome,
the IVC collapsibility (CI) has been shown not to correlate
well with extra-abdominal venous collapsibilities.'* Thus, an
alternate site to assess respiratory/ventilatory variations in
venous diameters by ultrasound would be desirable.
Correlations of respiratory variations of the IVC with those
of the internal jugular vein (R=0.62) or femoral vein
(R=0.64) by ultrasound were reported to be considerably
weaker than with the subclavian vein (R=0.78) in critically
ill surgical patients.'” Further, many of our patients requiring
nephrology consults have internal jugular and/or femoral
catheters making ultrasound of these vessels impractical.

Subclavian vein (SCV) ultrasound may be useful to assess
relative intravascular volume when there is difficulty visualiz-
ing the IVC and/or as a confirmatory assessment. SCV respira-
tory variation has been shown to be predictive of volume
responsiveness in mechanically ventilated patients as defined
by an increase in cardiac output with volume administration.’
One small study of subjects undergoing echocardiography for
various clinical indications, showed a correlation of IVC var-
iation while supine with SCV variation when semi-recumbent
during spontaneous breathing.'® Another study of surgical
intensive care unit patients during spontaneous breathing or
on mechanical ventilation (positions not specified), indicated
a good correlation of IVC and SCV variations.'?

The purpose of this study is to assess the relationship
between SCV and IVC respiratory variations by bedside
ultrasound in a large group of hospitalized patients with
acute and/or chronic kidney disease. We hypothesized that
assessment of relative intravascular volume by SCV col-
lapsibility index would be concordant with the assessment

by IVC collapsibility index in this patient population.

Materials and Methods
Study Design, Setting and Population

This is a retrospective chart review of intensive care unit
(ICU) and non-ICU adult patients with kidney disease
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hospitalized in a large urban academic medical center
between June 6, 2017 and June 3, 2019. Only patient
encounters with adequate visualization and measurement
of both the SCV and IVC in the supine semi-recumbent
who had data

Exclusions were patient encounters in whom the IVC or

position, recorded, were included.
the SCV could not be clearly visualized or measured,
patients under age 18 years, and those who were pregnant.
During this period there were 102 patients with 160
encounters of paired SCV and IVC ultrasound studies
performed at the bedside during the same nephrology
consult patient care and teaching round as part of the

physical examination for the assessment of relative

Table | Clinical Characteristics of Patients and Encounters

intravascular volume (Table 1). Changes in cardiac output
in response to subsequent volume management were not
available for any of the encounters.

Approval for this study was obtained from the
University of Southern California Institutional Review
Board (HS-12-00383). Procedures were followed in
accordance with the ethical standards of the University
of Southern California Institutional Review Board and
with the Declaration of Helsinki of 1975, as revised in
2000. Written informed consent was not required for the
ultrasound procedure, data collection or analysis since
this was a retrospective study of data acquired for clin-
ical purposes.

Individual Patient Longitudinal View SCV CI with IVC CI Transverse View SCV Cl with IVC CI | P values
Characteristics (n=68) (%) (n=34) (%) LLR
Age (median, range) years 55 (31-85) 54 (26-89) 0.704%
Gender (male) 47 (69) 27 (79) 0.264
Hospital survival 52 (76) 15 (44) 0.0013
Reason for consult 0.065
AKD 22 (32) 15 (44)
AKD on CKD 13 (19) 8 (24)
CKD 3(4) 1 (3)
ESKD on HD 26 (38) 8 (24)
ESKD on PD 4 (6) 0 (0)
Other 0 (0) 2 (6)
Primary disease states
Infection/sepsis/septic shock 35 (51) 14 (41) 0.326
Respiratory failure 27 (40) 16 (47) 0.479
Bleeding 8 (12) 4 (12) 1.000
Cardiac disease 15 (22) 6 (18) 0.600
Hepatitis/shock liver 9 (13) 309 0.505
Secondary disease states
HTN 35 (51) 14 (41) 0.326
DM 38 (56) 13 (38) 0.092
Cardiac disorders 29 (43) 15 (44) 0.888
Cirrhosis/liver failure 10 (15) 8 (24) 0.279
Morbid obesity 4 (6) 1 (3) 0.499
Anterior abdominal surgery 2 (3) 0 (0) 0.200
Intra-abdominal hypertension* | 0 (0) 1 (3) 0.137
Individual encounter Longitudinal view SCV CI with IVC CI Transverse view SCV CI with IVC CI
characteristics (n=121) (%) (n=39) (%)
ICU location 84 (69) 36 (92) 0.0017
Ventilatory support 44 (36) 21 (54) 0.055

Notes: Contingency tables were analyzed using log likelihood ratio tests; ages of the two cohorts were compared using t-test assuming unequal variance.

unequal variances. *Intra-abdominal hypertension (bladder pressure > 20 mmHg).

