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Association of inferior vena cava 
diameter ratio with outcomes in 
patients with gastrointestinal bleeding
Namwoo Jo, Jaehoon Oh, Hyunggoo Kang, Tae Ho Lim, Byuk Sung Ko
Department of Emergency Medicine, Hanyang University College of Medicine, Seoul, Korea

Objective To examine the association of inferior vena cava (IVC) diameter ratio measured using 
computed tomography with outcomes in patients with gastrointestinal bleeding (GIB).

Methods A single-center retrospective observational study was conducted on consecutive pa-
tients with GIB who presented to the emergency department. The IVC diameter ratio was calcu-
lated by dividing the maximum transverse and anteroposterior diameters perpendicular to it. The 
association of the IVC diameter ratio with outcomes was examined using multivariable logistic 
regression analysis. The primary outcome was in-hospital mortality. The area under the receiver 
operator characteristic curve (AUC) of the IVC diameter ratio was calculated, and the sensitivity 
and specificity, including the cutoff values, were computed. 

Results In total, 585 patients were included in the final analysis. The in-hospital mortality rate 
was 4.6% (n=27). The IVC diameter ratio was significantly associated with higher in-hospital 
mortality in multivariable logistic regression analysis (odds ratio, 1.793; 95% confidence interval 
[CI], 1.239–2.597; P=0.002). The AUC of the IVC diameter ratio for in-hospital mortality was 
0.616 (95% CI, 0.498–0.735). With a cutoff of the IVC diameter ratio (≥2.1), the sensitivity and 
specificity for predicting in-hospital mortality were 44% (95% CI, 26%–65%) and 71% (95% CI, 
67%–75%), respectively.

Conclusion The IVC diameter ratio was independently associated with in-hospital mortality in 
patients with GIB. However, the AUC of the IVC diameter ratio for in-hospital mortality was low. 
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What is already known
The diameter of the inferior vena cava is associated with outcomes in trauma 
and other critically ill patients.

What is new in the current study
The inferior vena cava diameter ratio measured by computed tomography was 
independently associated with a poor outcome in patients with gastrointestinal 
bleeding.
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INTRODUCTION

Acute gastrointestinal bleeding (GIB) is a common presentation 
in the emergency department (ED), with a prevalence of approxi-
mately 45 to 172 per 100,000 individuals per year.1,2 Data from 
the UK continue to show a mortality rate of 7% to 14%, impos-
ing a significant burden on the healthcare system.3-5 The techni-
cal developments in endoscopic hemostasis and the continued 
use of proton pump inhibitors are thought to have influenced the 
epidemiology and outcomes of peptic ulcer bleeding. Neverthe-
less, more than 60 of 100,000 patients are hospitalized for GIB in 
the US per year, with a remarkable mortality rate of 8% to 10%, 
and the cost associated with hospitalization is more than 100,000 
US dollars per year.1,6,7 

The severity of GIB varies from mild symptoms to death. There-
fore, risk assessment is recommended in patients with GIB to 
predict outcomes, such as death and re-bleeding, and the need 
for clinical interventions, such as endoscopic hemostasis, transfu-
sion, or radiologic intervention. Risk assessment is also necessary 
to determine the treatment level (inpatient vs. outpatient or gen-
eral ward vs. intensive care unit).8 There are many scores for risk 
stratification in patients with GIB. Among the various risk assess-
ment scores, the Glasgow Blatchford score (GBS) and AIMS65 
score (albumin <30 g/L [A], International normalized ratio >1.5 
[I], altered mental state [M], systolic blood pressure ≤90 [S], and 
age >65 years [65]), which can be calculated without the need 
for endoscopy, are widely used.9,10 However, the use of these 
scores for clinical decision-making is limited in the ED. Since GBS 
includes the presence of an underlying disease, it is problematic 
since definitions are subjective. The AIMS65 score effectively pre-
dicts mortality, but its predictive validity for other outcomes, such 
as the need for endoscopic hemostasis or blood transfusion, has 
not been established.11-14 According to previous studies, inferior 
vena cava (IVC) collapsibility and diameter are known factors that 
can predict volume status.15 In trauma or sepsis patients, the as-
sociation between IVC diameter measured on computed tomog-
raphy (CT) and patient prognosis has been reported.16,17

