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Abstract
Objective: Diffusion- weighted imaging lesions (DWILs) are associated with 
unfavorable outcome in intracerebral hemorrhage (ICH). We proposed a novel 
predictive nomogram incorporating DWILs.
Methods: A total of 738 patients with primary ICH in a tertiary hospital were 
prospectively enrolled as a training cohort. DWILs were defined as remote focal 
hyperintensities on DWI corresponding to low intensities on apparent diffusion 
coefficient images and remote from the focal hematoma. The outcome of interest 
was modified Rankin Scale scores of 4– 6 at 90 days after onset. Multivariate logistic 
regression was used to construct a nomogram. Model performance was tested in the 
training cohort and externally validated with respect to discrimination, calibration, 
and clinical usefulness in another institute. Additionally, the nomogram was compared 
with the ICH score in terms of predictive ability.
Results: Overall, 153 (20.73%) and 23 (15.54%) patients developed an unfavorable 
outcome in the training and validation cohorts, respectively. The multivariate analysis 
revealed that age, National Institutes of Health Stroke Scale (NIHSS) score, anemia, 
infratentorial location, presence of DWILs, and prior ICH were associated with 
unfavorable outcome. Our ANAID- ICH nomogram was constructed according to the 
aforementioned variables; the area under the receiver operating characteristic curve 
was 0.842 and 0.831 in the training and validation sets, respectively. With regard to 
the 90- day outcome, the nomogram showed a significantly higher predictive value 
than the ICH score in both cohorts.
Conclusions: The ANAID- ICH nomogram comprising age, NIHSS score, anemia, 
infratentorial location, presence of DWILs, and prior ICH may facilitate the 
identification of patients at higher risk for an unfavorable outcome.
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1  |  INTRODUC TION

Intracerebral hemorrhage (ICH) is a devastating disease with higher 
mortality and morbidity rates than any other form of stroke.1 
Approximately, 40% of patients has been estimated to die at 1 year, 
and most survivors suffer from disability.2,3 The often dismal out-
come highlights the need for establishing prognostic models to aid 
clinicians in selecting treatments and monitoring patients. The ICH 
score introduced by Hemphill et al.,4 comprises age, hematoma vol-
ume, Glasgow Coma Scale (GCS) score, intraventricular hemorrhage 
(IVH), and infratentorial location and has been broadly applied in 
clinical ICH studies.5 While the ICH score had been shown to have 
great value in discriminating the risk of mortality,6 the results varied 
in terms of functional outcomes.7– 9 This discrepancy might be partly 
because the ICH score represented the effect of hematoma; how-
ever, the outcome was also determined by the brain status globally 
in the ICH setting.10,11

Diffusion- weighted imaging lesions (DWILs) are found in approx-
imately 41% of patients with ICH.12,13 These lesions were previously 
observed to be related to imaging markers of cerebral small vessel 
disease, such as cerebral microbleeds, white matter hyperintensity, 
and enlarged perivascular spaces, suggesting that global microan-
giopathy predates ICH.13– 19 A large- scale pooled analysis of 1752 
patients across four trials showed that patients with DWILs had an 
elevated risk of unfavorable outcome at 90 days after ICH.19 Indeed, 
cumulative evidence supports the unfavorable effects of DWILs on 
morbidity and mortality following ICH. We hypothesized that the 
inclusion of DWILs in a prognostic model might improve the predic-
tion efficiency.

The nomogram has been extensively used as a predictive model 
in surgery, cancer, and other specialties.20,21 It incorporates critical 
variables in prognosis and provides a continuum risk estimation of 
an individual patient. The present study aimed to (i) develop a novel 
nomogram based on clinical factors and DWILs with regard to 90- 
day functional outcome, (ii) investigate the predictive power of our 
nomogram and ICH score, and (iii) validate our nomogram in another 
institute.

