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Abstract

Background: Subarachnoid hemorrhage is a serious nervous system event with high mortality. The
purpose of this study is to identify effective mortality prognostic indicators for patients with sub-
arachnoid hemorrhage in intensive care unit based on MIMIC-IV database. Methods: 1005 SAH pa-
tients from MIMIC-IV database were analyzed retrospectively. Firstly, the baseline characteristics
were analyzed to compare the clinical indexes between the survival group and the death group. Sub-
sequently, the clinical indicators were analyzed by univariate and multivariate Cox regression to
determine the prognostic indicators. Based on these prognostic indicators, a nomogram model is
constructed, and the prediction accuracy of the nomogram model is verified by the analysis of cali-
bration curve, receiver operating characteristic curve and decision curve. In addition, Kaplan-Meier
survival curve of SAH patients was analyzed. Finally, in order to explore the relationship between
prognostic indicators and SAH, the restricted cubic spline model is applied. Results: There were sig-
nificant differences in age, race, mean arterial pressure, heart rate and other clinical indicators be-
tween the qualified survival group and the death group from the MIMIC-1V database. Prognostic in-
dicators for predicting nomogram include: white blood cell count, diastolic blood pressure, anion
gap, body temperature and evaluation score of sequential organ failure. The nomogram shows good
predictive performance and clinical practicability. In addition, Kaplan-Meier survival analysis showed
that there were significant differences in survival probability between high /low subgroups of prog-
nostic indicators; Restrictive cubic spline model shows that there is a nonlinear relationship between
prognosis index and death risk. Conclusion: The prognostic factors of SAH patients are white blood
cell count, anion gap, body temperature, diastolic blood pressure and SOFA score. The prediction
model based on these prognostic factors can be used as a valuable decision-making tool for clini-
cians.
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Baseline
n=1,722

Excluing data of ICU stay
time <24 hour (n=629) Excluing data of age < 18;
laboratory data=NA (WBC,

hemoglobin etc)
(n=14)

Excluing data of vital
signs=NA (heart rate, <

respiratory rate etc) (n=9)

Excluing data of clinical scoring
(GCS score etc)=NA; PT, PTT,

INR=NA (n=65)

Final subject

n=1,005
survivor death
n=834 n=171

Figure 1. Flow chart of subject recruitment
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Table 1. Baseline characteristics table

