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Blood Urea Nitrogen to Serum Albumin
Ratio Independently Predicts Mortality in
Critically Ill Patients With Acute
Pulmonary Embolism

Jihong Fang, BS1 and Bin Xu, MS2

Abstract
Acute pulmonary embolism (APE) is one of the prominent causes of death in patients with cardiovascular disease. Currently, reliable
biomarkers to predict the prognosis of patients with APE are limited. The present study aimed to investigate the association of blood
urea nitrogen to serum albumin (B/A) ratio and intensive care unit (ICU) mortality in critically ill patients with APE. A retrospective
cohort study was performed using data extracted from a freely accessible critical care database (MIMIC-III). Adult (�18 years)
patients of first ICU admission with a primary diagnosis of APE in the database were enrolled in the study. The primary endpoint was
the ICU mortality rate while the 28-day mortality after ICU admission was the secondary endpoint. The data of survivors and
non-survivors were compared. A total of 1048 patients with APE were enrolled in this study, of which 131 patients died in ICU and
169 patients died within 28 days after ICU admission. The B/A ratio in the non-survivors group was significantly higher compared to
the survivors group (P < 0.001). The multivariate analysis revealed that the B/A ratio was an independent predictor of ICU mortality
(odds ratio [OR] 1.10, 95% CI 1.07-1.14, P < 0.001) and all-cause mortality within 28 days after ICU admission (hazard ratio [HR]
1.07, 95% CI 1.05-1.09, P < 0.001) in APE patients. The B/A ratio showed a greater area under the curve (AUC) of ICU mortality
prediction (0.80; P < 0.001) than simplified acute physiology score II (SAPSII) (0.79), systemic inflammatory response syndrome
score (SIRS) (0.62), acute physiology score III (APSIII) (0.76) and sequential organ failure assessment (SOFA) score (0.71). The B/A
ratio could be a simple and useful prognostic tool to predict mortality in critically ill patients with APE.
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Introduction

Acute pulmonary embolism (APE) is one of the common acute

cardiovascular diseases with a 30-day mortality rate as high as

30%.1,2 Patients with APE have various clinical presentation and

prognosis. The prognosis of APE primarily depends on the stabi-

lity of hemodynamics. Patients with low blood pressure and right

ventricular dysfunction could have a high risk of in-hospital mor-

tality.3,4 However, because of the complexity of the disease, pre-

dicting the clinical outcome of APE is a major challenge. Serum

cardiac troponin and brain natriuretic peptide have been used to

evaluate the prognosis of patients.5,6 However, a favorable prog-

nostic biomarker has not been established for patients with APE.

Hypoalbuminemia has been shown in the literature to be an

independent risk factor for mortality and prognosis. An acute

decline in albumin levels after infection predicts a poor

prognosis.7 Blood urea nitrogen (BUN) is an important para-

meter reflecting the relationship between kidney condition,

protein metabolism level and nutritional status of patients.

Studies have shown that urea nitrogen levels are closely related
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to mortality.8 Recent studies reported that blood urea nitrogen

to serum albumin (B/A) ratio was a useful prognostic biomar-

ker of mortality for community-acquired pneumonia and

aspiration pneumonia.9,10 However, there are a handful of data

on the relationship between the B/A ratio and mortality in

patients with APE. In this study, we aimed to determine

whether the B/A ratio is a valuable prognostic biomarker for

intensive care unit (ICU) patients with APE.

Materials and Methods

Study Design and Data Source

This retrospective study reviewed data from the Multiparameter

Intelligent Monitoring in Intensive Care Database III (MIMIC-

III) version 1.4, a large and free critical database for researchers

globally.11 The database comprised of over 40000 clinical data

of patients who stayed in the ICU of Beth Israel Deaconess

Medical Center from 2001 to 2012. Access to the database is

only approved following a successful training on the protection

of human subjects. The database was created with the approval

of the Massachusetts Institute of Technology (Cambridge, MA)

and Beth Israel Deaconess Medical Center (Boston, MA) insti-

tutional review boards. The data for this study were extracted by

the author (Xu B.), who completed the online training course of

the National Institutes of Health and was approved to obtain the

original data (certification number: 35936744). The data were

extracted using PostgreSQL tools (V.9.6.18).

Study Population

This study enrolled adult (�18 years) patients of the first ICU

admission and with a primary diagnosis of APE in the database.