2  |  METHODS

2.1  |  Study population

Patients with ICH from the Department of Neurology at the Second 
Affiliated Hospital of Zhejiang University from November 2016 to 
February 2021 were prospectively enrolled. Eligible patients who 
met the following criteria were recruited as the training cohort: (i) 
age ≥18 years; (ii) diagnosis of ICH within 7 days from symptom onset 
or the last time seen well; and (iii) magnetic resonance imaging (MRI) 
performed within 28 days after ICH. Patients with any of the follow-
ing characteristics were excluded: (i) hemorrhage due to trauma, in-
tracranial vascular malformation, neoplasm, or any other presumed 

cause of secondary ICH; (ii) isolated IVH; (iii) any type of surgical 
hematoma evacuation; (iv) poor- quality imaging data; (v) baseline 
modified Rankin Scale (mRS) score of >3; or (vi) loss to follow- up 
(Figure 1).

An independent cohort of patients was enrolled at the 
Affiliated Hospital of Hangzhou Normal University from March 
2014 to June 2018. These patients were screened using the same 
inclusion and exclusion criteria to serve as an external validation 
cohort (Figure 1).

2.2  |  Data availability

We collected data on age, sex, and clinical variables, including sys-
tolic blood pressure, diastolic blood pressure, time from ictus to 
emergency, National Institutes of Health Stroke Scale (NIHSS) score, 
and GCS score at initial presentation. Using a standard assessment 
form, trained physicians obtained data on the functional status prior 
to onset, comorbidities (e.g., hypertension, diabetes mellitus, atrial 
fibrillation, and prior stroke), and pre- hospital use of antiplatelet and 
anticoagulation agents. The following laboratory parameters were 
retrieved from medical records: hemoglobin, platelet count, inter-
national normalized ratio (INR), fasting blood glucose, low- density 
lipoprotein (LDL), and creatine. Hemoglobin, platelet count, and 
INR were measured on admission, whereas fasting blood glucose, 
LDL, and creatine were measured on the next morning after admis-
sion. Anemia was defined as hemoglobin concentration <120 g/L in 
women and <130 g/L in men.22

2.3  |  Imaging acquisition and analysis

Non- contrast computed tomography (NCCT) was performed using 
multidetector row scanners with 4.8-  or 5- mm slice thickness axial 
reconstruction, tube potential of 120– 130 kVp, and tube current of 
100– 300 mA in accordance with the local NCCT protocol at each 
site. The ICH location was assessed on baseline NCCT scans and 
classified into lobar (involvement of the cortical surface or juxtacor-
tical regions), deep (involvement of the thalamus, basal ganglia, or 
internal capsule), and infratentorial (involvement of the brain stem 
and cerebellum). Volumetric assessment was completed using a 
semiautomated planimetric method with the ITK- SNAP software 
(University of Pennsylvania, Philadelphia, USA; www.itksn ap.org). 
IVH was defined as an intraventricular hyperdense image that was 
not attributable to the choroid plexus or calcification and was not 
included in the hematoma volume.

MRI was performed on a 1.5- Tesla (Sonata, Siemens Healthcare 
GmbH, Erlangen, Germany) or 3.0- Tesla scanner (Signa HDxt, GE 
Healthcare, Milwaukee, WI, USA) with a standardized protocol 
consisting of axial T1- weighted, T2- weighted, T2- FLAIR, DWI, and 
apparent diffusion coefficient (ADC) sequences at our site. Axial 
DWI sequences were acquired on a 1.5- Tesla scanner [repetition 

http://www.itksnap.org
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time (TR) = 3100 ms, echo time (TE) = 84 ms, b = 0/1000 s/mm2, 
6- mm slice thickness, 0.5- mm gap, field of view (FOV) = 230 mm] 
or a 3.0- Tesla scanner (TR = 5200 ms, TE = 75 ms, b = 0/1000 s/
mm2, 6- mm slice thickness, 0.5- mm gap, FOV = 240 mm). In the 
validation cohort, patients underwent MRI scans on a 1.5- Tesla 
scanner (Avanto, Siemens), and DWI sequences were performed 
with the following parameters: TR = 4000 ms, TE = 102 ms, 
b = 0/1000 s/mm2, 5.0- mm slice thickness, 1.5- mm gap, and 
FOV = 230 mm.

DWILs were defined as focal hyperintensities on DWI corre-
sponding to low intensities on ADC images and remote from the 
focal hematoma (>20 mm).17 All rules were formulated prior to the 
current study. Two experienced raters (Q. Kong and H. Liu), who 
were blinded to the clinical and outcome data, reviewed all images 
separately to determine the presence, number, and distribution of 
DWILs. Using a subset of 30 representative cases from our training 
cohort, the inter- rater reliability for DWIL assessment between the 
two trained raters was determined to be excellent (kappa = 0.86).