T+ 1 BEgItR

level Overall Survivor Death p
n 1005 834 171
female 499 (49.7) 421 (50.5) 78 (45.6) 0.282
Gender (%)
male 506 (50.3) 413 (49.5) 93 (54.4)
Age, year (mean (SD)) 62.21 (16.75)  60.76 (16.56)  69.27 (15.88)  <0.001
black 64 (6.4) 53 (6.4) 11 (6.4) <0.001
Race (%) other 356 (35.4) 272 (32.6) 84 (49.1)
white 585 (58.2) 509 (61.0) 76 (44.4)
WBC, x10%L (mean (SD)) 10.57 (4.58) 10.29 (4.06) 11.92(6.38)  <0.001
Hemoglobin, g/L (mean (SD)) 11.22 (2.15) 11.39 (2.07) 10.39 (2.35)  <0.001
Creatinine, pmol/L (mean (SD)) 0.89 (0.829) 0.84 (0.80) 1.10 (0.90) <0.001
Sodium, mmol/L (mean (SD)) 137.92 (4.33)  137.89 (4.17) 138.10(5.02)  0.562
Potassium, mmol/L (mean (SD)) 3.74 (0.48) 3.74 (0.46) 3.74 (0.58) 0.934
Chloride, mmol/L (mean (SD)) 102.59 (5.159)  102.62 (4.98) 102.44 (5.93)  0.693
Glucose, mmol/L (mean (SD)) 125.94 (38.38) 124.21 (35.90) 134.36 (47.93)  0.002
BUN, mmol/L (mean (SD)) 15.64 (11.42)  14.39(9.41) 21.75(17.07) <0.001
Anion gap, mmol/L (mean (SD)) 13.40 (2.94) 13.28 (2.84) 14.03 (3.32) 0.002
Bicarbonate, mmol/L (mean (SD)) 21.51 (3.65) 21.72 (3.51) 20.50 (4.13)  <0.001
MBP, mmHg (mean (SD)) 60.80 (14.92)  61.55(14.82) 57.17 (14.90) <0.001
Heart rate, time/min minute (mean (SD)) 65.75 (13.36)  65.30 (12.97) 67.91 (14.96) 0.02
Respiratory rate, time/min (mean (SD)) 12.40 (3.09) 12.28 (3.02) 12.98 (3.35) 0.007
Temperature (mean (SD)) 36.48 (0.69) 36.54 (0.52) 36.19 (1.17)  <0.001
SBP, mmHg (mean (SD)) 96.16 (15.68)  97.20 (15.00) 91.10(17.81)  <0.001
DBP, mmHg (mean (SD)) 4750(9.81)  48.15(9.72)  44.37(9.65) <0.001
Sp0O2, mmHg (mean (SD)) 93.38 (4.85) 93.40 (4.55) 93.26 (6.13) 0.732
GCS (mean (SD)) 12.82 (3.15) 13.00 (2.84) 11.97 (4.25)  <0.001
SAPSII (mean (SD)) 33.24(12.55)  31.07 (11.19) 43.81(13.49) <0.001
SOFA (mean (SD)) 3.54 (2.82) 3.11 (2.35) 5.65(3.80)  <0.001
PT, sec (mean (SD)) 13.12(3.25)  12.88(2.92)  14.29(4.35)  <0.001
PTT, sec (mean (SD)) 30.68 (13.45)  30.19 (12.07) 33.08(18.64)  0.011
INR (mean (SD)) 1.19 (0.3) 1.17 (0.27) 1.30 (0.40)  <0.001
0 759 (75.52) 625 (74.9) 134 (78.4) 0.395
Hypertension (%)
1 246 (24.48) 209 (25.1) 37 (21.6)
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0 855 (85.07) 724 (86.8) 131 (76.6) 0.001
Respiratory failure (%)
1 150 (14.93) 110 (13.2) 40 (23.4)
0 959 (95.42) 799 (95.8) 160 (93.6) 0.283
Chronic obstructive pulmonary disease (%)
1 46 (4.58) 35 (4.2) 11 (6.4)
0 965 (96.02) 800 (95.9) 165 (96.5) 0.895
Congestive heart failure (%)

1 40 (3.98) 34 (4.1) 6 (3.5)

0 924 (91.94) 782 (93.8) 142 (83.0) <0.001
Nephropathy (%)

1 81 (0.08) 52 (6.2) 29 (17.0)

0 989 (98.41) 827 (99.2) 162 (94.7) <0.001
Hepatopathy (%)

1 16 (1.59) 7 (0.8) 9(5.3)

0 997 (99.2) 827 (99.2) 170 (99.4) 1

Stroke (%)
1 8 (0.8) 7 (0.8) 1(0.6)
0 969 (96.42) 808 (96.9) 161 (94.2) 0.127
Malignant cancer (%)
1 36 (3.58) 26 (3.1) 10 (5.8)
0 503 (50.05) 466 (55.9) 37 (21.6) <0.001
Mechvent (%)
1 502 (49.95) 368 (44.1) 134 (78.4)
0 995 (99) 827 (99.2) 168 (98.2) 0.499
Dopamine (%)

1 10 (1) 7 (0.8) 3(1.8)

0 984 (97.91) 824 (98.8) 160 (93.6) <0.001
Epinephrine (%)

1 21 (2.09) 10 (1.2) 11 (6.4)

0 793 (78.91) 700 (83.9) 93 (54.4) <0.001

Norepinephrine (%)
1 212 (21.09) 134 (16.1) 78 (45.6)
0 736 (73.23) 642 (77.0) 94 (55.0) <0.001
Phenylephrine (%)

1 269 (26.77) 192 (23.0) 77 (45.0)

0 914 (90.95) 788 (94.5) 126 (73.7) <0.001
Vasopressin (%)

1 91 (9.05) 46 (5.5) 45 (26.3)

0 998 (99.3) 832 (99.8) 166 (97.1) 0.001
Dobutamine (%)

1 7(0.7) 2(0.2) 5(2.9)