However, no study has addressed the predictive value of IVC 
diameter ratio in patients with GIB. CT is often performed in pa-
tients who visit the ED due to GIB. In a recent study, CT was rec-
ommended as a suitable modality to identify the source of acute 
GIB.18-20 It can also be used to rapidly diagnose active bleeding. 
Therefore, considering these findings, the present study aimed to 
determine whether the IVC diameter measured on CT can help 
evaluate the prognosis of patients.

METHODS

Ethical statements
This study was approved by the institutional review board of Han-
yang University Hospital (No. HYUH 2020-11-010-004), and the 
need to obtain informed consent was waived due to the nature 
of the observational study. This study protocol was conducted in 
accordance with the Declaration of Helsinki and good clinical prac-
tice guidelines.

Study design and population
This was a retrospective observational cohort study of patients 
with GIB conducted between January 2016 and June 2020. The 
study included adults aged >18 years who visited the ED of a 
university-affiliated hospital in Seoul, Korea. We extracted the 
data of patients with GIB through a chart review. GIB was diag-
nosed when a patient visited the ED with one of the following 
chief complaints: hematemesis, melena, and hematochezia. The 
exclusion criteria were as follows: direct transfer to other hospi-
tals from the ED, no CT examination, and patients who had signed 
a “do not attempt resuscitation order.” 

Definitions and outcomes
CT was performed by the treating physician on patients with GIB. 
Contrast-enhanced or non-contrast-enhanced CT was performed 
with an interval of 3 mm. The IVC diameter was measured using 
CT scans at a level just below the renal vein, which is the area 
least affected by patient breathing (Fig. 1).21

After assessing the maximum transverse diameter of the IVC, 
the anteroposterior diameter perpendicular to the transverse di-
ameter was measured by an emergency medicine chief resident 

Fig. 1. Measurement of the maximal transverse diameter and the maxi-
mal anteroposterior diameter of the inferior vena cava (arrows).
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who was blinded to patient outcomes. IVC diameter ratio was 
calculated as the maximal transverse diameter divided by antero-
posterior diameter. The primary outcome of this study was in-hos-
pital mortality. Secondary outcomes included endoscopic hemo-
stasis, red blood cell transfusion, and radiologic embolization. Com-
posite outcomes included in-hospital mortality and all secondary 
outcomes.

Statistical analysis
The study data were reported as mean±standard deviation or 
median with an interquartile range for continuous variables, as 
appropriate. Student t-test or Mann-Whitney U-test was used to 
compare continuous variables. The chi-square test or Fisher exact 
test was used to compare categorical variables. Logistic regres-
sion analysis was performed to assess the independent effect of 
IVC diameter ratio on in-hospital mortality, after adjusting for pre-
defined confounding variables such as age, gender, GBS, AIMS65 
score, systolic blood pressure (SBP), heart rate, heart failure, hy-
pertension, diabetes mellitus, and liver cirrhosis. The area under 
the curve (AUC) was computed to examine the prognostic value 
of the IVC diameter ratio in predicting in-hospital mortality. Opti-
mal threshold values were determined by maximizing the Youden 
index.22 The sensitivity, specificity, positive predictive value, and 
negative predictive value of the IVC diameter ratio were calculat-
ed. A two-sided P-value of 0.05 was considered significant. All 
statistical analyses were performed using PASW Statistics ver. 18 
(SPSS Inc., Chicago, IL, USA).