2.4  |  Follow- up

Patients were followed up during face- to- face clinic visits or via tele-
phone interviews at 90 days after ICH. We recorded the mRS scores 
as the neurological outcome. A favorable outcome was defined as 
mRS scores of 0– 3, whereas an unfavorable outcome was defined 
as mRS scores of 4– 6.

2.5  |  Statistical analysis

Categorical variables are summarized as n (%) and were compared 
using the χ2 test or Fisher's exact test, as appropriate. Continuous 
variables are expressed as mean ± standard deviation or as median 
(interquartile range [IQR]) based on their distribution, as evaluated 
using the Shapiro– Wilk test. Student's t- test or Mann– Whitney U 
test was used to compare the continuous variables. The inter- rater 
agreement for DWILs was calculated for a sample of 30 patients 
using κ coefficient.

To develop a nomogram with good calibration and discrimination, 
a model was constructed in our training set and was subsequently 
validated in another dataset. Variables with p < 0.1 in the univariate 
regression analysis and those identified in previously published ar-
ticles were included in the multivariate logistic regression models to 
identify the independent risk factors for the 90- day outcome. We 
used backward elimination procedures to arrive at a minimal model 
including only variables at p < 0.05. Potential multicollinearity was 
evaluated using variance inflation factor (VIF), and an arithmetic 
square root of VIF ≤2 was considered as non- collinearity. A nomo-
gram was formulated based on all independent predictors that pre-
dict poor outcome in the final model.

The discriminative ability of the nomogram was summarized 
by calculating the area under the receiver operating characteristic 
curve (AUC- ROC). Calibration was measured using the Hosmer– 
Lemeshow test and a calibration plot with a bootstrap of 1000 res-
amples. To assess the performance of the nomogram in the external 

F I G U R E  1  Selection flowchart of included and excluded patients.
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validation cohort, the established nomogram was then applied to 
predict the probability of an unfavorable outcome, and the AUC- 
ROC, calibration curve, and Hosmer– Lemeshow test were applied. 
Pairwise comparison of the AUC- ROC was conducted to compare 
the nomogram with the ICH score in each cohort. Categorical net 
reclassification improvement (NRI) and integrated discrimination 
improvement (IDI) were used to determine the extent to which the 
predictive power of the nomogram improved than the ICH score 
system. Decision curve analysis (DCA) was carried out to assess the 
clinical usefulness of our nomogram and ICH score by quantifying 
the net benefit across different threshold probabilities in the train-
ing and validation cohorts.23

All statistical analyses were performed using R software version 
4.0.1 (http://www.Rproj ect.org). The nomogram and calibration plot 
were constructed using the “rms” package; the NRI and IDI were cal-
culated using the “PredictABEL” package; and the DCA was estab-
lished using the “rmda” package. A two- tailed value of p < 0.05 was 
considered to be indicative of statistical significance.

3  |  RESULTS

Figure 1 presents the flowchart of patient inclusion. A total of 738 
eligible patients were included in the training cohort. Of these, 
66.94% were men, and the median age was 62 (IQR, [52, 70]) years. 
In the training cohort, we identified 168 DWILs in 131 individuals: 
25 patients had at least two lesions; the rest had a single DWI le-
sion. All lesions were round or ovoid and were at least 20 mm dis-
tant from the closet hemorrhage. Representative examples of DWI 
lesions are shown in Figure 2. DWILs were most common found 
in lobar cortical– subcortical areas (n = 132 [78.6%]) especially the 
frontal lobes (n = 66 [39.4%]). Of the remainder, 28 (16.7%) were 
deep hemispheric and 8 (4.8%) infratentorial. Most DWILs (n = 97 
[57.7%]) were ipsilateral to the ICH. A total of 153 (20.73%) patients 

developed an unfavorable outcome at 90 days after ICH. Table 1 
summarizes the baseline characteristics of the patients grouped ac-
cording to outcome.