Patients were excluded if the date of death was less than the

date of ICU hospitalization to avoid potential typos in the

original data. The selection procedure of study participants is

summary is in Figure 1.

Data Extraction

tructured query language and codes to extract the data from the

MIMIC Code Repository were used to extract data from the

database. International Classification of Diseases, Ninth

Figure 1. Flow chart of the study participants.
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Revision, Clinical Modification (ICD-9-CM) codes (41511,

41512, 41519) were used to identify APE. The data were

extracted as age, gender, heart rate, respiratory rate, systolic

blood pressure (SBP), pulse oxygen saturation (SpO2), comor-

bidities, hospital length of stay (LOS), ICU length of stay

(LOS), ICU mortality, 28-day mortality after ICU admission,

vasopressin use, statin use, thrombolytic therapy. Data were

also extracted on disease severity as assessed by simplified

acute physiology score (SAPSII),12 systemic inflammatory

response syndrome score (SIRS),13 acute physiology score

(APSIII)14 and sequential organ failure assessment (SOFA)

score.15 Moreover, laboratory parameters were extracted as

serum levels of the white blood cell (WBC), hemoglobin, pla-

telet, glucose, creatinine, albumin, blood urea nitrogen (BUN),

Kþ, Naþ and Ca2þ. The B/A ratio (mg/g) was calculated as

blood urea nitrogen (mg/dL) divide serum albumin (g/dL).

Definitions and Outcomes

The ICU mortality rate, defined as death during ICU hospita-

lization, was used as the primary endpoint. The secondary end-

point was 28-day mortality after ICU admission. For patients

with more than one ICU admission, only the first ICU stay was

considered. The use of the vasopressor during ICU hospitaliza-

tion for any reason was defined as vasopressor use.

Statistical Analysis

The mean with standard deviation (SD) or median with inter-

quartile ranges was used to present continuous variables. The

Student’s t-test and Wilcoxon rank-sum test were applied

accordingly. Categorical variables were presented as percen-

tages and the X2 test was used for comparison. A stepwise

multiple logistic regression analysis was used to assess the inde-

pendent factors associated with ICU mortality while a stepwise

multivariate Cox regression analysis was used to assess the

independent factors associated with 28-day mortality after ICU

admission. Analysis of a receiver-operating characteristic

(ROC) curve was performed to identify the best cutoff value

of the B/A ratio and determine the ability of the B/A ratio to

discriminate between survivors and non-survivors. A compari-

son between survival distributions was achieved using the

Kaplan-Meier survival and Log-rank test. All statistical analy-

ses were performed using Stata V.16.0. All tests were performed

at a significance level of 5% and were double-sided. P-values of

less than 0.05 were considered statistically significant.

Results

Study Population and Baseline Characteristics

A total of 1048 APE patients met the inclusion criteria. Of these,

131 (12.5%) were non-survivors and 917 (87.5%) were survivors

during ICU hospitalization (Table 1). The number of women

(57.3% vs 44.7%, P ¼ 0.007) and the elderly (70.5 + 14.5 vs

61.1 + 17.2, P < 0.001) was significantly higher in the

Table 1. Comparison of Baseline Characteristics Between the Survi-
vors Group and Non-Survivors Group.

Variable
Survivors
(n ¼ 917)

Non-survivors
(n ¼ 131) P value

Age (years) 61.1 + 17.2 70.5 + 14.5 <0.001
Female (n (%)) 410 (44.7%) 75 (57.3%) 0.007
Clinical

parameters
Heart rate

(beats/min)
91.0 (80.1-101.9) 92.4 (78.0-106.5) 0.444

SBP (mmHg) 118.4(108.3-129.4) 110.1 (101.2-122.3) <0.001
Respiratory Rate

(beats/min)
19.7 (17.3-22.3) 21.3 (18.1-24.7) <0.001

SpO2 (%) 97.0 (95.7-98.5) 96.7 (94.6-98.3) 0.048
Comorbidities
Coronary (n (%)) 116 (12.6%) 15 (11.5%) 0.698
COPD 22 (2.4%) 3 (2.3%) 0.939
Diabetes (n (%)) 182 (19.8%) 25 (19.1%) 0.837
Hypertension

(n (%))
387 (42.2%) 54 (41.2%) 0.831

Malignancy (n (%)) 259 (28.2%) 62 (47.3%) <0.001
Congestive heart

failure (n (%))
130 (14.2%) 25 (19.1%) 0.139

Renal failure
(n (%))