3.2. SAH Fi/RE#rFIk E RIE T S5IE

T BV IR R AR PR VE N SAH TS R R BT 71, 4F SAH B Bl 4T 7 I Z AL K& Cox
BT, FRIIET PHRBE. 45582 WBC. B FEIBE. &R . DBP 1 SOFA 143 R Tl A A7 3
FITG T AR 2() A1 2(b), B2 2 A 3).
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Univariate

P value Hazard Ratio(95% CI)
gender 0.5 1.101(0.813-1.491) —
age < 0001 1.035(1.024-1.046) -
race(other) 0.4675 1.263(0.672-2.373)
race(white) 0.3561 0.742(0.393-1.400)
WBC 0.0013 1.043(1.016-1.070) -
hemoglobin <0.001 0.876(0.822-0. 935) —
creatinine <0.001 1.148(1.059 1.245) —
sodium 0.6298 1.008(0.974-1.044) -
potassium 0.5834 1.091(0.799-1.491) St——
chloride 0.4873 0.990(0.962-1.019) -
glucose 0.0356 1.003(1.000-1.006) !
BUN <0.001 1.019(1.013-1.026) .
anion gap 0.0016 1.079(1.029-1.131) —
bicarbonate 0.003 0.943(0.907-0.980) -
MBP <0.001 0.984(0.976-0.992) .
heart rate 0.6062 1.003(0.992-1.014) .
espiratory rate 0.1526 1.034(0.988-1.082) -
temperature <0.001 0.594(0.519-0.679) —
SBP <0.001 0.980(0.972-0.¢ ‘?80)
DBO <0.001 0.961(0.947-0.975) -
SpO2 0.795 0.996(0.970-1.023) -
GCs 0.0048 0.942(0.904-0.982) -
SAPSII <0.001 1.057(1.046-1.067) .
SOFA <0.001 1.191(1.146-1.237) -
PY <0.001 1.063(1.035-1.091) \ad
PTT 0.0058 1.012(1.003-1.021) .
INR <0.001 1.974(1.478-2.636)
hypertension 0.1953 0.785(0.545-1.132) S—
respiratory failure 0.0935 1.358(0.950 1.941)
chronic obstructive pulmonary disease 0.2598 1.422(0.771-2.625)
congestive heart failure 0.8353 0.917(0.406-2.073)
nephropathy <0.001 2.822(1.890-4.216)
hepatopathy 0.0027 2.810(1.430-5.523)
stroke. 0.74 0.717(0.100-5.132)
malignant cancer 0.1724 1.561(0.823-2.960)
mechvent <0.001 3.086(2.140-4.451)
dopamine 0.8885 1.088(0.336-3.517)
epinephrine 0.0011 2.783(1.508-5.136)
norepinephrine <0.001 2.340(1.720-3.183)
phenylephrine <0.001 I 744(1 285-2.367)
vasopressin <0.001 051(2.159-4.313)
dobutamine 0.0026 3 927(] 611-9.573)

T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
Hazard Ratio
(a)
Multivatiate Cox
p value Hazard Ratio(95% CI)
WBC <0.05 1.028(1.003—-1.054) d
hemoglobin 0.2008 0.953(0.885—1.026) -
creatinine 0.1017 0.779(0.578—-1.051) —
glucose 0.3724 1.001(0.998-1.004) '
BUN 0.0635 1.014(0.999-1.028) ’
aniongap <0.05 1.073(1.012—-1.137) o
MBP 0.7672 0.998(0.985-1.011) L]
temperature <0.05 0.724(0.618-0.847) —
DBP <0.05 0.978(0.958-0.998)
GCS 0.2576 0.974(0.930—1.020) -
SOFA <0.05 1.093(1.031-1.159) l
PT 0.8385 0.969(0.719-1.308) —
PTT 0.3786 1.005(0.994-1.016) '
INR 0.7034 1.882(0.073-48.782)
hepatopathy 0.2767 0.607(0.247-1.493) o
epinephrine 0.2689 1.504(0.729-3.103) _—
|
0 1 2 3 4 5 6 7 8 9
Hazard Ratio

