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Nomogram to Predict Mortality of Endovascular Thrombectomy for

Ischemic Stroke Despite Successful Recanalization

Xiaohao Zhang, MD;* Kang Yuan, MD;* Huaiming Wang, PhD;* Pengyu Gong, MD; Teng Jiang, PhD; Yi Xie, PhD; Lei Sheng, MD;
Dezhi Liu, PhD; Xinfeng Liu, PhD; Gelin Xu, PhD

Background—The trajectory of ischemic stroke patients attributable to large vessel occlusion is fundamentally altered by
endovascular thrombectomy. This study aimed to develop a nomogram for predicting 3-month mortality risk in patients with
ischemic stroke attributed to artery occlusion in anterior circulation who received successful endovascular thrombectomy
treatment.

Methods and Results—Patients with successful endovascular thrombectomy (modified Thrombolysis in Cerebral Infarction Ilb or
1) were enrolled from a multicenter registry as the training cohort. Step-wise logistic regression with Akaike information criterion
was utilized to establish the best-fit nomogram. The discriminative value of the nomogram was tested by concordance index. An
additional 224 patients from 2 comprehensive stroke centers were prospectively recruited as the test cohort for validating the new
nomogram. Altogether, 417 patients were enrolled in the training cohort. Age (odds ratio [OR], 1.07; 95% Cl, 1.083—1.10), poor
pretreatment collateral status (OR, 2.13; 95% CI, 1.18—3.85), baseline blood glucose level (OR, 1.12; 95% CI, 1.04—1.21),
symptomatic intracranial hemorrhage (OR, 9.51; 95% Cl, 4.54—19.92), and baseline National Institutes of Health Stroke Scale
score (OR, 1.08; 95% CI, 1.03—1.12) were associated with mortality and were incorporated in the nomogram. The c-index of the
nomogram was 0.835 (95% ClI, 0.785-0.885) in the training cohort and 0.758 (95% Cl, 0.667—-0.849) in the test cohort.

Conclusions—The nomogram, composed of age, pretreatment collateral status, baseline blood glucose level, symptomatic
intracranial hemorrhage, and baseline National Institutes of Health Stroke Scale score, may predict risk of mortality in patients with
ischemic stroke and treated successfully with endovascular thrombectomy. (/ Am Heart Assoc. 2020;9:e014899. DOI: 10.
1161/JAHA.119.014899.)
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anterior circulation.'® Recanalization status (successful or
unsuccessful) is the dominating factor determining func-
tional outcomes.®’ Patients with successful recanalization
have much better prognoses than those with unsuccessful
recanalization. However, only half of patients with success-
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MERCI (Mechanical Embolus Removal in Cerebral Ischemia)
and Multi MERCI trials indicated that 90-day mortality in
patients with successful recanalization is as high as 28%.""
Therefore, besides increasing the recanalization rates by
skill training and improvement of equipment, determining
other influencing factors for functional outcomes is of vital
importance for continuously improving the prognosis of
stroke patients with EVT.

In recent years, several prognostic models based on
clinical and radiological pretreatment variables have been
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Clinical Perspective

What Is New?

e Our study developed and validated a nomogram for
predicting 90-day mortality risk in ischemic stroke patients
attributed to artery occlusion in anterior circulation and
received successful endovascular thrombectomy treatment.

What Are the Clinical Implications?

* The nomogram, composed of age, pretreatment collateral
status, baseline blood glucose level, symptomatic intracra-
nial hemorrhage, and baseline National Institutes of Health
Stroke Scale score may be useful for mortality risk
stratification in ischemic stroke patients treated with
endovascular thrombectomy despite successful recanaliza-
tion.

applied in predicting outcomes after EVT for acute anterior
circulation stroke,’®'>'® such as the HIAT2 (Houston Intra-
Arterial Therapy 2) score and THRIVE (Totaled Health Risks in
Vascular Events) score. However, performance of these
scores for individualized prediction of outcome is limited by
categorization of continuous variables, such as age, blood
glucose level, and National Institutes of Health Stroke Scale
(NIHSS) score. The nomogram is a graphical statistical
instrument that incorporates variables to develop a continu-
ous scoring system and calculates the precise risk probability
of a particular outcome for an individual patient. This
instrument is an important component of modern medical
decision making, which has been used in an extensive array of
applications including cancer, surgery, and other special-
ties." ' To date, a nomogram model with adequate power to
detect probability of mortality in ischemic stroke patients
treated with EVT despite successful recanalization has yet to
be designed.

