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Abstract
Hypovolemia is a major risk factor for morbidity and mortality among elderly older
patients. The inferior vena cava (IVC) diameter is known to predict the fluid volume
status in ill patients. This study aimed to evaluate the predictive performance of the
IVC diameter ratio, as determined by computed tomography (CT), for poor outcomes
among low risk patients 65 years of age and older. This single-center retrospective
study was conducted on patients who taken CT during the clinical process between
January 2019 and December 2020. IVC diameter ratio measurement was estimated by
dividing the maximum value of the anteroposterior diameter from the maximum value
of transverse diameter at the level right above the renal vein. The IVC diameter ratio’s
prognostic performance was evaluated by using the area under the receiver operating
characteristic (AUROC) curve. The mean IVC diameter ratio was 1.78. Multivariable
logistic regression analysis revealed age, pulse rate, aspartate aminotransferase level, and
IVC diameter ratio as significant risk factors for in-hospital death. The area under the
receiver operating curve for predicting death using the IVC diameter ratio of patients with
pulse rates under 95 was 0.701 and the cut-off value was 1.638, with an 88.9% sensitivity
and 45.2% specificity. The odds ratio for higher IVC diameter ratio values was
statistically significant (p = 0.031) for predicting in-hospital death. IVC measurement
using abdomen& pelvic computed tomography (APCT ) demonstrated capability for
predicting poor outcomes, including all-cause mortality among older patients with low
risk in the emergency department.
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1. Introduction

In the emergency setting, older patients are particularly vulner-
able, and their symptoms are particularly nonspecific, leading
to difficulties with diagnoses and establishing treatment plans.
Therefore, prognostic prediction tools and algorithms are cru-
cial for emergency physicians and their patients [1–3].
Hypovolemia is a major risk factor for morbidity and mor-

tality among older patients [4]. Clinically, hypovolemia refers
to various conditions resulting in a loss of body water to a
level below a patient’s physiological requirements [5]. Fluid
depletion has been demonstrated as a common risk factor for
not only various diseases but also trauma [6–9]. Hypovolemia
is a difficult clinical diagnosis to ascertain because of ambigu-
ous diagnostic criteria and because hypovolemic patients are
often disoriented, delirious, or incoherent. Despite the lack of a
gold-standard diagnostic tool for dehydration, variousmethods
have been employed [10]. The clinical features of dehydration

include mucosal dryness as well as abnormal skin turgor [11],
body temperature, heart rate, blood pressure, and respiratory
rate. Pertinent laboratory tests include serum osmolality and
sodium concentration, blood urea nitrogen, hematocrit, and
urine osmolality [12]. Fluid administration should be properly
implemented by determining the volume status of the patients.
However, this decision can be complicated since heart rate,
blood pressure, and urine out may be hard to identify at the
early phase of dehydration. Moreover, pulmonary edema can
be detected late sign fluid overload.
Thus it’s important to asset methods to determine the vol-

ume status of patients without clinical signs of dehydration.
Inferior vena cava (IVC) measurements are the most conclu-
sive method for determining a patient’s volume status using
imaging, even though this method for evaluating intravascular
volume is limited by respiratory variation [13]. The advantages
of using bedside sonography for IVC measurement include
noninvasiveness, the lack of associated radiation exposure,
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rapidity, and repeatability. However, the utility and interpre-
tation of ultrasonography are hindered by its dependence on
the operator and the patient’s body habitus [14]. Moreover,
the IVC might be difficult to find using ultrasonography, as
only 48% of emergency physicians can accurately perform the
required technique [15].
Recently, diagnostic computed tomography (CT) has been

used extensively in emergency departments (EDs). Several
studies have demonstrated that IVC diameter could be useful as
a valid marker for hypovolemia and to predict mortality among
critically injured trauma patients [9, 16, 17]; however, to our
knowledge, there is no such published evidence specifically
supporting the use of this marker for patients older than 65
years of age.
This study designed to evaluate the performance of the

IVC diameter ratio for predicting poor outcomes among older
patient, especially with normal initial vital sign, in emergency
settings.