(b)
Figure 2. (a) Clinical metrics-univariate Cox regression analysis, (b) Clinical metrics-multivariate Cox regression analysis
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WAL T % 45 5 (high/low subgroup = 508/497, p = 0.01; high/low subgroup = 509/496, p < 0.0001) (/%] 4(a)).
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Figure 3. (a) Nomogram, (b) nomogram’s calibration curve at 1, 2, and 3 weeks, (¢) nomogram’s ROC curve analysis at 1, 2,
and 3 weeks, (d) nomogram’s DCA curve 1, 2, and 3 weeks
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Figure 4. (a) Kaplan-Meier survival curve for patients with subarachnoid hemorrhage, (b) Kaplan-Meier survival curve for
patients with subarachnoid hemorrhage in 30 days, (c) Kaplan-Meier survival curve for patients with subarachnoid hemorrhage
in 90 days
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Figure 5. (a) Analysis of the nonlinear relationship between DBP gap and SAH, (b) Analysis of the nonlinear relationship
between temperature and SAH, (c) Analysis of the nonlinear relationship between anion gap and SAH, (d) Analysis of the
nonlinear relationship between SOFA and SAH, (e) Analysis of the nonlinear relationship between WBC and SAH
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Table S1. Disease code

FifE= 1. A

Diagnosis ICD-10 Codes ICD-9 Codes

S066, S066X, S066X0, SO66X0A, S066X0D, S066X0S, S066X1,
S066X1A, S066X1D, S066X1S, S066X2, S066X2A, S066X2D,

S066X2S, S066X3, S066X3A, S066X3D, S066X3S, S066X4, 430, 85210, 85211,
S066X4A, S066X4D, S066X4S, S066X5, SO66X5A, S066X5D, 85212, 85213, 85214,
Subarachnoid S066X5S, S066X6, S066X6A, S066X6D, S066X6S, S066X7, 85215, 85216, 85219,
hemorrhage S066X7A, S066X7D, S066X7S, S066X8, SO66X8A, S066X8D, 85200, 85201, 85202,
S066X8S, S066X9, S066X9A, S066X9D, S066X9S, 160, 1600, 85203, 85204, 85205,
16000, 16001, 16002, 16010, 16011, 16012, 1602, 16020, 16021, 85206, 85209

16022, 1603, 16030, 16031, 16032, 1604, 1605, 16050, 16051, 16052,
1606, 1607, 1608, 1609, 169059

Hypertension 110 -
Respiratory failure J95821, J960, J95601, J9602 51851, 51881

Chronic obstructive

pulmonary disease J441, 1449, 3440 i

Congestive heart failure 4280 -
Nephropathy
(chronic kidney disease and N18, N181, N182, N183, N184, N185, N186, N189 5851, 5852, 5853, 5854,

acute kidney injury) 5855, 5856, 5859

Hepatopathy

(hepatitis and cirrhosis) K7201, K7200, K7041, K7040, K7211, K7210, K7291, K7290 -

Stroke V171 2823

Table S2. Univariate PH assumption test
MR 2. BE%R PH REKLE

Variable p_value
gender 0.491440406
WBC 0.607421763

hemoglobin 0.193332355

creatinine 0.111825814
sodium 0.901808237

chloride 0.067598039

glucose 0.63340425

BUN 0.788769606
anion gap 0.395247953
MBP 0.931174658
heart rate 0.332962475
respiratory rate 0.313012552
temperature 0.282937831
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DBP 0.338566489

SpO2 0.904746153

GCs 0.266351984

FOFA 0.198881775

PTT 0.533650906

PTT 0.880946818

INR 0.533163129
hypertension 0.280568059
respiratory failure 0.88704834
chronic obstructive pulmonary disease 0.152958756
congestive heart failure 0.560147659
hepatopathy 0.799017044
stroke 0.600592089
malignant cancer 0.068847431
dopamine 0.632253856
epinephrine 0.30719045
dobutamine 0.086392551

Table S3. Multivariate PH assumption test
Mizz 3. ZEZE PH RERL

Variable p

whbc 0.877579319
hemoglobin 0.12621075
creatinine 0.766418643
glucose 0.558685262
BUN 0.281070977
aniongap 0.339006708
MBP 0.8285508
temperature 0.253258742
DBP 0.291305921
GCS 0.780950875
SOFA 0.199163228
PT 0.500834467
PTT 0.829793935
INR 0.499220622
hepatopathy 0.71545722
epinephrine 0.337055619
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