This study aimed to determine risk factors associated with
mortality in patients with successful EVT (modified Thrombol-
ysis in Cerebral Infarction, llb or Ill) and establish a novel
nomogram for predicting mortality with external validation.

Methods

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Study Design and Participants

Eligible patients with successful EVT in the training cohort were
selected from the multicenter ACTUAL (Endovascular Treat-
ment for Acute Anterior Circulation) ischemic stroke registry

between January 2014 and June 2016. ACTUAL is a retrospec-
tive registry of EVT for acute anterior circulation ischemic
stroke in 21 centers across 10 provinces in China.'® Between
June 2016 and March 2019, an additional 224 anterior
circulation stroke patients who underwent EVT despite
successful recanalization, admitted to Jinling Hospital and
Nanjing First Hospital, were prospectively recruited for the test
cohort. Successful EVT was defined as a modified Thrombolysis
in Cerebral Infarction score of llb or I11.% Patients were recruited
to this study if they: (1) were treated with successful EVT
modified Thrombolysis in Cerebral Infarction (llb or Ill); (2) were
aged >18 years; (3) had a prestroke modified Rankin Scale
score <2; (4) were treated with EVT within 6 hours of stroke
onset; (5) had a baseline NIHSS score >6; (6) had an Alberta
Stroke Program Early Computed Tomography Score >6; and (7)
had occlusion at the internal carotid artery or middle cerebral
artery confirmed by computed tomographic angiography,
magnetic resonance angiography, or digital subtracted angiog-
raphy. Patients with malignant tumor, autoimmune disease,
severe renal insufficiency, hepatic disease, or heart failure
were excluded. The ACTUAL registry was approved by the
Central Ethics Committee at Jinling Hospital and the ethics
committee of each participating center. The test cohort was
approved by the Ethics Committee of Jinling Hospital and
Nanjing First Hospital. Informed consents was obtained from
participants or legal representatives.

Data Collection

A standardized case-report form was used to collect demo-
graphics, clinical data, and procedural characteristics. Stroke
subtype was classified according to the criteria of the Trial of
ORG 10172 in Acute Stroke Treatment.'® Symptomatic
intracranial hemorrhage (sICH) was defined as that detected
within 72 hours after EVT, according to the criteria of the
Heidelberg Bleeding Classification.”® Collateral status was
assessed based on digital subtracted angiography using the
American Society of Interventional and Therapeutic Neurora-
diology/Society of Interventional Radiology grading system,
with grade 0 to 1 representing poor collateral status and
grade 2 to 4 representing moderate to excellent.?’

Follow-up of modified Rankin Scale at 3 months was
conducted at each center, either by telephone or outpatient
visit. Mortality at 3 months was recorded.

Statistical Analysis

Statistical analysis was performed using SPSS (version 22.0;
IBM, New York, NY) and R statistical software (version 3.4.2; R
Foundation for Statistical Computing, Vienna, Austria). Cate-
gorical variables were expressed as n (%) and continuous
variables as means (SD) or medians (interquartile range).
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Differences in baseline characteristics between groups were
analyzed using independent sample ¢ tests, Mann—Whitney U
tests for continuous variables, and the chi-squared test or
Fisher’s exact test for categorical variables, as appropriate.

To construct the nomogram, multivariate regression anal-
ysis with Akaike information criterion was applied to select
the significant predictors of mortality using a backward-
selection method that included variables with a P<0.1 in the
univariate analysis. The nomogram was trained using the
ACTUAL data and externally validated using the test cohort.
The model was also internally validated using all data of the
training and test cohorts by 10-fold cross-validation. Discrim-
inative performance was measured by concordance index (c-
index). Calibration was tested using a calibration plot with
bootstraps of 1000 resamples, which described the degree of
fit between actual and nomogram-predicted mortality.

Decision curve analysis was used to evaluate the validity of
the nomogram. Detailed descriptions of the decision curve
analysis were previously reported.?? Results were considered
statistically significant at P<0.05.

