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[ Abstract | Objective To investigate the influencing factors of post-stroke depression (PSD) 90 d after mechanical
thrombectomy (MT) in acute ischemic stroke (AIS) patients with effective reperfusion. Methods The clinical data of AIS
paitents with effective reperfusion in Neurovascular Center, The First Affiliated Hospital of Naval Medical University (Second
Military Medical University) from Jan. 2019 to Dec. 2020 were retrospectively analyzed. Effective reperfusion was defined as
successful recanalization (modified thrombolysis in cerebral infarction grade=2b) and good functional prognosis (modified
Rankin scale score<<3) 90 d after MT. The baseline data of patients at admission were collected, including inflammatory
indicators such as white blood cell (WBC) count and lymphocyte-to-monocyte ratio (LMR), and clinical data related to
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MT. The depression of patients was evaluated by patient health questionnaire-9 (PHQ-9). The patients were divided into
PSD group (PHQ-9 score=10) and non-PSD group (PHQ score<<10), and the differences of clinical characteristics between
the 2 groups were analyzed. Multivariate binary logistic regression model was used to analyze the independent influencing
factors of PSD, and receiver operating characteristic (ROC) curve was used to analyze the value of LMR alone and multivariate
combination in predicting PSD. Results A total of 206 AIS patients with effective reperfusion were enrolled, including 68
patients (33.01%) in PSD group and 138 patients (66.99%) in non-PSD group. Multivariate binary logistic regression analysis
showed that age (odds ratio [OR] =0.946, P=0.011), Alberta Stroke Program early computed tomography score (ASPECTS)
before thrombectomy (OR=0.707, P=0.008), WBC at admission (OR=0.729, P=0.006) and LMR at admission (OR=0.596,
P=0.003) were independent influencing factors for PSD 90 d after MT in AIS patients with effective reperfusion. The ROC
curve analysis showed that the area under curve (AUC) value of combination of the above 4 factors in predicting PSD was 0.795,
and the AUC value of LMR alone in predicting PSD was 0.711. The optimal cut-off value of LMR was 2.96, with a sensitivity of
71.0% and a specificity of 64.7%. The incidence of PSD 90 d after MT in patients with LMR<2.96 (86 cases) and LMR>2.96
(120 cases) was 51.16% (44/86) and 20.00% (24/120), respectively, and the difference was statistically significant (y*=22.00,
P<0.001). Conclusion About 1/3 of AIS patients with effective reperfusion will develop PSD. Young age, large ischemic area
at the beginning of onset, and low LMR and WBC count at admission are independent risk factors for PSD.
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Tab 1 Clinical characteristics of AIS patients with effective reperfusion 90 d after mechanical thrombectomy