71 (7.7%) 18 (13.7%) 0.021

Liver disease
(n (%))

44 (4.8%) 5 (3.8%) 0.619

Obesity (n (%)) 71(7.7%) 6 (4.6%) 0.194
Weight loss

(n (%))
49 (5.3%) 6 (4.6%) 0.714

Depression
(n (%))

83 (9.1%) 10 (7.6%) 0.594

Scoring systems
SAPSII 30 (22-40) 47 (36-60) <0.001
SIRS 3 (2-4) 3 (3-4) <0.001
SOFA 3 (1-5) 5 (3-8) 0.006
APSIII 36 (28-48) 54 (40-75) <0.001
Laboratory

parameters
Albumin, g/L 28.5 (27.8-29.9) 26.5 (23.0-28.5) <0.001
Creatinine, mg/dL 0.8 (0.7 -1.1) 1.2 (0.8-2.0) <0.001
BUN, mg/dL 16.1 (11.8-22.8) 30.8 (19.0-46.5) <0.001
Glucose, mg/dL 119.2 (107.0-136.5) 139.4 (119.5-165.0) <0.001
WBC, K/uL 9.7 (7.7-12.3) 13.9 (10.6-18.2) <0.001
Platelet, K/uL 256.8 (198-336.1) 203.8 (122.2-292.1) <0.001
Hemoglobin, g/dL 10.4 (9.5-11.7) 10.1 (9.2-11.0) 0.004
Naþ, mEq/L 138.8 (136.8-140.5) 139 (136.5-141.8) 0.294
Kþ, mEq/L 4.0 (3.9-4.2) 4.1 (3.9-4.5) 0.002
Ca2þmean, mEq/L 1.12 (1.11 -1.13) 1.12 (1.10 -1.15) 0.740
Albumin use

(n (%))
80 (8.7%) 21 (16.0%) 0.008

Statin use (n (%)) 413 (45.0%) 49 (37.4%) 0.100
Vasopressor use

(n (%))
211 (23.0%) 54 (41.2%) <0.001

Thrombolytic
therapy (n (%))

52 (5.7%) 13 (9.9%) 0.059

B/A ratio (mg/g) 5.5 (4.0-8.2) 11.7 (7.4-18.2) <0.001

Abbreviations: SBP, systolic blood pressure; SpO2, pulse oxygen saturation;
COPD, chronic obstructive pulmonary disease; SAPSII, simplified acute physiol-
ogy score II; SIRS, systemic inflammatory response syndrome score; SOFA,
sequential organ failure assessment; APSIII, acute physiology score III; BUN,
blood urea nitrogen; WBC, white blood cell; B/A ratio, blood urea nitrogen to
serum albumin ratio.
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non-survivors group compared with the survivors group. Com-

pared with the survivors group, the non-survivors group had sig-

nificantly higher respiratory rate (21.3 [18.1-24.7] vs 19.7

[17.3-22.3], P < 0 .001), lower SBP (110.1 [101.2-122.3] vs

118.4 [108.3-129.4], P < 0.001) and lower SpO2 (96.7 [94.6-

98.3] vs 97.0 [95.7-98.5], P ¼ 0.048). Moreover the non-

survivors group had significantly higher SAPSII (4736-60 vs

30,22-40 P < 0.001), SIRS (33–4 vs 3,2–4 P < 0.001), SOFA (53–8

vs 3,1–5 P¼ 0.006) and APSIII (5440-75 vs 36,28-48 P < 0.001) than

the survivors group. Similarly, when compared to the survivors

group, the non-survivors group had significantly higher creatinine

(1.2 [0.8-2.0] vs 0.8 [0.7 -1.1], P < 0.001), blood urea nitrogen

(BUN) (30.8 [19.0-46.5] vs 16.1 [11.8-22.8], P < 0.001), blood

glucose (139.4 [119.5-165.0] vs 119.2 [107.0-136.5], P<0.001),

WBC (13.9 [10.6-18.2] vs 9.7 [7.7-12.3], P<0.001), Kþ (4.1 [3.9-

4.5] vs 4.0 [3.9-4.2], P¼ 0.002) and B/A ratio (11.7 [7.4-18.2] vs

5.5 [4.0-8.2], P<0.001), and lower albumin (26.5 [23.0-28.5] vs

28.5 [27.8-29.9], P < 0.001), platelet (203.8 [122.2-292.1] vs

256.8 [198-336.1], P < 0.001) and hemoglobin (10.1 [9.2-11.0]

vs 10.4 [9.5-11.7], P¼ 0.004). In addition, compared with survi-

vors, the number of non-survivors associated with malignancy

(47.3% vs 28.2%, P < 0.001), renal failure (13.7% vs 7.7%, P

¼ 0.021), vasopressin use (41.2% vs 23.0%, P < 0.001) and

albumin use (16.0% vs 8.7%, P ¼ 0.008) was higher.

