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Background
Spontaneous intracerebral hemorrhage (ICH) is a devastating 
illness with limited treatments [1]. There is a robust theoretical 
and experimental basis to support aggressive management of 
acute ICH, but the role of neurosurgical interventions remains 
controversial and has not shown clear benefit over standard 
medical care [2-5].

Deciding the appropriate level of medical care to offer ICH 
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Abstract
Introduction: Early neurological worsening (ENW) is a major determinant of death 
in spontaneous intracerebral hemorrhage. In recent years, several clinical grading 
scales have been developed to identify patients at risk of 30-day or 90-day poor 
outcome following spontaneous (ICH), but whether these are able to predict 
ENW remains unclear. The aim of our study was to validate and compare two ICH 
grading scales for predicting ENW.

Methods: Original (o) ICH and FUNC scores were calculated for 128 consecutive, 
prospectively-collected ICH patients using components and cutoff values 
identical to those described in the original derivation cohorts. Receiver operating 
characteristic (ROC) analysis, including area under the curve (AUC), was used to 
assess the ability of each score to predict ENW.

Results: Overall, thirty-day mortality rate was 33.6% (n=43), while only 19 (15.3%) 
patients had good outcome at 90-days. ENW was evident in 40 patients (31.3%). 
Compared with patients without ENW, patients with ENW had significantly higher 
in-hospital mortality (79.1% vs 5%, p=0.0001), mortality within 48 hours (56.5% 
vs 0%,p=0.0001), baseline hematoma volume greater than 30 mm3(85.4% vs 
20%, p=0.0001), baseline intraventricular bleeding (83% vs 16.25%, p=0.0001), 
hematoma enlargement in second brain CT (34% vs 2.5%, p=0.0001),history of 
vitamin K antagonists or antiplatelet treatment (75% vs 46.25%, p=0.001), lower 
median Glasgow Coma Scale at baseline (9.5 vs 15, p=0.001), higher median 
oICH score at baseline (4 vs 1, p=0.001), lower FUNC score at baseline (4.5 vs 8, 
p=0.001). Both scores were accurate predictors of study outcomes demonstrating 
excellent discrimination (AUC>0.80). However, oICH score permitted a correct 
ENW risk reclassification in 26% of patients. 

Conclusions: oICH and FUNC scores are appropriate tools to assess ENW, with 
potential applications to clinical practice and research.
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patients in the acute phase can be difficult and approaches vary 
likely influenced by the views of the clinician and patient (or the 
patient’s next of kin) regarding prognosis. Despite the availability 
of validated prognostic scores, such tools remain underutilized, 
in part because of their multiplicity [6-8]. However, there are 
several potential benefits of prognostic scores. First, they may 
aid physicians in making difficult decisions regarding the use of 
intensive care resources and other aggressive medical care, or 
help with planning end of life care to facilitate a dignified and 
peaceful death. Second, patients and their next of kin should 
be provided with an accurate, unbiased prognosis and a reliable 
model for outcome in ICH can help to achieve this. Third, 
prognostic scores are of interest to hospitals and clinicians for 
quality assurance, allowing comparison of outcomes between 
providers and monitoring of risk-adjusted outcomes for single 
providers overtime [9]. Hemphill’s original ICH score (oICH) and 
FUNC score are perhaps the best known and most extensively 
used scores worldwide [10,11]. Both are derived from North 
American populations, and allow estimation of the absolute risk 
of 30-day mortality (oICH) and 90-day functional dependence 
(FUNC). External validation studies have largely focused on the 
oICH score (6) but a few studies have validated the FUNC score 
only in North American populations [12,13]. Early neurological 
worsening (ENW) represents a major determinant of poor 
outcome in patients suffering for [14]. Much recently a systematic 
review in which ENW was defined as death or worsening on a 
reliable outcome scale within seven days from ICH onset, found 
that elevated blood glucose and d-Dimer levels, ICH volume and 
intraventricular extension of bleeding were significant risk factors 
for ENW [14].

Prediction of ENW was not examined in the derivation cohorts 
for the oICH and FUNC scores, therefore our aim was to test the 
hypothesis that the oICH and FUNC scores would predict ENW 
and to compare their performance in an unselected sample of 
consecutive ICH patients.

