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INTRODUCTION

Shock is a clinical condition that can arise from multiple etiolo-

Purpose: Inferior vena cava (IVC) collapse is related to hypovolemia. Sonography has been used to
measure the IVC diameter, but there is variation depending on the skill of the operator and it is dif-
ficult to obtain accurate measurements in patients who have a large amount of intestinal gas or are
obese. As a modality to obtain accurate measurements, we measured the diameters of the IVC and
aorta on trauma computed tomography scans and investigated the correlation between the IVC to
aorta ratio and the shock index in blunt trauma patients.

Methods: We retrospectively analyzed the medical records of 588 trauma patients who were trans-
ferred to the regional trauma center (level 1) of Wonkang University Hospital from March 2020 to
February 2021. We included trauma patients 18 years or older who met the trauma activation crite-
ria and underwent trauma computed tomography scans with intravenous contrast within 40 min-
utes of admission. The shock index was calculated from vital signs before trauma computed tomog-
raphy scan, and measurements of the anteroposterior diameter of the IVC (AP), the transverse di-
ameter of the IVC (T), and aorta were made 10 mm above the right renal vein in the venous phase.
Results: Overall, 271 patients were included in this study, of whom 150 had a shock index <0.7 and
121 had a shock index >0.7. The T to AP ratio and AP to aorta ratio were significantly different be-
tween groups. Cutoffs were identified for the T to AP ratio and AP to aorta ratio (2.37 and 0.62, re-
spectively) that produced clinically useful sensitivity and specificity for predicting a shock index
>0.7, demonstrating moderate accuracy (T to AP ratio: area under the curve, 0.71; sensitivity, 59%;
specificity, 87% and AP to aorta ratio: area under the curve, 0.70; sensitivity, 55%; specificity, 91%).
Conclusions: The T to AP ratio and AP to aorta ratio are useful for predicting hemorrhagic shock in

trauma patients.
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gies; in blunt trauma patients, hemorrhagic shock is the leading
etiology in most cases and can be rapidly fatal. Early detection of
hemorrhagic shock and resuscitation are critical for the proper
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treatment of trauma patients. Hemodynamically unstable pa-
tients are rapidly transfused and intervened upon. However, in
the absence of stage III or stage IV shock, the autoregulatory
mechanisms of the body can readily compensate for volume de-
pletion to maintain adequate blood pressure, pulse rate, and
mental status. It is well-known that blood pressure is not de-
creased in states of shock until approximately 30% to 40% of the
circulating blood volume has left the intravascular compartment
[1]. In addition, the other signs of early shock (tachycardia, low
blood pressure, pallor) may easily be overlooked or confounded
by pain or anxiety, sympathetic surge, pharmaceutical and illicit
drugs, and environmental factors in the trauma resuscitation
room. Therefore, objective methods to diagnose early actual or
impending shock following injury are needed.

The inferior vena cava (IVC) collapses with shock because of
absolute or relative hypovolemia [2]. Sonography has been used
effectively as a primary screening procedure upon hospital entry
in mass casualty patients with trauma, with an average of 4 min-
utes for each patient [3]. It has been used to measure IVC diame-
ter, but variation exists depending on the skill of the operator and
it is difficult to obtain accurate measurements if the patient has a
large amount of intestinal gas or is obese. Another limitation is
that multiple sites cannot be measured at the same time.

Therefore, the authors measured the diameters of the IVC and
descending aorta on computed tomography (CT) scans of blunt
trauma patients, and indirectly assessed the volume of body fluid
using the calculated ratio. The purpose of this study was to deter-
mine whether this method is useful for predicting hemorrhagic
shock in blunt trauma patients.

METHODS

We retrospectively analyzed the medical records of 588 trauma
patients who were transferred to the regional trauma center (level
1) of Wonkang University Hospital. This facility is a tertiary
healthcare center with 796 beds and a referral center supporting a
region with a population of approximately 300,000. The need for
informed consent was exempted due to the retrospective nature
of the study.

The criteria included trauma patients 18 years or older who
met the trauma activation criteria and underwent trauma CT
scans with intravenous contrast within 40 minutes of admission.
The exclusion criteria included patients under 18 years; those
with cardiopulmonary arrest on arrival, traumatic brain injury
alone, or a traumatic spinal cord injury alone; and those who did
not receive a CT scan within 40 minutes (Fig. 1).
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Emergency transfusion (ET) was defined as transfusion within
1 hour. The total transfusion amount was defined as the transfu-
sion amount during 24 hours.

