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Background: Recently, the NIHSS STroke Scale score, Age, pre-stroke mRS score, onset-
to-treatment Time (START nomogram) predicts 3-month functional outcome after intra-
venous thrombolysis in ischemic stroke patients. However, this model has not yet been
an external validation. We aim to validate the performance of START nomogram.
Methods:Data were derived from the stroke center of the Nanjing First Hospital (China).
Patients who lacked the necessary data to calculate the nomogram and missed 3-month
modified Ranking scale scores were excluded. Modified Rankin Scale score more than 2
at 3-month was assessed as an unfavorable outcome. We used areas under the receiver
operator characteristic curves (AUC-ROC) to quantify the prognostic value. Calibration
was assessed by calibration plots and Hosmer-Lemeshow (HL) goodness of fit test.
Result: The final cohort included 306 eligible patients. For 3-month unfavorable out-
come, the AUC-ROC of the START nomogram was .766 (95%CI: .7013-.8304, P <

.0001), suggesting good discrimination in the START nomogram. It also showed good
calibration (HL goodness of fit test P= .1261) in the external validation sample.
Conclusion: The START nomogram with good predictive performance is a reliable and
simple clinical instrument to predict unfavorable outcome after acute stroke.
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Introduction

Stroke is the second leading global cause of death
behind ischemic heart disease.1 Among them, acute ische-
mic stroke (AIS) is the most common type of stroke.2 The
treatment of choice for most patients with AIS is intrave-
nous thrombolysis (IVT) with recombinant tissue plas-
minogen activator (Alteplase).3

For making decisions in patient care management, most
clinical physicians use their clinical experience to predict
outcomes of patients. The accuracy of these informal pre-
dictions is unclear.4 Prognostic models are good tools that
may inform patients with a certain condition about their
future outcome or help to judge subsequent treatment
possibilities.5 Several prognostic models had been devel-
oped to predict outcome after IVT for AIS.6-11 Only 2
developed scores were designed to predict 3-month unfa-
vorable functional outcome after IVT for AIS, such as
(hyper) Dense cerebral artery sign/early infarct signs on
admission CT scan, prestroke modified Rankin Scale
(mRS) score, Age, Glucose level at baseline, Onset-to-
treatment time, and baseline National Institutes of Health
ebrovascular Diseases, Vol. 28, No. 6 (June), 2019: pp 1618�1622
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Table 1. Characteristics of patients in included in the analysis

(n = 306)

Characteristic

Age, (mean § SD), y 68.2 § 12.3

Age, median (IQR), y 69 (60-78)

Male, n (%) 208 (68)

Female, n (%) 98 (32)

Baseline NIHSS (mean § SD) 7.9 § 5.7

Baseline NIHSS, median (IQR) 6 (3-12)

prestroke mRS, n (%)

0 257 (84)

1 20 (6.5)

2 29 (9.5)

OTT time, (mean § SD), min 152.3 § 57.9

OTT time, median (IQR), min 150 (105-200)

Hypertension, n (%) 206 (67.3)

Diabetes mellitus, n (%) 74 (24.2)

Hyperlipidemia, n (%) 8 (2.6)

Coronary artery disease, n (%) 55 (18)

Atrial fibrillation, n (%) 64 (20.9)

Previous stroke, n (%) 73 (23.9)

Smoking, n (%)

Never smoker 155 (50.7)

Current smoker 115 (37.6)

Former smoker 36 (11.8)

Body weight, median (IQR), Kg 70 (60-75)

Systolic BP, median (IQR), mmHg 148 (132-163)

Diastolic BP, median (IQR), mmHg 88 (79-96)

Creatinine, median (IQR), umol/L 73 (58.5-87)

Fasting blood glucose, median (IQR),

mmol/L

5.7 (4.7-7.0)

3-month mRS, n (%)

0-2 209 (68.3)

3-6 97 (31.7)

Values are listed as number (%), mean § SD or median (inter-

quartile range).