The results of the univariate and multivariate logistic analyses 
are presented in Table 2. The univariate analysis showed that age, 
time from ictus to emergency, NIHSS score, GCS score, prior ICH, 
prior acute ischemic stroke/transient ischemic attack, prior anti-
platelet agent use, fasting blood glucose level, anemia, baseline 
ICH volume, IVH extension, and presence of DWILs were asso-
ciated with an unfavorable outcome (p < 0.1). We included these 
factors and infratentorial location in binary logistic regression 
models. Based on backward stepwise elimination, age (odds ratio 
[OR], 1.036; 95% CI [confidence interval], 1.018– 1.054; p < 0.001), 
NIHSS score (OR, 1.220; 95% CI, 1.173– 1.269; p < 0.001), prior ICH 
(OR, 2.330; 95% CI, 1.139– 4.768; p = 0.021), anemia (OR, 1.788; 
95% CI, 1.071– 2.984; p = 0.026), infratentorial location (OR, 2.438; 
95% CI, 1.365– 4.356; p = 0.003), and presence of DWILs (OR, 
2.819; 95% CI, 1.721– 4.618; p < 0.001) were identified as indepen-
dent predictors of 90- day unfavorable outcome in adjusted model. 
No significant collinearity was observed for any variables included 
in the model.

Our nomogram model named ANAID- ICH nomogram was estab-
lished with age, NIHSS score (categorized as NIHSS <7, 7– 13, 14– 20, 
and ≥21), anemia, infratentorial location, presence of DWILs, and 
prior ICH (Figure 3). The AUC- ROC of the nomogram for predicting 
the 90- day unfavorable outcome was 0.842 (95% CI, 0.808– 0.874), 
indicating an outstanding model discriminative ability (Figure 4A). 
Furthermore, the calibration plots revealed remarkable predictive 
accuracy between nomogram prediction and actual probability in 
the training cohort (Figure 4C). Similarly, the Hosmer– Lemeshow 
test yielded a non- significant statistic (p = 0.13), indicating accept-
able goodness- of- fit. In order to further test the developed nomo-
gram, 149 additional patients from another institution were enrolled 
to serve as the validation cohort. The baseline characteristics of 

F I G U R E  2  Representative MRI of diffusion- weighted imaging lesions (DWILs) in patients with acute intracerebral hemorrhage. In a 
patient with lobar hemorrhage (A), the lesion (white arrow) appears as hyperintensity on diffusion- weighted imaging (B) with corresponding 
hypointensity signal (red arrow) on apparent diffusion coefficient map (C).

http://www.rproject.org/
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Characteristic

Overall mRS 0– 3 mRS 4– 6

p- ValueN = 738a N = 585 N = 153

Age, years, median 
(IQR)

62 (52, 70) 61 (51, 69) 66 (57, 77) <0.001**

Male gender, n (%) 494 (66.94%) 400 (68.38%) 94 (61.44%) 0.104

Medical history, n (%)

Hypertension 567 (76.83%) 456 (77.95%) 111 (72.55%) 0.159

Diabetes 
mellitus

130 (17.62%) 105 (17.95%) 25 (16.34%) 0.642

Atrial fibrillation 25 (3.39%) 21 (3.59%) 4 (2.61%) 0.553

Prior ICH 51 (6.91%) 35 (5.98%) 16 (10.46%) 0.052

Prior AIS/TIA 66 (8.94%) 47 (8.03%) 19 (12.42%) 0.091

Antiplatelet 69 (9.35%) 49 (8.38%) 20 (13.07%) 0.076

Anticoagulation 11 (1.49%) 8 (1.37%) 3 (1.96%) 0.706

Baseline clinical assessment, median (IQR)

Onset to 
emergency, 
days

0.50 (0.25, 1.00) 0.50 (0.25, 1.25) 0.25 (0.25, 1.00) 0.060

GCS score 15 (14, 15) 15 (14, 15) 14 (11, 15) <0.001**

NIHSS score 4 (2, 10) 3 (1, 7) 11 (7, 15) <0.001

SBP, mmHg 159 (144, 178) 158 (145, 178) 160 (143, 179) 0.602

DBP, mmHg 91 (80, 101) 91 (81, 101) 87 (79, 102) 0.252

MAP, mmHg 114 (103, 125) 114 (103, 125) 113 (101, 127) 0.794

Laboratory values, median (IQR)