All trauma CT scans were performed with a 128-slice Stellar
detector CT scanner (SOMATOM Definition Edge; Siemens,
Washington, DC, USA). In our hybrid emergency room, it usual-
ly takes 5 to 10 minutes, including transfer and scanning with
contrast medium, to perform CT scans in trauma patients. CT
scans are typically performed within 40 minutes of arrival to the
trauma center. Arterial and venous phase contrast-enhanced CT
scans were reviewed. The anteroposterior diameter of the IVC
(AP), the transverse diameter of the IVC (T), and aorta were
measured 10 mm above the right renal vein in the venous phase
(Fig. 2). AP corresponds to the smallest dimension of the IVC,

588 Admitted to our hospital with
suspicious major trauma

317 excluded
18 Age <18 yr
28 Cardiopulmonary arrest on arrival
96 Traumatic brain injury alone
66 Traunatic spinal cord injury alone
79 Did not perform CT scan
30 Performed CT scan after 40 min

v

A\ 4
‘ 271 Included in the study ‘
[

v v

| 150 Shock index <0.7 | | 121 Shock index>0.7 |

Fig. 1. Flow chart of the enrollment of study participants. CT, com-
puted tomography.

Fig. 2. Axial view of abdominal computed tomography, 10 mm above
the right renal vein in the venous phase. AP, anteroposterior diameter
of the inferior vena cava; AO: aorta diameter; T, transverse diameter
of the inferior vena cava.
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and T represents the largest dimension of the IVC. One chief res-
ident of emergency medicine, who was blinded to patients’ vital
signs and laboratory data, retrospectively reviewed each CT scan
for the size of the IVC and aorta.

The following data were collected from patients’ medical re-
cords: age; sex; Injury Severity Score (ISS); vital signs, such as the
mean arterial pressure (MAP), heart rate, respiratory rate, body
temperature; calculated data, such as the shock index; measured
data, such as the IVC diameter; laboratory data, such as hemo-
globin, lactate, amount of ET, total amount of transfusion within
24 hours; and outcomes (length of intensive care unit admission
and hospital stay).

Demographic factors, laboratory results, physiological vari-
ables, and resource use were summarized using descriptive sta-
tistics (Table 1). IBM SPSS ver. 26.0 (IBM Corp., Armonk, NY,
USA) was used for statistical analyses. In multiple comparisons
involving multiple variables, post hoc analysis was performed
using the independent sample t-test and one-way analysis of
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variance. For continuous variables, the analysis was performed
using the independent sample t-test and logistic regression anal-
ysis. A P-value <0.05 was considered to indicate statistical sig-

nificance.

RESULTS

In total, 588 patients suspected to have experienced major trau-
ma who met the trauma activation criteria were admitted to our
hospital during the study period. After applying the exclusion
criteria, the 271 remaining patients were ultimately included in
the analysis (Fig. 1). Of note, although the study protocol speci-
fied excluding patients with aortic aneurysms and aortic stenosis,
there were no cases of prominent aortic aneurysms or aortic ste-
nosis among the 588 patients.

Overall, 271 patients were included in this study, of whom
150 had a shock index <0.7 and 121 had a shock index >0.7.
There were no significant differences between the two groups

Table 1. Patients’ demographic characteristics, laboratory results, physiological variables, and resource use

