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ABSTRACT
Background and purpose  To examine the distribution 
and prognosis among patients with diffusion-weighted 
imaging (DWI)-negative acute ischaemic stroke (AIS) and 
explore the differences between mild (National Institute of 
Health Stroke Scale (NIHSS) score ≤5) and major (NIHSS 
score >5) ischaemic stroke in DWI-negative patients.
Methods  Patients with AIS with baseline DWI from the 
Third China National Stroke Registry (CNSR-III), based on 
a prospective, observational, multicentre cohort study, 
between August 2015 and March 2018, were included. 
Patients were classified into negative and positive DWI 
groups depending on the existence of acute lesions on 
DWI.
Results  Among 12 026 patients who had an ischaemic 
stroke, 932 (7.7%) had negative DWI. As the NIHSS score 
increased, the proportion of patients with DWI-negative AIS 
gradually decreased. Negative DWI was associated with 
a decreased risk of stroke recurrence (HR 0.63, 95% CI 
0.49 to 0.82), combined vascular events (HR 0.72, 95% CI 
0.56 to 0.92), mortality (HR 0.60, 95% CI 0.36 to 0.995) 
and poor functional outcomes (OR 0.57, 95% CI 0.43 to 
0.76) within 1 year in all patients. Similar associations 
were observed in patients with mild AIS (p<0.05 for all) but 
not in patients with major AIS, excluding poor functional 
outcomes (OR 0.47, 95% CI 0.28 to 0.81).
Conclusions  The proportion of patients with DWI-negative 
AIS gradually decreased as the NIHSS score increased, and 
negative DWI was mainly observed in patients with mild 
AIS. Negative DWI was associated with a better prognosis 
for all patients with AIS. However, these associations were 
significant for mild AIS but not for those with major AIS.

INTRODUCTION
Stroke is the main cause of disability and 
death throughout the world, especially in 
China.1 2 Early identification of patients with 
acute ischaemic stroke (AIS) and timely acute 
treatment are crucial for patient prognosis.3 
Routine brain CT scans are done to exclude 
intracranial haemorrhage; however, this 
modality is not sensitive enough for ischaemic 
stroke. Recently, applications of brain MRI,4 
especially diffusion-weighted imaging (DWI), 
in evaluating AIS have soared due to its signif-
icantly higher sensitivity (88%–100%) and 
specificity (95%–100%).5 6 Currently, DWI 
is recommended by guidelines to obtain the 

most accurate diagnosis of AIS,7 and plays a 
prominent role in the early identification of 
core infarction.8 In addition, the existence of 
lesions on DWI serves as the foundation for 
tissue-based definitions, which could differ-
entiate between transient ischaemic attack 
(TIA) and ischaemic stroke.9

Following previous studies, a substantial 
proportion of patients with DWI-negative 
stroke exists.10–12 A recent meta-analysis 
involving 3236 patients from 12 studies found 
a prevalence of 6.8% for DWI-negative AIS.10 
Some studies have indicated that 40%–60% of 
patients had negative DWI findings in minor 
ischaemic stroke.10 13–15 The occurrence of AIS 
with negative DWI findings may be attributed 
to posterior circulation ischaemia,10 12 small 
volume infarction12 and hyperacute isch-
aemia.16–18 However, few studies have exam-
ined the prognosis of DWI-negative patients, 
and most of the studies have focused on 

WHAT IS ALREADY KNOWN ON THIS TOPIC

	⇒ Limited studies have investigated the prognosis of 
patients with negative diffusion-weighted imaging 
(DWI), and most of the studies have focused on mi-
nor ischaemic stroke and have reached controver-
sial conclusions.

WHAT THIS STUDY ADDS

	⇒ Negative DWI was associated with decreased risks 
of 1-year recurrent stroke, combined vascular events 
and poor functional outcomes in patients with acute 
ischaemic stroke (AIS). And similar association was 
observed in patients with mild AIS but not observed 
in patients with major AIS except for poor functional 
outcomes.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE AND/OR POLICY

	⇒ The results suggested that for patients with mild 
stroke, negative DWI could be an imaging marker 
for a better prognosis, which may help to stratify 
risk. However, for patients with major stroke, acute 
treatment and secondary prevention should not be 
neglected when lesions are not found on DWI.
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minor ischaemic stroke and have reached controversial 
conclusions.13 15

To date, two other major issues need to be clarified: first, 
although the prevalence of DWI-negative AIS has been 
studied, the distribution of negative DWI findings among 
patients with AIS is unclear. The relationship between the 
distribution of negative DWI and the National Institute 
of Health Stroke Scale (NIHSS) score is unknown either. 
Second, research on the prognosis in DWI-negative 
patients with AIS is limited. Furthermore, the differences 
between mild stroke (NIHSS score ≤5) and major stroke 
(NIHSS score >5) are uncertain.