Results

The flow chart outlining the patient inclusion process is shown
in Figure 1. The training and test cohorts included 417 (mean
age, 65.7+£11.9 years; 62.1% male) and 224 (mean age,
69.2+11.6 years; 60.7% male) eligible patients, respectively.
Baseline characteristics between the training and test cohorts
are shown in Table 1. No significant differences regarding
mortality were detected between cohorts (20.4% versus 15.6%;
P=0.141). Patients in the training cohort were younger
(65.7£11.9 versus 69.2+£11.6 years; P=0.003), had a lower
proportion of diabetes mellitus (18.5% versus 28.1%; P=0.005)
and atrial fibrillation (41.5% versus 54.5%; P=0.002), and had
higher levels of systolic blood pressure (145.6+25.7 versus
140.8+£23.2 mm Hg; P=0.001), hs-CRP (hypersensitive
C-reactive protein; median, 8.1 versus 6.6 mg/L; P=0.026),
and baseline Alberta Stroke Program Early Computed Tomog-
raphy Score (9 versus 8; P=0.002) than those in the test cohort.

The results of uni- and multivariate analyses for risk factors
associated with 3-month mortality in the training cohort are

698 patients underwent EVT in
ACTUAL selected for training cohort

426 patients underwent EVT
selected for external validation

1. OTT > 6h (n=93)

2. ASPECTS <6 or ASPECTS not
available (n = 44)

3. Baselin NIHSS score < 6 (n=13)
4. Prestroke mRS > 2 (n=7)

A

A

1.OTT > 6h (n=91)

2. ASPECTS <6 or ASPECTS not
available (n =37)

3. Baselin NIHSS score < 6 (n=13)
4. Prestroke mRS > 2 (n=16)

Y

\4

541 patients meeting the guideline
criteria for EVT

279 patients meeting the guideline
criteria for EVT

Patients without SR (n = 110) <

Y

Patients without SR (n = 46)

431 patients achieved SR

233 patients achieved SR

1. Preexisting renal insufficiency, hepatic
insufficiency and heart failure (n = 13) |¢
2. Cancer (n=1)

Y

1. Preexisting renal insufficiency, hepatic
»| insufficiency and heart failure (n = 5)
2. Cancer (n = 4)

Y

Training cohort (n=417)  Test cohort (n=224)

Figure 1. Flow chart outlining the patient inclusion process. ACTUAL indicates Endovascular Treatment for Acute Anterior Circulation;
ASPECTS, the Alberta Stroke Program Early Computed Tomography Score; EVT, endovascular thrombectomy; mRS, modified Rankin Scale;
NIHSS, National Institute of Health Stroke Scale; OTT, onset to treatment time; SR, sinus rhythm.
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Table 1. Demographics and Clinical Characteristics of the

Training and Test Cohorts

Training Cohort | Test Cohort
Variable (n=417) (n=224) P Value
Demographic characteristics
Age, y 65.7+11.9 69.2+11.6 0.003
Male, n (%) 259 (62.1) 136 (60.7) 0.729
Vascular risk factors, n (%)
Hypertension 276 (66.2) 165 (73.7) 0.058
Diabetes mellitus 77 (18.5) 63 (28.1) 0.005
Hyperlipidemia 34 (8.2 19 (8.5) 0.885
Atrial fibrillation 173 (41.5) 122 (54.5) 0.002
Smoking 111 (26.2) 61 (27.2) 0.867
Coronary heart disease 108 (25.9) 48 (21.4) 0.209
Clinical data
Systolic blood pressure, 145.6+25.7 140.8+23.3 | 0.001
mm Hg
Diastolic blood pressure, 84.3+14.8 82.3+15.9 0.118
mm Hg
Time from onset to 240.0 (185.0, | 227.0 0.149
puncture, min 299.0) (170.0,
283.0)
Time from puncture to 69.0 (49.0, 73.0 (57.0, 0.084
recanalization, min 103.0) 105.0)
Baseline NIHSS, score 16.0 (13.0, 16 (12.0, 0.490
21.0) 20.0)
Baseline ASPECTS, score | 9.0 (8.0, 8.0 (7.0, 9.0) | 0.002
10.0)
Cause of stroke, n (%)
Atherosclerotic 183 (43.9) 79 (35.3) 0.109
Cardioembolic 214 (51.3) 131 (58.5)
Others 20 (4.8) 14 (6.3)
Poor collateral status 198 (47.5) 98 (43.8) 0.366
Procedural modes, n (%)
Stent retriever only 194 (46.5) 122 (50.0) 0.645
Stent retriever with 191 (45.8) 94 (42.0)
rescue therapy*
Other modes without 32 (7.7) 18 (8.0)
stent retriever
Passes of stent retriever | 2.0 (1.0, 3.0) | 2.0 (1.0, 3.0) | 0.295
Vascular occlusion site, n (%)
ICA 164 (39.3) 82 (36.6) 0.499
MCA 253 (60.7) 142 (63.4)
Previous IVT, n (%) 153 (36.7) 87 (38.8) 0.592
SICH, n (%) 53 (12.7) 21 (9.4) 0.208
Mortality at 3 mo, 85 (20.4) 35 (15.6) 0.141
n (%)
Continued