Variable All patients (n=271) Shock index <0.7 (n=150)  Shock index >0.7 (n=121) P-value
Sex 0.980
Male 204 (75.3) 113 (75.3) 91 (75.2)
Female 67 (24.7) 37 (34.7) 30 (24.8)
Age (yr) 56.2 (18-89) 56.6 (20-89) 55.7 (20-89) 0.640
Injury Severity Score 20.5 (1-75) 17.7 (1-48) 23.8 (1-75) <0.001
MAP (mmHg) 88.0 (30.0-180.0) 101.5 (56.7-180.0) 72.3 (30.0-132.3) <0.001
Heart rate (/min) 85.0 (41-150) 77.4 (41-112) 94.3 (46-150) <0.001
Respiratory rate (/min) 17.9 (12-40) 17.8 (12-37) 18.1 (12-40) 0.400
Body temperature (°C) 36.4 (34.0-37.9) 36.5 (34.0-37.9) 36.4 (34.0-37.4) 0.560
Shock index 0.79 (0.18-2.80) 0.57 (0.18-0.70) 1.06 (0.71-2.80) <0.001
T (mm) 30.1 (18-42) 30.5 (20-42) 29.4 (18-42) 0.030
AP (mm) 13.3 (2-26) 15.1 (5-25) 11.0 2-26) <0.001
T to AP ratio 2.8 (1.0-14.5) 2.3 (1.0-7.4) 4(1.2-14.5) <0.001
Aorta diameter (mm) 19.1 (12-27) 19.2 (13-27) 18.9 12-27) 0.360
AP to aorta ratio 0.71 (0.11-1.38) 0.80 (0.21-1.38) 0.60 (0.11-1.33) <0.001
Hemoglobin (g/dL) 12.7 (4.8-21.5) 13.0 (7.0-21.5) 12.3 (4.8-17.9) 0.110
Lactate (mmol/L) 29.7 (1-138) 23.8 (1-78) 36.9 (1-138) <0.001
Emergency transfusion (<1 hr) (unit) 0.5 (0-5) 0.1 (0-2) .0 (0-5) <0.001
Total PRC pack (24 hr) (unit) 1.5 (0-15) 0.6 (0-7) .7 (0-15) <0.001
MAP to performed CT scan (mmHg) 93.2 (32.7-173.3) 102.0 (60.0-173.3) 82.3 (32.7-130.0) <0.001
Time to performed CT scan (min) 13.2 (2-40) 12.4 (2-40) 14.1 (2-40) 0.070
Total fluid volume for resuscitation (mL) 135.2 (0-2,000) 24.2 (0-21,300) 271.9 (0-2,000) <0.001
ICU admitted days 5.5 (0-76) 4.1 (0-50) 7.1 (0-76) 0.010
Total hospital days 22.1 (0-150) 18.8 (0-120) 26.3 (0-150) 0.010

Values are presented as number (%) for categorical variables and mean (range) for continuous variables.
MAP, mean arterial pressure; T, transverse diameter of the inferior vena cava; AP, anteroposterior diameter of the inferior vena cava; PRC, packed
red cells; CT, computed tomography; ICU, intensive care unit.
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in age, sex, respiratory rate, body temperature, aorta diameter,
hemoglobin, or time until the CT scan was performed. Signifi-
cant differences between the two groups were observed in ISS,
MAP heart rate, shock index, T, AP, the T to AP ratio, the AP to
aorta ratio, lactate, ET amount, total amount of transfusion with-
in 24 hours, MAP, total fluid volume for resuscitation, length of
intensive care unit admission days, and length of hospital stay
(Table 1).

The T to AP ratio and AP to aorta ratio were significantly dif-
ferent between the groups. We also examined the sensitivity and
specificity of the cutoff of a shock index >0.7 in predicting IVC
collapse via a cutoff point analysis. Cutoffs were identified for the
T to AP ratio and AP to aorta ratio that produced clinically use-
ful sensitivity and specificity for predicting a shock index >0.7
(Table 2).

We performed a receiver operating characteristic curve analy-
sis and calculated the area under the curve (AUC) to clarify
which factor was the most useful predictor for shock (Fig. 3).
Table 2 shows the respective AUCs, cutoff levels, sensitivities, and
specificities for predicting shock. The cutoff of 2.37 for the T to
AP ratio demonstrated moderate accuracy (AUC, 0.71; sensitivi-
ty, 59%; specificity, 87%), and a cutoff of 0.62 for the AP to aorta

Table 2. Receiver operating characteristic curve analysis

Lee et al. Correlation between shock and IVC

ratio likewise demonstrated moderate accuracy (AUC, 0.70; sen-
sitivity, 55%; specificity, 91%).

We compared multiple indices according to the cutoff levels of
the T to AP ratio and AP to aorta ratio. Significant differences
between the two groups defined using these cutoff points were
observed in ISS, MAP, heart rate, shock index, ET amount (with-
in 1 hour), total amount of transfusion within 24 hours, total flu-
id volume for resuscitation, length of intensive care unit stay, and
length of hospital stay (Table 3).

DISCUSSION

The detection of occult shock and impending shock in trauma
patients who arrive with normal vital signs following injury re-
mains difficult. In an earlier study, an T to AP ratio >2.5on CT
was defined as a flat IVC, which was found to be useful as a
marker for measuring occult shock or hypoperfusion [4]. Anoth-
er study of 114 patients found that an T to AP ratio of 4:1 was as-
sociated with shock [5].