RESULTS

Participant characteristics 
In total, 1,102 patients were screened by chart review from Janu-
ary 2016 to June 2020. Among these, 473 patients who did not 

undergo CT (Fig. 2), 14 patients who were transferred from the 
ED to another hospital, and 30 patients with “do not attempt re-
suscitation order” were excluded. Finally, 585 patients were in-

Table 1. Baseline characteristics of patients with gastrointestinal bleed-
ing 

Characteristic Value 

Age (yr), mean (SD)   62.5 (16.1) 
Male sex 380 (65.0)
Initial vital signs, mean (SD)  

Systolic blood pressure (mmHg) 123 (27.0)
Diastolic blood pressure (mmHg) 69 (18.0)
Heart rate (beats/min) 94 (20.0)

Comorbidities
Hypertension 153 (26.2)
Diabetes mellitus 93 (15.9)
Heart failure 11 (1.9)
Liver cirrhosis 126 (21.5)

Laboratory findings
Hemoglobin (g/dL) 10.2 (7.9–12.5)
Platelet count (k/mm3) 200 (126–365)
Creatinine (mg/dL) 0.8 (0.7–10.1)
BUN (mg/dL) 24.1 (16.1–37.0)
HCO3 (mmol/L) 23.7 (20.8–25.7)

Treatment
Endoscopic treatment 106 (18.1)
Transfusion 453 (77.4)

Outcome
In-hospital mortality 27 (4.6)
Composite 471 (80.5)
Intervention 464 (79.3)
ICU admission 116 (19.8)

Other scores
Glasgow Blatchford score 8 (5–12)
AIMS65 score 1 (0–2)

Values are presented as number (%) or median (interquartile range), unless oth-
erwise indicated. 
SD, standard deviation; BUN, blood urea nitrogen; ICU, intensive care unit; AIMS65, 
albumin <30 g/L (A), international normalized ratio >1.5 (I), altered mental state 
(M), systolic blood pressure ≤90 (S), and age >65 years (65).

Fig. 2. Flow diagram showing the selection of the study population. CT, computed tomography; ED, emergency department.

517 Exclusions
473 Patients did not undergo CT scan
  14 Transferred from the ED to another hospital
  30 Patients with “do not resuscitate”

1,102 Patients with gastrointestinal bleeding 

585 Finally included patients
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cluded in the analysis. The mean age of the patients was 62.5 years, 
and 65.0% of the patients were male. The in-hospital mortality 
rate was 4.6% (n=27). Further, 80.5% of the patients showed a 
composite outcome (n=471). The median GBS and AIMS65 score 
were 8 and 1, respectively (Table 1).

Multivariable logistic regression analysis of factors  
predicting in-hospital mortality
Univariate logistic regression analysis of factors predicting in-
hospital mortality was conducted in Supplementary Table 1. Mul-
tivariate logistic regression analysis was performed to examine 
the association between IVC diameter ratio and in-hospital mor-
tality in patients with GIB (Table 2). The adjusted odds ratio (aOR) 
of the IVC diameter ratio for in-hospital mortality was 1.793 (95 
% confidence  interval [CI], 1.239–2.597), and it was statistically 
significant (P=0.002). Age, systolic blood pressure, heart rate, 
and heart failure were independently associated with in-hospital 
mortality (aOR, 1.032, 0.977, 1.021, and 13.988, respectively).

The AUC of the IVC diameter ratio for predicting in-hospital 
mortality was 0.616 (95% CI, 0.498–0.735) (Fig. 3). In addition, 
the AUCs of the IVC diameter ratio for predicting composite out-
comes such as endoscopic hemostasis, red blood cell transfusion, 
radiologic embolization, and intensive care unit admission were 
0.520 (95% CI, 0.458–0.582), 0.531 (95% CI, 0.476–0.587), 0.518 
(95% CI, 0.379–0.656), and 0.534 (95% CI, 0.472–0.597), respec-
tively (Supplementary Figs. 1-5). The cutoff value of the IVC di-
ameter ratio for predicting in-hospital mortality, maximizing the 
sum of sensitivity and specificity, was 2.1. The overall diagnostic 
accuracy of the cutoff value of the IVC diameter ratio (≥2.1) was 
70% (95% CI, 65%-74%). The sensitivity, specificity, positive pre-
dictive value, and negative predictive value of the cutoff values 
were 44% (95% CI, 26%–65%), 71% (95% CI, 67%–75%), 8% 
(95% CI, 5%–12%), and 96% (95% CI, 94%–97%), respectively.