Variable PSD N=68 Non-PSD N=138 Statistic P value

Agelyear, x s 60.35+14.35 64.011+10.98 t=2.028 0.044
Male, n (%) 46 (67.65) 98 (71.01) £ =0.246 0.620
Hypertension, 7 (%) 36 (52.94) 78 (56.52) 7 =0.236 0.627
Diabetes mellitus, 7 (%) 14 (20.59) 28 (20.29) 2 =0.002 0.960
Hyperlipemia, n (%) 14 (20.59) 24 (17.39) £ =0.259 0.611
Atrial fibrillation, n (%) 28 (41.18) 40 (28.99) 21 =3.062 0.080
History of stroke, 7 (%) 18 (26.47) 32 (23.19) 27 =0267 0.605
History of smoking, 7 (%) 14 (20.59) 64 (46.38) 1 =12.877 <0.001
History of drinking, n (%) 12 (17.65) 43 (31.16) £ =4.033 0.045
Pre-stroke mRS score<3, n (%) 68 (100.00) 134 (97.10) 27 =2.010 0.156
Left side of cerebral infraction, 7 (%) 23 (33.82) 55 (39.86) 7 =3.466 0.177
NIHSS score at admission, M (Q,, Oy) 13 (9, 18) 13 (9, 18) Z=—0.375 0.707
Systolic pressure at admission/mmHg, x & 142426 145+21 t=—0.709 0.479
WBC at admission/(L ™', X 10%), x£s 8.26t2.51 9.00+2.80 t=1.762 0.048
NLR at admission, M (Q,, Q) 4.14(2.97,6.69)  3.40 (2.18, 5.85) Z=—1.329 0.184
LMR at admission, M (Q,, O,) 2.95(2.28,4.21)  3.39(2.65,4.95) Z=4.931 <0.001
Glucose at admission/(mmol*L™ "), x+s 7.45+2.15 7.384+2.49 t=—0.189 0.850
Troponin at admission/(ug=L "), M (Q,, Q) 0.00 (0.00, 0.02)  0.00 (0.00, 0.02) Z=—0.500 0.617
Creatinine at admission/(umol<L "), X+ 72.55+17.42 75.03£17.09 t=0.929 0.354
Use of rt-PA, n (%) 12 (17.65) 43 (31.15) 7 =4.033 0.045
ASPECTS before thrombectomy, M (Q,, O,) 7.5(7.0,9.0) 9.0 (8.0, 10.0) Z=—3.531 <<0.001
Onset-to-recanalization time/min, M (Q,, Q) 445 (307, 667) 430 (265, 726) Z=0.888 0.375
General anesthesia, 7 (%) 34 (50.00) 78 (56.52) 7=0.781 0.377
mTICI=2b after thrombectomy, 7 (%) 58 (85.29) 126 (91.30) 7=1.725 0.189
Hemorrhagic transformation after thrombectomy, 7 (%) 22 (32.35) 24 (17.39) 7=12.470 0.002
Vegr<son/mL, M (Q,, Op) 10.50 (0.00, 16.00)  6.00 (0.00, 20.00) Z=—1.029 0.303
Infraction location, n (%)

Basal ganglia 24 (35.29) 66 (47.83) 1 =3.233 0.199

Frontal lobe 26 (38.24) 54 (39.13) =0.015 0.901

Temporal lobe 10 (14.71) 38 (27.54) 1 =4.196 0.041

Parietal lobe 14 (20.59) 28 (20.29) 1 =2.688 0.101

Posterior circulation 8 (11.76) 18 (13.04) 2 =0.068 0.795
NIHSS score 24 h after thrombectomy, M (Q,, Oy) 5(2,13) 3(1,5) Z=—3.448 0.001
NIHSS score (5%2) d after thrombectomy, M (Q,, Q) 2(0,5) 1(0,3) Z=—2313 0.021
mRS score 90 d after thrombectomy, M (Q,, O,) 2 (0, 3) 2 (0, 3) Z=—2.286 0.122

1 mmHg=0.133 kPa. AIS: Acute ischemic stroke; PSD: Post-stroke depression; mRS: Modified Rankin scale; NIHSS: National
Institutes of Health stroke scale; WBC: White blood cell; NLR: Neutrophil-to-lymphocyte ratio; LMR: Lymphocyte-to-monocyte

ratio; rt-PA: Recombinant tissue-type plasminogen activator; ASPECTS: Alberta Stroke Program early computed tomography score;
mTICI: Modified thrombolysis in cerebral infarction; Vigp—s,: Volume of cerebral blood flow<<30%; M (Q,, Op): Median (lower

quartile, upper quartile).
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Fig1 ROC curve of multivariate combination and LMR alone in predicting PSD in AIS patients with effective reperfusion
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characteristic; ASPECTS: Alberta Stroke Program early computed tomography score; WBC: White blood cell.