The purpose of this study was to investigate the distri-
bution and prognosis for patients with DWI-negative AIS, 
who were further divided into those with mild and major 
strokes, in the Third China National Stroke Registry 
(CNSR-III), a large multiple stroke registry in China.

METHODS
Study design and population
We analysed the data obtained from the CNSR-III, which 
is a nationwide prospective registry for patients with AIS 
or TIA between August 2015 and March 2018 in China. 
The protocol for the CNSR-III was previously published.19 
Participants were enrolled consecutively if they were as: 
(1) age >18 years, (2) diagnosed with ischaemic stroke 
or TIA within 7 days, and (3) participants or legally 
authorised agents provided informed consent. Patients 
with silent cerebral infarction, or declining to attend 
the registry, were excluded. Patients diagnosed as TIA 
or stroke mimics were excluded. AIS and TIA were diag-
nosed using WHO criteria (acute episode of neurological 
deficit, lasting less than 24 hours in the case of a TIA, more 
than 24 hours in the case of an ischaemic stroke).20 In this 
current study, patients with AIS diagnosed at admission 
and who completed DWI scans at baseline were included.

Clinical data acquisition
Baseline data, such as demographics, medical history 
and medication utilisation, were derived from medical 
records using a standard protocol by uniformly trained 
researchers. NIHSS scores were gathered through the 
face-to-face interview on admission. The electronic data 
capture (EDC) system was applied to collect clinical data. 
Clinical outcomes were obtained through 3-month face-
to-face interviews and 12-month telephone interviews. 
During follow-up, we keep records of all stroke recur-
rences, combined vascular events, mortality and poor 
functional outcome. The new focal neurological defi-
cits caused by ischaemic or haemorrhagic stroke events 
confirmed by MRI or CT were defined as recurrent stroke. 
The new onset of stroke, myocardial infarction or cardio-
vascular death was defined as a combined vascular event. 
Modified Rankin Scale scores of 3–6 were used to define 
poor functional outcomes. We divided patients into mild 
and major ischaemic stroke groups according to NIHSS 
score (NIHSS score ≤5 vs NIHSS score >5).

Imaging data collection and analysis
All patients without contraindications to MRI had 
standard brain MRI scans on either a 3.0 T or 1.5 T 
MRI scanner. Baseline brain scans were acquired during 
hospitalisation. DWI, apparent diffusion coefficient, T1/
T2-weighted, fluid-attenuated inversion recovery, intrac-
ranial and extracranial vascular imaging sequences were 
recommended. The MRI parameters used for the current 
research were published.19

All imaging data were analysed centrally by trained 
experts and interpreted using the EDC system’s standard 
forms, providing details on the presence and location of 
infarctions, etc. A visible hyperintense lesion on DWI was 
defined as acute infarction. According to the presence of 
acute infarction, we divided the patients into DWI-negative 
and DWI-positive groups. Patients with persistent focal 
neurological symptoms for more than 24 hours but no 
areas of hyperintensity observed on DWI were defined as 
DWI-negative patients. Two neuroradiologists remained 
blinded to the patient clinical symptoms while simultane-
ously interpreting patient images. A third neuroradiolo-
gist was brought in to resolve any disagreements.

Aetiological classification
The aetiological classification of ischaemic stroke was 
conducted using the Trial of Org 10172 in Acute Stroke 
Treatment criteria.21 Neurologists and radiologists eval-
uated each centralised stroke subtype based on a previ-
ously established standardised element.22 Two experts 
interpreted each case and recorded it on a standardised 
report form in the EDC system. They remained blind to 
one another’s input data during interpretation. A third 
expert resolved the discrepancies between the two.

Statistical analysis
Continuous variables are presented as the median and 
IQR, while categorical variables are described as frequen-
cies and proportions. Student’s t-test, the Mann-Whitney 
U test and the Χ2 test were performed for comparing base-
line characteristics between groups. Kaplan-Meier survival 
analysis was used to calculate the 1-year stroke recurrence 
risk of DWI-negative patients with AIS. Multivariate Cox 
proportional hazards regression models (adjusting for all 
possible confounders derived from the univariate anal-
ysis) were used to evaluate the association between nega-
tive DWI and prognosis in overall patients and those with 
mild stroke (NIHSS score ≤5) and major stroke (NIHSS 
score >5). As the timing of the MRI scan is crucial, in addi-
tion to the hyperacute phase, a delayed scan time may 
also be associated with the existence of a negative DWI, 
as the sensitivity of DWI for stroke decreases rapidly with 
time, especially after 1 week. Therefore, to minimise the 
effect of this factor, we also performed a secondary anal-
ysis after excluding patients whose scan time was in the 
hyperacute phase and longer than 7 days. In addition, we 
attempted to examine the association between negative 
DWI and prognosis in a more detailed subgroup analysis 
of patients who had a minor, mild, moderate and severe 
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stroke. All statistical analyses were performed using SAS 
V.9.4 software (SAS Institute), and a p value of less than 
0.05 on both sides was considered significant.