2. Methods & material

2.1 Patients and data collection
This study was conducted at a teaching hospital, tertiary med-
ical centers in South Korea. We retrospectively reviewed
the electronic medical records (EMRs) of patients, between
January 2019 and December 2020. The study was reviewed
and approved by the Institutional Review Board and Ethics
Committee.
We included patients aged 65 and older in this study who

visited the emergency department for internal medical reasons
and performed abdominal and pelvic CT (APCT).We excluded
patients who presented to ED with traumatic reasons or who
had insufficient EMR data.
One board-certified emergency physician collected data

from the EMRs of coded patients without knowledge of
this study’s aim. We analyzed the following variables:
demographics (sex and age), initial clinical manifestation
(systolic blood pressure, diastolic blood pressure, pulse
rate, respiratory rate, body temperature, and mental
status), laboratory findings (white blood cell, hemoglobin,
hematocrit, platelet, C-reactive protein, blood urea nitrogen,
creatinine, albumin, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), glucose, sodium, potassium,
prothrombin time (international normalized ratio), and partial
thromboplastin time), and the ED treatment results (discharge,
general ward admission, and intensive care unit [ICU]
admission), length of hospital stay, and mortality.
To analyze the IVC ratio, we collected data from patients

who went through the APCT in the ED during the research
period. For the IVC diameter ratio evaluations, cross-sectional
images were obtained using a picture archiving and commu-
nication system (Maroview 5.4, Infinitt, Seoul, Republic of
Korea). Two board-certified emergency physicians, each with
five and ten years of experience, analyzed captured images
with blindness of all patient’s information such as diagnoses
and outcomes. All measurements were made in the same
environment, such as same window, contrast, and brightness.
The two reviewers agreed to measurement points and methods

before initiate the image review process.
The IVC diameter ratio measurement was determined by

maximal transverse diameter divided by the maximal antero-
posterior diameter at a level directly below the renal vein
(Figs. 1,2). This location was selected for the study because
it is not associated with respiration-dependent IVC diameter
changes [18].
The primary outcome was the ability of the IVC diameter

ratio to predict in-hospital deaths. The secondary outcome
was the ability of the IVC diameter ratio to predict in-hospital
deaths of patients among normal rage heart rate.

2.2 Statistics and analysis
Categorical variables were analyzed using Pearson’s chi-
square test. A p-value < 0.05 was considered statistically
significant. Continuous variables were analyzed using the
independent-samples t-test or the Mann–Whitney U-test, and
they are presented as means with standard deviations and
ranges. Logistic regression analysis was used to assess the
association between variables and mortality or the need for
ICU admission. Differences in the performance of the IVC
diameter ratio for predicting outcomes were evaluated using
area under the receiver operating characteristic (AUROC)
curve analysis [19]. An AUROC curve between 0.8–0.9
is considered good, a curve between 0.7–0.8 is considered
adequate, and a curve between 0.6–0.7 is considered poor.
The intraclass correlation coefficients (ICCs) with 95% con-

fidence intervals (CIs) were calculated to determine the re-
liability of the reviewers’ measurements. ICCs of 0–0.20
indicated poor agreement, 0.21–0.40 indicated fair agreement,
0.41–0.60 indicated moderate agreement, 0.61–0.80 indicated
good agreement, and 0.81–1.00 indicated excellent agreement
[20].
The statistics program used for this research was SPSS for

Windows version 26.0 (IBM Corp., Armonk, N.Y., USA).
The AUROC curve analysis was performed with the DeLong
method by using STATA Software version 17 (StataCorp.,
LLC, Texas, USA). The significance level was set at p< 0.05.

3. Results

3.1 Demographic, laboratory and clinical
characteristics of patients (Table 1)
The EMRs of 279 patients were reviewed and analyzed for this
study. The mean age of the included patients was 77.02 ± 7.0
years, and 121 patients (43.2%) were men. The mean systolic
blood pressure, diastolic blood pressure, pulse rate, respiratory
rate and body temperature of the included patients were 130.32
± 31.80 mmHg, 73.54 ± 13.99 mmHg, 89.36 ± 18.61, 20.87
± 3.42 and 36.78 ± 0.89 ℃. The mean of white blood cell
(WBC)was 11.51± 6.18× 109 cells/L, C-reactive protein was
7.39 ± 8.77 mg/dL, Blood urea nitrogen was 24.22 ± 17.02
mg/dL and Creatinine was 1.14 ± 1.04 mg/dL. There were 31
patients (11.1%) who presented with altered mentation. There
were 200 patient (71.4%) admitted to general ward 56 patients
(20.1%) were admitted to the ICU and 51 patients (18.2%) who
died in the hospital. The diagnosis of patients is as follows.
33 gastroenteritis. 14 gastritis/duodenitis, 5 constipation, 33
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FIGURE 1. The IVC diameter ratio of 78-year-old female patient who was expired in the emergency department was
2.94.