&t-test assuming

Abbreviations: AKD, acute kidney disease; CKD, chronic kidney disease; DM, diabetes mellitus; ESKD, end-stage kidney disease; HD, hemodialysis; HTN, hypertension;
ICU, intensive care unit; IVC Cl, inferior venal cava collapsibility; PD, peritoneal dialysis; SCV Cl, subclavian vein collapsibility; LLR, log likelihood ratio.
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Measurements

Ultrasound (US) measurements of the IVC and SCV were
performed during bedside rounds using a portable ultra-
sound machine (LOGIQ e BI2, GE Healthcare,
Wauwatosa, WI 53226) as previously described.>”'* All
patients were imaged in the semi-recumbent position at
approximately 30 to 45 degrees during quiet spontaneous
breathing or with mechanical ventilation. The SCV and
IVC ultrasound studies were both performed during the
same patient encounter. All ultrasound studies were
acquired by the senior investigator (EK) and/or by
a trained Nephrology fellow (AC).

Longitudinal images of the IVC were obtained with
a 3.5-MHz curvilinear probe in the subcostal view in the
sagittal plane with the patient in a semi-recumbent posi-
tion. Maximum and minimum IVC diameters were mea-
sured approximately 2 to 3 cm from the IVC junction with
the right atrium or distal to the hepatic vein.'* SCV
images were obtained using a high-frequency linear array
probe in a subclavicular long-axis view parallel to the
clavicle® for the first cohort (performed by EK and AC),
and in the transverse view with the probe positioned in the
sagittal plane at the delta-pectoral triangle, perpendicular
to the long axis of the clavicle for the second cohort (by
EK) (Table 1);'* the two groups did not overlap tempo-
rally. Color flow doppler was found to be useful to define
the SCV location and diameter particularly when the SCV
diameter was small. Minimal pressure was applied to
avoid compressing the SCV."?

Respiratory variations were observed for at least five
cycles. A frame-by-frame analysis of grey scale (B-Mode)
images was performed to identify SCV and IVC maximum
(Dmax) and minimum (Dmin) diameters which were then

measured using calipers.'>!”

Calculation of Changes in Venous

Diameters with Respiration

The physiology with spontaneous breathing is different from
that of mechanical ventilation. With spontaneous breathing
during inspiration, the negative intrathoracic pressure
increases the venous return and reduces the IVC diameter.'®
During expiration, the intrathoracic pressure increases,
decreasing the venous return and increasing the IVC dia-
meter at end-expiration.'® This was characterized by collap-
sibility [CI=(Dmax - Dmin)/Dmax].'® With
mechanical ventilation, positive intrathoracic pressure during

index

inspiration reduces the venous return, which increases the

IVC diameter, and during expiration the lower intrathoracic
pressure reduces the venous return which decreases IVC
diameter at end-expiration.'®'? For mechanically ventilated
patients, calculation of distensibility of IVC [DI=(Dmax —
Dmin)/Dmin] has also been repor’ted.19

Relative intravascular volume is reflected by the dif-
ference in IVCmax and IVCmin when intrathoracic pres-
sure 1is increased relative to when it is decreased, with IVC
diameter being larger when intrathoracic pressure is
increased and smaller when intrathoracic pressure is
decreased. Changes in IVC diameter due to variations in
intrathoracic pressures appear to be independent of the
mechanism by which the pressure is changed. Thus, either
collapsibility or distensibility could be used to reflect
relative intravascular volume.

