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Objective: Aneurysmal subarachnoid hemorrhage (SAH) is a common emergency condition, resulting in high morbidity
and mortality. The delta neutrophil index (DNI), which reflects the fraction of circulating immature granulocytes, is signifi-
cantly associated with systemic inflammation after infection or sterile injury. Aneurysmal SAH also leads to systemic
inflammation after a brain injury. This study aimed to evaluate the relationship between the DNI and poor neurologic out-
comes in patients with aneurysmal SAH.

Methods: We retrospectively identified patients (>18 years old) with aneurysmal SAH consecutively admitted to the
emergency department (ED) between January 1, 2011, and November 30, 2018. The diagnosis of aneurysmal SAH was
confirmed using clinical and radiological findings. DNI was determined at 0, 24, 48, and 72 hours after ED admission. The
primary result was a poor neurologic outcome using the modified Rankin scale.

Results: A total of 352 patients with aneurysmal SAH were included in this study. A multivariable logistic regression
model revealed that a high value of DNI at 24 hours after ED admission was a strong independent predictor of poor neu-
rologic outcome upon discharge (odds ratio [OR], 1.471; 95% confidence interval [CI], 1.081-2.001; P=0.014). Among
patients with aneurysmal SAH, DNI >1.0% at 24 hours was significantly associated with poor neurologic outcomes upon
discharge (OR, 5.037; 95% ClI, 3.153-8.044; P<0.001).

Conclusion: DNI can be determined easily and rapidly after ED admission without any additional cost or time burden. A
high DNI value at 24 hours after ED admission is significantly associated with a poor neurologic outcome upon discharge
among patients with aneurysmal SAH.
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Capsule Summary

What is already known in the previous study
The delta neutrophil index reflects the fraction of circu-
lating immature granulocytes as a component of the
criteria for systemic inflammatory response syndrome.
The pathogenesis of aneurysmal subarachnoid hemor-
rhage is significantly associated with systemic inflam-
mation after brain injury.

What is new in the current study

A high delta neutrophil index value at 24 hours after
emergency department admission is significantly asso-
ciated with a poor neurologic outcome upon discharge
of the patient from the hospital. Therefore, this index
can be regarded as a potential prognostic marker of
neurologic outcomes in patients with aneurysmal sub-
arachnoid hemorrhage.
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Fig. 1. Flow diagram of patient enrollment. SAH, subarachnoid hemorrhage; ED, emergency department.
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Table 1. Clinical characteristics of patients stratified by neurologic outcomes

) Total Poor neurologic Good neurologic
Varigble (n=352) outcome (n=142) outcome (n=210) P-value
Sex 0.270
Mae 247 (70.17) 95 (66.90) 152 (72.38)
Female 105 (29.83) 47 (33.10) 58 (27.62)
Age (yr) 58.61£13.8 65.5+13.4 539*11.9 <0.001
Past medical history
Hypertension 162 (46.02) 83 (58.45) 79 (37.62) <0.001
Diabetes mellitus 27 (7.67) 18 (12.68) 9(4.29 0.004
Cardiovascular disease 14 (3.98) 9(6.34) 5(2.38) 0.062
Chronic liver disease 9 (2.56) 4(2.82) 5(2.38) 0.999
Chronic kidney disease 10 (2.84) 8 (5.63) 2(0.95) 0.017
Initial vital signs
Systolic blood pressure (mmHg) 156.6£31.9 164.01£34.9 151.6+28.7 <0.001
Diastolic blood pressure (mmHg) 87.6119.2 89.5+21.0 86.2+17.7 0.124
Heart rate (bpm) 81.1£17.0 82.2*£185 80.3+15.9 0.315
Body temperature ("C) 36.5+0.6 36.4*0.7 36.5£0.5 0.215
Laboratory data
White blood cell (X 10°/xL) 11.25+4.62 12.28+4.71 10.55+4.44 <0.001
Hemoglobin (g/dL) 13.57+1.56 13.49+1.60 13.62+1.53 0.443
Platelet (< 10°/uL) 249.69*71.79 250.0880.68 249.43£65.31 0.937
Prothrombin time (INR) 0.95+0.16 0.96£0.23 0.95*£0.07 0.513
Total CO, (mmol/L) 21.84£2.70 21.52+3.00 22.05+2.47 0.080
Albumin (g/dL) 4.19£0.35 4.13+0.36 424034 0.002
Total bilirubin (mg/dL) 0.660.31 0.660.29 0.65+£0.32 0.840
C-reactive protein (mg/L) 7.721+25.03 13.43+37.75 372581 0.020
Hunt and Hess scale <0.001
Grade 1 3(0.85) 0(0.00) 3(1.43)
Grade 2 158 (44.89) 24 (16.90) 134 (63.81)
Grade 3 106 (30.11) 44 (30.99) 62 (29.52)
Grade 4 35(9.94) 29 (20.42) 6 (2.86)
Grade5 50 (14.20) 45 (31.69) 5(2.38)
Fisher grading scale <0.001
Grade 1 8(2.27) 0 (0.00) 8(3.81)
Grade 2 54 (15.34) 1(0.70) 53 (25.24)
Grade 3 121 (34.38) 33(23.24) 88 (41.90)
Grade4 169 (48.01) 108 (76.06) 61 (29.05)
Treatment <0.001
Clipping only 115 (32.67) 36 (25.35) 79 (37.62)
Coiling only 174 (49.43) 57 (40.14) 117 (55.71)
Clipping and coiling 48 (13.64) 41 (28.87) 7(3.33)
Conservative 15 (4.26) 8 (5.63) 7(3.33)
Position of aneurysm 0.782
Anterior communicating artery 109 (30.97) 41 (28.87) 68 (32.38)
Basilar artery 22 (6.25) 11 (7.75) 11 (5.24)
Carotid artery 26 (7.39) 12 (8.45) 14 (6.67)
Middle cerebra artery 70 (19.89) 28 (19.72) 42 (20.00)
Other anterior circulation 23 (6.53) 11 (7.75) 12 (5.71)
Other posterior circulation 14 (3.98) 7(4.93) 7(3.33)
Posterior communicating artery 88 (25.00) 32 (22.54) 56 (26.67)
Delta neutrophil index (%)
Time-0 059£1.15 0.84+1.46 0.43+£0.84 0.003
Time-24 1.46+3.21 251t4.64 0.72£1.10 <0.001
Time-48 1.15+2.08 1.75+2.93 0.75*=1.05 <0.001