RESULTS
Baseline characteristics
The CNSR-III study initially screened 15 622 patients 
according to the inclusion criteria. After excluding 
patients with the diagnosis of TIA or stroke mimics and 
other causes, the CNSR-III study included a total of 15 166 
patients with the final diagnosis of stroke or TIA (figure 1). 
There were 12 026 patients who had an ischaemic stroke 
with DWI sequences during hospitalisation enrolled in 
the current study (figure 1). The enrolled and excluded 
patients had similar characteristics (online supplemental 
table 1). The median age was 63 (55–70) years, and 8244 
(68.6%) patients were men. There were 932 (7.7%) 
patients with negative DWI. Compared with patients with 
positive DWI, negative DWI patients were older, likely to 
be female, had lower baseline NIHSS scores, had shorter 
event-to-enrolment time, and likely to have a medical 
history of stroke, TIA, coronary artery disease, dyslip-
idaemia, and treatment with recombinant tissue plas-
minogen activator (rt-PA), and less likely to be smokers 
or drinkers (table 1). The characteristics of patients with 
and without positive DWI stratified by stroke severity are 
further presented in online supplemental table 2.

Figure 2 shows the distribution of patients with negative 
DWI across different NIHSS scores. The proportion of 
DWI-negative lesions tended to decrease with increasing 

NIHSS scores, and for patients with NIHSS scores ≥20, no 
DWI negativity was observed (figure 2).

One-year outcomes
There were 1159 (9.64%) recurrent strokes, 1222 
(10.16%) combined vascular events, 388 (3.23%) death 
from any cause and 1627 (13.87%) poor functional 
outcomes.

For all patients, after adjustment for possible 
confounders in univariate analysis, the patients with 
negative DWI had significantly reduced risks of stroke 
recurrence, combined vascular events, mortality and 
poor functional outcomes (table  2). Similarly, among 
patients with mild AIS, DWI-negative patients exhib-
ited a decreased risk of stroke recurrence, combined 
vascular events, mortality and poor functional outcome. 
However, among patients with major AIS, an association 
was not observed (p>0.05), except for poor functional 
outcomes (table  2). The Kaplan-Meier curve estimated 
the cumulative 1-year stroke recurrence risk (figure  3). 
During 3-month follow-up, we observed similar results 
(online supplemental table 3). Even after the exclusion 
of patients with MRI performed within the first 2 hours 
from the onset of symptoms and more than 7 days after 
stroke onset for analysis, consistent results were obtained 
(online supplemental table 4). Besides, we further did 
more detailed subanalyses of patients (NIHSS 0–2 vs 3–5 
vs 6–13 vs >14) and found that DWI-negative patients with 
minor strokes had a better prognosis, and this association 
attenuated as the NIHSS score increased (online supple-
mental table 5).

DISCUSSION
In this study, we discovered that the proportion of DWI-
negative patients gradually decreased as the NIHSS 
score increased, and the majority of those with negative 
DWI findings were patients with mild AIS. Moreover, we 
observed that among all enrolled patients, the prognosis 
of patients with AIS with negative DWI was better, and 
DWI-negative patients showed lower risks of recurrent 
stroke, combined vascular events, mortality and poor 
functional outcomes. However, although these associa-
tions were significant in patients who had a mild stroke, 
they were not obvious in patients who had a major stroke.

The rate of patients with DWI-negative ischaemic stroke 
in our study was 7.7%, which was comparable with the 
6.8% in a previous meta-analysis of the prevalence of DWI-
negative AIS.10 Our study showed that the proportion of 
DWI-negative lesions gradually decreased ranging from 
17.34% to 0%, as the NIHSS score increased from 0 to 17. 
This decreasing trend was similar to that observed in the 
Oxford Vascular Study, although that study only analysed 
patients with minor strokes (NIHSS score ≤3).13 Further-
more, among patients with AIS, we found a high propor-
tion of DWI-negative patients with mild stroke (NIHSS 
score ≤5) and a low proportion of those with major 
stroke (NIHSS score >5). Despite this, the proportion of 

Figure 1  The study population flow chart. CNSR-III, Third 
China National Stroke Registry; DWI, diffusion-weighted 
imaging; TIA, transient ischaemic attack.
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DWI-negative patients with mild stroke in our study was 
still much lower than that in the Oxford Vascular Study 
(86.1% for those with TIA and 34.9% for those with an 
NIHSS score of 3).13 We speculate that these differences 
are due to the composition of the study population. The 
Oxford Vascular Study was a population-based cohort 
in which all patients with stroke-related symptoms were 
enrolled, with low rates of missed diagnosis. In contrast, 
the CNSR-III comprised a hospital-based cohort. Consid-
ering the low awareness and low consultation rate of 
patients with mild stroke symptoms in China, a substan-
tial number of patients with transient stroke symptoms 
did not visit the hospital for medical attention.23 More 
importantly, these patients were more likely to present 
as DWI negative.14 Therefore, this underdiagnosis may 

contribute to the underestimation of the rate of negative 
DWI in mild strokes.