Materials and Methods
We studied all patients admitted with a diagnosis of sICH within 
24 hours after stroke onset, within the calendar years 2006 to 
2012 in a primary Italian hospital. All sICH patients with a baseline 
admission CT scan and data available on 30-day mortality and 90-
day functional status were considered eligible. sICH was defined as 
the sudden occurrence of bleeding into the cerebral parenchyma, 
with or without intraventricular extension, confirmed by the 
clinical picture and CT scan, in absence of trauma, surgery or 
clear evidence of an underlying structural cause. Details on study 
methodology have been previously described [15,16]. All CT 
scans were downloaded directly to a workstation and stored in 
DICOM format where they were reviewed by study investigators 
blinded to clinical data. Neuroradiological findings were classified 
according to localization (supratentorial or infratentorial), site 
of sICH, volume of hematoma, midline shift, intraventricular 
extent of hemorrhage, and presence of hydrocephalus. ICH was 
considered lobar in location if the origin of the hemorrhage 
appeared to be in the cerebral hemispheres superficial to the 
deep gray matter structures. Hemorrhages originating in the 
thalamus and basal ganglia were considered “deep” in location. 

ICH hematoma volume was measured using ABC/2 method [17]. 
All variables were determined on the initial CT scan.

Clinical variables, including hypertension, diabetes, and coronary 
artery disease, were defined as previously reported [15,16]. 
Glasgow Coma Scale (GCS) was defined as the first recorded on 
hospital admission, after resuscitation and clinical stabilization. 
Pre- sICH cognitive impairment was defined as a history of 
cognitive impairment based on family interview and medical 
record review. Determination of oICH and FUNC scores were 
performed in an identical manner to that reported in the original 
manuscripts (Appendix 1) [10,11]. All patients were treated 
according to international guidelines [18,19]. Aggressive full care 
during the first 24 h after ICH onset without restriction of optimal 
care for do-not-resuscitate (DNR) patients was assured.

Primary outcome was ENW, defined as ≥3 point decrease in the 
Glasgow Coma Scale (GCS) score for non-comatose patients 
(GCS>8), or ≥2 point decrease for comatose patients (GCS ≤ 8), 
or the presence of a new focal neurological deficit, or worsening 
of previous deficit, assessed using a standardized neurological 
examination, or the appearance of clinical signs of brain 
herniation within 24 hours after ICH. Secondary outcomes were 
30-day global mortality and 90-day good functional outcome 
(GFO), defined as Glasgow Outcome Scale (GOS) ≥ 4 [20].

All outcome events were confirmed by a study physician. We were 
able to obtain complete information on all included patients. 
Specific ethical approval was not required for this analysis as 
no new data collection was performed and the use of existing 
data for subsequent secondary analyses had been previously 
approved [15,16].

Statistical Analysis
Continuous variables are described as mean ± SD or median 
values with 25th and 75th percentiles, according to manner of 
distribution. Frequencies and percentages were calculated for 
categorical variables. The distributions of baseline risk factors in 
derivation and validation populations were compared using chi 
square test and one-way ANOVA or independent sample t-test for 
categorical and continuous variables, respectively.

Receiver operating characteristic (ROC) curves were constructed 
for each study endpoint in order to examine the predictive 
performance of each schema. Areas under the curve (AUC) 
or c-indexes were calculated for each of the study endpoints. 
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Areas under the curve were compared using the non-parametric 
method [21]. CIs were constructed using DeLong’s variance 
estimate. Net reclassification improvement (NRI) was calculated 
as an index of inferior/superior performance of both scores [22]. 
NRI was calculated by assessing risk scores as low vs. intermediate 
vs. high [22,23].

Significance was indicated by a p value <0.05. Statistical analysis 
was performed with SPSS version 17.0 (SPSS Inc., Chicago, IL) and 
the R statistical package (www.r-project.org).

Results
Between November 1, 2006 and October 31, 2012, 128 
consecutive patients were included. ENW occurred in 40 patients 
(31.3%), 73 patients (57.0%) remained stable and 15 (11.7%) 
improved during the first 24 hours. Case fatality rate was 19.5% 
(n=25) at 24 hours, 28.9% (n=37) at 7 days, 33.6% (n=43) at 30 
days. At 90 days, 19 (14.8%) had a good outcome, 61 (47.7%) 
were alive with significant impairment, and 48 (37.5%) died. The 
demographic and clinical characteristics of the study population 
are summarized in Table 1. 