Although IVC collapsibility [(IVCmax-IVCmin)
/IVCmax] and IVC distensibility [(IVCmax-IVCmin)
/IVCmin] are conventionally based on different physiologi-
cal circumstances, these terms are merely mathematical
transformations of each other [DI=CI/(100%-CI) *100%;
CI=DI/(100%+DI) *100%]. The relationship between CI
and DI is not directly linear. An IVC CI of <20% corresponds
to an IVC DI of <25% and an IVC CI of >50% corresponds
to an IVC DI of >100%. When relative intravascular volume
is very low, IVCmin approaches zero, and IVC CI
approaches 100%, which is readily comprehendible. In this
circumstance, distensibility may approach infinity which is
difficult to conceptualize in physiological terms.

The convention to use CI for spontaneous breathing and
DI for ventilated breathing in some publications, does not
readily allow comparison of data between ventilated and
spontaneously breathing encounters. Since CI and DI are
complementary mathematical transformations, inferences
based on one can also be inferred from the other. This
corollary is supported by the finding that the optimum IVC
CI cut-offs of <20% for predicting the ability to remove
specified volumes by ultrafiltration were similar for sponta-
neous breathing and mechanical ventilation encounters.’
This indicates that the ICV CI cut-off for hypervolemia was
similar for both spontaneous breathing and mechanical ven-
tilation despite the differences in the physiology.’

For these reasons, we used CI for both spontaneous and
ventilated breathing encounters to enable comparison, as
previously described.’”

Data Analysis
Bias was assessed by plotting the difference between
paired SCV CI and IVC CI values against the average of
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these values to determine whether the difference was pre-
ferentially positive or negative (Bland—Altman bias analy-
sis). For all values, there was no preference for either SCV
CI or IVC CI being greater and the slope was zero.

Linear regression analysis was performed to assess the
relationship of paired SCV CI and IVC CI values. This
relationship was determined for the entire group, and
relationships were compared for transverse versus long-
itudinal SCV views, for ventilated versus non-ventilated
encounters, for those with internal jugular venous accesses
versus arm fistulas versus no central vascular access, and
for those with AKD versus AKD on CKD, versus ESKD
groups.

Sensitivity and specificity curves were generated for
various SCV CI cut-off values for predicting whether IVC
CI was <20% (consistent with hypervolemia and RAP >20
mmHg) or IVC CI >50% (consistent with hypovolemia
and RAP <5 mmHg).’

The cut-off for hypovolemia was based on the relation-
ship of paired IVC CI to mean RAP derived from four
publications with more than 50 extractable data points
(total n=298).>2°2* Optimal sensitivity (80%) and speci-
ficity (79%) for predicting an RAP <5 mmHg were
obtained at a cut-off for IVC CI of >47.3% (approximately
50%).” For mean RAP <5 mmHg, approximately 80% of
IVC CI values were >47.3%.” The cut-off for hypervole-
mia was based on the echocardiography guidelines which
state that in patients who are unable to adequately perform
a sniff, an IVC that collapses <20% with quiet inspiration
suggests elevated mean RAP?* and thus, hypervolemia. In
addition, for an mean RAP >20 mmHg, approximately
90% of IVC CI values were <20%.%°?* Our previous
data showed that the ability to remove >0.5 liters to >1.5
liters of ultrafiltrate during dialysis could best be predicted
using an IVC CI cut-off of 21.7% to 19.2% (approximately
20%).° Thus, these IVC CI cut-offs of <20% and >50%
were used to assess hypervolemia and hypovolemia,
respectively, for this study.

Sensitivity and specificity data for various SCV CI cut-
offs predicting whether IVC CI was <20% or IVC CI
>50% were fitted to sigmoidal curves with maxima and
minima constrained to 100% and 0%, respectively, using
SigmaPlot version 13 (Systat Software Inc, San Jose, CA,
USA). SCV CI cut-offs were determined at the point
where the fitted sensitivities and specificities were equal
(cross-over point). At that SCV CI cut-off, the concor-
dances of the IVC CI assessment with that of the SCV
CI assessment, positive and negative predictive values and

positive and negative likelihood ratios were determined.
Receiver operator characteristic (ROC) curves were gen-
erated and areas under the curve (AUC) were calculated
from observed sensitivity and specificity data.