Hemoglobin, g/L 142 (130, 152) 144 (132, 153) 135 (125, 147) <0.001**

Anemia, n (%) 131 (17.75%) 90 (15.38%) 41 (26.80%) 0.001**

Platelet, 109/L 197 (162, 238) 197 (162, 238) 198 (159, 235) 0.685

INR 1.00 (0.96, 1.05) 1.00 (0.96, 1.05) 1.01 (0.97, 1.07) 0.016*

FBG, mmol/L 5.71 (5.02, 6.82) 5.61 (4.95, 6.68) 6.22 (5.24, 7.55) <0.001**

Creatine, μmol/L 61 (51, 73) 62 (52, 74) 60 (49, 71) 0.136

LDL ≤1.8, n (%) 129 (17.67%) 102 (17.62%) 27 (17.88%) 0.940

Radiological variables

ICH volume, ml, 
median (IQR)

9.00 (3.36, 17.69) 8.12 (3.00, 16.17) 12.32 (6.00, 22.05) <0.001**

ICH location, 
n (%)b

Lobar 164 (22.22%) 130 (22.22%) 34 (22.22%) 1.000

Deep 490 (66.40%) 386 (65.98%) 104 (67.97%) 0.643

Infratentorial 108 (14.63%) 83 (14.19%) 25 (16.34%) 0.503

IVH, n (%) 215 (29.13%) 157 (26.84%) 58 (37.91%) 0.007*

Onset to MRI, 
days, median 
(IQR)

6 (4, 7) 6 (4, 7) 6 (4, 8) 0.022*

Presence of 
DWILs, n (%)

131 (17.75%) 84 (14.36%) 47 (30.72%) <0.001**

Abbreviations: AIS, acute ischemic stroke; DBP, diastolic blood pressure; DWILs, diffusion- 
weighted imaging lesions; FBG, fasting blood glucose; GCS, Glasgow coma scale; ICH, intracerebral 
hemorrhage; INR, international normalized ratio; IQR, interquartile range; IVH, intraventricular 
extension hemorrhage; LDL, low- density lipoprotein; MAP, mean arterial pressure; NIHSS, National 
Institutes of Health Stroke Scale; SBP, systolic blood pressure; TIA, transient ischemic attack.
a12 patients without follow- up data were excluded from the analysis.
bIn 25 patients with simultaneous multiple intracerebral hemorrhage, each hematoma was 
recorded.
*p < 0.05.
**p < 0.01.

TA B L E  1  Baseline characteristics of all 
patients and patients grouped by 90- day 
outcome in the training cohort
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the training and validation cohorts are summarized in Table S1. No 
significant difference in outcome was noted (20.73% vs. 15.54%, 
p = 0.15). The ANAID- ICH nomogram showed an AUC- ROC of 0.831 
(95% CI, 0.734– 0.921) for the estimation of unfavorable outcome 
in the validation cohort (Figure 4B). Additionally, the calibration 
plot confirmed the good calibration of the ANAID- ICH nomogram 
(Figure 4D).

We further compared the AUC- ROC of the ANAID- ICH 
nomogram with that of the ICH score model. The results indi-
cated that the predictive power of our nomogram was superior 
to that of the ICH score in the training cohort (0.842 vs. 0.669, 
p < 0.001; Figure 4A). Similar significant associations were also 
observed in the validation cohort (0.831 vs. 0.692, p = 0.03; 
Figure 4B). In terms of reclassification ability, our nomogram 