WFELER AR 2023 4FE 8 H, 4 44 %

° 901 -

3 3t i

PSD S il A v (1 DL A, 7™ HE 5 £ Y
EE RS . PSD M R B A — " S
FENBE . P IESEARAHOC . AW T BRI
RETIUS Ab, HABP ZXF AIS #% & 1 PSD HY520i,
FEBISETE R A B IEARFAEXT PSD Ay A ],
IR CRE R Y ATS SREVE NI TS, A
WFSE AT R FEHE 1 19 ATS HR 3 WL R 90 d
PSD 1R 4% 0 33.01% (68/206) , SEEFERZE
— 5, N ULARAS A RCHEE T LR FR 3 PSD
KA RIFAE, &% PSD A9 R RN &AL 2 T
REMY TR, ATRZATHERNIERE . ARBFFRAAR
AIS BE AR RIS P JE, AR il 28 D) R Bt
FEEE, BV A FRE AR 4 H 90 d mRS <
34%, [A458RA PSD &, HAHLHIMESHE—PHRR.

AR AR BN, 4ElY . ARHT ASPECTS FIA
Bt B B4 S REFE B8 40 AE 150 % LMR S8 R0 v
[ AIS BB WL AR 5 90 d % & PSD 1l 37 5%
MR 2 . 4E0% 5 PSD 2 HAHIC, BB AIS &
HHE RS K PSD, X S REERT A R —5,
AEARR R AT A A ST 1 AR, AR R R AN
FESS TR, Pl AS op i) RE 2] 1 e JR A 19 T AR D
P s S RSN T . ASPECTS S M1 2 i 4
FHAE T PTAb AR AR B R 0 45 JRy ) — AT HE T
H 5B HUR BRI . ASPECTS MUk E
ARh LR R Y ARIESY 4 B R HoR A SO
FEVERY ALS (8% PSD WA e R 2, BAR X DIRE
TG H#EAT T BRI, (AR E AR S PSD Y
KFREY], X SRR T A P AR AR A
PSD Tl XT38 —2%, I B Rh 20 vl fE7E
R AERTENE A, INRRER XU . RpEdiiE
=R,

AR EE R R, ABEhT LMR 543 8 FE
AIS i AR J5 90 d PSD 1 & A KU 52 A A 56 K
BRFFEIFSE A0 15 PSD BRI E 2 L ik 4
FERPE R G R VR S AR E R, AR
A HAT LA iR W T R A - 4 T4, TL-5
IL-10 1 TGF-B %%, B fARAER . A= fs Hh 30k
EL A D B R AR A 2, Tek = AR IR B BT
KT LIA RS HUAR AL, B 5 HBLPSD >,
WKL AR DT BE S R A R e—— F

G — AR - B L RO, R RS R, NI R
WRELARRRIE T L Sk 1 R A A 4 i R
MG 1~3 d, RIFEB RS A IL-1
IL-6 1 TNF-B, TA A S 41l vl 585 PSD B9 & A=
A2 BT AR v B A i R 2
SRR R B WA BN A%
2T BEIE 1 4390 TL-6 T IL-12 J s A ARRE IR 2 .
ZPE M A T B 0L S O 1 o B 4T e R A K i
5/ B AP, I T #h 28 RAE AN AREES T
S KR . 28 4 i 8 A 0 ) B SIS e 2 a8 T Y
B, BRUAE ph H RBE fi T 9 M A S R P AR AE
AR e R 20 i K L 400 M 4 4 T e AL
KRB T RE X AL . LMR 1 Ry 21 8 4 S A i
Yy, VRBL T PSD B B ZE AT, 2 T PSD fi]
B AR EY, IR S A —E e
YEHI. RIS ARAF 58 WA 3, & A4 PSD MY A 2L
T AIS B3 M40 T JC PSD #, AIRE S M
21 b £ 0 R AT LA A R
AR 2 R K2, HAG LMR R4 b
SRR ) G988 S AE NG 0 o 3 FF-UCHIE BH 4028 R A
A B FRAS A A5 TR I ML EUR: ATS R &2k
PSD (R Z —, RIFEASH & AR B & AR T e T
REZSAL, BV A 45 P 5 SREATI SR X A 7= A e 5
o, ABFSEAERER T LMR U PSD 5948 Al
FUH, %P LMR 1 AUC {HERICT Z N Z RS i
I PSD 1) AUC {H, 1BAE Ry —> R BT FR A 48 A,
HAAE — 2 B SEBR R A . I — 2542 I LMR £
FE I FAE 2.96 4321534, LMR<<2.96 A4 45 %% Fi- 3
[ AIS f855 PSD &A= %8 LMR>2.96 # {7, (H&
LMR BEA1EN PSD £ G 5 AE B I 37 A1 R A 7
VAT Z 1R