Results

The clinical characteristics for the 102 patients and 160
encounters with paired SCV and IVC ultrasound measure-
ments are summarized in Table 1. These patients had
a variety of primary and secondary medical conditions in
addition to acute and/or chronic kidney disease. Twenty-
five percent of encounters were from patients being cared
for on the hospital wards and 75% of encounters were
from patients in the medical or surgical intensive care
units. Of 160 patient encounters with paired SCV and
IVC ultrasound measurements; 41% were mechanically
ventilated and 59% were breathing spontaneously. For
the two different cohorts in which the probe orientation
for SCV ultrasound was either longitudinal or transverse,
the only statistically significant differences were that the
patient encounters with the transverse view were more
frequently in the ICU (92% versus 69%, respectively;
P=0.0017) and these patients had a lower hospital survival
rate (44% versus 76%; P=0.0013).

Figure 1 shows the relationship of paired SCV CI to
IVC CI values for encounters for the entire group (Figure
1A), and relationships among subgroups including trans-
verse versus longitudinal SCV views (Figure 1B), for
ventilated versus non-ventilated encounters (Figure 1C),
for those with internal jugular venous accesses versus arm
fistulas versus no vascular access (Figure 1D), and for
those with AKD versus AKD on CKD, versus ESKD
groups (Figure 1E). There were no significant differences
of slopes or intercepts among the subgroup cohorts.

Previously published data indicated that in sponta-
neously breathing patients, an IVC CI >50% predicted
mean RAP <5 mmHg,” consistent with relative intravas-
cular hypovolemia, and an IVC CI <20%° predicted mean
RAP >20 mmHg, consistent with relative intravascular
hypervolemia. At all possible discrimination thresholds
for SCV CI, sensitivities and specificities for whether
SCV CI below the cut-off predicts IVC CI <20% and
whether SCV CI greater than the cut-off predicts IVC CI
>50% are shown in Figure 2A to 2D. The optimal SCV CI
cut-offs for maximal sensitivities and specificities are
shown by the vertical lines in Figure 2A to 2D and in
Table 2. An SCV CI of <22% best predicts an IVC CI
<20% and an SCV CI >39% best predicts an IVC CI
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72 0.695 + 0.094 9.53 + 3.86 0.66
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. B Item N slope intercept R
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: . O ——— ESKD 61 0.646 +0.124 1012+ 484 0.56
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8 ESKD vs AKD on CKD 0.36 0.70
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Figure | Relationship of paired SCV CI to IVC Cl values for encounters determined for all data (A), and different subgroups including transverse versus longitudinal SCV
views (B), ventilated versus non-ventilated encounters (C), no central venous (CV) access versus CV access versus arterio-venous fistula (AVF) versus other* (peritoneal
dialysis access (n=6) or femoral access (n=2)) (D), and AKD versus AKD on CKD versus ESKD (E). The IVC CI cut-offs of 20% and 50% are indicated by vertical-dotted
lines.

Abbreviations: AKD, acute kidney disease; CKD, chronic kidney disease; ESKD, end-stage kidney disease receiving dialysis therapy; IVC ClI, inferior vena cava collapsibility
index; SCV ClI, subclavian vein collapsibility index.

334 submit your manuscript International Journal of Nephrology and Renovascular Disease 2020:13
Dove


http://www.dovepress.com
http://www.dovepress.com

Dove Kaptein et al

>

100
90
80 A
70
60 1
50 1
40 4
30 A
20 A

1013 22 ° ? 5° 39 :

i
o

Hypovolemia

Hypervolemia
Spontaneous R

breathing 1 S
] breathing

Spontaneous

Sensitivity /
Specificity (%)

o)

Hypervolemia
Mechanical

Hypovolemia

Mechanical

ventilation ventilation

Sensitivity /
Specificity (%)

100 -
90 -
80 A
70
60
50 §
40 4
30 A
20 A
10 4

® 00000 o

Hypovolemia
Spontaneous

Hypervolemia
Spontaneous
breathing
(Munir)

breathing
(Munir)

Sensitivity /
Specificity (%)

F 100 -

90 A
80 A
70
60
50 4
40 A

Hypervolemia Hypovolemia

Spontaneous Spontaneous
breathing & breathing &
mechanical mechanical
ventilation

(Kent)

ventilation
(Kent)

Sensitivity /
Specificity (%)

20 A

0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
SCV Cl (%) SCV Cl (%)