In our study, we found that patients who had an isch-
aemic stroke with negative DWI findings had a better 
prognosis. Established studies aimed at investigating the 
effect of DWI negativity on the prognosis of patients with 
AIS are rare and have mainly focused on patients with 
minor strokes.10 15 24 25 Some studies have yielded incon-
sistent results with a limited sample size.15 The Oxford 
Vascular Study, a population-based study of TIA or minor 
stroke, showed that positive DWI was associated with 
higher long-term stroke recurrence risk for patients with 
an NIHSS score of 0–1 (OR 3.03, 95% CI 1.29 to 7.08), 
but not those with an NIHSS score of 2–3.10 Our study 
further stratified patients who had a stroke in more 

Table 1  Study population baseline characteristics

DWI−
(n=932)

DWI+
(n=11 094) P value

Age, year 63 (57–72) 63 (54–70) 0.0045

Male 553 (59.33) 7691 (69.33) <0.0001

NIHSS at admission 2 (1–4) 4 (2–6) <0.0001

Time from event to enrolment, day 1 (0–3) 2 (1–4) <0.0001

Time from event to MRI, day 2 (1–4) 2 (1–4) 0.5317

Medical history

 � Hypertension 591 (63.41) 7006 (63.15) 0.8740

 � Diabetes mellitus 208 (22.32) 2583 (23.28) 0.5026

 � Stroke 257 (27.58) 2396 (21.60) <0.0001

 � TIA 31 (3.33) 208 (1.87) 0.0023

 � Coronary artery disease 116 (12.45) 1081 (9.74) 0.0081

 � Atrial fibrillation 35 (3.76) 771 (6.95) 0.0002

 � Dyslipidaemia 88 (9.44) 819 (7.38) 0.0222

Current smoker 237 (25.43) 3593 (32.39) <0.0001

Heavy drinker 103 (11.05) 1601 (14.43) 0.0045

Treated with rt-PA 152 (16.31) 978 (8.82) <0.0001

Medication use at discharge

 � Antiplatelet 860 (92.27) 10 083 (90.89) 0.1552

 � Anticoagulants 13 (1.39) 323 (2.91) 0.0070

 � Antihypertensive agent 395 (42.38) 5556 (50.08) <0.0001

 � Lipid-lowering agent 846 (90.77) 10 193 (91.88) 0.2374

TOAST classification <0.0001

 � Large artery atherosclerosis 194 (20.82) 3001 (27.05)

 � Cardioembolism 50 (5.36) 670 (6.04)

 � Small artery occlusion 0 (0.00) 2896 (26.10)

 � Other determined aetiology 15 (1.61) 152 (1.37)

 � Undetermined aetiology 673 (72.71) 4375 (39.44)

Variables are shown as median (IQR) or number (%).
Time from event to enrolment is defined as the time from disease onset to patient signing an informed consent form.
DWI, diffusion-weighted imaging; NIHSS, National Institute of Health Stroke Scale; rt-PA, recombinant tissue plasminogen activator; TIA, 
transient ischaemic attack; TOAST, Trial of Org 10172 in Acute Stroke Treatment.
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detail, and we also found that the association between 
DWI negativity and stroke recurrence was significant in 
patients with minor strokes. The ​TIAregistry.​org project, 
an international registry focused on TIA and minor 

stroke, identified an elevated recurrent stroke risk in 
patients with acute infarction, demonstrating that brain 
imaging could stratify stroke recurrence risk after TIA or 
minor stroke.24 Unfortunately, this study did not distin-
guish between patients with TIA and minor stroke, and 
no further stratification was performed. The Diagnosis of 
Uncertain-Origin Benign Transient Neurological Symp-
toms Study also found that for recurrent stroke, normal 
MRI scans provided a negative predictive value of 99.8%, 
but that study only included patients with low-risk focal 
neurological symptoms.26

The key finding in our research indicated that the prog-
nostic value of DWI negativity in predicting recurrent 
stroke varied between patients with mild and major AIS. 
According to clinical guidelines, there are differences in 
the treatment strategies for mild stroke and major stroke 
in the acute phase. Major stroke should be treated with 
intravenous thrombolysis and thrombectomy, while mild 
stroke should be treated with antithrombotic therapy. 
Therefore, our findings have distinct implications for 
the current treatment strategies. First, we discovered 
that in patients with mild stroke, DWI-negative patients 
had a significantly better prognosis than DWI-positive 

Figure 2  The distribution of proportion of negative DWI 
patients in different NIHSS scores. Proportion of patients with 
no acute lesion at baseline DWI in different NIHSS scores. 
DWI, diffusion-weighted imaging; NIHSS, National Institute of 
Health Stroke Scale.