Values are presented as number (%) or mean= standard deviation.

INR, international normalized ratio.
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Table 2. Univariable logistic regression analysis for predictors of poor neurologic outcome

Variable OR (95% ClI) P-value
Sex

Male Reference (1)

Female 1.297 (0.817-2.058) 0.271
Age (yr) 1.075 (1.054-1.096) <0.001
Past medical history

Hypertension 2.333(1.510-3.604) <0.001

Diabetes mellitus 3.242 (1.412-7.441) 0.006

Cardiovascular disease 2.774 (0.910-8.459) 0.073

Chronic liver disease 1.188 (0.314-4.504) 0.800

Chronic kidney disease 6.209 (1.299-29.684) 0.022
Initial vital signs

SBP (mmHg) 1.013 (1.006-1.020) <0.001

DBP (mmHg) 1.009 (0.998-1.020) 0.113

Heart rate (bpm) 1.007 (0.994-1.019) 0.301

Body temperature ("C) 0.780 (0.541-1.125) 0.184
Laboratory data

White blood cell (X 10%/4L) 1.086 (1.035-1.141) <0.001

Hemoglobin (g/dL) 0.947 (0.826-1.087) 0.442

Platelet (< 10%/xL) 1.000 (0.997-1.003) 0.934

Prothrombin time (INR) 1.704 (0.418-6.940) 0.457

Total CO, (mmol/L) 0.929 (0.858-1.006) 0.071

Albumin (g/dL) 0.372 (0.196-0.706) 0.003

Total bilirubin (mg/dL) 1.075 (0.537-2.149) 0.839

C-reactive protein (mg/L) 1.039 (1.007-1.071) 0.015
Hunt and Hess scale

Grade 1 0.017 (<0.001-0.593) 0.026

Grade 2 0.022 (0.008-0.059) <0.001

Grade 3 0.086 (0.033-0.228) <0.001

Grade4 0.549 (0.159-1.898) 0.343

Grade 5 Reference (1)

Fisher grading scale

Grade 1 0.033 (0.002-0.698) 0.028

Grade 2 0.016 (0.003-0.084) <0.001

Grade 3 0.215 (0.129-0.357) <0.001

Grade 4 Reference (1)

Treatment

Clipping only 0.399 (0.134-1.184) 0.098

Coiling only 0.426 (0.147-1.234) 0.116

Clipping and coiling 5.124 (1.407-18.666) 0.013

Conservative Reference (1)

Position of aneurysm

Anterior communicating artery Reference (1)

Basilar artery 1.659 (0.660-4.167) 0.282

Carotid artery 1.422 (0.600-3.369) 0.424

Middle cerebral artery 1.106 (0.597-2.046) 0.749

Other anterior circulation 1.520 (0.615-3.759) 0.364

Other posterior circulation 1.659 (0.543-5.068) 0.375

Posterior communicating artery 0.948 (0.530-1.696) 0.857
Delta neutrophil index (%)

Time-0 1.394 (1.130-1.720) 0.002

Time-24 1.788 (1.484-2.155) <0.001

Time-48 1.505 (1.248-1.813) <0.001

OR, odd ratio; Cl, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; INR, international nor-

malized ratio.
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Table 3. Multivariable logistic regression analysis for predictors of poor neurologic outcome

&k DNI

T3k multivariate logistic

Multivariable logistic regression analysis (Poor neurol ogic outcome)

