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A B S T R A C T 

Introduction 

 

Stroke is the third most common cause of death in worldwide and a 

major source of morbidity [1-3]. Mechanical thrombectomy (MT) is 

indicated for patients with acute ischemic stroke (AIS) due to a large 

artery occlusion in the anterior circulation who can be treated within 24 

hours of the time [4, 5]. The prognosis of this condition is necessary for 

acute prediction of patients’ outcome, and to make the patients 

understand the consequences after ischemic stroke with MT. Therefore, 

the importance in approaching prediction of neurological impairment at 

discharge is fundamental. Several studies have showed that the NIHSS 

Purpose: We aimed to develop a nomogram for individualized prediction of neurological impairment for 

acute ischemic stroke (AIS) patients with mechanical thrombectomy (MT). 

Methods: We conducted a multicenter prospective study in Chinese AIS patients with MT from January 

2014 to December 2018. The clinical outcome was the neurological impairment at discharge. The 

nomogram was generated by multivariate logistic regression analysis for predicting the probability of 

neurological impairment using a forward stepwise method that included age, NIHSS (National Institutes of 

Health Stroke Scale) score on admission, fasting blood glucose (FBG), creatinine, clinical and demographic 

characteristics as pre-established variables. We assessed the discriminative performance by using the area 

under the receiver-operating characteristic curve (AUC-ROC) and calibration of neurological impairment 

prediction model by using the Hosmer-Lemeshow test. 

Results: The study included 238 patients, NIHSS score on admission (OR: 1.148, p < 0.0001), Age (OR: 

1.028, p = 0.031), FBG (OR: 1.147, p = 0.025) and OTT (OR: 1.002, p=0.013) remained independent 

predictors of neurological impairment to develop the NAFO nomogram in Chinese AIS patients with MT. 

The AUC-ROC value of the NAFO nomogram was 0.792 (95% CI: 0.733 – 0.851) in the cohort. Calibration 

was good (p = 0.459 for the Hosmer-Lemeshow test). 

Conclusions: The NAFO nomogram is the first nomogram developed and validated in Chinese AIS patients 

with MT and it may be used to predict the neurological impairment for these patients. 
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score is a clinical assessment tool to evaluate stroke outcomes. The 

neurological function has been quantitatively measured in many studies, 

and it is also increasingly assessed in clinical practice by using the 

NIHSS [6-8]. The prediction outcome varies with the time passed from 

the onset of ischemic stroke patient with thrombectomy [9]. 

 

Therefore, the prediction of neurological impairment in ischemic stroke 

patients with MT is increasingly evaluated in clinical practice by the 

NIHSS. However, their applicability for predicting neurological 

impairment in Chinese AIS patients with MT is limited by a moderate 

predictive performance. A nomogram is a graphical statistical instrument 

that incorporates some variables like age and NIHSS to develop a 

continuous scoring system that predicts the outcome of individual 

patients by calculation. In this study, we aimed to develop a nomogram 

for individualized prediction of the neurological impairment in Chinese 

AIS patients with MT. 

 

Methods 

 

We conducted a prospective study based on data collected from 239 

consecutive AIS patients with MT admitted to three Chinese Stroke 

Units (Nanjing First Hospital, The People’s Hospital of Hunan Province 

and Changsha Central Hospital) from January 2014 to December 2018. 

The study was approved by the local Institutional Review Board, 

respectively. We only included Chinese AIS patients with MT. All 

patients with age < 18 years, the interval from onset of treatment over 

24h, and NIHSS score on admission unknown were excluded from the 

study. All clinical and demographic characteristics were recorded at the 

time of admission. The following data were collected: age, sex, NIHSS 

score on admission, INR (international normalized ratio), OTT(from 

onset to treatment), FBG (fasting blood glucose), creatinine, LDL (low 

density lipoprotein), NIHSS score at discharge, medical history such as 

hyperlipidemia, diabetes mellitus, hypertension, previous cerebral 

infarction, previous cerebral hemorrhage and so on. The clinical 

outcome was the neurological impairment at discharge. The NIHSS 

score on admission and at discharge were determined by assessors who 

were trained and certified in the use of these tools, during face-to-face 

interviews with the patients, their relatives or their general practitioners. 