Table 1. Continued

Training Cohort | Test Cohort
Variable (n=417) (n=224) P Value
Laboratory data
Total cholesterol, mmol/L | 4.2+1.1 43+1.6 0.367
Triglyceride, mmol/L 1.1(0.7,1.5) | 1.0(0.7,1.5) | 0.414
Low-density lipoprotein, 24 (1.8,3.00 | 2.4 (18,29 | 0.963
mmol/L
High-density lipoprotein, 1.24+0.3 1.1+0.3 0.157
mmol/L
Baseline blood glucose 7.5+3.3 7.2+3.0 0.115
level, mmol/L
hs-CRP, mg/L 8.1 (2.5, 6.6 (2.5, 0.026
22.6) 11.4)

ASPECTS indicates the Alberta Stroke Program Early Computed Tomography Score; hs-
CRP, hypersensitive C-reactive protein; ICA, internal carotid artery; IVT, intravenous
thrombolysis; MCA, middle cerebral artery; NIHSS, National Institute of Health Stroke
Scale; sICH, symptomatic intracranial hemorrhage.

*Rescue therapy includes balloon angioplasty, permanent implantation of stent, intra-
arterial thrombolysis, or intra-arterial tirofiban infusion.

TOther modes include balloon angioplasty with or without stent implantation.

shown in Tables 2 and 3. According to univariate analysis in
the training cohort, age, atrial fibrillation, systolic blood
pressure, baseline NIHSS score, poor collateral status, passes
of stent retriever, and blood glucose level were potential
predictors for mortality (P<0.1; Table 2). Age (odds ratio [OR],
1.07; 95% Cl, 1.03—1.10; P=0.001), poor pretreatment
collateral status (OR, 2.13; 95% CI, 1.18—3.85; P=0.012),
baseline blood glucose level (OR, 1.12; 95% Cl, 1.04—1.21;
P=0.003), sICH (OR, 9.51; 95% ClI, 4.54—19.92; P=0.001),
and baseline NIHSS score (OR, 1.08; 95% Cl, 1.03—1.12;
P=0.001) were detected by Akaike information criterion as
predictors of mortality (Table 3). Higher total points based on
the sum of the assigned number of points for each predictor
in the nomogram were associated with an increased risk of
mortality (Figure 2). For example, a patient aged 60 years
with a blood glucose level of 13.0 mmol/L, a baseline NIHSS
score of 20, poor collateral status, and sICH would have a
total of 176.5 points (60 points for age, 30 points for blood
glucose level, 23 points for baseline NIHSS score, 16 points
for poor collateral status, and 47.5 points for sICH). The
predicted 3-month mortality is 71.0% for this patient.

Discrimination of the nomogram was measured by calcu-
lating the c-index, which was 0.835 (95% Cl, 0.785-0.885),
indicating good predictive power. Figure 3 shows a calibration
plot. This compares the prediction of mortality between the
nomogram prediction and actual observation. The calibration
plot revealed good predictive accuracy of the nomogram
(Figure 3A).

After 10-fold cross-validation was performed on all data of
the training and test cohorts, the c-index was 0.803 (95% ClI,
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Table 2. Comparison of Baseline Characteristics of Patients