Unadjusted Adjusted model

Characteristic OR (95% CI) p- Value OR (95% CI) p- Value

Age, years 1.039 (1.024– 1.054) <0.001 1.044 (1.025– 1.063) <0.001

Onset to emergency, 
days

0.871 (0.764– 0.992) 0.037

GCS score 0.778 (0.719– 0.841) <0.001

NIHSS score 1.197 (1.155– 1.239) <0.001 1.220 (1.173– 1.269) <0.001

Prior ICH 1.835 (0.987– 3.413) 0.055 2.452 (1.187– 5.064) 0.015

Prior AIS/TIA 1.623 (0.922– 2.857) 0.093

Antiplatelet 1.645 (0.946– 2.862) 0.078

Anemia 2.013 (1.320– 3.072) 0.001 1.735 (1.035– 2.910) 0.037

FBG, mmol/L 1.145 (1.066– 1.230) <0.001

ICH volume, ml 1.027 (1.015– 1.039) <0.001

IVH 1.664 (1.145– 2.420) 0.008

Infratentorial location 1.181 (0.726– 1.923) 0.503 2.797 (1.514– 5.165) 0.001

Presence of DWILs 2.645 (1.748– 4.001) <0.001 2.546 (1.531– 4.232) <0.001

ICH Score 2.028 (1.658– 2.480) <0.001

Abbreviations: 95% CI, 95% confidence interval; AIS, acute ischemic stroke; DWILs, diffusion- 
weighted imaging lesions; FBG, fasting blood glucose; GCS, Glasgow coma scale; ICH, intracerebral 
hemorrhage; IVH, intraventricular extension hemorrhage; NIHSS, National Institutes of Health 
Stroke Scale; OR, odds ratio; TIA, transient ischemic attack.

TA B L E  2  Univariate and multivariate 
analysis of 90- day unfavorable outcome 
(mRS >3) in the training cohort

F I G U R E  3  ANAID- ICH nomogram for 
predicting the probability of unfavorable 
outcome at 90 days after ICH. NIHSS 
indicates the National Institutes of Health 
Stroke Scale; DWILs, difussion- weighted 
imaging lesions; ICH, intracerebral 
hemorrhage
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showed significantly improved prediction performance than that 
of the ICH score model in training cohort (categorical NRI: 0.450 
[0.414– 0.583], p < 0.001; IDI: 0.297 [0.257– 0.337], p < 0.001) and 
validation cohort (categorical NRI: 0.886 [0.702– 1.070], p < 0.001; 
IDI: 0.883 [0.781– 0.985], p < 0.001; Table 3). Finally, the DCA re-
vealed the clinical usefulness of the models. When the threshold 
probabilities ranged from 10% to 90% in the training cohort and 
from 10% to 83% in the validation cohort, the ANAID- ICH nomo-
gram model showed a positive net benefit, which was clearly bet-
ter to the ICH score in both the training (Figure 5A) and validation 
(Figure 5B) cohort.

4  |  DISCUSSION

In the present study, we confirmed that DWILs were independently 
associated with an unfavorable outcome in 738 patients with pri-
mary ICH. We then developed and validated a novel nomogram (i.e., 
the ANAID- ICH nomogram) consisting of age, NIHSS score, anemia, 
infratentorial location, presence of DWILs, and prior ICH to predict 
the 90- day unfavorable outcome. Our nomogram performed well in 
both the training and validation cohorts in terms of discrimination 
and calibration. Furthermore, it was more effective in predicting 
worse outcome than the ICH score.

F I G U R E  4  Receiver operating characteristic curves detect the discriminative ability of nomogram in the training (A) and validation cohort 
(B). Calibration plot for nomogram- predicted probability of 90- day unfavorable outcome in the training (C) and validation cohort (D).
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A growing body of evidence has shown the unfavorable effects 
of DWILs on morbidity and mortality after ICH. A pooled analysis 
of 1752 patients across four trials reported that DWILs occurred 
in 31.3% of patients with ICH and were independently associated 
with worse outcome at 90 days.19 Notably, several studies included 
patients who underwent surgical hematoma evacuation, which 
might have a significant impact on the functional outcome.16,19,24 
The strength of our study is that we excluded those patients and 
were able to better isolate the influence of DWILs on the outcome. 
Nonetheless, the pathogenic mechanisms underlying DWILs remain 
unclear. Besides the primary brain injury, the parenchymal hematoma 
triggers a series of adverse events causing secondary injury, which 
plays an essential role in neurological impairment.25– 27 According to 
the body of literature to date, the presence of DWILs may indicate 
advanced cerebral small vessel disease burden, which suggests se-
vere endothelial failure,28,29 reduced connectivity of the brain,30 and 
susceptibility to the cytokines and prothrombotic milieu generated 
by a hematoma,31– 33 all of which may affect post- ICH recovery.