Given that the majority of trauma patients with stable or
transient unstable vital signs undergo CT scans, we sought to
determine whether the static T to AP ratio and AP to aorta ra-

Variable AUC Standard error Optimal cutoff P-value Sensitivity Specificity
T to AP ratio 0.71 0.032 <0.001 0.59 0.87
AP to aorta ratio 0.70 0.033 <0.001 0.55 0.91

AUCG, area under the curve; T, transverse diameter of the inferior vena cava; AP, anteroposterior diameter of the inferior vena cava.
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Sensitivity

0.4

0.2
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T T T T 1
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1-Specificity

1.0

0.8 1

0.6

Sensitivity

0.4

0.2

0

T T T T
9 0.2 0.4 0.6 0.8 1.0
1-Specificity

Fig. 3. Receiver operating characteristic curve of (A) transverse diameter of the inferior vena cava to anteroposterior diameter of the inferior vena
cava ratio and (B) anteroposterior diameter of the inferior vena cava to aorta ratio.
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Table 3. Comparison of multiple indices according to the cutoffs of the T to AP ratio and AP to aorta ratio
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Variable T to AP ratio AP to aorta ratio

<2.37 (n=166) >2.37 (n=105) P-value >0.62 (n=174) <0.62 (n=97) P-value
Injury Severity Score 17.7 (15.9-19.4) 2.9(22.9-26.9) <0.001 17.7 (16.1-19.3) 25.4 (23.1-27.7) <0.001
Mean arterial pressure (mmHg) 96.5 (93.5-99.6) 74.5(70.1-78.8)  <0.001 95.6 (95.7-98.5) 74.3 (69.5-79.2)  <0.001
Shock index 0.69 (0.65-0.72)  0.96 (0.87-1.04)  <0.001 0.68 (0.65-0.72)  0.98 (0.0.89-1.07) <0.001
Lactate (mmol/L) 28.5(24.7-32.3)  32.5(251-37.8)  0.396 275(23.6-31.3)  33.3(26.3-33.1)  0.104
Emergency transfusion (<1 hr) (unit) 0.27 (0.16-0.37) 0.98 (0.44-1.19)  <0.001 0.25 (0.16-0.35) .1(0.84-1.28)  <0.001
Total PRC pack (24 hr) (unit) 0.64(0.41-0.87)  2.89 (2.27-3.50)  <0.001 0.65(0.42-0.88)  3.05(2.4-3.7) <0.001
Total fluid volume for resuscitation (mL)  44.0 (14-74) 281.0 (194-368) <0.001 50.0 (19-81) 288.0 (197-379) <0.001
ICU admitted days 39(2.9-4.9) 7.9 (5.5-10.3) 0.001 6(2.7-4.5) 8(62-114)  <0.001
Total hospital days 179 (149-20.8)  28.3 (24.0-33.8)  <0.001 176 (14.9-204)  30.2 (24.9-35.6)  <0.001

Values are presented as mean (95% confidence interval).
T, transverse diameter of the inferior vena cava; AP, anteroposterior diameter of the inferior vena cava; MAP, mean arterial pressure; PRC, packed

red cells; ICU, intensive care unit.

tio on trauma CT scans are associated with hemorrhagic shock,
the need for emergency blood transfusion, total fluid volume
for resuscitation, length of hospital stay, or other relevant fac-
tors.

The IVC is a highly compliant vessel, the size and dynamics
of which vary with changes in total body water and respiration.
Although conflicting results have been published about respira-
tion-related variations in the ultrasonographic appearance of
the IVC, most authors have stated that the caliber of the normal
IVC diminishes with inspiration and increases during expira-
tion [6].

The physical examination findings and vital signs of trauma
patients are often unreliable for several reasons [7]. The unreli-
ability of physical and laboratory evaluations combined with a
lack of history and patient cooperation due to serious injury or
an altered level of consciousness makes the clinical assessment of
blood loss in these patients a difficult task. These uncertainties
can potentially lead to inappropriate resuscitation—either too little
or too much [8]. Measurement of the IVC diameter, therefore,
can be a very useful way to evaluate the patient’s hemodynamic
status [3]. In recent years, trauma centers have been rapidly per-
forming early CT scans to assess organ damage. These scans are
also useful to check along with other shock parameters since
measurements of the IVC diameter are helpful for predicting
shock even before confirmation of hemoglobin decrease, lactate
increase, or metabolic acidosis.

The presence of shock was assessed using the shock index.
Because of the known lack of sensitivity of blood pressure as a
predictor of shock, we opted to examine the correlation be-
tween the IVC ratio and the shock index. A shock index >0.7 is
associated with a 20% likelihood of needing massive transfu-
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sion, and an increasing shock index has been shown to be di-
rectly proportional to worsening base deficit, ISS, and mortality
risk [9-11].