Zhang et al

With and Without Mortality in the Training Cohort

Survival
Variable Death (n=85) (n=332) P Value
Demographic characteristics
Age, y 70.9+10.1 63.5+11.8 0.001
Male, n (%) 47 (55.3) 212 (63.9) 0.147
Vascular risk factors, n (%)
Hypertension 65 (70.6) 216 (65.1) 0.336
Diabetes mellitus 16 (8.8) 61 (18.4) 0.924
Hyperlipidemia 5 (5.9 29 (8.7) 0.391
Atrial fibrillation 46 (54.1) 127 (38.3) 0.008
Smoking 17 (20.0) 94 (28.3) 0.122
Coronary heart disease 24 (28.2) 84 (25.3) 0.582
Clinical data
Systolic blood pressure, 153.3+25.4 144.9+25.6 0.007
mm Hg
Diastolic blood pressure, | 86.5+14.8 83.7+14.8 0.123
mm Hg
Time from onset to 250.0 (202.0, | 239.0 (184.0, | 0.195
puncture, min 307.0) 295.0)
Time from puncture 65.0 (49.0, 68.0 (49.0, 0.353
to recanalization, min 116.0) 100.0)
Baseline NIHSS, score 19.0 (15.0, 16 (12.0, 0.001
24.0) 19.0)
Baseline ASPECTS, score | 9.0 (8.0, 9.0 (8.0, 0.121
10.0) 10.0)
Cause of stroke, n (%)
Atherosclerotic 33 (38.8) 150 (45.2) 0.210
Cardioembolic 50 (58.8) 164 (49.2)
Others 2 (2.4) 18 (5.4)
Poor collateral status 59 (69.4) 139 (41.8) 0.001
Procedural modes, n (%)
Stent retriever only 44 (51.8) 150 (45.2) 0.218
Stent retriever with 38 (44.7) 153 (46.1)
rescue therapy*
Other modes without 3 (3.5 29 (8.7)
stent retriever”
Passes of stent retriever | 2.0 (1.0, 3.0) | 2.0 (1.0, 3.0) | 0.013
Vascular occlusion site, n (%)
ICA 42 (49.4) 122 (36.7) 0.033
MCA 43 (50.6) 210 (63.3)
Previous IVT, n (%) 27 (31.8) 126 (38.0) 0.291
SICH, n (%) 31 (36.5) 22 (6.6) 0.001
Laboratory data
Total cholesterol, mmol/L | 4.1+1.2 42410 0.429
Continued

Table 2. Continued

Survival
Variable Death (n=85) (n=332) P Value
Triglyceride, mmol/L 1.0 (0.6,1.6) | 1.1(0.7,1.5) | 0.125
Low-density lipoprotein, 22(1.7,29 | 24(1.9,3.00 | 0.164
mmol/L
High-density lipoprotein, 1.2+0.4 1.2+0.3 0.416
mmol/L
Baseline blood glucose 9.2+5.1 7.2+26 0.001
level, mmol/L
hs-CRP, mg/L 11.0 (3.1, 8.0 (2.5, 0.173
28.6) 22.5)

ASPECTS indicates, the Alberta Stroke Program Early Computed Tomography Score; hs-
CRP, hypersensitive C-reactive protein; ICA, internal carotid artery; IVT, intravenous
thrombolysis; MCA, middle cerebral artery; NIHSS, National Institute of Health Stroke
Scale; sICH, symptomatic intracranial hemorrhage.

*Rescue therapy includes balloon angioplasty, permanent implantation of stent, intra-
arterial thrombolysis, or intra-arterial tirofiban infusion.

TOther modes include balloon angioplasty with or without implantation of stent.

0.725-0.881). Furthermore, the model was externally vali-
dated using the test cohort with a c-index of 0.758 (95% ClI,
0.667—-0.849). Given that a c-index >0.75 is generally
considered to indicate reliable discrimination, this nomogram
performed well using both the training and test cohorts.?® The
satisfactory calibration of the nomogram was also confirmed
by the test cohort (Figure 3B).

Decision curve analysis can estimate the net benefit of a
model based on the difference between the number of true-
and false-positive results and is widely used in assessing
whether the nomogram-assisted decision would improve
patient outcome. As shown in Figure 4, the decision curve
analysis indicated that when the threshold probabilities
ranged between 3.9% and 83.5% in the training cohort, and
between 6.4% and 79.1% in the test cohort, the use of the
nomogram to predict 3-month mortality provided greater net
benefit than the “treat all” or “treat none” strategies, which
indicates the clinical usefulness of the nomogram. For
example, if the personal threshold probability of a patient is
40% (the patient would opt for treatment if the probability of
mortality were >40%), then the net benefit is 0.050 in the
training cohort and 0.0375 in the test cohort.