A, A BFSE H PSD 4147 rt-PA ik
FEIGIT A EL B35 JC PSD 4L, 31X 5 2 Tl PRI 56
P40 A3 A6 5 2 B, HDER KA R AT RE R IR A
T HE T AIS FB 4 90 d 9 PSD & A= R, B it
FEIN Ry L LU 28 5 il i ST 0 ) R P K S 0 A
Jr BT 27 4 25 1 00 R A, 3 5 AR AE K i 2 28 AL
il DI P L AR A A, 2 SR LT U R
TP T T IARAE B35 1 22 T e 2R 8 11 A B 1
(T ER B v 1 22 2 e o R 366 I 4 s 8 1 T
N-H3E -D- RAFH MR Z R S A8 R HETHH R
fif ), LA R Y T 22 1 DR AR 1 ol A U



° 902 -

MR R 2023 4R 8 H, 44 3%

PEMN 28 FR R T B 5E Ak Mo U5 I i 228 35 R TR
RAFS T P 28 TR T R A 5 A, A
2B RN A M TR oo ig, e 2 & 4
WA, BEICEE 1 11 Rt / 20 2R 21 g DT
W/ B P 208 3R R T 3 1 S IR AR S E PSD
WO OO AE R, IVARAE B I3 2 217 £ g
JEUSCTE W) KT BRAR, 2R LA AR 25 )35 7 T 3 B,
PEOR I (1T 42 % / 20 20 R0 2 5 il SR8 4 /
i R o 2 SR R SR E R A e
— TSR TRIR Y7 IVAISRE K B IFIE & BR, SRR
PIARIA YT 5830 A B 2 20 2 v (o i 1 o 2578
FRP TR /A R o 2278 R R (B R
LALLM ) KT v, TRV S P T 5
2 2RV 2 35 it D AT 0 O o 0 T 0 A U TR )
PIABAE FH (e i Vs 2278 3% R T AR / i
Ve 28 SR T O B 0 DRI, AT K
T B A ROCFHETE ATS B 11 PSD &A= SR AL TT RE
5 rt-PA A 3 B IR TR 228 RN PR AT O, AR
WFFE i AN REAS H rt-PA [ J& PSD 117 7 5% 1 A
&, (AR FR KRR AT BE S5 PSD (W kA, (H
R — AR .
AWFTAFAE—E AL . — IS AR
OHUBIBRE AIS 2%, HEBR T mRS P3>3 43Hik
BB, NERMTA AIS BEREN; Rk
PMAFE SRR, Ut SR KO RS SK4E; —
SR A PEE RV IARIRG 5 DU TR IR AL
BRI ANFEICAD A S RE TR A5, RAEXT PSD 5200 (1)
TRMAIRA . (BB ST T A2
DR B AN IR e+ S TR HUS K 4F
B4 PSD HYsEm R 2, 2 ARE PSD &R RATh R4
B, RIRPIRAETE bR PSD B S [ 2, $R
SORE ] RBAEA TR R G 29 o2 PSD j= AL B A
K, ORI AR5+ H0E —E i Fs FEH
SRR R e B It Y R R A BE B
LMR 5 140 B 52 245 A AP 1 1Y ALS HR
HAJF 90 d &A= PSD BT fa s R 2R o I IR L
TR EE, RIS 4IRS P AT
T, MR R E R . SRR Y 7 AL

(& % k]

(1) b S B I i 20200 40 5 24 b 1 A 4
B YR A 2020 ) BEEELT ] o A 0 2R
2022,19(2):136-144. DOI: 10.3969 /j.issn.1672-

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

5921.2022.02.011.