DISCUSSION

The results of this study indicate that a high IVC diameter ratio 
measured by CT in patients with GIB was associated with poor 
outcomes. However, the AUC of the IVC diameter ratio was low 
(0.616), and the diagnostic accuracy of the optimal cutoff value 
was only 70%. Therefore, further studies should be conducted to 
validate the usefulness of IVC diameter ratio as a prognostic fac-
tor in patients with GIB. 

To the best of our knowledge, the present study is the first to 
evaluate the association between the IVC diameter ratio mea-
sured on CT scans and in-hospital mortality in patients with GIB 
who visit the ED. Previous studies have investigated the associa-
tion between IVC collapsibility or diameter, but not the IVC diam-
eter ratio, and the outcomes of critically ill patients with various 
diseases. The strengths of this study include the inclusion of pa-
tients with GIB who underwent uniform treatment in a single in-
stitution. Unlike previous studies that used ultrasound, the diam-
eter of IVC was measured more objectively using CT in the pres-
ent study.

Numerous tools/scores have been used to evaluate the progno-
sis of patients with GIB. Although there are many scoring sys-
tems, the GBS and AIMS65 scores have been well validated in 
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Fig. 3. Comparison of the inferior vena cava (IVC) diameter ratio with 
the Glasgow Blatchford score (GBS) and AIMS65 score for predicting 
in-hospital mortality. Area under the curve (AUC) of the IVC diameter 
ratio, 0.616 (95% CI, 0.498–0.735); AUC of the GBS, 0.472 (95% CI, 
0.362–0.581); and AUC of the AIMS65 score, 0.496 (95% CI, 0.384–
0.608). AIMS65, albumin <30 g/L (A), international normalized ratio 
>1.5 (I), altered mental state (M), systolic blood pressure ≤90 (S), and 
age >65 years (65).

Table 2. Multivariable logistic regression analysis of factors predicting 
in-hospital mortality

Adjusted odds ratio (95% CI) P-value

Age 1.032 (1.001–1.062) 0.040

Systolic blood pressure 0.977 (0.961–0.994) 0.007

Heart rate 1.021 (1.002–1.040) 0.032

Heart failure 13.988 (3.199–61.166) <0.001

IVC diameter ratio 1.793 (1.239–2.597) 0.002

The model was adjusted for age, sex, Glasgow Blatchford score, AIMS65 score, 
systolic blood pressure, heart rate, heart failure, hypertension, diabetes mellitus, 
and liver cirrhosis.
CI, confidence interval; IVC, inferior vena cava; AIMS65, albumin <30 g/L (A), 
international normalized ratio >1.5 (I), altered mental state (M), systolic blood 
pressure ≤90 (S), and age >65 years (65).  
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many studies on GIB.23,24 However, these scoring systems have 
limitations in identifying high-risk patients who may require in-
patient endoscopy, embolization, or surgical treatment, as well as 
identifying patients at high risk of mortality, especially among 
those with GBS.24-27 Moreover, the subjectivity of the definitions 
of hepatic disease and cardiac disease included in the GBS makes 
its application in clinical practice challenging.28 A multicenter 
study revealed that a GBS of ≤1 appeared to be the optimum 
threshold for directing patients to outpatient management with-
out endoscopy.14 Although assessment using GBS can accurately 
identify low-risk patients suitable for early discharge, it cannot 
unequivocally identify individual patients who require intensive 
monitoring or are at risk of death.29,30 In addition, GBS was inferi-
or to the AIMS65 score in predicting inpatient mortality due to 
upper GIB, despite being superior in predicting blood transfu-
sion.24 The AIMS65 score was superior to the GBS in predicting 
mortality, but its predictive value for endoscopic hemostasis was 
inferior.14 Furthermore, the use of AIMS65 score to identify pa-
tients at very low risk of re-bleeding or mortality is not recom-
mended.8 The AIMS65 score was designed to be used with high 
cutoff values to identify patients at high risk of mortality rather 
than to identify those at low risk with safe discharge.