gastrointestinal (GI) bleeding, 3 liver abscess, 3 pancreatitis,
21 cholecystitis, 2 cholangitis, 2 diverticulitis, 4 abdominal
aortic aneurysm, 4 superior mesenteric artery thrombosis, 14
appendicitis, 2 hernia, 27 ileus, 4 post-operative obstruction,
14 GI perforation, 29 acute pyelonephritis, 12 ureter stone, 2
renal infarction, 1 ovarian torsion, 14 GI origin cancer, 2 ob-
stetrics and gynecology (OBGY ) origin cancer, 18 pneumonia,
9 unknown origin sepsis 9, 35 others.

3.2 Measurement of the IVC diameter ratio
The maximal transverse diameter and maximal anteroposterior
diameter of the IVC were measured in the 247 patients by
two reviewers. For Reviewer 1, the mean maximal transverse
and maximal anteroposterior diameters of the IVC were 24.50
mm and 14.67 mm. The mean IVC diameter ratio was 1.78.
For Reviewer 2, the mean maximal transverse and maximal
anteroposterior diameters of the IVCwere 24.50mm and 14.67
mm, and the mean IVC diameter ratio was 1.73.
The ICCs of the two reviewers for maximal transverse di-

ameter and anteroposterior diameter were excellent, at 0.915
(95% CI: 0.893–0.933) and 0.958 (95% CI: 0.946–0.966),
respectively. The ICC for the IVC diameter ratio was also
excellent, at 0.967 (95% CI: 0.958–0.974).

3.3 Clinical factors associated with the poor
prognosis
In the univariate logistic regression analysis, age, pulse rate,
respiratory rate, altered mental status, AST, and IVC diameter
ratio were statistically significantly higher among patients who
died in the hospital than among those with other outcomes.
The IVC diameter ratio of patient who died in hospital (2.17
± 0.85) is higher than non-mortality group (1.67 ± 0.42), and
a statistically significant difference was found (p < 0.001).
Multivariable logistic regression analysis revealed older age
and higher pulse rate, AST level, and IVC diameter ratio as
significant risk factors for in-hospital death. The Odds ratio
of IVC diameter ratio was 2.88, and a statistically significant
difference was found (p < 0.001) (Table 2).
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FIGURE 2. The IVC diameter ratio of 67-year-old male patient who was survived in the emergency department was
1.61.

The associations between the need for ICU admission and
the clinical and laboratory data are presented in Table 3.
Univariate logistic regression analysis revealed systolic blood
pressure, diastolic blood pressure, pulse rate, respiratory rate,
altered mental status, AST, and C-reactive protein status
as significant risk markers for ICU admission. The IVC
diameter ratio of ICU admission group (1.95± 0.74) is higher
than non-mortality group (1.74 ± 0.49), but a statistically
significant difference was not found (p = 0.057). Multivariate
logistic analysis demonstrated that the IVC diameter ratio
was the only marker that could be used to predict death. The
AUROC for the IVC diameter ratio of patients with pulse rates
under 100 for predicting in-hospital death was 0.701 (95% CI:
0.641–0.822) and the AUROC for the IVC diameter ratio of
patients with pulse rates over 100 for predicting in-hospital
death was 0.475 (95% CI: 0.314–0.636) (Fig. 3). The cut-off
value was 1.628 for predicting in-hospital death based on the
maximum sum of sensitivity and specificity.

The overall diagnostic accuracy of the cut-off value for the

IVC diameter ratio (≥1.628) was 50.2%. The sensitivity,
specificity, positive predictive value, and negative predictive
value of the cut-off value were 88.9%, 45.2%, 22.8%, and
88.0%, respectively.

