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Abstract

Objective: This study aims to explore the prognostic value of endothelial activation and stress index
(EASIX) combined with inflammatory cytokine levels in patients following severe traumatic brain
injury (TBI) surgery. Methods: A retrospective analysis was conducted on clinical data from patients
who underwent severe TBI surgery at the EICU of the Second Affiliated Hospital of Anhui Medical
University between January 2023 and December 2024. General clinical data, including age, sex, smok-
ing and alcohol history, duration of surgery, underlying conditions (hypertension, diabetes, hyper-
lipidemia), length of hospital stay, and 30-day mortality or survival status, were collected. Within 24
hours post-surgery, the following parameters were measured: vital signs (heart rate, respiration rate,
pulse), blood electrolytes (serum potassium, sodium, calcium), white blood cell count (WB(C), total
lymphocyte count (TLC), hemoglobin (HB), red blood cell count (RBC), serum albumin (ALB), total
protein (TP), thrombin time (TT), fibrinogen (FIB), prothrombin time (PT), activated partial throm-
boplastin time (APTT), EASIX index, interleukin-6 (IL-6), C-reactive protein (CRP), lactate, D-dimer,
blood glucose, serum creatinine, alkaline phosphatase, monocyte count (MON), APACHE II score, SOFA
score, lactate dehydrogenase (LDH), and Glasgow Coma Scale (GCS) score. Patients were divided
into survival and death groups based on 30-day mortality. Univariate and multivariate logistic re-
gression analyses were performed to assess the relationship between inflammatory factors, EASIX
index, and prognosis. The receiver operating characteristic (ROC) curve and area under the curve
(AUC) were used to evaluate the predictive value of EASIX for 30-day mortality after surgery. The
cutoff value for EASIX was determined using the maximum Youden index, and patients were classi-
fied into two groups: EASIX > 44.174 and EASIX < 44.174. Kaplan-Meier survival curves were con-
structed to observe the differences in 30-day mortality between the two groups. Results: Significant
differences were observed between the survival and death groups in terms of sex, age, hypertension,
diabetes, length of hospital stay, and duration of surgery (P < 0.05). However, no significant differ-
ences were found regarding smoking history, alcohol consumption, or hyperlipidemia (P > 0.05).
The death group showed significantly higher levels of serum creatinine, heart rate, respiration rate,
pulse, alkaline phosphatase, blood glucose, and D-dimer, while albumin, platelet count, lymphocyte
count, and hemoglobin levels were significantly lower compared to the survival group (P < 0.05).
The EASIX index was significantly lower in the survival group, whereas IL-6, CRP, lactate, SOFA score,
LDH, and APACHE II score were significantly higher, and GCS scores were lower in the death group
(P < 0.05). ROC curve analysis revealed AUCs for EASIX, IL-6, and CRP of 0.834, 0.764, and 0.708,
respectively. The combined AUCs for EASIX with IL-6, EASIX with CRP, and EASIX with both IL-6 and
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CRP were 0.825, 0.822, and 0.818, respectively. The EASIX cutoff value was determined to be 44.174,
and Kaplan-Meier analysis showed that patients with EASIX > 44.174 had a significantly lower 30-
day survival rate compared to those with EASIX < 44.174 (P < 0.01). Conclusion: The EASIX index, in
combination with inflammatory cytokines, is a valuable tool for assessing the prognosis of patients
following severe TBI surgery. The EASIX index alone provides the highest predictive value for clin-
ical outcomes and can significantly predict 30-day mortality in these patients.
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1. 5|15

R A5 47 (severe traumatic brain injury, STBI)YE KRIAZIE i, ™5 i Ab FAVE 475 5 i AM b
K, EANANS T S EE R, R A SR T EE AR 30%~50%7r 41, R AliTH At SR A
5000 Jifilff sTBI ffsl, I H 4Bk TBI RIGHRN 618/10 /i, FHEL ARG RIEFFH AL 4000 123
JG, HAZREEEE WG EZEL], TR B N AR 32 Bk 2 — .