Factors Associated With Mortality

The stepwise multiple logistic regression analysis showed that

gender, SpO2, malignancy, blood glucose, platelet, SAPSII and

B/A ratio were independent factors associated with ICU mor-

tality (Table 2). The stepwise multivariate Cox regression anal-

ysis revealed that Spo2, malignancy, renal failure, WBC, blood

glucose, SAPSII, SOFA, B/A ratio, vasopressor use, hospital

LOS and ICU LOS were independent factors associated with

all-cause mortality within 28 days after ICU (Table 3).

To determine the ability of predictors, we used the ROC

curve graphics. The AUC value for the B/A ratio was 0.80.

The cutoff point was 7.797, with the highest predictive perfor-

mance for both specificity and sensitivity (Figure 2). Survival

rates at high B/A levels were significantly worse than at low

B/A levels (P < 0.001) (Figure 3).

Discussion

The B/A ratio was reported to be positively associated with

28-day mortality in patients with aspiration pneumonia.10

In another study that enrolled 1158 hospital-acquired pneumo-

nia patients, the B/A ratio was reported as a risk factor for

Table 2. Multiple Logistic Regression Analyses of Factors Affecting
ICU Mortality With APE.

Variable OR 95% CI P value

Female 1.61 1.03-2.52 0.038
Spo2 (%) 0.91 0.85-0.98 0.008
Malignancy 2.24 1.44-3.50 <0.001
Glucose, mg/dL 1.01 1.00-1.02 0.002
Platelet, K/uL 0.997 0.996-0.999 0.009
SAPSII 1.06 1.04-1.07 <0.001
B/A Ratio 1.10 1.07-1.14 <0.001

Abbreviations: SpO2, pulse oxygen saturation; SAPSII, simplified acute physiol-
ogy score II; B/A ratio, blood urea nitrogen to serum albumin ratio; OR, odds
ratio; CI, confidence interval.

Table 3. Multivariate Cox regression Analyses of Factors Affecting
All-Cause Mortality Within 28 Days After ICU With APE.

Variable
28-day mortality,
N ¼ 169 (16.1%) HR 95% CI P

Spo2 (%) 96.7 (94.8-98.3) 0.91 0.87-0.94 <0.001
Malignancy

(n (%))
93 (55.0%) 2.53 1.84-3.47 <0.001

Renal failure
(n (%))

21 (12.4%) 0.60 0.37-0.97 0.038

WBC 13.3 (10.4-17.6) 1.01 1.00-1.01 0.008
Glucose, mg/dL 113.8 (117.0-153.5) 1.01 1.004-1.008 <0.001
Vasopressor

Use (n (%))
63 (37.3%) 1.54 1.06-2.24 0.024

SAPSII 46 (37-59) 1.07 1.06-1.09 <0.001
SOFA 5 (3-7) 0.93 0.88-1.00 0.043
Hospital LOS

(days)
7.8 (3.9-12.4) 0.89 0.86-0.92 <0.001

ICU LOS (days) 3.1 (1.6-6.8) 1.05 1.01-1.10 0.016
B/A Ratio (mg/g) 10.3 (7.0-15.9) 1.07 1.05-1.09 <0.001

Abbreviations: SpO2, pulse oxygen saturation; WBC, white blood cell; SAPSII,
simplified acute physiology score II; SOFA, sequential organ failure assessment;
LOS, length of stay; ICU, intensive care unit; B/A Ratio, blood urea nitrogen to
serum albumin ratio; HR, hazard ratio; CI, confidence interval.