3.4 Comparison between the patients with
higher and lower IVC diameter ratios
Based on the IVC diameter ratio cut-off of≥1.638, we divided
patients into low IVC diameter ratio groups and high IVC
diameter ratio groups (Table 4).
There were no statistically significant differences in age,

sex, and initial vital signs between the two groups. Statisti-
cally, the K level was significantly higher in the higher IVC
diameter ratio group than the lower one. Also, in-hospital mor-
tality has critically higher in the group with an IVC diameter
ratio ≥1.638 compares to those with has lower IVC ratio. (in-
hospital mortality rate, 12.0% vs. 22.8%, respectively (p =
0.020). The odds ratio for higher IVC diameter ratio values
(2.10 [95% CI: 1.08–4.13]) was statistically significant (p =
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TABLE 1. Demographic, laboratory and clinical data of all patients (Total n = 279).
Variable Valuea

Age (years) 77.02 ± 7.0
Sex

Male 121 (43.2)
Female 158 (56.4)

Systolic Blood Pressure (mmHg) 130.32 ± 31.80
Diastolic Blood Pressure (mmHg) 73.54 ± 13.99
Pulse rate (beats/min) 89.36 ± 18.61
Respiratory rate (breath/min) 20.87 ± 3.42
Body temperature (◦C) 36.78 ± 0.89
Mental status

Alert 248(88.6)
Verbal response 24 (8.6)
Painful response 7 (2.5)
Unresponsive 0 (0.0)

Laboratory test
Hemoglobin (g/dL) 11.86 ± 2.62
Hematocrit (%) 35.22 ± 7.13
White blood cell (109/L) 11.51 ± 6.18
Platelet (109/L) 233.45 ± 102.62
C-reactive protein (mg/dL) 7.39 ± 8.77
Aspartate aminotransferase (IU/L) 48.08 ± 79.78
Alanine aminotransferase (IU/L) 32.84 ± 80.55
Blood urea nitrogen (mg/dL) 24.22 ± 17.02
Creatinine (mg/dL) 1.14 ± 1.04
Glucose (mg/dL) 150.15 ± 63.69
Albumin (g/dL) 3.60 ± 0.67
Sodium (mmol/L) 134.83 ± 5.42
Potassium (mmol/L) 3.93 ± 0.63
Prothrimbin time (INR) 1.15 ± 0.33
Partial thromboplastin time (sec) 30.67 ± 8.14

Hospitalization 200 (71.4)
Hospital Length of stay (day) 9.24 ± 17.39
ICU admission 56 (20.1)
ICU Length of stay (day) 5.11 ± 6.37
In-hospital mortality 51 (18.2)
IVC diameter ratio†

Reviewer 1 1.78 ± 0.55
Reviewer 2 1.73 ± 0.53

a Data are mean (standard deviation) or number (%).
†IVC diameter ratio is calculated in maximal transverse diameter divided by maximal
anteroposterior diameter.
ICU, Intensive Care Unit; IVC, Inferior Vena Cava.

0.031) for predicting in-hospital death. 4. Discussion

In this study, we found that poor IVC diameter ratios deter-
mined using CT scans in emergency department patients aged
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TABLE 2. Logistic regression analysis of mortality predictors.