Abbreviation: Baseline NIHSS, National Institutes of Health

Stroke Scale at admission; OTT time, onset-to-treatment time;

pre-stroke mRS, pre-stroke modified Rankin Scale.
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Stroke Scale score (DRAGON score)8 and Age (A), sever-
ity of stroke (S) measured by admission NIH Stroke Scale
score, stroke onset to admission time (T), range of visual
fields (R), acute glucose (A), and level of consciousness
(L) (ASTRAL score),9 which had been validated exter-
nally by European12,13 and Chinese population.14 How-
ever, these scores for individualized prediction of
outcome after IVT are limited by the use of dichotomiza-
tion/categorization of continuous variables such as
NIHSS score and age, for the disadvantage of dichotomi-
zation is that it does not make use of within-category
information and lead to the loss of information.5

Recently, NIHSS STroke Scale score, Age, pre-stroke mRS
score, onset-to-treatment Time (START) nomogram, the
first nomogram developed by using a continuous score
and including 4 strongest continuous predictors in IVT
stroke patients, was validated internally in multicenter Italy
cohorts,15 which reliably calculates the probability of unfa-
vorable outcome. Nomogram is actually a visualization of
a complex mathematical formula that uses traditional statis-
tical methods such as multivariable logistic regression or
Cox proportional hazards analysis to calculate the continu-
ous probability of event of interest which is entirely based
on the individual's disease characteristics, without averag-
ing or combining within a category.16,17 Nomogram which
considers patients’ clinical characteristics is widely used to
predict outcome of patients in cancer, surgery, and other
specialties to make important treatment decisions.18-23

Compared with previous risk scores, the nomograms were
more accurate and have better performance characteris-
tics.16,24,25 Moreover, the START nomogram did not require
the interpretation of imaging or other precise measures to
predict the functional outcome. Therefore, for busy clini-
cians, the START nomogram was simpler and easier to pre-
dict functional outcome in routine practice.
However, there has not yet been an external validation

specifically in START nomogram whether in the European
or Chinese population, therefore its application and promo-
tion are limited. Especially in the Chinese population. This
is the first paper to validate START nomogram externally.
The purpose of this study is to evaluate the performance of
START nomogram in Chinese AIS patients receiving IVT.

Methods

Study Participants and Data Collection

Patients included in this study were from the database
of the stroke center (SC) of the Nanjing First Hospital
(China). The scientific use of the data obtained from the
Nanjing First Hospital Stroke Registry was approved by
the Ethics Committees of Nanjing First Hospital, in accord
with the Helsinki declaration in accordance to the internal
protocol. Patients receiving IVT for AIS were collected.
Modified Rankin Scale (mRS) more than 2 at 3-month
was defined as unfavorable outcome. The inclusion crite-
ria according to the START nomogram were: baseline
National Institutes of Health (NIH) Stroke Scale (NIHSS)
score: 0-25, age more than 18 years, pre-mRS score: 0-2,
and onset-to-treatment time: 0-270 minutes. Patients who
were diagnosed with hemorrhagic strokes, lacked baseline
data, or without follow-up assessment and did not meet
the START standards were excluded from the analysis. A
total of 3419 acute stroke patients were admitted to the
SC, leaving 306 eligible patients. Demographics, clinical
parameters, laboratory results, and medical history of 306
subjects receiving IVT therapy are described in Table 1.
Statistical Analysis

Discrimination refers to how well the model differenti-
ates those at higher risk of having an event from those at
lower risk. Calibration refers to how similar the predicted
absolute risk is to the true (observed) risk in groups of
patients classified in different risk strata.26
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To test the performance of the START nomogram for pre-
dicting the probability of unfavorable outcome at 3-month,
we calculated area under the Receiver Operating Character-
istics (AUC-ROC) curve to assess discrimination of the
model, which was also referred to as a “C-statistic” for
binary outcomes.27 The C-statistic is equivalent to the proba-
bility that the measure or predicted risk of unfavorable out-
come is higher in patients who had unfavorable outcome
than those who had favorable outcome.28 A C-statistic rang-
ing from .70 to .80 indicates an adequate power of discrimi-
nation, a range of .80-.90 is considered excellent.29 The
calibration of the models can be assessed by calibration
plots, which predicts probabilities against the actual
observed risk. The 45-degree line represents the perfect pre-
dictions, in which predicted outcome perfectly corresponds
with actual outcome. Calibration is tested with the Hosmer-
Lemeshow (HL) test. A nonsignificant HL test indicates
good calibration. All analyses were performed with Stata
software version 13 (Stata Corp, College Station, TX).
Result