Table 2  One-year prognosis of patients with DWI brain imaging (DWI+) and without (DWI−) stratified with stroke severity

Outcome

DWI− DWI+ Model 1 Model 2

Events (%) Events (%) HR/OR (95% CI) P value HR/OR (95% CI) P value

Total (n=12 026) (n=932) (n=11 094)

Stroke recurrence 63 (6.76) 1096 (9.88) 0.65 (0.51 to 0.84) 0.0009 0.63 (0.49 to 0.82) 0.0006

 � New ischaemic stroke 57 (6.12) 1011 (9.11) 0.64 (0.49 to 0.83) 0.0009 0.60 (0.46 to 0.79) 0.0002

 � Recurrent haemorrhage stroke 6 (0.64) 101 (0.91) 0.72 (0.32 to 1.64) 0.4358 0.97 (0.41 to 2.27) 0.9386

Combined vascular event 69 (7.40) 1153 (10.39) 0.68 (0.53 to 0.86) 0.0017 0.72 (0.56 to 0.92) 0.0096

Death from any cause 16 (1.72) 372 (3.35) 0.47 (0.28 to 0.77) 0.0028 0.60 (0.36 to 0.995) 0.0480

Poor functional outcome* 65 (7.19) 1562 (14.42) 0.41 (0.32 to 0.54) <0.0001 0.57 (0.43 to 0.76) <0.0001

NIHSS ≤5 (n=8562) (n=809) (n=7753)

Stroke recurrence 51 (6.30) 716 (9.24) 0.65 (0.49 to 0.87) 0.0033 0.60 (0.45 to 0.81) 0.0007

 � New ischaemic stroke 46 (5.69) 667 (8.60) 0.63 (0.47 to 0.85) 0.0025 0.57 (0.42 to 0.77) 0.0003

 � Recurrent haemorrhage stroke 5 (0.62) 58 (0.75) 0.85 (0.34 to 2.11) 0.7197 1.10 (0.42 to 2.87) 0.8495

Combined vascular event 57 (7.05) 750 (9.67) 0.70 (0.53 to 0.91) 0.0088 0.72 (0.55 to 0.95) 0.0209

Death from any cause 9 (1.11) 167 (2.15) 0.47 (0.24 to 0.92) 0.0276 0.47 (0.24 to 0.93) 0.0300

Poor functional outcome* 46 (5.82) 609 (8.03) 0.64 (0.47 to 0.88) 0.0052 0.63 (0.46 to 0.88) 0.0060

NIHSS >5 (n=3464) (n=123) (n=3341)

Stroke recurrence 12 (9.76) 380 (11.37) 0.80 (0.45 to 1.42) 0.4448 0.85 (0.47 to 1.52) 0.5764

 � New ischaemic stroke 11 (8.94) 344 (10.30) 0.80 (0.44 to 1.47) 0.4770 0.85 (0.46 to 1.56) 0.5939

 � Recurrent haemorrhagic stroke 1 (0.81) 43 (1.29) 0.66 (0.09 to 4.81) 0.6829 0.70 (0.09 to 5.24) 0.7277

Combined vascular event 12 (9.76) 403 (12.06) 0.75 (0.42 to 1.33) 0.3277 0.78 (0.44 to 1.40) 0.4133

Death from any cause 7 (5.69) 205 (6.14) 0.81 (0.38 to 1.73) 0.5897 1.05 (0.48 to 2.26) 0.9107

Poor functional outcome* 19 (16.67) 953 (29.39) 0.41 (0.25 to 0.69) 0.0007 0.47 (0.28 to 0.81) 0.0061

Model 1: adjusted for age and sex.
Model 2: adjusted for age, sex, NIHSS at admission, event-to-enrolment time, medical history of stroke, TIA, coronary artery disease, atrial fibrillation, 
dyslipidaemia, current smoker, heavy drinker, treated with rt-PA, anticoagulants, antihypertensive agent and TOAST classification.
*Modified Rankin Scale score was missing for 292 patients at 1 year. Logistic regression analysis was conducted on the remaining population.
DWI, diffusion-weighted imaging; NIHSS, National Institute of Health Stroke Scale; rt-PA, recombinant tissue plasminogen activator; TIA, transient 
ischaemic attack; TOAST, Trial of Org 10172 in Acute Stroke Treatment.
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patients, suggesting that DWI negativity can be used as 
an imaging indicator for a good prognosis. The pres-
ence of infarction on DWI could be applied for the risk 
stratification in patients who had a mild stroke. Because 
of the high stroke recurrence risk in patients who had 
a mild stroke,24 it is crucial to perform risk scoring, and 
the analysis of additional images may contribute to the 
predictive value of risk scoring.27 On the other hand, we 
also found that among patients who had a major stroke, 
although rare, DWI-negative infarctions also existed. 
These DWI-negative patients had a similar risk of stroke 
recurrence as DWI-positive patients. Therefore, for 
patients with major stroke, standard treatment (especially 
intravenous alteplase treatment and mechanical throm-
bectomy) should be given within the appropriate time 
window, regardless of the presence or absence of infarc-
tion, to prevent delayed treatment. Even if stroke mimics 
are given intravenous thrombolysis, the risk of complica-
tions will not increase.28–30 In addition, it was remarkable 
that among patients whose NIHSS score was 20 or higher, 
no DWI-negative patients were identified. These results 
suggested that in patients with higher NIHSS scores, if 
DWI is negative, clinicians need to be more cautious in 
diagnosing AIS.