In our study, several established risk factors, such as age, higher 
baseline NIHSS score, infratentorial location, and prior ICH, remained 

relevant to the unfavorable outcome.34 In addition, our results sup-
port that anemia is an independent predictor of functional outcome 
after ICH. A recent meta- analysis indicated a positive correlation 
between anemia and an increased risk of poor functional outcomes 
(pooled OR, 1.49; 95% CI, 1.17– 1.89; p = 0.001).35 This relationship 
was supposed to be partly mediated by hematoma volume in several 
studies; a lower hemoglobin level resulted in abnormal coagulation, 
hemostatic alterations, and prolonged bleeding.36,37 However, in our 
multivariate analysis, anemia had a greater impact than hematoma 
volume. Similar results were also reported by Kuramatsu et al.,37 
who showed that the relevance of anemia was even more striking 
in patients with minor- volume ICH than in all patients. This suggests 
that anemia itself may lead to cerebral injury with neuronal tissue 
hypoxia, metabolic distress, and cell energy dysfunction due to a re-
duction in oxygen- carrying capacity.38,39

By applying the aforementioned factors, we constructed a novel 
nomogram model to predict the post- ICH outcome status. This 
model showed great predictive value, with AUC- ROC of 0.842 and 
0.831 in the training and validation sets, respectively. Moreover, 
we recognized the superior prognostic utility of this nomogram, as 

TA B L E  3  Comparison of the ANAID- ICH nomogram model and the ICH Score

Training cohort Validation cohort

ICH Score Nomogram p- Value ICH score Nomogram p- Value

AUC (95% CI) 0.669 (0.614– 0.722) 0.842 (0.808– 0.874) <0.001 0.692 (0.544– 0.828) 0.831 (0.734– 0.921) 0.031

Categorical 
NRI 
(95% CI)

Reference 0.450 (0.414– 0.583) <0.001 Reference 0.886 (0.702– 1.070) <0.001

IDI (95% CI) Reference 0.297 (0.257– 0.337) <0.001 Reference 0.883 (0.781– 0.985) <0.001

Abbreviations: AUC, area under curve; CI, confidence interval; ICH, intracerebral hemorrhage; IDI, integrated discrimination improvement; NRI, net 
reclassification improvement.

F I G U R E  5  Decision curve analysis of our nomogram and ICH score in the training (A) and validation cohorts (B).
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compared to that of the ICH score. The undesirable discrimination of 
the ICH score might be attributed to two reasons: first, the patients 
in our study were less severe than those enrolled to develop the ICH 
score,4,40 as evidenced by the higher GCS score, smaller hematoma 
volume, and fewer IVH extensions on admission. Second, the median 
age in our cohorts was 62 years; thus, concerns have been raised 
that converting such variables according to cutoff values of <80 and 
>80 years could possibly sacrifice prognostic information for the 
majority of our patients. In fact, previous studies showed that the 
ICH score had great discrimination against mortality; however, the 
results varied with respect to functional outcomes.5 Our nomogram 
may be more applicable to clinically stable patients and compensate 
for the shortcomings of the ICH score.

As a multifactor graphical predictive tool, the advantage of a no-
mogram is that it can provide an individualized estimation for the 
prediction of the event of interest, which is entirely based on each 
included factor, without averaging or combining within a category.41 
Hence, nomograms have been extensively used in cancer, surgery, 
and other specialties.

Our study has some limitations. First, this analysis was based 
on tertiary institutions, and those who underwent hematoma evac-
uation or were unstable to tolerate MRI were not included, which 
might have introduced the possibility of selection bias and limited 
the generalizability of our observations. Second, MRI scans were not 
collected serially in our cohorts, which makes it possible that DWILs 
had reversed or would present later by the time of undergoing MRI 
imaging. In fact, Menon et al.13 reported new ischemic lesions as 
late as 1 month from ictus. Third, MRI images were not routinely 
collected in some institutions, which could limit the utility and avail-
ability of our model. Finally, although our nomogram was externally 
validated and presented favorable discrimination and calibration, it 
should be noted that there were 23 outcomes only in the validation 
cohort. Considering the relatively small sample size, a multicenter 
validation study is required to confirm its performance.

In conclusion, the present study with a relatively large sample 
size provided further evidence that DWILs were associated with 
the 90- day outcome in ICH. Based on this finding, we developed 
and externally validated the ANAID- ICH nomogram to predict the 
probability of a 90- day unfavorable outcome in patients with ICH. 
Our nomogram, which showed remarkable discrimination and cali-
bration, would be helpful for making therapeutic decisions and con-
ducting patient surveillance.
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