An advantage of sonography is that it can be performed re-
peatedly as a noninvasive modality, but CT scans can detect the
IVC more easily than sonography because bowel air and ab-
dominal fat impair acoustic penetration, resulting in poorer
image quality. In addition, it is difficult to attach the sono-
graphic probe to an open wound of the abdominal wall. As a
result, the use of sonography is limited for patients who are
obese and those who have a full stomach or an open abdominal
wound [12].

The T to AP ratio measured on CT scans was significantly ele-
vated in patients with a shock index >0.7, and AP to aorta ratio
was significantly lower in those shock index >0.7. In some ex-
ceptional cases, the IVC and aorta diameter did not correlate
with the shock index due to fluid loading after insertion of a cen-
tral line into the femoral vein or injury to a vein derived from the
IVC (renal vein, lumbar vein, etc.) (Fig. 4). In a similar study, no
correlation was found between IVC size and shock [11]. Howev-
er, CT scans were not performed quickly in that study (in con-
trast to the mean interval of 13.2 minutes in our study) and CT
scans were not performed in patients with unstable vital signs in
this study.

At the university hospital where the study was conducted, if
necessary, within 60 minutes of the patients arrival, an ET of up
to four units of red blood cells (type O) and four units of fresh
frozen plasma, regardless of the patient’s blood type, is per-
formed. Similar to a previous study on the correlation between
IVC and massive transfusion, fluid loading was significantly
greater and emergency transfusions were significantly more
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Fig. 4. Comparison of (A) transverse diameter of the inferior vena cava (IVC) (T) to anteroposterior diameter of the IVC (AP) ratio and (B) AP to

aorta ratio, according to the shock index (<0.7 or >0.7).
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Fig. 5. Comparison of (A) amount of fluid loading and (B) emergency transfusion (<60 minutes), according to the shock index (0.7 or >0.7).

common in patients with a shock index >0.7, and the AP/aorta
index was low in these patients [13] (Fig. 5).

The T to AP ratio showed a relatively high correlation with lac-
tate in patients with an T to AP ratio >2.37, but lactate levels
were not checked in all trauma patients and this association did
not show statistical significance (P =0.396) (Table 3).

The shock index showed a relatively high correlation with the
ISS in patients with a shock index > 0.7, but the relevance of this
finding is limited since the ISS score does not reflect only hemor-
rhagic shock (Fig. 6).

Other studies have reported significant correlations between
the IVC/aortic index and central venous pressure or body fluid
volume as evaluated through CT or ultrasound is significant [14-
16]. In comparison with the previous study, this study compared
the correlations between the results (central venous pressure,
IVC/aorta index) on rapid CT scans in patients with unstable vi-
tal signs. However, this was a retrospective study, and in the trau-
ma bay, central venous pressure measurements were not per-
formed before transferring patients to the operating room or
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Fig. 6. Comparison of Injury Severity Score according to the shock
index (<0.7 or >0.7).

ward, limiting the comparison of correlations. Another study
found significant results for the correlation between prognosis
and IVC measurements in patients with septic shock; therefore,
we conducted a similar comparative analysis in trauma patients
[17]. However, in cases of minor trauma or limb fractures, re-
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gardless of the patient's severity, the length of hospital stay in-
creased due to complications such as infection or rehabilitation
period. Therefore, it would be difficult to say that there was a sig-
nificant correlation in all trauma patients.

This study had several limitations. First, it was a retrospective
cohort study conducted at a single center, which introduced po-
tential selection bias. Moreover, uncontrolled confounding fac-
tors may have existed. Second, factors that affect the IVC size,
such as positive end-expiratory pressure during CT, were not
evaluated because of the nature of the retrospective study. Third,
the study cohort mostly consisted of blunt trauma patients, and
the results may not be applicable to patients with penetrating
trauma. Finally, the cohort in this study was relatively small. For
these reasons, as well as given the results of previous studies, fur-
ther study will be required.

In conclusion, the T to AP ratio and AP to aorta ratio were
found to correlate with hemorrhagic shock in blunt trauma pa-
tients. Therefore, measurements of IVC size and aorta diameter
on trauma CT scans for trauma patients to calculate the T to AP
ratio and AP to aorta ratio are clinically relevant and can be used
to predict shock or rapid transfusion.
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