Strengths of our study included that a prospective, 
multicentre, hospital-based cohort provided the data for 
this study. All image interpretation and event adjudica-
tion were performed centrally, reducing the potential 
bias caused by inconsistency among subcentres. This is, to 
our knowledge, the largest study exploring the prognosis 
of patients with AIS who are DWI negative. However, 
some limitations still exist. First, the NIHSS score for 
the entire population was low, and 71% of patients had 
mild strokes with an NIHSS score ≤5, which may cause 
bias. Second, the MR examination times were not 
uniform but 94.6% of the images were acquired within 
7 days of onset. To minimise the effect of MRI scan time, 
we also performed a secondary analysis after excluding 
patients whose scans were in the hyperacute phase and 
longer than 7 days, and obtained essentially unchanged 
results, suggesting the robustness of our results. Third, 

the scanners included 1.5 T and 3.0 T devices, so the 
magnetic field strength was not consistent. Fourth, our 
findings were primarily based on the Chinese population 
and cannot be generalised to people of other ethnici-
ties. Finally, although the CNSR-III study excluded most 
patients diagnosed as stroke mimics, there may also be 
some stroke mimics left, which could lead to selection 
bias. Future studies gathering more detailed information 
about clinical symptoms/syndromes, clinical course and 
timing of MRI to disentangle different profiles of DWI-
negative patients, including different risk factors, clinical 
prognosis and treatment indications, have considerable 
clinical significance.

CONCLUSIONS
The rate of DWI negativity in patients with AIS was 
high, especially in patients who had a mild stroke, and 
the proportion of DWI negativity tended to gradually 
decrease as the NIHSS score increased. DWI negativity 
was associated with low stroke recurrence, most notably 
in patients with mild stroke, but not in those with major 
stroke. The results suggested that for patients with mild 
stroke, DWI negativity could be an imaging marker for a 
better prognosis, which may help to stratify risk. However, 
for patients with major stroke, DWI might not be useful 
for predicting clinical outcomes. Acute treatment and 
secondary prevention should not be neglected when 
lesions are not found on DWI.

Acknowledgements  We appreciated all the study participants and their relatives 
for supporting the CNSR-III study. We also thank all the relevant clinicians, 
statisticians, coordinators, laboratory staff and imaging technicians who 
participated in the study for their hard work and dedication.

Contributors  YJW is responsible for the overall content as the guarantor, have 
access to the data in this study and takes responsibility for the integrity of 
the data and the accuracy of the data analysis. YJW, YW and JJ contributed to 
conception and design of the study. YJW and MW organised the database. YP and 
MW performed the statistical analysis. YW wrote the first draft of the manuscript. 
All authors contributed to manuscript revision, read and approved the submitted 
version.

Funding  This work was supported by grants from the National Key R&D Program 
of China (2018YFC1312903), grants from the National Natural Science Foundation 

Figure 3  Kaplan-Meier graphs for 1-year risk of recurrent stroke and stratified by stroke severity (NIHSS ≤5 vs NIHSS >5). The 
1-year risk of stroke recurrence in overall patients (A), patients who had a mild stroke (B), and patients who had a major stroke 
(C) with negative DWI and those without. DWI, diffusion-weighted imaging; NIHSS, National Institute of Health Stroke Scale.

 on M
ay 6, 2025 by guest. P

rotected by copyright.
http://svn.bm

j.com
/

S
troke V

asc N
eurol: first published as 10.1136/svn-2021-001459 on 13 June 2022. D

ow
nloaded from

 

http://svn.bmj.com/


� 499Wang Y, et al. Stroke & Vascular Neurology 2022;7:e001459. doi:10.1136/svn-2021-001459

Open access

of China (81870905, U20A20358), and grants from CAMS Innovation Fund for 
Medical Sciences (2019-I2M-5-029).

Competing interests  None declared.
Patient consent for publication  Parental/guardian consent obtained.

Ethics approval  The Ethics Committee of Beijing Tiantan Hospital (IRB approval 
number: KY2015-001-01) and all participating centres have approved the CNSR-III 
protocol. Written informed consent was provided from all patients.
Provenance and peer review  Not commissioned; externally peer reviewed.
Data availability statement  Data are available upon reasonable request. The data 
that support the findings of this study are available from the corresponding author 
upon reasonable request.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Yu Wang http://orcid.org/0000-0003-1591-8028
Yuesong Pan http://orcid.org/0000-0003-3082-6789

REFERENCES
	 1	 GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 

diseases and injuries in 204 countries and territories, 1990-2019: 
a systematic analysis for the global burden of disease study 2019. 
Lancet 2020;396:1204–22.