Variable
OR (95% ClI) P-value OR (95% ClI) P-value OR (95% CI) P-value
Age (per 1 year) 1.080 (1.040-1.122) <0.001 1.102(1.056-1.151) <0.001 1.091 (1.047-1.136) <0.001
Hypertension 0.712 (0.268-1.893) 0.496 0.894 (0.326-2.453) 0.828 0.649 (0.239-1.764)  0.397
Diabetes mellitus 1.708 (0.417-7.000) 0.457 1.612(0.367-7.074) 0527 1.912(0.461-7.922) 0.372
Chronic kidney disease ~ 2.381 (0.181-31.404) 0.510 3.190(0.210-48.467) 0.403 1.864(0.103-33.808) 0.674
SBP (per 1 mmHg) 1.011 (0.996-1.025) 0.158 1.009 (0.993-1.025) 0.256 1.010(0.995-1.024) 0.198
Albumin (per 1 g/dL) 0.207 (0.048-0.885) 0.034 0.202 (0.043-0.949) 0.043 0.209 (0.048-0.910)  0.037
C-reactive protein 1.036 (0.991-1.083) 0.114 0.996 (0.977-1.015) 0.659 1.037(0.986-1.090) 0.161
(per 1 mg/L)
Hunt and Hess scale
Grade 1 0.006 (0.000-0.612) 0.030 0.011 (0.000-1.224) 0.061 0.009 (0.000-1.002)  0.050
Grade 2 0.035(0.007-0.172) <0.001 0.039(0.007-0.231) <0.001 0.045(0.009-0.219) <0.001
Grade 3 0.068 (0.014-0.331) <0.001 0.085 (0.014-0.499) 0.006 0.091(0.019-0.435)  0.003
Grade 4 0.720 (0.091-5.694) 0.755 0.732(0.072-7.448) 0.792 0.791(0.094-6.636)  0.829
Grade 5 Reference (1) Reference (1) Reference (1)
Fisher grading scale
Grade 1 0.808 (0.022-29.209) 0.908 4.580 (0.068-308.296) 0.479 0.994 (0.028-35.024) 0.997
Grade 2 0.035 (0.002-0.543) 0.017 0.054 (0.003-0.846) 0.038 0.043(0.003-0.660) 0.024
Grade 3 0.378 (0.155-0.923) 0.033 0.442(0.172-1.134) 0.090 0.371(0.148-0.931) 0.035
Grade 4 Reference (1) Reference (1) Reference (1)
Treatement
Clipping 1511 (0.166-13.763) 0.714 3.048 (0.270-34.448) 0.368 2.824(0.202-39.448) 0.440
Coiling 2.020(0.246-16.591) 0.513 3.857(0.388-38.352) 0.249 4.506 (0.334-60.829) 0.257
Clipping and coiling 7.227(0.717-72.875)  0.093 15.957 (1.212-210.146) 0.035 13.558 (0.773-237.935) 0.075
Conservative Reference (1) Reference (1) Reference (1)
DNI, Time-0 0.932 (0.635-1.366) 0.716 - - - -
DNI, Time-24 - - 1.512 (1.097-2.083) 0.012 - -
DNI, Time-48 - - - - 1529 (1.016-2.302)  0.042

OR, odd ratio; ClI, confidence interval; SBP, systolic blood pressure; DNI, delta neutrophil index.
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Fig. 3. The receiver operating characteristic curves for predictability of the delta neutrophil index (DNI) according to poor
neurologic outcome. AUC, area under the curve; Cl, confidence interval.
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A ddE A5 S Bl lthe AT AYE Fisher grade®} Hunt and Hess scaledl] DNI-24% %
S E ekRg u BAGOR u] QA 5ol FEE A
B AFqo|a EAFOE DNI-249 #7 2AHE < #9189tk Hunt—Hess scale 22 94 $A4HS 7]4t
1.0% owgi Agsgion AFte 29 FA YA F 0% gt AF oS AR W 57 712 BpelA
24A13ke] DNIgko]l 1.0% ©]74<l - OR (95% CD TF F2 AUHE IJ5ske A9t 2Ase, 4 Al
(1.512 [1.097-2.083]; P=0.012)7} 5.037 (3.153— FRH= ofd dF d5S AF 55 Hx shunt 7k 1
8.044) % vl A F7tE = s & F AT ARE 9% AH S sh= A2 AdgebA odvh gEA 3l
(P<0.001). %8 A7l 54 Wd ZA 54 th* B8k Fisher grade 7 -§-ol A% F7pAF Abe] o Al ¥ 2
Table 5. Comparison of AUC for predictors according to poor neurologic outcome
Variable AUC (95% CI) P-value
DNI, time-24 0.731 (0.677-0.785) <0.001
H-H grade 0.814 (0.770-0.858) <0.001
Fisher grade 0.767 (0.724-0.811) <0.001
H-H grade+DNI, time-24 0.844 (0.799-0.888) <0.001
Fisher grade+DNI, time-24 0.823 (0.780-0.867) <0.001

AUC, area under the curve; ClI, confidence interval; DNI, delta neutrophil index; H-H grade, Hunt and Hess grade.
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Fig. 4. Comparison of receiver operating characteristic (ROC) for predictors according to poor neurologic outcome. DNI24,
delta neutrophil index value at 24 hours after emergency department admission; H-H grade, Hunt and Hess grade.
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