A total of 3419 patients registered in the Nanjing First
Hospital Stroke Registry cohort, baseline characteristics of
the selected 306 patients are shown in Table 1. Among the
306 eligible patients, 97 patients had unfavorable out-
come, 32% patients were female, and the mean age of the
patients were 68.2 § 12.3 years. The mean NIHSS score on
admission was 7.9 § 5.7. Among them, history of hyper-
tension, diabetes mellitus, coronary artery disease, atrial
fibrillation, and previous stroke were 67.3%, 24.2%, 18%,
20.9%, 23.9%, respectively.
Figure. 1. Receiver operating characteristic (ROC) curve of the START nomogram
The START nomogram showed good discrimination.
The model was validated in our data with AUC-ROC
value of .766 (95%CI: .7013-.8304, P < .0001) (Fig 1). The
HL test showed that the calibration of START nomogram
was good (P = .1261). Calibration plots are shown in
Figure 2. Calibration curves for estimating 3-month unfa-
vorable outcome indicated there was no apparent depar-
ture from perfect fit, with good correspondences between
predicted outcome and actual outcome.

Discussion

The present study externally validated the START
nomogram in Chinese AIS patients. It suggested that the
START nomogram displayed good discrimination and
calibration. This study is the first external validation of
START nomogram.
To the best of our knowledge, the START model was

recently first prognostic model by using nomogram for
individualized prediction of probability of 3-month unfa-
vorable outcome after IVT for stroke patients. Comparing
to other clinical prediction tools (risk groupings, classifica-
tion and regression tree analyses, probability tables, artifi-
cial neural networks), nomogram have the highest accuracy
and the best discriminating characteristics. Nomogram is a
graphical statistical instrument that incorporates several
continuous variables by using traditional statistical meth-
ods. Nomogram uses the continuous scales to calculate the
continuous probability of a particular outcome.16 Therefore,
nomograms provide superior individualized risk estima-
tions that facilitate modern medical decision-making.
Among previous studies, only DRAGON8 score and

ASTRAL9 score were designed to predict 3-month
for 3-month unfavorable outcome (mRS 3-6) in 306 Chinese stroke patients.



Figure. 2. Calibration plot of START nomogram for 3-month unfavorable outcome (mRS 3-6). 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.
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unfavorable functional outcome after IVT for AIS. Compared
with them, START nomogram show better performance for
predicting the 3-month unfavorable outcome in AIS patients
after IVT.15 The first reason was likely that START nomo-
gram contained the recognized factors for predicting 3-
month unfavorable functional outcome such as age,30,31 pre-
mRS score,32 NIHSS score,33 onset-to-treatment time.34,35 In
addition, by using the continuous variables, START nomo-
gram calculate the continuous probability of 3-month unfa-
vorable outcome that can avoid information loss.5 Moreover,
START nomogram can be easily calculated in clinical prac-
tice, because only 4 readily obtainable clinical variables at
admission construct the model. Nurses of stroke unit can eas-
ily obtain all variables. Hence, START nomogram is a good
prognostic model for individualized prediction of the proba-
bility of unfavorable outcome after IVT for stroke.
However, the START nomogram has not been vali-

dated externally. A newly developed prognostic model
needs to be validated with patient data not used in the
development process and preferably selected from an
appropriate (similar) patient population in a different cen-
ter (external validation).36,37 Therefore, its use in clinical
practice is limited, external validation for the START
nomogram is needed.
Our study has several limitations. First, this is a single SC
study that could not represent nationwide areas and could
have selection bias. Second, this is a retrospective analysis
which bases on an ongoing database. The amount of miss-
ing data are large because this is the limitation of such
study design. Third, the sample size is small, however, the
variables of eligible patients are complete and correct.
In conclusion, our study demonstrate that the START

nomogram has a good performance for predicting the 3-
month unfavorable outcome after IVT for Chinese AIS
patients. START nomogram is a reliable and simple clini-
cal instrument to predict unfavorable outcome after acute
stroke. Prospective studies are expected to validate the
START nomogram in large sample size of Chinese popu-
lations and other population.
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