LEE E J, KWON O D, KIM S J. Prevalence, awareness,
and treatment of depression among community-dwelling
stroke survivors in Korea[J]. Sci Rep, 2022, 12: 4050.
DOI: 10.1038/s41598-022-08126-y.

CAI W, MUELLER C, LI Y J, et al. Post stroke
depression and risk of stroke recurrence and mortality: a
systematic review and meta-analysis[J]. Ageing Res Rev,
2019, 50: 102-109. DOTI: 10.1016/j.arr.2019.01.013.
WANG Z, SHI Y, LIU F, et al. Diversiform etiologies
for post-stroke depression[J]. Front Psychiatry, 2019, 9:
761. DOI: 10.3389/fpsyt.2018.00761.

GUO J, WANG J, SUN W, et al. The advances of post-
stroke depression: 2021 update[J]. J Neurol, 2022, 269(3):
1236-1249. DOI: 10.1007/s00415-021-10597-4.
HALARIS A. Inflammation and depression but where
does the inflammation come from?[J]. Curr Opin
Psychiatry, 2019, 32(5): 422-428. DOI: 10.1097/yco.
0000000000000531.

REN H, HAN L, LIU H, et al. Decreased lymphocyte-
to-monocyte ratio predicts poor prognosis of acute
ischemic stroke treated with thrombolysis[J]. Med Sci
Monit, 2017, 23: 5826-5833. DOI: 10.12659/msm.
907919.

AR ER 2 e 2 7 o 2, PR BR 2 s P 20 27 )
23 i 000 2 20 b R P M A AR a2 i 4R
7 2018 [J] . M 2R 243, 2018, 5109 ): 666-682.
DOI: 10.3760/cma.j.issn.1006-7876.2018.09.004.
HAR R 2 M 2 43 AR R M IR o 23
R ILAET I 2, TR AR R A e PR 2 2 A e M 22 LA A
ABMEL. Hh 2ok sl A A A N A A2d7
5/ 202200 ] . AR 2GR, 2022, 55( 6 ): 565-580.
DOI: 10.3760/cma.j.cn113694-20220225-00137.
KWAH L K, DIONG J. National Institutes of Health
stroke scale (NIHSS)[J]. J Physiother, 2014, 60(1): 61.
DOI: 10.1016/j.jphys.2013.12.012.

ADAMS H P Jr, BENDIXEN B H, KAPPELLE L J, et al.
Classification of subtype of acute ischemic stroke.
Definitions for use in a multicenter clinical trial. TOAST.
Trial of Org 10172 in Acute Stroke Treatment[J].
Stroke, 1993, 24(1): 35-41. DOIL: 10.1161/01.str.24.1.35.
PEXMAN J, BARBER P, HILL M, et al. Use of the
Alberta Stroke Program early CT score (ASPECTS)
for assessing CT scans in patients with acute stroke[J].
AJNR Am J Neuroradiol, 2001, 22(8): 1534-1542.
BRUGGEMAN A, KAPPELHOF M, DEN HARTOG
S D, et al. Successful reperfusion in relation to the
number of passes: comparing outcomes of first pass
expanded Treatment in Cerebral Ischemia (eTICI) 2B
with multiple-pass eTICI 3[J]. J Neurolnterventional
Surg, 2022, 15: 120-126. DOI: 10.1136/neurintsurg-



PRI AR

2023 4F 8 H, 44 %

° 903 -

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

2021-018465.

MITCHELL A J, SHETH B, GILL J, et al. Prevalence
and predictors of post-stroke mood disorders: a meta-
analysis and meta-regression of depression, anxiety and
adjustment disorder[J]. Gen Hosp Psychiatry, 2017, 47:
48-60. DOI: 10.1016/j.genhosppsych.2017.04.001.
SALLINEN H, SAIRANEN T, STRBIAN D. Quality
of life and depression 3 months after intracerebral
hemorrhage[J]. Brain Behav, 2019, 9(5): e01270. DOI:
10.1002/brb3.1270.