FAHRHEF R, BAAREAT A OC T AR F006 7 o0F T oo o5 8 Pl i 45 05 S8 5 Il R AP 2 D e FiUfm A =
BE, BUCH R ARG PRI B R B2 FAREBIT[2]. BAWEIRZHFERHTIAFAR
TR A R GE B FH RS, BT IR K& BE KGR/, Kb BOy R SRR AR 2
— PRk Z 7 PR FI R TS B L, PRI AT 2 A R B BE )l R N AR S BAR T N E L,
i S 0 7 R P 5 1 RS R TS AT TC G — e, AR FUE S A N B I — R PR TR R AR 5%
I3 2R 48 A5 P e -5 TN 0 25 J5 AH 5% [3]

AR A G BB NIRRT RE . JOREZKF AL I PR TS 2 DA 96 [4]. (B 5 R
WOIRAS B SERE 7K AH IR 048 A FH SR VAt B8 82 il i 9 3 AR i 83 TS IO 9 i 2D, DRI FRAT Tk o 17 3
JEIE N 355 A 8 SE AH 9 IR 7E PN 1 1A B 15 A AN S X (endothelial activation and stress index, EASIX) R #E4T A
o B A I FLER i S (lactate dehydrogenase, LDH). I/ 1% (platelet count, PLT)Al L LT
(creatinine, Cr) =/ N SHUAH B HIVE TR, IEFER, fE—LEfEEAESPH, EASIX 850t I% W i FH R Fiti
ZMPIRTRT , N A2 BT 8  JS 1R) EE A AR R . SR O T4 G 1 FH 8 38 8 P i 493 43 A 5 R TS
D, AR B AERE— PR IR HC S UG TS 0GR, TFERE HAtAH OC SE R ok 42 4
FCNEFHAE, DA i PRSI H2 it — A iy 1 oAl T B

2. BRISH%E
2.1. —fRgER

IEHY 2023 4F 1 H £ 2024 4 12 H T 2B R 58 g BB EICU WA 1K 100 451 5 22 s 453 47 AR
Ja BE TR, IAFRUE: © ABEi A b aF Bk P43 (Glasgow coma scale, GCS) 3~8 475 @ 1/ &N
BElta) <48 h; @ CT M4 nfBoh it EE > 1 om SR i > 30 ml, & >5mm; @
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FERRGENUR 58 S A I B R TR o HEBRbRE: © fEA 2 KA @ FAfe/™EERMR; © Abi)s
72h WIETS; @ IR BERA 4

22. I3

RAEBE NG 30 RABIET 0 NAEAFA(67), FET-AH(33), WA BE UL FHRAIEE: (ER 4
B RN sE I S BRSO (R BEERIN IR ORE) AR IS A B R B TR 30
RAEBESE T SIS

2.3. BHUSKIEFREN

FrA NN FLERE T ARG 24 /NN AT 3 R R TR AR AT : 048 A4 TH-4(WBC) B A% 4t it
$(MON). D-D Bk, BEIMIEAR(APTT. TT. FIB). #E4NEa%(TLC). ML EAHB). MiEHAEA
THH(ALB). 137 58 (A (TP) S I B g B (I am . IR, i), —BE AR EFedr (s . 3R, k)M
M/, LDH. LEF/KF. SOFA 34 . APACHEII 4> . GCS #F4r 5 EASIX 53, 5 EASIX i
43, EASIX = LDH (U/L) x IALEF(mg/dL)/ /Mg it-#(x10*9/L) [5].

2.4. RIEMRIBIRME

BT AN TR T NBE G LA S5 24 /NiF R UCEE A1 ik i 5 ml, =35 BA 1500 r/min B0 10
min SRECEJZ M5, SR BEIE G2 W B 36 (ELISAY I 1L 5 4 ie A~ 2 (IL)-6 & C- W2 FH(CRP)F& ik
KV, BRI A 2 HE ELISA R & e I AT

25. G FEAE

K1 SPSS23.0 A& GraphPad Prism8.0 3 {4 13F47 t kx4 . % 45 56: . Spearman/Pearson AH S 73 #1 & Logistic
EE M. T ORI DL(X £ S)FRRAT A AT MO REA t K550 THEET R BAn(%)1 %R, KA 2R
B IE 2 KB EE X ST fE S R 2R 22 ) 52 08 TAERHE(ROC) T4k, FF itz R f(AUC). FIH 2K
F TAERFE #h 28 (receiver operating characteristic curve, ROC) LA % il £k "~ i #(area under the curve, AUC)1F
M EASIX FEHOT B B il i 453 193 AR i 35 30 d BB T 22 (1) TN o 158 FH A K 240 6 4 i e EASIX A,
MR PR T (DK 2 7 AR, R Kaplan-Meier A2z il A A7 28 LB AE /736, DLP < 0.05 AZERF S
TR .
3. R
3.1 EFBMFETLH—MARAELE

PREALPER S SRl RSB BN E . R RE TR K ZER B P < 0.05), WL, &
W, R B R MAE LSt 42 5 (P > 0.05), WAk 1.