Figure 2 Sensitivity and specificity plots for various SCV CI cut-offs as predictors for whether IVC Cl is <20% or >50% for spontaneous breathing and ventilated
encounters. Solid circles are sensitivity and open circles are specificity. The solid lines are the sigmoidal fit to the data constrained to maximum and minimum sensitivities and
specificities of 100% and 0%, respectively. The SCV ClI cut-off at which the sensitivity and specificity are equal is indicated by the vertical lines. Sensitivity and specificity plots
for various SCV ClI cut-offs as predictors for whether IVC Cl is <20% for spontaneous breathing encounters (A), <20% for mechanically ventilated encounters (B), >50% for
spontaneous breathing encounters (C), >50% for mechanically ventilated encounters (D). Sensitivity and specificity plots for various SCV ClI cut-offs from data derived from
published reports, as predictors for whether IVC Cl is <20% for spontaneous breathing encounters for medical patients (Munir et al'®) (E), <20% for spontaneous breathing
and mechanically ventilated encounters for surgical ICU patients (Kent et al'®) (F), >50% for spontaneous breathing encounters for medical patients (Munir et al'®) (G), and
>50% for a combination of spontaneous breathing and mechanically ventilated encounters for surgical ICU patients (Kent et al'®) (H). For the data from Munir et al,'®
collapsibility index ((max-min)/max) *100% was derived from (I-the ratio of min/max) for both SCV Cl and IVC Cl.

>50% for both spontaneous breathing and mechanically encounters, and for hypovolemia (IVC CI >50%) were
ventilated encounters (Table 2). The sensitivity and speci- 70% and 91%, respectively. Concordance of predictions
ficity for hypervolemia (IVC CI <20%) were 74% for using SCV CI cut-offs with predictions using IVC CI cut-
spontaneous breathing encounters and 88% for ventilated offs for categorization as hypervolemia versus not
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hypervolemia were 72% for spontaneous breathing and
85% for ventilated encounters which were not significantly
different (p=0.0503 LLR). Likewise, concordance for cate-
gorization as hypovolemia versus not hypovolemia were
71% for spontaneous breathing and 89% for ventilated
encounters ~ which different
(p=0.0036 LLR).

were  significantly

Discussion

The SCV CI cut-offs which predict specific IVC CI cut-
offs for hypervolemia or hypovolemia were the same for
spontaneous breathing and mechanically ventilated
encounters for our medical and surgical ICU and non-
ICU hospitalized patients with acute and/or chronic kidney
disease. Our findings were comparable to data extracted
and analyzed from two other medical or surgical popula-
tions (Figure 2E to 2H and Table 2). '*'°

In our study, the SCV CI cut-off value, corresponding
to the IVC CI cut-off of <20% for hypervolemia, was SCV
CI <22% for both spontaneous breathing and mechanically
ventilated encounters. The comparable SCV CI cut-off
derived for data from Kent et al,'* for a combination of
spontaneously breathing and mechanically ventilated
patients in the surgical ICU, was <23% (Figure 2E and
Table 2) and, for data from Munir et al'® for spontaneously
breathing patients receiving echocardiography studies, was
higher at <32% (Figure 2F and Table 2); the latter differ-
ence may be due to the widely scattered and smaller
data set.

In our study, the SCV CI cut-off corresponding to the
IVC CI cut-off of >50% for hypovolemia, was SCV CI
>39% for both spontaneous breathing and mechanically
ventilated encounters. A comparable SCV CI cut-off was
>40% for data from Kent et al'* and was >39% for data
from Munir et al'® (Figure 2G and 2H and Table 2). The
SCV CI cut-offs being lower than IVC CI cut-offs in our

study and that of Munir et al'®

may relate to the patients’
semi-recumbent position at 30 to 45 degrees. The SCV CI
cut-off derived from the data of Kent et al'> was also
lower than the IVC CI cut-off, however, patient position-
ing was not specified. Interestingly, Killu et al*> showed
that an internal jugular vein (IJV) collapsibility index
greater than 39%, determined at 30 degree head elevation,
was also strongly associated with overt hypovolemia in
surgical ICU patients. This is not surprising since the IJV
and SCV are contiguous.