Variable
Univariate analysisa Multivariate analysisb

Non-mortality group Mortality group p-value OR B p-value
n = 228 n = 51

Age (years) 76.58 ± 19.69 79.02 ± 6.39 0.024 1.05 (1.00, 1.11) 0.052 0.040
Sex; Male 93 (40.8) 28 (54.9) 0.85
Systolic Blood Pressure (mmHg) 131.72 ± 29.54 124.06 ± 40.44 0.205
Diastolic Blood Pressure (mmHg) 74.24 ± 13.25 70.43 ± 16.70 0.079
Pulse rate (beats/min) 87.03 ± 15.46 99.78 ± 26.57 0.002 1.03 (1.01, 1.05) 0.031 0.001
Respiratory rate (breath/min) 20.58 ± 2.51 22.18 ± 5.88 0.062
Body temperature (◦C) 36.81 ± 0.88 36.65 ± 0.95 0.252
Altered mental status 24 (10.5) 7 (13.7) <0.001 1.175 (0.41, 3.38) 0.161 0.765
Laboratory test
Hemoglobin (g/dL) 11.99 ± 2.50 11.29 ± 3.07 0.082
Hematocrit (%) 35.52 ± 6.80 33.87 ± 8.40 0.136
White blood cell (109/L) 11.65 ± 6.13 10.88 ± 6.41 0.419
Platelet (109/L) 234.72 ± 95.27 227.75 ± 131.54 0.661
C-reactive protein (mg/dL) 7.06 ± 8.52 8.88 ± 9.78 0.180
Aspartate aminotransferase (IU/L) 38.31 ± 40.88 91.57 ± 158.01 0.021 1.01 (1.00, 1.02) 0.005 0.024
Alanine aminotransferase (IU/L) 27.41 ± 70.86 57.10 ± 112.02 0.075
Glucose (mg/dL) 148.22 ± 55.48 158.78 ± 92.14 0.434
Sodium (mmol/L) 134.94 ± 5.59 134.33 ± 4.64 0.169
Potassium (mmol/L) 3.91 ± 0.59 4.04 ± 0.76 0.277
PT (INR) 1.14 ± 0.35 1.20 ± 0.28 0.230
PTT (sec) 30.23 ± 8.19 32.60 ± 7369 0.610

IVC diameter ratio† 1.67 ± 0.42 2.17 ± 0.85 <0.001 2.88 (1.62, 5.12) 1.057 <0.001
a Data are mean (standard deviation) or number (%).
b Data in parentheses are 95% confidence intervals, conducted on variables with a p value of<0.05 on univariate analysis.
†IVC diameter ratio is calculated in maximal transverse diameter divided by maximal anteroposterior diameter.
ICU, Intensive Care Unit; IVC, Inferior Vena Cava; OR, odds ratio; B, regression coefficient.
Boldface type indicates statistical significance (p < 0.05).

65 and older with the medical diagnosis can be considered
as one of the methods for predicting in-hospital mortality in
particular. Furthermore, the IVC diameter ratio could be
considered for risk prediction in patients who have a lower
risk of mortality in an early phase of shock. The median
IVC diameter ratio was greater among patients who died in
the hospital than among those who survived until discharge or
transfer to another hospital ward.

It is important to consider volume status to avoid overload
during fluid resuscitation. Evaluating blood fluid volume
status is a critical issue in the emergency department since
both hypovolemia and fluid overload can lead to poor clinical
outcomes, increase critical care periods, and mortality rate
[21]. Clinically, there are some methods for determining
volume status, including Central venous pressure (CVP), pul-
monary artery occlusion pressure, end-diastolic volume, and
IVC diameter.

CVP not only estimates the patient’s volume state but also
measures cardiac function and venous return [22]. CVP can

be evaluated using the inserted central venous catheter and
pressure of the manometer. But central venous catheter in-
sertion is invasive and is associated with complications, such
as infection, thrombosis, and air embolism formation [23].
Pulmonary capillary wedge pressure (PCWP) has been gen-
erally used to estimate volume status and fluid responsiveness.
However, some studies have shown that PCWP has a poor
correlation with volume status and the responsiveness of fluid
resuscitation [24, 25]. So, pulmonary artery catheters tend to
be infrequently used because their placement does not improve
patient outcomes, and catheter placement carries the risk of
mechanical and infectious complications [26].

On the other hand, imaging-based IVC diameter measure-
ments are noninvasive and safe relative to the methods men-
tioned above. Ultrasonographic measurements of the IVC
diameter have been proposed as a tool to help guide fluid
management. There are ways to measure the IVC diameter
using ultrasound and CT.

The adventage of ultrasonography (USG ) is for evaluating
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TABLE 3. Logistic regression analysis of ICU admission predictors.