Table 1. General characteristics of the subjects

=1L —ARIFAESERY

_ 30 RAEAFIEM
izt - - tXAZ 14 P1H
1795 (N = 67) BETZ(N = 33)
P51 4.838 0.028
5 38 (56.7%) 11 (33.3%)
% 29 (43.3%) 22 (66.7%)

DOI: 10.12677/jcpm.2026.51092 684 s RAN AL 122 2


https://doi.org/10.12677/jcpm.2026.51092

T PRI
x5
&l

TR

i g IfLE
7
f
PRGN
FAREH (N

58.46 + 14.45

39 (58.2%)
28 (41.8%)

54 (80.6%)
13 (19.4%)

33 (49.3%)
34 (50.7%)

39 (58.2%)
28 (41.8%)

42 (62.7%)
25 (37.3%)

29.73 + 14.60

499 +1.99

64.70 +10.11

12 (36.4%)
21 (63.6%)

18 (54.5%)
15 (45.5%)

12 (36.4%)
21 (63.6%)

16 (48.5%)
17 (51.5%)

14 (42.4%)
19 (57.6%)
13.70 £8.95
9.21 +3.42

—2.222
4.222

7.443

1.484

0.845

3.684

6.771
—6.571

0.029
0.040

0.006

0.223

0.358

0.055

<0.001
<0.001

3.2. AABEEHIGKIEIRURKAERFRKEAIEER

W4l LDH. WLEF K. i /RZKE. IL-6 K. CRP. EASIX 5%, APACHE Il 34>, GCS ¥4
R PRI, BkER . REgRp . s, AR, MbE. ERRE. ARALk _RAhEREEP<
0.05), HfEHLaAi#ZE5%P>0.05), Wk 2,

Table 2. Comparison of routine clinical indicators and inflammatory factor levels between the two groups

3 2. MEEMIERIERR KAEEFKFIEE

B 30 RAEFHER
17N tfH PE
FHE(N = 67) FET(N = 33)
LDH (u/L) 171.34 + 115.02 358.64 + 168.05 —6.540 <0.001
JULEF 7K >F-(umol/L) 67.64 +41.13 124,06 + 130.90 -3.233 0.002
MR T (x10%7L) 227.05 + 88.44 174.94 +104.71 2.605 0.011
IL-6 7K°F-(ng/L) 74.19 +101.70 165.44 + 138.14 -3.735 <0.001
CRP (mg/L) 42.38 +35.12 57.32 + 23.03 -2.217 0.029
EASIX $E%£0/5) 56.43 +12.07 199.96 + 23.03 —2.699 0.008
APACHE Il T£43/4) 21.58 £ 7.18 27.15+7.70 -3.560 0.001
GCS #4357 6.21 +1.57 452179 4.840 <0.001
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DE (K Imin)
R (YR /min)
Jik 48 (X /min)

F 40 T4 (x 10%/L)
Fh R P T 4(%)
WA T #(x109/L)
2120 T (x109/L)
1417 (/L)
FAZ AT E (x10%/L)
I 4F (mmol/L)
1A (mmol/L)
145 (mmol/L)

AL (mmol/L)
% (mmol/L)

B P R (u/L)
TT (s)

FIB (g/L)
HEH(/L)
D-D — %44 (ug/L)
APTT (3)

PT (s)

91.31+11.84
16.07 +3.70
89.48 +17.16
12.19+3.41
82.34+5091
9.29+4.42
3.80 +0.60
118.16 + 14.74
5.84+2.72
3.68 £ 0.49
142.92 + 8.96
2.10+0.27
3.53+2.93
7.71+£271
82.15+27.32
16.84 + 2.66
4.03+1.63
40.16 £9.76
4.44 +5.00
27.34+3.72
14.64 + 17.56

105.24 + 8.62
18.21 +3.92
105.24 + 8.62
13.05 +2.69
84.03+4.31
6.85+2.14
3.91+0.65
105.52 + 20.56
6.13+2.02
3.54 £ 047
144.99 + 10.49
2.02+0.37
8.33+6.24
10.46 + 4.74
98.45 + 32.46
17.87 +£2.10
4.26+2.04
36.28 + 6.42
10.53 +18.53
27.02 +3.64
13.24 +3.40