All patients had given their informed consent, and the scientific use of 

data obtained from three hospitals was approved by their ethics 

committee in accordance with the Helsinki Declaration and internal 

protocol. 

 

Statistical Analysis 

 

Continuous variables were described as median value and interquartile 

range. Proportions were achieved for categorical variables, dividing the 

number of events by the total number excluding unknown cases. The 

various groups were investigated for differences using the Mann-

Whitney U-test for continuous variables. Differences between 

categorical variables were assessed by Fisher’s exact test or the Chi-

square test. A nomogram model was generated to predict the probability 

of neurological impairment. The nomogram is an essential component 

of modern medical decision-making and a multivariate logistics 

regression predictor. To be found significantly associated with the 

primary endpoint in the multivariate analysis, the odds ratio OR and its 

confidence interval (95%CI) were calculated for the variables. 

In order to generate the nomogram, multivariate logistic regression 

analysis was performed for predicting the probability of neurological 

impairment using a forward stepwise method that included age, NIHSS 

score on admission, creatinine, clinical and demographic characteristics 

as pre-established variables and all variables with a probability value < 

0.10 in the univariate analysis. The best model was selected based on 

Akaike’s information criterion. Collinearity of variables that entered the 

multivariate logistic regression analysis was evaluated by the Variation 

Inflation Factors (VIF, < 2 being considered non-significant) and the 

Condition Index (< 30 being considered non-significant). The nomogram 

enables to predict the neurological impairment in Chinese AIS patients 

with MT. The predictive accuracy of the nomogram model was assessed 

by calculation of the area under curve (AUC) of the receiver-operating 

characteristic (ROC). Calibration was carried out using a calibration 

plot, in which the predicted probabilities were plotted against the 

frequency of the observed neurological impairment. The prediction of a 

well-calibrated model should be mirrored by a 45° diagonal line. Given 

that all predictive equations tend to be over-fitted to the original sample, 

the model was internally validated using bootstrap resampling. All tests 

were two sided, and p < 0.05 was considered statistically significant. The 

statistical analysis was carried out using SPSS version 22.0 (IBM 

Corporation, Armonk, NY, USA), Stata version 13.0 (Stata Corporation, 

College Station, TX, USA) statistical software, and the statistical 

software package R, version 3.3.3 (R Development Core Team, 

Auckland, New Zealand). 

 

Results 

 

After excluding patients for age ＜ 18 (n = 1; 0.4%), 238 patients entered 

the study (median age 69.5 years; IQR 60 – 78 years). The proportion of 

patients with neurological impairment was 63.0% (150/238) within the 

follow-up period. The clinical, demographic and laboratory data of the 

patient cohort, stratified according to the neurological function, are 

shown in (Table 1). The values of age (67 versus 72; p = 0.012), the 

NHISS score on admission (11 versus 17; p < 0.0001), creatinine (68.00 

versus 76.50; p = 0.040) and FBG (5.87 versus 6.61; p < 0.0001) were 

found to be significant in patients with neurological impairment 

compared to those with neurological improvement. Nine variables (age, 

NHISS score on admission, creatinine, OTT, FBG, LDL, uric acid (UA), 

history of hypertension and history of hyperlipidemia) entered the 

logistic regression model. After multivariate logistic regression analysis, 

NIHSS score on admission (OR: 1.148, p < 0.0001), FBG (OR: 1.147, p 

= 0.025), age (OR: 1.028, p = 0.031) and OTT (OR: 1.002, p = 0.013) 

remained independent predictors of neurological impairment (Table 2). 