	 2	 Zhou M, Wang H, Zeng X, et al. Mortality, morbidity, and risk factors 
in China and its provinces, 1990–2017: a systematic analysis for the 
global burden of disease study 2017. The Lancet 2019;394:1145–58.

	 3	 Powers WJ, Rabinstein AA, Ackerson T, et al. Guidelines for the 
early management of patients with acute ischemic stroke: 2019 
update to the 2018 guidelines for the early management of acute 
ischemic stroke: a guideline for healthcare professionals from the 
American heart Association/American stroke association. Stroke 
2019;50:e344–418.

	 4	 Burke JF, Kerber KA, Iwashyna TJ, et al. Wide variation and rising 
utilization of stroke magnetic resonance imaging: data from 11 
states. Ann Neurol 2012;71:179–85.

	 5	 Brunser AM, Hoppe A, Illanes S, et al. Accuracy of diffusion-weighted 
imaging in the diagnosis of stroke in patients with suspected cerebral 
infarct. Stroke 2013;44:1169–71.

	 6	 Jauch EC, Saver JL, Adams HP, et al. Guidelines for the early 
management of patients with acute ischemic stroke: a guideline 
for healthcare professionals from the American heart Association/
American stroke association. Stroke 2013;44:870–947.

	 7	 Schellinger PD, Bryan RN, Caplan LR, et al. Evidence-Based 
guideline: the role of diffusion and perfusion MRI for the diagnosis 
of acute ischemic stroke: report of the Therapeutics and Technology 
Assessment Subcommittee of the American Academy of Neurology. 
Neurology 2010;75:177–85.

	 8	 Pierpaoli C, Righini A, Linfante I, et al. Histopathologic correlates of 
abnormal water diffusion in cerebral ischemia: diffusion-weighted 
MR imaging and light and electron microscopic study. Radiology 
1993;189:439–48.

	 9	 Easton JD, Saver JL, Albers GW, et al. Definition and evaluation 
of transient ischemic attack: a scientific statement for healthcare 
professionals from the American heart Association/American stroke 
association stroke Council; Council on cardiovascular surgery and 
anesthesia; Council on cardiovascular radiology and intervention; 
Council on cardiovascular nursing; and the interdisciplinary Council 
on peripheral vascular disease. the American Academy of Neurology 
affirms the value of this statement as an educational tool for 
neurologists. Stroke 2009;40:2276–93.

	10	 Edlow BL, Hurwitz S, Edlow JA. Diagnosis of DWI-negative acute 
ischemic stroke: a meta-analysis. Neurology 2017;89:256–62.

	11	 Ay H, Buonanno FS, Rordorf G, et al. Normal diffusion-weighted MRI 
during stroke-like deficits. Neurology 1999;52:1784–92.

	12	 Sylaja PN, Coutts SB, Krol A, et al. When to expect negative 
diffusion-weighted images in stroke and transient ischemic attack. 
Stroke 2008;39:1898–900.

	13	 Hurford R, Li L, Lovett N, et al. Prognostic value of "tissue-based" 
definitions of TIA and minor stroke: Population-based study. 
Neurology 2019;92:e2455–61.

	14	 Doubal FN, Dennis MS, Wardlaw JM. Characteristics of patients with 
minor ischaemic strokes and negative MRI: a cross-sectional study. J 
Neurol Neurosurg Psychiatry 2011;82:540–2.

	15	 Makin SDJ, Doubal FN, Dennis MS, et al. Clinically confirmed stroke 
with negative diffusion-weighted imaging magnetic resonance 
imaging: longitudinal study of clinical outcomes, stroke recurrence, 
and systematic review. Stroke 2015;46:3142–8.

	16	 Lefkowitz D, LaBenz M, Nudo SR, et al. Hyperacute ischemic stroke 
missed by diffusion-weighted imaging. AJNR Am J Neuroradiol 
1999;20:1871–5.

	17	 Kawano H, Hirano T, Nakajima M, et al. Diffusion-Weighted magnetic 
resonance imaging may underestimate acute ischemic lesions: 
cautions on neglecting a computed tomography-diffusion-weighted 
imaging discrepancy. Stroke 2013;44:1056–61.

	18	 Rosso C, Drier A, Lacroix D, et al. Diffusion-Weighted MRI in 
acute stroke within the first 6 hours: 1.5 or 3.0 Tesla? Neurology 
2010;74:1946–53.

	19	 Wang Y, Jing J, Meng X, et al. The third China national stroke 
registry (CNSR-III) for patients with acute ischaemic stroke or 
transient ischaemic attack: design, rationale and baseline patient 
characteristics. Stroke Vasc Neurol 2019;4:158–64.