Figure 2. Receiver-operating characteristic curve of the B/A ratio,
BUN, SAPSII, SIRS, SOFA and APSIII to predict ICU mortality of APE.
Abbreviations: B/A ratio, blood urea nitrogen to serum albumin ratio;
BUN, blood urea nitrogen; SAPSII, simplified acute physiology score II;
SIRS, systemic inflammatory response syndrome score; SOFA,
sequential organ failure assessment; APSIII, acute physiology score III;
ICU, intensive care unit; APE, acute pulmonary embolism.
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patients’ mortality.16 In our study, the B/A ratio was signifi-

cantly increased in the non-survivors group with APE. The

AUC for the B/A ratio was 0.80. In multivariate analysis, the

B/A ratio was an independent predictor of ICU mortality in

APE patients (odds ratio (OR) 1.10, 95% CI 1.07-1.14, P <

0.001) and an independent predictor of all-cause mortality

within 28 days after ICU admission (hazard ratio (HR) 1.07,

95% CI 1.05-1.09, P < 0.001).

Serum albumin plays a vital role in maintaining physiologi-

cal homeostasis, including maintenance of normal colloid

osmotic pressure, improvement of arterial hyporeactivity,

reduction of ischemia-reperfusion injury and contribution to

anti-inflammatory action.17,18 Serum albumin can interact with

nitric oxide (NO) to some extent and generate S-nitrosoproteins,

which then promote vasomotor activity and inhibit platelet

aggregation.19 Hoskin et al reported that hypoalbuminemia is

an independent predictor of mortality following PE.20

Blood urea increases due to enhanced proximal tube reab-

sorption and enhanced water and sodium transport.21 A previ-

ous study documented the correlation between APE and the

right ventricular (RV) dysfunction.22 BUN can reflect a state

of hypoperfusion, which could be a good indicator of the RV

systolic dysfunction because of renal hypoperfusion. Another

study involving 252 patients showed that BUN could detect

high-risk patients with APE.23 In our study, the non-survivors

group had a significantly higher BUN (P < 0.001) and lower

serum albumin (P < 0.001) than the survivors group during

ICU hospitalization, which was consistent with previous find-

ings. The non-survivors group was associated with renal fail-

ure, which could cause low serum albumin and high

BUN. However, we suggest that the B/A ratio could be a

favorable prognostic factor of mortality in APE patients than

BUN alone.

Gender and age significantly differed between the non-

survivors and survivors groups in ICU hospitalization in our

study as reported by Keller et al.24 However, the reason for the

disparity remains unclear. Nevertheless, older patients are

prone to a series of basic diseases. Our results revealed that

patients with malignancy had higher mortality. Alotaibi et al

found that patients with cancer have a higher risk of short-term

mortality,25 which was similar to our findings.

Rozjabek et al reported that vital signs, including respiratory

rate, heart rate, systolic blood pressure and oxygen saturation,

had high sensitivity and specificity to predict PE patients’ risk

of 30-day all-cause mortality,26 which was consistent with our

findings.

We found that the non-survivors group had significantly

higher WBC (P < 0.001) compared with the survivors group

during ICU hospitalization. The right-heart dysfunction asso-

ciated with PE could lead to an elevated WBC count, which is a

known factor for poor prognosis in patients with PE.27

SAPSII, SIRS, APSIII and SOFA have been widely used to

assess disease severity and predict in-hospital mortality in ICU.

However, these scoring systems were more complex and less

readily available than the B/A ratios. In our study, the B/A ratio

had a higher AUC value (0.80) for predicting ICU mortality,

which was superior to SAPSII, SIRS, APSIII and SOFA,

although SAPSII, SIRS, APSIII and SOFA were significant

factors of ICU mortality. A previous meta-analysis reported

that high mortality was associated with vasopressin use.28

Vasopressin use was also found to be a risk factor of ICU

mortality in APE patients in our study.

Limitations

This study, however, had some limitations. First, a measure-

ment error caused by identifying APE or other comorbidities

using ICD-9-CM codes might have occurred. Second, we con-

ducted this study retrospectively; this might include selection

bias and the issue of missing data. Third, the internal validation

approach of the prediction model could not include all the risk

variables associated with APE, including hypovolemia, echo-

cardiography, the severity of illness scores and drugs. Never-

theless, we still believe that this method can be used in clinical

studies and achieve the purpose.

Conclusion

In conclusion, we found that the B/A ratio is an independent

prognostic factor of ICU mortality and 28-day mortality after

ICU admission in critically ill APE patients. The B/A ratio is a

simple but potentially valuable prognostic biomarker in

patients with APE.
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