No significant statistical collinearity was observed for any of the three 

pre-established variables. The logistic regression model resulted: Log 

[p(x)/1-p(x)] = - 4.973 + (2.748*10-2 × age) + (1.379×10-1× NIHSS score 

on admission) + (1.372×10-1× FBG) + (1.954×10-3× OTT); where p(x) 

was the probability of neurological impairment. The nomogram was 

created by assigning a graphic preliminary score to each of the 4 

predictors with a point range from 0 to 100, which was then summed to 

generate the total score, finally converted into an individual probability 

of neurological impairment (from 5% to 95%). The NAFO nomogram is 

shown in (Figure 1), taking into account the approximation of all the 

variables that are graphed without decimal. 
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Table 1: Clinical, demographic and laboratory data of study population stratified according to neurological function after acute ischemic stroke in Chinese 

patients with mechanical thrombectomy. 

Abbreviations: mRS, modified Rankin Scale; INR, International normalized ratios; FBG, Fasting blood glucose; TC, total cholesterol; TG, triglyceride; 

LDL, Low density lipoprotein; HbAc1, Glycated hemoglobin; UA, Uric Acid; HCY, homocysteine; TOAST, Trial of ORG 10172 in Acute Stroke Treatment 

Interval; OTT, from onset to treatment; *included into the multiple logistic regression models (P < 0.1). Additionally, traditional stroke risk factors such as 

Hypertension, Diabetes mellitus, Interval from onset to treatment were added into the model. # Calculated using Mann-Whitney U test. 

 

Table 2: Significant predictors of the neurological impairment at discharge after acute ischemic stroke in Chinese patients with machinery embolectomy. 

 Neurological  Improvement (NIHSS 0–4) Neurological Impairment (NIHSS 5–42) P 

Patients, n (%) 88 151  

Age (years), median (IQR) 67(58-76) 72(60-80) 0.012*# 

Sex, n (%)   0.912 

Male, n (%) 61(69.3) 105(70.0）  

Female, n (%) 27(30.7) 45(30.0)  

Medical history, n (%)    

Hypertension 60(68.2) 105(70.0) 0.769* 

Diabetes mellitus 19(21.6) 30(20.0) 0.770* 

Hyperlipidemia 3(3.4) 16(10.7) 0.081* 

Coronary artery disease 17(19.3) 42(28.0) 0.134 

Atrial fibrillation 27(30.7) 56(37.3) 0.298 

Transient ischemic attack 0(0) 3(2.0) 0.299 

Previous cerebral infarction 14(15.9) 27(18.0) 0.680 

Previous cerebral hemorrhage 1(1.1) 6(4.0) 0.387 

Smoking, n (%)   0.245 

Never smoker 49(55.7) 87(58.0)  

Former smoker 13(14.8) 12(8.0)  

Current smoker 26(29.5) 51(34.0)  

Baseline data    

NIHSS score on admission, median (IQR) 11(8-16) 17(13-22) <0.001*# 

Systolic BP, mmHg, median (IQR) 138(123-158) 143(128-159) 0.390# 

Diastolic BP, mmHg, median (IQR) 84(75-93) 86(76-99) 0.207# 

INR, median (IQR) 0.99(0.93-1.09) 1.02(0.93-1.12) 0.329# 

Creatinine, umol/L, median (IQR) 68.00(59.00-80.85) 76.50(61.00-93.00) 0.040*# 

FBG, mmol/L, median (IQR) 5.87(5.01-6.99) 6.61(5.60-8.23) <0.001*# 

TC, mmol/L, median (IQR) 4.09(3.40-4.92) 4.11(3.44-4.88) 0.886# 

TG, mmol/L, median (IQR) 1.06(0. 75-1.57) 1.08(0.80-1.61) 0.849# 

LDL, mmol/l, median (IQR) 2.50(1.98-3.20) 2.20(1.80-2.88) 0.052*# 

HbA1c, %, median (IQR) 5.80(5.55-6.45) 5.90(5.50-6.50) 0.883# 

UA, umol/l, median (IQR) 278.50(226.00-372.50) 314.40(236.00-396.00) 0.071# 

HCY, umol/l, median (IQR) 12.46(10.88-17.24) 13.36(10.90-16.30) 0.627# 

Anterior circulation, n(%) 65(73.9) 121(80.7) 0.220 

Posterior circulation, n(%) 23(26.1) 29(19.3) 0.220 

TOAST classification   0.235 

Large artery atherosclerosis, n (%) 49(55.7) 67(44.7)  