	20	 Stroke-1989. Stroke--1989. Recommendations on stroke prevention, 
diagnosis, and therapy. Report of the WHO Task Force on Stroke and 
other Cerebrovascular Disorders. Stroke 1989;20:1407–31.

	21	 Adams HP, Bendixen BH, Kappelle LJ, 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. Stroke 
1993;24:35–41.

	22	 Suo Y, Jing J, Meng X, et al. Inconsistent centralised versus 
non-centralised ischaemic stroke aetiology. Stroke Vasc Neurol 
2020;5:337–47.

	23	 Wang Y, Zhao X, Jiang Y, et al. Prevalence, knowledge, and treatment 
of transient ischemic attacks in China. Neurology 2015;84:2354–61.

	24	 Amarenco P, Lavallée P, Labreuche J. One-Year risk of stroke after 
transient ischemic attack or minor stroke 2016;374:1533–42.

	25	 Coutts SB, Simon JE, Eliasziw M, et al. Triaging transient ischemic 
attack and minor stroke patients using acute magnetic resonance 
imaging. Ann Neurol 2005;57:848–54.

	26	 Coutts SB, Moreau F, Asdaghi N, et al. Rate and prognosis of brain 
ischemia in patients with Lower-Risk transient or persistent minor 
neurologic events. JAMA Neurol 2019;76:1439-1445.

	27	 Mayer L, Ferrari J, Krebs S, et al. Abcd3-I score and the risk of early 
or 3-month stroke recurrence in tissue- and time-based definitions of 
TIA and minor stroke. J Neurol 2018;265:530–4.

	28	 Ali-Ahmed F, Federspiel JJ, Liang L, et al. Intravenous 
tissue plasminogen activator in stroke mimics. Circulation 
2019;12:e005609.

	29	 Tsivgoulis G, Zand R, Katsanos AH, et al. Safety of intravenous 
thrombolysis in stroke mimics: prospective 5-year study and 
comprehensive meta-analysis. Stroke 2015;46:1281–7.

	30	 Chernyshev OY, Martin-Schild S, Albright KC, et al. Safety of tPA 
in stroke mimics and neuroimaging-negative cerebral ischemia. 
Neurology 2010;74:1340–5.

 on M
ay 6, 2025 by guest. P

rotected by copyright.
http://svn.bm

j.com
/

S
troke V

asc N
eurol: first published as 10.1136/svn-2021-001459 on 13 June 2022. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1591-8028
http://orcid.org/0000-0003-3082-6789
http://dx.doi.org/10.1016/S0140-6736(20)30925-9
http://dx.doi.org/10.1016/S0140-6736(19)30427-1
http://dx.doi.org/10.1161/STR.0000000000000211
http://dx.doi.org/10.1002/ana.22698
http://dx.doi.org/10.1161/STROKEAHA.111.000527
http://dx.doi.org/10.1161/STR.0b013e318284056a
http://dx.doi.org/10.1212/WNL.0b013e3181e7c9dd
http://dx.doi.org/10.1148/radiology.189.2.8210373
http://dx.doi.org/10.1161/STROKEAHA.108.192218
http://dx.doi.org/10.1212/WNL.0000000000004120
http://dx.doi.org/10.1212/WNL.52.9.1784
http://dx.doi.org/10.1161/STROKEAHA.107.497453
http://dx.doi.org/10.1212/WNL.0000000000007531
http://dx.doi.org/10.1136/jnnp.2009.190298
http://dx.doi.org/10.1136/jnnp.2009.190298
http://dx.doi.org/10.1161/STROKEAHA.115.010665
http://www.ncbi.nlm.nih.gov/pubmed/10588111
http://dx.doi.org/10.1161/STROKEAHA.111.000254
http://dx.doi.org/10.1212/WNL.0b013e3181e396d1
http://dx.doi.org/10.1136/svn-2019-000242
http://dx.doi.org/10.1161/01.STR.20.10.1407
http://dx.doi.org/10.1161/01.STR.24.1.35
http://dx.doi.org/10.1136/svn-2020-000576
http://dx.doi.org/10.1212/WNL.0000000000001665
http://dx.doi.org/10.1002/ana.20497
http://dx.doi.org/10.1001/jamaneurol.2019.3063
http://dx.doi.org/10.1007/s00415-017-8720-8
http://dx.doi.org/10.1161/CIRCOUTCOMES.119.005609
http://dx.doi.org/10.1161/STROKEAHA.115.009012
http://dx.doi.org/10.1212/WNL.0b013e3181dad5a6
http://svn.bmj.com/

	Distribution and prognosis of acute ischaemic stroke with negative diffusion-­weighted imaging
	Abstract
	Introduction﻿﻿
	Methods
	Study design and population
	Clinical data acquisition
	Imaging data collection and analysis
	Aetiological classification
	Statistical analysis

	Results
	Baseline characteristics
	One-year outcomes

	Discussion
	Conclusions
	References