Previous studies on patients with trauma or septic shock have 
reported that the IVC diameter predicts hypovolemia, blood loss, 
and in-hospital mortality.31-33 They have also reported that the 
IVC diameter ratio was significantly correlated with markers of 
shock and was a predictor of mortality in patients with trauma 
and septic shock.16,34 A retrospective cohort study reported that 
the IVC diameter ratio was significantly correlated with other 
known markers of shock and was an independent predictor of 
mortality in severely injured trauma patients.16 In their study, the 
cutoff value for the IVC diameter ratio was defined as ≥1.9. They 
performed an AUC analysis to maximize the sensitivity and speci-
ficity of the IVC diameter ratio to predict mortality and arrived at 
a ratio of 1.9. In our study, the cutoff value for the IVC diameter 
ratio, maximizing both sensitivity and specificity, was 2.1. This is 
not significantly different from the cutoff value of 1.9 noted in 
trauma patients, and blood loss appears to be the main mecha-
nism that causes shock in patients with GIB and trauma.

Ultrasonography is useful for measuring IVC diameter or chang-
es in IVC diameter caused by respiration. However, the use of ul-
trasound has some drawbacks: there is variability in the results 
depending on the operator’s skill, and accurate measurement is 
difficult when the patient is obese or has air in the bowel. CT is 
useful for quickly determining the bleeding site or active bleeding 
site in patients with GIB.13,15,16 By addressing the association of 
the IVC diameter ratio assessed using CT with patient outcomes, 

our study might help in the rapid prognostic evaluation of pa-
tients with GIB who visit the ED. 

This study has several limitations. First, 473 patients were ex-
cluded because they did not undergo CT, and the results of this 
study have a selection bias, making it difficult to extrapolate 
these results to the entire GIB population. A prospective study is 
needed to analyze the results of the IVC diameter ratio measure-
ments using CT in all patients with GIB. Second, it is difficult to 
rule out selection bias in a single-center retrospective study. Third, 
the amount of fluid supplied before CT was not adjusted. Fourth, 
it was not specified whether positive pressure mechanical venti-
lation was performed during CT, which could have affected the 
diameter of IVC. However, because only six patients underwent 
mechanical ventilation, it did not appear to have affected the 
main results. Fifth, the IVC diameter ratio did not show superiori-
ty in diagnostic performance over the GBS and AIMS65 scores. 
However, simple measurement of the IVC diameter ratio seems to 
be a strength in that there is no significant difference in predic-
tive power when compared to the complex scoring system. Final-
ly, IVC diameter was measured by a single investigator, and the 
measured value was not compared with that of another investi-
gator. Therefore, the possibility of bias in IVC diameter measure-
ments cannot be ruled out.

In conclusion, the IVC diameter ratio measured on CT scans 
was independently associated with in-hospital mortality in pa-
tients with GIB. However, the AUC of the IVC diameter ratio for 
in-hospital mortality was low. Further prospective studies are 
needed to determine the prognostic value of the IVC diameter ra-
tio.

SUPPLEMENTARY MATERIAL

Supplementary Fig. 1. Comparison of the inferior vena cava (IVC) 
diameter ratio with the Glasgow Blatchford score (GBS) and AIMS65 
score for predicting composite outcomes.
Supplementary Fig. 2. Comparison of the inferior vena cava (IVC) 
diameter ratio with the Glasgow Blatchford score (GBS) and AIMS-
65 score for predicting endoscopic hemostasis.
Supplementary Fig. 3. Comparison of the inferior vena cava (IVC) 
diameter ratio with the Glasgow Blatchford score (GBS) and AIMS-
65 score for predicting red blood cell transfusion.
Supplementary Fig. 4. Comparison of the inferior vena cava (IVC) 
diameter ratio with the Glasgow Blatchford score (GBS) and AIMS-
65 score for predicting radiologic embolization. 
Supplementary Fig. 5. Comparison of the inferior vena cava (IVC) 
diameter ratio with the Glasgow Blatchford score (GBS) and AIMS-
65 score for predicting intensive care unit admission.
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Supplementary Table 1. Univariate logistic regression analysis of 
factors predicting in-hospital mortality 
Supplementary materials are available from: https://doi.org/10. 
15441/ceem.21.099.
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