Cardioembolism, n (%) 35(39.8) 72(48.0)  

Others, n (%) 4(4.5) 11(7.3)  

IV thrombolysis, n (%)   0.652 

No thrombolysis 49(55.7) 79(52.7)  

Thrombolysis 39(44.3) 71(47.3)  

OTT, min, median (IQR) 289(220-399) 282(208-424) 0.759*# 

 OR Error Wald P 95% CI 

FBG 1.147 0.070 2.25 0.025 1.018-1.293 

Age 1.028 0.013 2.16 0.031 1.003-1.054 

      NIHSS on admission 1.148 0.029 5.40 P<0.001 1.092-1.207 

      OTT 1.002 0.001 2.50 0.013 1.000-1.003 
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Figure 1: The nomogram used for predicting neurological impairment 

at discharge in Chinese acute ischemic stroke patients with mechanical 

thrombectomy. The final score (i.e., total points) is calculated as the sum 

of the individual score of each of the 4 variables included in the 

nomogram. NIHSS: National Institutes of Health Stroke Scale. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Receiver operating characteristic (ROC) curve of the 

nomogram used for predicting neurological impairment at discharge 

after acute ischemic stroke in Chinese patients treated with mechanical 

thrombectomy. 

 

The AUC-ROC value of the NAFO nomogram was 0.792 (95% CI: 

0.733 – 0.851) in the training cohort (Figure 2). The NIHSS scores on 

admission exhibited a good diagnostic accuracy for identifying patients 

with neurological impairment, displaying an AUC of 0.749 (95% CI 

0.686 – 0.812; p < 0.001). The model was internally validated using 

1,000 bootstrap samples to calculate the discrimination with accuracy, 

and the good predictive performance of the nomogram was confirmed, 

yielding a notable AUC of 0.792 (95% CI 0.732 – 0.851; p < 0.001). 

Calibration graphic (Figure 3) revealed an adequate fit of the model 

predicting the risk of neurological impairment at discharge. The 

Hosmer-Lemeshow goodness-of-fit test comparing predicted and 

observed neurological impairment showed good calibration of the 

NAFO nomogram (P = 0.459). The total number of patients with a risk 

probability < 20% was 4/238 (%), and only one of them had a 

neurological impairment (0.99 sensitivity, 0.05 specificity, 0.80 negative 

predictive value and 0.64 positive predictive value). Out of the total 

number of patients with a risk probability < 40% was 98/238 (%), 10 had 

neurological impairment (0.93 sensitivity, 0.41 specificity, 0.78 negative 

predictive value and 0.72 positive predictive value). Finally, the total 

number of patients with a high-risk probability (i.e., > 80%) was 172/238 

(%), the vast majority of whom (85/172; 83.8%) had a poor prognosis 

(0.44 sensitivity, 0.92 specificity, 0.49 negative predictive value and 

0.90 positive predictive value). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: The calibration plot for the nomogram used for predicting 

neurological impairment at discharge after acute ischemic stroke in 

Chinese patients treated with mechanical thrombectomy. Dashed line is 

reference line where an ideal nomogram would lie. Dotted line is the 

performance of nomogram, while the solid line corrects for any bias in 

nomogram. 

 

Discussion 

 

According to recent statistics stroke is a devastating disease. It remains 

one of the leading causes of mortality and disability [10]. As a public 

health problem, the prediction of the neurological impairment in AIS 

patients with MT should be a valuable perspective for clinical and 

therapeutic management. Therefore, our objective was to predict the 

neurological impairment in Chinese AIS patients with MT. Some earlier 

studies have shown that several demographic and clinical characteristics 

that may be associated with impaired functional recovery after stroke, 

including NIHSS score, age, hyperlipidemia, diabetes mellitus, 

hypertension, creatinine [11, 12]. 

