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Abstract: [ Objective] Whether blood urea nitrogen (BUN) can help increase risk stratification of simplified pulmo-
nary embolism severity index (sPEST) in intensive care unit (ICU) still remains unknown. [Methods] A total of 250 pa-
tients diagnosed as acute pulmonary embolism (APE) at ICU admission from medical information mart for intensive care
Il database (MIMIC) were included in this retrospective study. The 30—day mortality was defined as the primary outcome.
The optimal cut—off values of BUN and sPESI were calculated based on the maximum Youden index of receiver operating
characteristic (ROC) curves. The Kaplan—Meier curves were used to evaluate the risk stratification ability of BUN, sPESI,
and their combinations in the total cohort and subgroups.[Results] BUN and sPESI were both independent predictors for
the 30—day mortality. The optimal cut—off value of BUN was 21.5 mg/dL and that of sPESI was 2.5. The 30—day mortality

%5 B #9:2021-08-04
HEEW B : FRARFH A4 (81800420)

PEZ BT : 5y, TP HIG, AF5E 07 0] - F K AR A2 %€ | E-mail : qiqi0214@126.com; E A , 8 (5 1EH 18+, @) AT BF5E 7

1] « Dk AR 4 €, E-mail : huangk37@mail.sysu.edu.cn



55 13 Fr 5 My, 55 I50A 18 IR 3R Z0FN sPESTRFAR 20t 5 AE i 280 A A9 30 RAET XU 97

was 41.38% in high-risk group with BUN >21.5 mg/dL and sPESI 23, which was higher than that in group with sPESI >1
(14.28%). And it was 4.07% in low-risk group with BUN <21.5 mg/dL and sPESI <2, which was near that of the group
with sPESI =0 (3.85%). [ Conclusions] BUN can help define a higher risk group with sPESI in APE admitted to ICU,

which can contribute to the clinical management.

Key words: blood urea nitrogen; simplified pulmonary embolism severity index; acute pulmonary embolism; inten-

sive care units; prognosis
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Table 1 Baseline characteristics of APE patients admitted to ICU

[n (%) or M (P,~P,,) ]

Survival Group

Death Group

Candidate Variables (n=217) (n=33) %% P
General Condition
Admission Type 0.618  0.734
Elective 1(0.5%) 0 (0.0%)
Emergency 213 (98.2%) 33 (100.0%)
Urgent 3(1.4%) 0 (0.0%)
LOS of Hospital 6.61 (4.52~10.64) 6.10 (3.04~11.02) 10.262  0.351
LOS of ICU 1.67 (1.13~2.84) 3.94 (1.46~5.35) 11.762  <0.001
Death in ICU 0 (0.0%) 17 (51.5%) 111.95  <0.001
Death in hospital 1(0.5%) 24 (72.7%) 158.28  <0.001
Death within 30 days 0 (0.0%) 33 (100.0%) 24135  <0.001
Agelyears 63.98 (53.51~ 73.46) 69.16 (61.75~79.48)  11.340  0.024
Male 94 (43.3%) 22 (66.7%) 5375  0.020
BMI/(kg/m®) 28.56 (25.09~33.69) 25.37 (23.54~27.26) 13.175  0.140
Comorbidity
Sepsis 1(0.5%) 7 (21.2%) 33.402 <0.001
Metastatic cancer 26 (12.0%) 13 (39.4%) 14.332  <0.001
Heart Failure 36 (16.6%) 6 (18.2%) <0.001 1
Renal Failure 14 (6.5%) 5(15.2%) 1.973  0.160
Chronic Pulmonary Diseases 43 (19.8%) 6 (18.2%) <0.001  1.000
Vital signs on
admission
Heart Rate "/bpm 107.00 (94.00~ 118.00) 115.00 (100.00~ 127.00) 11.130  0.102
Heart Rate ""/bpm 77.00 (67.00~ 88.00)  79.00 (69.00~91.00)  10.899  0.342
Systolic Blood Pressure ™ /mmHg ~ 144.00 (130.00~ 155.00) 134.00 (126.00~ 148.00)  9.898  0.044
Systolic Blood Pressure "™ /mmHg  96.00 (88.00~ 107.00)  92.00 (79.00~ 98.00) 9.825  0.026
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(n=217) (n=33)

Diastolic Blood Pressure ™ /mmHg ~ 87.00 (79.00~ 97.00)  82.00 (75.00~ 90.00) 9.893  0.043
Diastolic Blood Pressure "™ /mmHg ~ 51.00 (42.00~ 58.00)  46.00 (38.00~ 53.00) 9.757  0.015
Respirate Rate ™ /(1/min) 27.00 (24.00~32.00) 29.00 (27.00~34.00)  11.354  0.021
Respirate Rate ™ /(1/min) 14.00 (12.00~16.00) 14.00 (12.00~17.00)  10.535  0.899
Sp0,™™ /% 100.00 (99.00~100.00)  100.00 (100.00~100.00)  11.268  0.020
Sp0, ™ /% 92.00 (90.00~94.00) 90.00 (85.00~93.00) 9.679  0.008