—6.011
—2.665
—4.968
—1.264
—1.460
3.003
—0.846
3.527
—0.541
1.366
—1.026
1.281
—5.244
—3.685
—2.635
—1.949
—0.610
2.071
—2.520
0.396
0.454

<0.001
0.009
<0.001
0.209
0.147
0.003
0.399
0.001
0.590
0.175
0.307
0.203
<0.001
<0.001
0.010
0.054
0.543
0.041
0.013
0.693
0.650

3.3. FAEE EASIX 5H#. RIEMEXIBIRZ BRI X R 24T

EASIX 8%, & IL-6 f1 CRP K TFEEE ARG IEMZR, IL-6 /KF5 CRP (mg/L) & IEAHR(r =
0.270, P =0.007), IL-6 7/K°F-5 EASIX ¥ 1EM%(r = 0.411, P <0.001), CRP (mg/L)5 EASIX #5851 & 1E
A (r = 0.565, P < 0.001). 5% W% 3.

Table 3. Correlation analysis between IL-6, CRP and EASIX index
52 3. 1L-6 UM CRP 5 EASIX 5#ia)E X 4 574

EASIX/CRP/IL-6 7KF 2 [8] (R kH 5%

IL-6 7K-F-(IfiL %) CRP (mg/L) EASIX $53
B R AR R A 1 0.270" 0.411"
IL-6 /KT Sig. (WZ) 0.007 0.000
EE 100 100 100
B IR AAH A 0.270™ 1 0.565™
CRP (mg/L) Sig. (W) 0.007 0.000
EE 100 100 100

DOI: 10.12677/jcpm.2026.51092 686 s RAN AL 122 2


https://doi.org/10.12677/jcpm.2026.51092

R R ARG 0.411™ 0.565" 1
EASIX 8% Sig.(AE) 0.000 0.000
M S 100 100 100

HE: THE P <0.01 ZHI(XUR), AHKRTERE .

3.4. MEBETEFRVEKRERZERE Logistic ETSH

R EASIX 18 50TH moN B E TG A R AR Z, [FI 1L-6 & CRP /KFFhmthg & FlE A R T
T fE R R (P < 0.05), W% 4.

Table 4. Results of multivariate logistic regression analysis

5% 4. %R logistic [EVF R HEER

Ei=gzn B FRAEIR Wald x2 P A OR 95%Cl
IL-6 7K~F(ng/L) 0.006 0.002 10.224 0.001 1.006 1.002~1.010
CRP (mg/L) 0.014 0.007 4.334 0.037 1.014 1.001~1.028
EASIX $8%U/4y 0.007 0.003 5.434 0.020 1.007 1.001~1.012

3.5. HMHEIREMULEKAN TEEMMRGEETET RERN ROC Hhzk

JEIL Logistic BV #THfE T IL-6. CRP. EASIX $8¥CAEE TG A RS EREERE, K 1dk—
Ailid ROC #i 2k 73-Br % K 3 b S 64 0 U5 TG B . IL-6. CRP LK EASIX $8%5.0H AUC 4311
0.764. 0.708 /% 0.834, IL-6 Bt%& EASIX 5%, CRP BtA EASIX #5%. EASIX f5%:4 IL-6. CRP [
AUC 4354 0.825. 0.822 /% 0.818, .7 5.

Table 5. Results of ROC analysis
5. ROC itk

W 959% B (5 X 8]
BEERAE AUC SE P BREE RRE 4H%EH BFE
TR LR
IL-6 0.764 0.050 <0.01 0.665 0.862 0.788 0.731 0.519 58.615
CRP 0.708 0.052 0.001 0.607 0.810 1.000 0.358 0.358 23.150
EASIX 8% 0.834 0.039 <0.01 0.756 0.911 0.939 0.716 0.656 44.174

IL-6 + EASIX $5%4 0.825 0.042 <0.01 0.739 0.903 0.939 0.657 0.596 -
CRP + EASIX 5%k 0.822 0.042 <0.01 0.737 0.901 0.970 0.672 0.641 -
IL-6 + CRP + EASIX 5% 0.818 0.042 <0.01 0.737 0.900 0.848 0.269 0.580 -

3.6. £FMLZ%L O

K B KL R EUf 2 EASIX TR ST E D 44.174 ARYE LW (B K 2B 35 7 P4 EASIX >
44.174 ZHFN EASIX <44.174 21 . i Kaplan-Meier ZE47 I 28454 Log-rank K46 73 # i7R , EASIX > 44.174
I 30 d EFREFET EASIX <44.174 4, ERA SR (P <0.01), WFE 2:
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ROC g%k Hh 4% RR