Our IVC and SCV ultrasound procedures were both
performed in the semi-recumbent position at 30 to 45

degrees, whereas in the study by Munir et al.'® IVC ultra-
sounds were performed when supine and SCV ultrasounds
were performed both when supine and at 45 degrees. Prior
studies documented that 0, 30 or 45 degree positions
resulted in similar values for IVC CL?**” Munir et al'®
showed that the relationship of SCV CI to ICV CI was
much weaker when patients were supine than when semi-
recumbent at 45 degrees. When supine, 34 of 39 (87%) of
patients had SCV CI <32% consistent with hypervolemia,
whereas when semi-recumbent at 45 degrees, 19 of 39
(48%) of patients had SCV CI <32% (P<0.0001). SCV
CI was noted to be much greater at 45 degrees than when
lying flat in patients that did not have overt relative intra-
vascular overload based on IVC CL'® Giraud et al’
reported that the greater the SCV CI, determined in the
semi-recumbent position at 30 degrees, the more likely
the cardiac output would increase after volume
administration.

The positional effects on SCV CI are not surprising
since the SCV is directly connected to the internal and
external jugular veins, and their venous distensions are
affected by elevation of the patient’s upper body, disten-
tion being greater in the supine than the semi-recumbent
position.?® Since head of the bed position most likely plays
an important role in the determination of SCV CI,'® SCV
ultrasound studies should be performed in the semi-
recumbent position at 30 to 45 degrees during assessment
for relative intravascular volume.

SCV CI cut-offs corresponding to designated IVC CI
cut-offs consistent with hypervolemia (IVC CI <20%) or
hypovolemia (IVC CI >50%) were comparable for both
spontaneous breathing and mechanical ventilation encoun-
ters. This is consistent with SCV CI and IVC CI usage
being appropriate for both spontaneous breathing and
mechanical ventilation encounters.

Overall concordances using SCV CI or IVC CI for
categorizations as hypovolemia versus not hypovolemia
or hypervolemia versus not hypervolemia tended to be
better for ventilated encounters (89% and 85%, respec-
tively) than for spontaneous breathing encounters (71%
and 72%, respectively) and not much different than those
derived from interpretation of data from Kent et al'® (77%
and 84%, respectively) or Munir et al'® (82% and 77%,
respectively) (Table 2).

The strength of these findings is that the derived SCV
CI cut-offs were similar for data comparing three diverse
patient populations from independent studies as were the
sensitivities and specificities for the predictions using
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these cut-offs. The 1IJV cut-off for hypovolemia of 39% in
surgical ICU patients corroborates these findings.?® These
data indicate the validity of SCV CI to reflect ICV CI in
hospitalized patients seen on the Nephrology consult ser-
vice with acute and/or chronic kidney disease in our study,
medical patients studied in an echocardiography laboratory
for various clinical indications with a wide range of ejec-
tion fractions,'® and patients in the surgical ICU."* Thus,
SCV CI cut-offs may be useful to assess relative intravas-
cular volume in a population of hospitalized patients with
a variety of medical and surgical illnesses.

Limitations

1. Our observational study was retrospective and not
controlled, randomized, or blinded.

2. Selection bias may have arisen from convenience
sampling.

3. Our patients had kidney disease as well as multiple
medical illnesses including the need for ICU care
and increased thoracic or intra-abdominal pressure
which was not evaluated,'* which may have affected
the relationship of SCV CI to IVC CIL.

4. SCV CI by the longitudinal and transverse axes
were not performed concurrently in the same patient
encounter.

5. The two cohorts differed by probe orientation being
longitudinal or transverse for the SCV ultrasound,
the ultrasonographer(s), as well as more patients
with the transverse view being primarily in the
intensive care unit and consequently have a higher
mortality rate.

6. The SCV CI cut-offs determined in our study were
dependent upon the IVC CI cut-offs designated to
represent hypovolemia and hypervolemia.

7. Our study lacks a gold standard to assess relative
intravascular volume to which the SCV CI and IVC
CI could be compared.

Conclusion

Respiratory changes in SCV diameters in the semi-
recumbent position are concordant with respiratory
changes in IVC diameters. Respiratory variations in the
diameters of either the SCV or IVC by ultrasound, defined
using maximum and minimum diameters, appear to be
applicable to both spontaneous breathing and mechanical
ventilation. These findings may apply to a diverse popula-
tion including patients in intensive care units and hospital
ward services in both medical and surgical settings.

Variations in diameters of the SCV and IVC with respira-
tion must be interpreted in the clinical context to make

treatment decisions.>!%?%-30
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