Laboratory Indica-

tors
Anion Gap ™ /(mEq/L) 16.00 (14.00~17.00) 17.00 (15.00~19.00)  11.358  0.020
Bicarbonate ™ /(mEq/L) 25.00 (23.00~27.00) 23.00 (21.00~26.00) 9.694  0.009
Creatinine "™ /(mg/dL) 0.90 (0.80~1.20) 1.00 (0.70~1.50) 10.954  0.264
Blood Urea Nitrogen ™ /(mg/dL) 16.00 (13.00~23.00) 25.00 (17.00~33.00)  11.839 <0.001
CCR " /(mL/min) 91.05 (60.35~121.78)  65.23 (45.46~90.65) 9.644  0.002

Operations within

first day
Urine Output in First Day /mL 1400.00(859.00~2125.00) 1 019.00 (569.00~ 1607.00)  9.843  0.007
Ventilation Used in First day of ICU 21 (9.7%) 11 (33.3%) 12.320  <0.001
Vasoactive medications Used in
T —— 12 (5.5%) 8 (24.2%) 11.204  0.001

Severity Score
GCS 15.00 (15.00~15.00) 15.00 (14.00~15.00) 9.883  0.007
SAPSII 27.00 (21.00~35.00) 44.00 (36.00~48.00)  12.674 <0.001
SOFA 1.00 (1.00~3.00) 4.00 (3.00~6.00) 12,517  <0.001
sPESI 2.00 (1.00~2.00) 3.00 (2.00~3.00) 12.020  <0.001

Data are expressed as median (interquartile range) or n (% ). Kruskal Wallis and Chi—square tests were used to compare continuous and categori-

cal variables of the two groups, respectively. 2% of patients had unknown value for urine output on the first day of ICU admission. 63.6% of patients had

unknown value for BMI; 0.8% of patients had unknown value for urine output on the first day of ICU admission. APE: acute pulmonary embolism;

ICU: intensive care unit; LOS: length of stay; BMI: body mass index;

sp0,: percutaneous oxygen saturation; CCR: creatinine clearance rate; GCS:

Glasgow coma scale; SAPSII: simplified acute physiology score Il ; SOFA: sequential organ failure assessment; sPESI: simplified pulmonary embo-

lism severity index.
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MIMIC-III database
Pulmonary embolism diagnosed
with ICD-9 code (4 1519) at hospital
admission

!

263 patients with 263 hospital
admission records and 283 ICU
admission records

First hospital admission;
First ICU admission;

Age > 18.

20 ICU admission
records were excluded

263 patients with 263 hospital
admission records and 263 ICU
admission records

BUN and other important
indicators are not null on
first day of ICU admission

3 patients with 3
hospital admission
records and 3 ICU

admission records were
excluded

260 patients with 260 hospital
admission records and 260 ICU
admission records

ICU stay time > 16 hours

10 patients with 10
hospital admission
records and 10 ICU
admission records were
excluded

250 patients with 250 hospital
admission records and 250 ICU
admission records

MIMIC- I : medical information mart for intensive care Il ; [CD-

9: international classification of diseases, 9th Revision; ICU: intensive

care unit; BUN: blood urea nitrogen.
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Fig.1 Flow chart of the study cohort
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Table 2 Cut-off value and discrimination of SPESI and BUN

Population Number Variables Cut—off Value Specificity Sensitivity
All 250 sPESI 2.5 0.765 0.606

BUN 21.5 0.700 0.606
Vasoactive medications" 20 sPESI 2.5 0.750 0.625

BUN 24.5 0.667 0.750
Ventilation" 32 sPESI 2.5 0.762 0.727

BUN 16.5 0.381 0.909

sPESI: simplified pulmonary embolism severity index; BUN: blood urea nitrogen. "'Used on the first day of ICU admission.
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A: Non—adjusted. B: Adjusted for admission information, including admission type, age, gender; C: Adjusted for operation, including ventilation,

vasoactive medications used on the first day of ICU admission; D: Adjusted for complications, including chronic pulmonary disease, heart failure, renal

failure, metastatic cancer and sepsis. BUN: blood urea nitrogen; APE: acute pulmonary embolism; sPESI: simplified pulmonary embolism severity index.
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Fig. 2 Effects of BUN on the risk of 30—day mortality of APE shown in restricted cubic splines
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A: Full cohort; B: Subgroup of using vasoactive medications on the first day of ICU admission; C: Subgroup of using ventilation on the first day of