— IL-6(ng/L)

— CRP(mg/L)

— EASIX¥ESR/ 9

—— IL-6+EASIXiE%k
CRP+EASIX#g#k

— IL-6+CRP+EASIX3E%
BEHK

1.0

K

02 04 06 08 10
1-Fe 5
X A B 90 fH A e

Figure 1. ROC curves for poor prognosis in patients after severe traumatic brain injury surgery (single and combined indicators)

1. EEMRRAAREBETET RE ROC HIZk(#IR 5B & 1E1R)

10 EASIX
: b <44.174
—1>44.174
—— <44.174- 0B
08 == >44.174- 10
06
17
&
0.4
0.2
0.0
0 5 10 15 20 25 30
FiErt E)/d
Figure 2. Kaplan-Meier survival curves of 30-day postoperative survival in craniocerebral injury patients with different EASIX
index levels

& 2. A[E EASIX I6HUK EMIRAARSEH 30 X Kaplan-Meier & 774k
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4. g

HE A G A T SRR RS 5 B TS e A B YA OG . KBV, B E IR
W LA, JE AT A Rk R RS TR, LG 5E B (Blood-brain-barrier, BBB)BE IR HI 52 BV E . WA
S B0 A2 I 5 A 5 CAAIE I TE TBI G 1~3 /NI IR BB [4] [6], X — i FE 215 & HH X 4142 & 4 (Central
Nervous System, CNS) P4 F3 2 i (L J2 2 15 J53 200 PR /0N Ji o 40 B ) B Tl 8 JRE [R1 -, ) {1 34 4 72 440 92 3
BOE SREANAR7] [8], BT ICRE B SN , Fa] I o B 475, AT 185 0 mp MK e 8 28 B4 S8 RE 5 5
[91. BEAh, (AN GEFE AR, MRS BN AR 2 L2, WE SRR TR C-RMER AN
PRSI JA B CBEDR -, IO U N R 40 RIS 2 1, S IL-6. IL-8. CRP 254034, M0
HALU . Bk, IX IS IRE N 7R T DA SR A b AT S A BEAE St R,
U P 5 1 e L, AR P I 1L-6 R CRP /K-l ,  HRAELH /KT 38 i TAEIG41[10], $Eom A
TSGR DL TS B G

UbAb, TEE R AR R T, A AT RERE RS S 1 R AR SRR B IR G, R TS 1A%
O RIZRZ o N B 20 B T BB A [ Bt 2 (i R A S 5 400 1 3 o, 0T L S WL L UL /K P () T v
P FONRIR[11], LDH AL /IR [R5 5 B P R 453493 4 A R RSB b o P B2 4 L P 45 47 5 80 3
BRI, SR IIEYRBREZ, Kb LDH FHmBon A R[12]. FI, PR 4i i85 5 S0 MRS
NI ERSE, AR IR TR [12]. EASIX FEEUE I %4 LDH. MLEF DL f/MoH4, Rl 2 4
FEE R P R 507« i S AR B DA B 3 B T RERAS, DT S o 4 T b 8 7 5 5 117 B A RO R . % 0T R
WA IE T e, iR /G Mo W, a8 AT IR RG0SR, EaERER. 2R
PEEREIR . H RN A T SR A E[13] 55, U A SRR R 22 (1) [ Py SN UK S IR T P o 45475 45 B £
HIREE S 2 [14] . FEIGIR SRR, IR /EHRE M9 5 . SOFA Fil APACHEIN P73 J& VAl S E
R ERE N T, B A 2R A SIGR R, T R TS [15]. SOFA FI
APACHEI VF43 % J i 453473 A J5 8 TR (0 Tt 2 A B e, (R TR AR 2 4% i %l
R, TERUS TR IG RS Soh S M SZ IR . AL Z R, EASIX IIRSATE T LM PR A0 5 3R EU:
Ak, EASIX FEELI = ARG/ ¥l ShAS E A, ARl il 22 M H AR (b 4R VAl 18T I B[16],
BN A f5 8038 T 705 EASIX Fa 8 BEmE B v] Bt 5 B3 (0 0k S B ELHaAE 0, NI PRI I6 T 7 SR A4t
BALIKEE . AT 58 EASIX FE50EA ok AUC {H, "8 2 58 U505 AR G AN B TS e o g 7 T
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