Discussion

In this study, we presented a precise nomogram, based on
age, baseline NIHSS score, blood glucose level, collateral
status, and sICH, to predict the probability of 3-month
mortality for anterior circulation stroke patients with suc-
cessful EVT. The good discrimination and calibration of
the nomogram were demonstrated in the training cohort
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Table 3. Multivariate Logistic Regression Analysis for the Risk Factors Associated With Mortality in the Training Cohort

Variable Unadjusted OR (95% Cl) P Value Adjusted OR (95% Cl) P Value
Age 1.07 (1.06—1.09) 0.001 1.07 (1.03-1.10) 0.001

Atrial fibrillation 1.90 (1.18—3.08) 0.009

Systolic blood pressure 1.01 (1.00-1.02) 0.010

Baseline NIHSS, score 1.10 (1.60—1.14) 0.001 1.08 (1.03—1.12) 0.001

Poor collateral status 3.15 (1.89-5.24) 0.001 2.13 (1.18-3.85) 0.012

Passes of stent retriever 1.23 (1.09—1.55) 0.003

ICA vs MCA 1.68 (1.04—2.72) 0.034

sICH 8.09 (4.36—15.01) 0.001 9.51 (4.54—19.92) 0.001

Baseline blood glucose level 1.17 (1.09-1.25) 0.001 1.12 (1.04—1.21) 0.003

ICA indicates internal carotid artery; MCA, middle cerebral artery; NIHSS, National Institute of Health Stroke Scale; OR, odds ratio; sICH, symptomatic intracranial hemorrhage.

and were further confirmed in external validation. Given that
the sICH was evaluated within 72 hours of EVT treatment, this
nomogram could be applied in the acute stage of stroke for
predicting mortality at 3 months.

Compared with previous studies, 3-month mortality in our
training and test cohorts were relatively lower at 20.4% and
15.6%, respectively. This may be attributed to differences in
inclusion criteria and thrombectomy devices. We rigorously
selected patients according to the 2018 guidelines for the
early management of patients with acute ischemic stroke,?*
including baseline NIHSS score >6, Alberta Stroke Program
Early Computed Tomography Score >6, and onset to treat-
ment time <6 hours. Moreover, most of our patients received

EVT using the Solitaire FR device (Covidien, Irvine, CA), which
has been reported to have fewer endovascular complications
than MERCI device treatment, particularly with respect to
symptomatic cerebral hemorrhage.?*

Current prognostic scores for predicting clinical outcomes
of stroke following EVT have limitations.'®'?'® The PREDICT
score,'® THRIVE score,'? and HIAT2 score'® are points-based
risk scores based on cut-off values of discrete and continuous
variables, such as age, baseline NIHSS score, and blood
glucose level. However, this may reduce predictive accuracy,
given that they do not fully utilize within-category information.
The Pittsburg Response to Endovascular therapy score
included age, baseline NIHSS score, and Alberta Stroke

0 10 20 30 40 50 60 70 80 90 100
Points L L " " 1 L " " 1 " " " 1 " L 1 L L L 1 L " " 1 " " " 1 " " L 1 L " L 1 " " " J
sICH f : Yes

No
Age I 1 1 1 1 1 1 1 1 1 1 1 1 1 1

45 50 55 60 65 70 75 80 85 90

Baseline NIHSS score

30 35 40

Blood glucose

Poor collateral status

0 2 4 6 8 10 12 14 16 18 20 22 24 2

28 3

Total points ——————————————

L BN B I B L LR B |
100 120 140 160 180 200 220 240

Probability of mortality - .
0.001 0.01

1
0.05 01

) 1 1 1
0.2 0.30.40.5060.7 0.8 0.9 0.9

Figure 2. Nomogram for predicting the probability of 3-month mortality. Points were assigned for sICH, age, baseline score, blood glucose
level, and poor collateral status by drawing a line upward from the corresponding values to the “points line.” The “total points” are calculated as
the sum of the individual score of each of the 5 variables included in the nomogram. NIHSS indicates National Institutes of Health Stroke Scale;

sICH, symptomatic intracranial hemorrhage.
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Figure 3. Calibration plot of the nomogram in the training (A) and test cohorts (B). The dotted line
represents the performance of the nomogram, whereas the solid line corrects for any bias in the
nomogram. The dashed line represents the reference line where an ideal nomogram would lie.