Variable
Univariate analysisa Multivariate analysisb

Non-ICU admission group ICU admission group p-value OR B p-value
n = 223 n = 56

Age (years) 76.8 ± 7.19 77.9 ± 6.31 0.281
Sex; Male 94 27 0.452
Systolic Blood Pressure (mmHg) 133.77 ± 29.77 116.61 ± 36.00 0.002 1.01 (0.99, 1.02) 0.007 0.386
Diastolic Blood Pressure (mmHg) 75.14 ± 13.00 67.18 ± 15.97 <0.001 1.02 (0.98, 1.06) 0.020 0.288
Pulse rate (beats/min) 86.70 ± 14.84 99.95 ± 26.82 0.001 0.98 (0.96, 1.00) –0.018 0.074
Respiratory rate (breath/min) 20.41 ± 2.09 22.71 ± 6.10 0.001 0.90 (0.80, 1.00) –0.108 0.054
Body temperature (◦C) 36.75 ± 0.82 36.90 ± 1.14 0.277
Altered mental status 20 (9.0) 11 (19.6) 0.032 1.24 (0.47, 3.26) 0.211 0.670
Laboratory test
Hemoglobin (g/dL) 11.96 ± 2.67 11.49 ± 2.37 0.232
Hematocrit (%) 35.45 ± 7.22 34.30 ± 6.72 0.282
White blood cell (109/L) 11.73 ± 6.14 10.64 ± 6.30 0.249
Platelet (109/L) 235.03 ± 90.9 227.16 ± 140.79 0.692
C-reactive protein (mg/dL) 6.43 ± 7.88 11.24 ± 10.94 0.003 0.97 (0.93, 1.00) –0.036 0.052
Aspartate aminotransferase (IU/L) 39.96 ± 57.83 81.00 ± 132.36 0.028 1.00 (0.99, 1.00) –0.004 0.065
Alanine aminotransferase (IU/L) 26.31 ± 49.71 58.82 ± 148.20 0.111
Glucose (mg/dL) 149.52 ± 59.62 152.68 ± 78.43 0.740
Sodium (mmol/L) 135.03 ± 4.93 134.01 ± 7.05 0.220
Potassium (mmol/L) 3.19 ± 0.539 4.03 ± 0.90 0.319
PT (INR) 1.13 ± 0.35 1021 ± 0.27 0.132
PTT (sec) 30.13 ± 8.20 32.79 ± 7.60 0.029 1.05 (0.96, 1.12) 0.051 0.298
IVC diameter ratio† 1.74 ± 0.49 1.95 ± 0.74 0.057
a Data are mean (standard deviation) or number (%).
b Data in parentheses are 95% confidence intervals, conducted on variables with a p value of <0.05 on univariate analysis.
†IVC diameter ratio is calculated in maximal transverse diameter divided by maximal anteroposterior diameter.
ICU, Intensive Care Unit; IVC, Inferior Vena Cava; OR, odds ratio; B, regression coefficient.
Boldface type indicates statistical significance (p < 0.05).

inferior vena cava (IVC) diameter in mechanical ventilated and
hemodynamic unstable patients. The advantage of USG is for
evaluating inferior vena cava (IVC) diameter in mechanical
ventilated and hemodynamic unstable patients. The advantage
of using bedside ultrasonographic measurement of the IVC is
rapid, non-invasive, repetitive, and determining fluid status
in real-time. Yet, USG is subjective and EM physician may
not be proficient at the ultrasound. Moreover, in a case when
the patient is too obese or has bowel gas, the quality of the
examination can be degraded [27, 28]. Therefore, we decided
to use CT for this study.

Diagnostic CT is used extensively in emergency settings for
older patients with vague symptoms and who pose diagnostic
challenges. CT is particularly useful for detecting infection
foci among older ED patients [29]. Although CT is associated
with radiation exposure risk, it is a noninvasive, objective,
cost-effective, and simple method. Another advantageous
aspect of measuring IVC diameters using CT is that it is possi-
ble to perform these measurements with existing CT images

that have already been captured for diagnostic purposes, so
no further examination is required. Furthermore, the IVC
is a detectable structure in nonenhanced CT images, so such
measurements can apply to patients with high creatine levels
for whom contrast injection is contraindicated.

One strength of this study is that the IVC diameter ratio in
hypovolemic older patients, especially with normal rage heart
rate can be considered to predict their prognosis by using snap-
shot cross-section images. We suggest that if CT is performed
to find an infection source, then the IVC diameter ratio should
be considered concurrently, with particular attention given to
this variable during fluid resuscitation. If the ratio is ≥1.628,
even with normal heart rate, more aggressive, prompt, and
timely resuscitation is required to prevent a poor prognosis.