 

In the NAFO nomogram, we observed that NIHSS score on admission 

(OR: 1.143; p < 0.0001), FBG (OR: 1.147; p = 0.025), age (OR: 1.028, 

p = 0.031) and OTT (OR: 1.002, p=0.013) were significant and 

independent predictors of neurological impairment in Chinese AIS 

patients with MT. The NHISS on admission and age are the two 
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strongest and independent predictors. In addition, age contributed to a 

long-term mortality and poor outcome after AIS with MT because old 

age is associated with some cardiovascular diseases such as coronary 

artery disease, hypertension and high cholesterol [13-15]. NIHSS is used 

to measure the severity of a stroke. It scores areas such as level of 

consciousness, vision, sensation, movement, speech and language with 

a maximum of 42 points representing the most severe symptoms.  

 

Therefore, our study only used data from AIS patients with MT, admitted 

to three Chinese Stroke Units. The NAFO nomogram could be the best 

predictor of neurological impairment as a primary outcome compared to 

previous studies [13, 14]. By using continuous variables, such as age and 

NIHSS score on admission, we are the first to present a visual NAFO 

nomogram, which is a better tool to predict the probability from 5 to 95% 

of the neurological impairment after ischemic stroke in Chinese patients 

with MT, as shown in (Figure 1). Thus, NAFO nomogram predicts the 

probability of the neurological impairment in AIS patients with MT, thus 

providing an early identification to the clinicians and patients. However, 

the stroke survivors have an increased risk of unfavorable outcome, as 

well the age and the severity of clinical outcome. 

 

In the present study, a risk probability > 80% derived from the 

nomogram was related to a positive predictive value (i.e., 0.90), thus 

allowing to predict accurately adverse neurological functional outcome. 

On the other hand, a risk probability < 20% was associated with 0.92 

negative predictive value, thus enabling to exclude the possibility of 

developing adverse functional outcome accurately. Beside the good 

performance of our nomogram participating patient age, NIHSS score 

on admission, and FBG, interesting evidence developed from the 

analysis of the single variables. Indeed, the NIHSS score shows a more 

severe stroke, which can lead to an unfavorable outcome, whereas 

neurological impairment depends on patients’ age and OTT. Although 

the use of thrombolysis is commonplace in patients with more severe 

ischemic injury, there is still significant debate surrounding the clinical 

utility of this treatment for managing acute ischemic stroke, which 

cannot be resolved according to the current evidence. In particular, a 

recent systematic review and meta-analysis concluded that improved 

functional outcomes in patients with stroke immediately managed with 

thrombolysis may be counterbalanced by an enhanced risk of early 

mortality and increased rates of symptomatic intracranial haemorrhage 

[16]. Clinical prognosis of recovery after stroke in patients treated with 

MT is necessary for clinical and research purposes as they could assist 

in the identification of more homogeneous populations for inclusion in 

randomized trials investigating new therapeutic strategies. 

 

The NAFO nomogram is a novel and reliable model to evaluate the 

neurological impairment at discharge in Chinese AIS individuals treated 

with MT. For example, the NAFO nomogram assigned > 95% 

probability of adverse consequence in an 80-year-old (25 points) stroke 

patient, with NHISS score of 20 (50 points), FBG level of 14 (30 points), 

OTT level of 100 (25 points), with a total score of 130 points. On the 

other hand, < 10% probability of neurological impairment was 

nominated to a 50-year-old (15 points), with NHISS score of 6 

(15points), OTT level of 400 (20 point), FBG level of 8 (15 points) with 

a total score of 45 points. The main findings of NAFO nomogram were 

that age and OTT were observed to be independent predictors of 

neurological improvement in Chinese acute ischemic stroke with MT. In 

another model, age and NIHSS score on admission were also found to 

correctly identify patients with functional impairment after stroke [17]. 

 

Our study has some limitations. First, it is based on analysis of 

prospectively collected data. Second, data of known neurobiological 

predictors such as infarct size were not available in the present study. 

Finally, external validation in a completely different cohort of patients is 

necessary in future research. Despite these limitations, the NAFO 

nomogram could be applied to the largest population of stroke patients 

who are currently candidates for thrombectomy. 

 

Conclusion 

 

A NAFO nomogram may be used to predict neurological impairment in 

Chinese ischemic stroke patients with MT. It may also be a useful tool 

to predict the functional impairment at discharge for ischemic stroke 

patients. 
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