Program Early Computed Tomography Score score as contin-
uous variables and had improved predictive accuracy com-
pared with THRIVE and HIAT2 scores in a first validation cohort
of anterior large vessel occlusion stroke.?® By converting the
total score into a continuum of individual scores through a
logarithmic formula, we developed a precise nomogram
(c-index in the training cohort, 0.835; c-index in the test
cohort, 0.758) for predicting probability from 0.1% to 95% of
3-month mortality following successful EVT. Therefore, our
nomogram may serve as a more precise and reliable predictive
tool for mortality in patients with large vessel occlusion stroke
after EVT, which may aid patient management.

Advanced age and high NIHSS score on admission have
previously been reported to be associated with poor
outcomes in EVT patients.2 ' Consistent with previous
reports,® ' age and baseline NIHSS score in our nomogram
were significant predictors of mortality despite recanaliza-
tion. These data seem to indicate that the task of reversing
elderly patients with a severe neurological deficit at

presentation is difficult to accomplish by EVT. Except for
nonmodifiable variables (age and baseline NIHSS score) of
the individual patient, hyperglycemia on admission was the
strongest predictor in the nomogram. Hyperglycemia may
have deleterious effects on neurological function by several
mechanisms, including endothelial damage, intracellular
acidosis, and blood—brain barrier disruption,27 all of which
may lead to severe neurological deficit and higher risk of
mortality. Our study further confirmed the importance of
blood glucose management in anterior large vessel occlusion
stroke after EVT.

Angiographic grade of collateral flow may affect the risk of
hemorrhagic transformation®® and prognosis?® after thera-
peutic recanalization for acute ischemic stroke. After adjust-
ing for potential confounders in multivariate regression
analysis, we also found that sICH and poor collateral status
(American Society of Interventional and Therapeutic Neurora-
diology/Society of Interventional Radiology <2) were inde-
pendent predictors of 3-month mortality in successful
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Figure 4. Decision curve analysis of the nomogram in the training (A) and test cohorts (B). The x-axis
indicates the threshold probability. The y-axis measures the net benefit. The gray line displays the net
benefit of the strategy of treating all patients. The black line illustrates the net benefit of the strategy of
treating no patients. The red line indicates the nomogram. Decision curve analysis is a specific method
developed for evaluating the prognostic value of nomogram strategies. This nomogram was developed to
assess the probability of the post-EVT death of a given patient. A patient with a high risk of death after EVT
may need “further treatment,” such as hematoma removal or decompressive craniectomy; a patient with a
low risk of death after EVT may not need “further treatment.” Distinguishing patients with a high and low
risk of death is the main purpose of this nomogram. In the present study, the reference risk was calculated
by assuming that all patients need further treatment for preventing death, whereas zero net benefit was
defined as no patients needing further therapy. The threshold probability is when the expected benefit of
further therapy is equal to the expected benefit of avoiding further therapy. For any given probability
threshold, the nomogram with the greatest net benefit would be the most preferred model. EVT indicates
endovascular thrombectomy.

recanalization patients. Some characteristics, such as longer
delay to treatment and passes of stent retriever, were not
found to be associated with mortality, probably attributable to
the differences in sample size, study population, and study
methods.

Several limitations should be addressed when interpreting
the results of this study. First, we only included patients of
Asian ethnicity who strictly met the criteria of the current
guideline for EVT (American Heart Association/American
Stroke Association, 2018), which may limit generalizability

of the results. Second, collaborating with multiple centers
undoubtedly led to a lack of standard diagnostic or treatment
approaches. Nevertheless, the multicenter nature of the
present study was also an advantage because it improves the
generalizability of our findings. Third, the present study used
the modified Thrombolysis in Cerebral Infarction score to
assess degree of recanalization. Other definitions have been
used, including the Thrombolysis in Myocardial Ischemia scale
as well as the Thrombolysis in Brain Ischemia scale.®° Despite
these limitations, our analysis has a few strengths. We
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included a large sample of participants and first established a
precise nomogram with external validation. In addition, the
nomogram was based on variables that can be easily
abstracted and used in a real-world setting.

In summary, the nomogram, composed of age, pretreat-
ment collateral status, baseline blood glucose level, sICH, and
baseline NIHSS score, may predict risk of mortality in patients
with ischemic stroke and treated successfully with EVT.
Further studies are warranted to validate the effectiveness of
this nomogram in other populations.
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