MAAIJWEE N A M M, TENDOLKAR I, RUTTEN-
JACOBS L C A, et al. Long-term depressive symptoms
and anxiety after transient ischaemic attack or ischaemic
stroke in young adults[J]. Eur J Neurol, 2016, 23(8):
1262-1268. DOI: 10.1111/ene.13009.

KAPOOR A, SI K, YU A, et al. Younger age and
depressive symptoms predict high risk of generalized
anxiety after stroke and transient ischemic attack[J].
Stroke, 2019, 50(9): 2359-2363. DOI: 10.1161/
STROKEAHA.119.025464.

CHENG X, SHI J, WU H, et al. Automated ASPECTS
for multi-modality CT predict infarct extent and outcome
in large-vessel occlusion stroke[J]. Eur J Radiol, 2021,
143: 109899. DOTI: 10.1016/j.ejrad.2021.109899.
BARBER P A, DEMCHUK A M, ZHANG J, et al.
Validity and reliability of a quantitative computed
tomography score in predicting outcome of hyperacute
stroke before thrombolytic therapy[J]. Lancet,
2000, 355(9216): 1670-1674. DOI: 10.1016/s0140-
6736(00)02237-6.

LEONARD B E. Inflammation and depression: a causal
or coincidental link to the pathophysiology?[J]. Acta
Neuropsychiatr, 2018, 30(1): 1-16. DOI: 10.1017/neu.
2016.69.

WANG X, WANG Q, WANG K, et al. Is immune
suppression involved in the ischemic stroke? A study
based on computational biology[J]. Front Aging
Neurosci, 2022, 14: 830494. DOI: 10.3389/fnagi.2022.
830494.

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

VILLA R F, FERRARI F, MORETTI A. Post-stroke
depression: mechanisms and pharmacological treatment[J .
Pharmacol Ther, 2018, 184: 131-144. DOI: 10.1016/
j-pharmthera.2017.11.005.

ZHOU L, MA X, WANG W. Inflammation and coronary
heart disease risk in patients with depression in China
mainland: a cross-sectional study[J]. Neuropsychiatr
Dis Treat, 2020, 16: 81-86. DOI: 10.2147/ndt.s216389.
LEVADA O A, TROYAN A S. Poststroke depression
biomarkers: a narrative review[J]. Front Neurol, 2018,
9: 577. DOI: 10.3389/fneur.2018.00577.

WOELFER M, KASTIES V, KAHLFUSS S, et al.
The role of depressive subtypes within the neuroinflammation
hypothesis of major depressive disorder[J]. Neuroscience,
2019, 403: 93-110. DOI: 10.1016/j.neuroscience.2018.
03.034.

ZHANG P, SHEN H J, CHEN L, et al. Patient-reported
anxiety/depression after endovascular thrombectomy:
a post-hoc analysis of direct-MT trial[J]. Front Neurol,
2022, 13: 811629. DOT: 10.3389/fneur.2022.811629.
KONIGSBERG A, SEHNER S, ARLT S, et al. Effect of
intravenous alteplase on post-stroke depression in the
WAKE UP trial[J]. Eur J Neurol, 2021, 28(6): 2017-
2025. DOI: 10.1111/ene.14797.
HOIRISCH-CLAPAUCH S. Mechanisms affecting brain
remodeling in depression: do all roads lead to impaired
fibrinolysis?[J]. Mol Psychiatry, 2022, 27(1): 525-533.
DOI: 10.1038/s41380-021-01264-1.

JIANG H, CHEN 8§, LI C, et al. The serum protein levels
of the tPA-BDNF pathway are implicated in depression
and antidepressant treatment[J]. Transl Psychiatry,
2017, 7(4): ¢1079. DOI: 10.1038/tp.2017.43.

ZHANG F, LUO J, ZHU X. Ketamine ameliorates
depressive-like behaviors by tPA-mediated conversion
of proBDNF to mBDNF in the hippocampus of stressed
rats[J]. Psychiatry Res, 2018, 269: 646-651. DOI:
10.1016/j.psychres.2018.08.075.

[AxXHIE] B