ICU admission. The bracket represents the 95% confidence interval of AUC. ROC: receiver operation characteristic; AUC: area under the curve; BUN:

blood urea nitrogen; sPESI: simplified pulmonary embolism severity index.
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Fig.3 ROC curves of BUN and sPESI in different subgroups
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A: Subgroup of renal failure; B: Subgroup of heart failure. The bracket represents the 95% confidence interval of AUC. ROC: receiver operation

characteristic; AUC: area under the curve; BUN: blood urea nitrogen; sPESI: simplified pulmonary embolism severity index.
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Fig. 4 ROC curves of BUN and sPESI in heart failure and renal failure subgroups.
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A :ROC curve of creatinine; B: ROC curve of creatinine clearance rate; C: ROC curve of urine volume. The bracket represents the 95% confidence

interval of AUC. ROC: receiver operation characteristic; AUC: area under the curve; CRE: creatinine; CCR: creatinine clearance rate; sPESI: simpli-

fied pulmonary embolism severity index.
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Fig. 5 ROC curves of creatinine, creatinine clearance rate and urine volume in total cohort
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Table 3 Variables and coefficients included in the multivariable regression

Variables b S, Wald y* P OR OR 95%CI
-4.394 0.919 22.861 <0.001 - -

Gender (Male) 1.210 0.488 6.148 0.013 3.353 (1.328, 9.216)
Sepsis 3.186 1.122 8.063 0.005 24.203 (3.716, 478.097)
BUN 0.039 0.017 5.263 0.021 1.040 (1.007, 1.076)
Urine output -0.001 0.000 3.185 0.074 0.999 (0.999, 1.000)
Vasoactive medications 1.424 0.678 4411 0.036 4.154 (1.072, 15.893)
SPESI score 0.576 0.229 6.327 0.012 1.780 (1.148, 2.836)

BUN: blood urea nitrogen; sPESI: simplified pulmonary embolism severity index.
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Table 4 Risk stratification and cumulative events in different subgroups by different methods
Population Groups S Death within 30 Logrank P
days value

All BUN < 21.5 mg/dL. AND sPESI < 2 123 5 (4.07%) <0.001
BUN > 21.5 mg/dL OR sPESI > 3 98 16 (16.33%)
BUN > 21.5 mg/dL AND sPESI > 3 29 12 (41.38%)

All BUN < 21.5 mg/dL. AND sPESI = 0 18 1(5.56%) <0.001
BUN > 21.5 mg/dL OR sPESI > 1 155 12 (7.74%)
BUN > 21.5 mg/dL. AND sPESI > 1 77 20 (25.97%)

All BUN < 21.5 mg/dL 165 13 (7.88%) <0.001
BUN > 21.5 mg/dL 85 20 (23.52%)

All sPESI < 2 179 13 (7.26%) <0.001
sPESI > 3 71 20 (28.16%)

All sPESI =0 26 1(3.85%) 0.140
SPEST > 1 224 32 (14.28%)

Ventilation" BUN < 21.5 mg/dL. AND sPESI < 2 8 2(25%) <0.001
BUN > 21.5 mg/dL OR sPESI > 3 18 3 (16.66%)
BUN > 21.5 mg/dL. AND sPESI > 3 6 6 (100%)

Ventilation" BUN < 21.5 mg/dL AND sPESI = 0 0 0 0.170
BUN > 21.5 mg/dL OR sPESI > 1 16 4 (25%)
BUN > 21.5 mg/dL. AND sPEST > 1 16 7 (43.75%)

Ventilation" BUN < 21.5 mg/dL 15 4 (26.66%) 0.260
BUN > 21.5 mg/dL 17 7 (41.17%)

Ventilation" sPESI <2 19 3 (15.78%) 0.003
sPESI > 3 13 8 (61.53%)

Ventilation" sPESI =0 1 0 (0%) 0.510
SPESI > 1 31 11 (35.48%)

Vasoactive medications' BUN < 21.5 mg/dL. AND sPESI < 2 6 2 (33.33%) 0.003
BUN > 21.5 mg/dL OR sPESI > 3 8 1 (12.5%)
BUN > 21.5 mg/dL. AND sPESI > 3 6 5(83.33%)

Vasoactive medications" BUN < 21.5 mg/dL AND sPESI = 0 0 0 0.180
BUN > 21.5 mg/dL OR sPESI > 1 8 2 (25%)
BUN > 21.5 mg/dL AND sPESI > 1 12 6 (50%)

Vasoactive medications" BUN < 21.5 mg/dL 8 2 (25%) 0.180
BUN > 21.5 mg/dL 12 6 (50%)

Vasoactive medications" sPESI <2 12 3 (25%) 0.045
sPESI > 3 8 5 (62.5%)

Vasoactive medications" sPESI =0 0 0 -
SPESI > 1 20 8 (40%)

sPESI: simplified pulmonary embolism severity index; BUN: blood urea nitrogen. "’ Used on the first day of ICU admission.
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A: Full cohort; B: Subgroup of using vasoactive medications on the
first day of ICU admission; C: Subgroup of using ventilation on the first
day of ICU admission. sPESI > 3 was set up to be the cut—off value.
APE: acute pulmonary embolism; BUN: blood urea nitrogen; sPESI:
simplified pulmonary embolism severity index; ICU: intensive care unit.
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Fig. 6 Kaplan - Meier curves for 30—day mortality
grouped by newly defined sPESI and BUN
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