Another study investigating patients with sepsis found that
the IVC diameter could be used as a marker of tissue hypop-
erfusion and that this finding could guide appropriate fluid
administration. Similarly to our study, the investigators used
an infrarenal IVC diameter measurement location; however,
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FIGURE 3. The ROC curve of IVC ration of patients with heart rate under 100 and over 100.

their IVC diameter ratio cut-off value was ≥1.3, which was
lower than our cut-off value of ≥1.628. In our study, the
target population was limited to older adults. The major aging-
associated changes in blood vessels are the thickening of blood
vessel walls, loss of elasticity, and loss of vascular endothelial
cell function [30]. The structural and functional degeneration
of these vessels increases the rigidity of the vessels [31].
The difference of IVC cut off value existed due to the age
differences among study populations in the two journals.
We recognize some limitations to our study and the inter-

pretation of its findings. First, we retrospectively included
patients at only one general hospital. In the future, additional
studies are required with multicenter, prospective designs.
Second, we included patients with various medical conditions
but excluded trauma patients; therefore, there may have been
some selection bias. Third, selection bias may existed in our
study because the diagnosis of the patients are too heteroge-
neous and patients with severe unstable vital signs could not
take CT scans. Forth, to perform the CT scan, the patients
should be stabilized with prompt treatment including fluid
resuscitation. In this study, we did not consider (between-
group differences in) the amount of fluid administered before
patients underwent CT or the time between presentation or
illness onset and CT scanning. There should be caution to
generalize our results.

5. Conclusions

In this study, IVC diameter ratio measurement using APCT
demonstrated capability for predicting poor outcomes, includ-
ing all-cause mortality among older patients with low risk in

the emergency department.
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TABLE 4. Comparison between the patients with higher and lower IVC ration group.

Variable
Low IVC groupa High IVC groupa p-valueb

<1.68 cm ≥1.68 cm
n = 117 n = 162

Age (years) 76.34 ± 0.68 77.52 ± 0.53 0.168
Sex; Male 56 (47.9%) 65 (40.1%) 0.198
Systolic Blood Pressure (mmHg) 130.85 ± 2.68 129.9 ± 2.65 0.813
Diastolic Blood Pressure (mmHg) 73.68 ± 1.24 73.4 5 ± 1.14 0.895
Pulse rate (beats/min) 89.85 ± 1.50 89.00 ± 1.59 0.706
Respiratory rate (breath/min) 20.71 ± 0.26 20.99 ± 0.30 0.504
Body temperature (◦C) 36.86 ± 0.83 36.73 ± 0.69 0.234
Altered mental status 15 (12.8%) 16 (9.9%) 0.440
Laboratory test

Hemoglobin (g/dL) 11.82 ± 0.25 11.89 ± 0.20 0.820
Hematocrit (%) 34.93 ± 0.70 35.43 ± 0.54 0.556
White blood cell (109/L) 12.21 ± 0.67 10.98 ± 0.41 0.093
Platelet (109/L) 230.15 ± 7.82 265.83 ± 8.96 0.649
C-reactive protein (mg/dL) 7.56 ± 0.84 7.27 ± 0.67 0.791
Aspartate aminotransferase (IU/L) 47.91 ± 7.21 48.21 ± 6.40 0.975
Alanine aminotransferase (IU/L) 40.62 ± 10.17 27.22 ± 3.86 0.171
Glucose (mg/dL) 153.13 ± 6.16 148.00 ± 4.84 0.508
Sodium (mmol/L) 134.97 ± 0.59 134.73 ± 0.37 0.726
Potassium (mmol/L) 3.83 ± 0.46 4.01 ± 0.55 0.015
PT (INR) 1.14 ± 0.28 1.15 ± 0.28 0.780
PTT (sec) 30.39 ± 0.74 30.86 ± 0.65 0.636

Hospital mortality 14 (12.0%) 37 (22.8%) 0.020
ICU admission 22 (18.8%) 34 (21.0%) 0.653
a Data are mean (standard deviation) or number (%).
b Data in parentheses are 95% confidence intervals, conducted on variables with a p value
of <0.05 on univariate analysis.
†IVC diameter ratio is calculated in maximal transverse diameter divided by maximal
anteroposterior diameter.
ICU, Intensive Care Unit; IVC, Inferior Vena Cava; OR, odds ratio; B, regression
coefficient.
Boldface type indicates statistical significance (p < 0.05).
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