Compared with patients without ENW, patients with ENW 
had significantly higher in-hospital mortality (79.1% vs 5%, 
p=0.0001), mortality within 48 hours (56.5% vs 0%,p=0.0001), 
baseline hematoma volume greater than 30 (85.4% vs 20%, 
p=0.0001), baseline intraventricular bleeding (83% vs 16.25%, 
p=0.0001), hematoma enlargement in second brain CT (34% vs 
2.5%, p=0.0001),history of vitamin K antagonists or antiplatelet 
treatment (75% vs 46.25%, p=0.001), lower median GCS at 
baseline (9.5 vs 15, p=0.001), higher median oICH score at 
baseline (4 vs 1, p=0.001), lower FUNC score at baseline (4.5 vs 8, 
p=0.001). Table 2 summarizes difference between patients with 
and without ENW. 

The median oICH score was 2 [interquartile range (IQR): 1-3] and 
it was an accurate predictor of ENW (P<0.0001; Cuzick’s test for 
trend) (Figure 1A). ENW occurred most often in those with an 
oICH score of 4 (84.5%). Similarly, oICH score was an accurate 
predictor of 30-day mortality (P<0.0001; Cuzick’s test for trend). 
Thirty-day mortality rates ranged between 9.1% for patients with 
a score of 0 to 100% for patients with scores ≥5, with a marked 
increase in mortality for a score of 4, relative to those scoring 3 
(Figure1B). The distribution of 90-day outcome by oICH score is 
shown in the Figure 1C. With an oICH score ≥4, mortality was 
high and no survivors had a GFO. In logistic regression analysis, 
a 1-point increase in the oICH score was associated with a 3-fold 
increase in the odds of ENW and death, together with a reduction 
of 30% for the probability of GFO at 90 days (Table 3).

The median FUNC score was 7 (IQR: 5 to 9) and it was also an 
accurate predictor of ENW and 30-day mortality (P<0.0001; 
Cuzick’s test for trend). ENW was most likely with a FUNC score 
of 4 (83.3%). No patient with a FUNC score > 10 died (n=13) 
but each decrease in score was associated with an increase in 
mortality (Figure 1b). No patients with a score ≤ 6 had a GFO. 
Figure 1D shows the distribution of different outcomes by FUNC 
score. In logistic regression analysis, an increase of 1 point in the 

FUNC score was significantly associated with an approximate 
50% reduced odds for both 30-day mortality and ENW, together 
with a 2-fold increased odds of a GFO at 90 days (Table 3). Both 
scores showed excellent discrimination, with C-statistics over 
0.80 in predicting ENW and 30-day mortality (Figure 2) with a 
comparable prediction (P=0.5609 and P=0.5634, respectively), 
whereas no difference (P=0.4884) was found in prediction of GFO 
between the oICH score and FUNC score (Table 4).

By using the oICH score in ENW risk classification, approximately 
31% of individuals moved up or down a risk category with 
an overall net reclassification index (NRI) of about 26% when 

All Patients,
No.=128

Age, y (SD) 80.1 (9.5)
Male sex, n (%) 61 (47.7)

Vascular risk factors
Arterial hypertension, n (%) 92 (71.9)

Diabetes mellitus, n (%) 22 (17.2)
Hypercholesterolemia(>200 mg/dl), n (%) 17 (13.3)

Atrial fibrillation, n (%) 28 (21.9)
Congestive heart failure, n (%) 5 (3.9)
Coronary heart disease, n (%) 17 (13.3)

Previous cerebrovascular disease, (%) 25 (19.5)
Renal failure, n (%) 10 (7.8)

Cognitive impairment, n (%) 19 (14.8)
VKA treatment, n (%) 25 (19.5)

Antiplatelet treatment, n (%) 47 (36.7)
Clinical characteristics

GCS, median (25th-75th) 14 (4 -15)
oICH score, median (25th-75th) 2 (1-3)
FUNC score, median (25th-75th) 7 (5-9)

Radiological variables 
Localization of the ICH, n (%)

-	 Nucleo-capsular 55 (43.0)
-	 Thalamic 15 (11.7)
-	 Lobar 46 (35.9)
-	 Cerebellar 7 (5.5)
-	 Pontine and brainstem 4 (3.1)
-	 Other 1 (0.8)
Hematoma volume
-	 < 30 mm3, n (%) 71 (55.5)
-	 30-60 mm3, n (%) 15 (11.7)
-	 >60 mm3, n (%) 42 (32.8)
IVH 53 (41.4)

Outcomes
Length of in-hospital stay, days median 

(25th-75th) 10 (3-15)

30-day mortality, n (%) 43 (33.6)
ENW, n (%) 40 (31.3)

90-day GOS, median (25th-75th) 3 (1-3)

Table 1: Baseline characteristics.

ENW indicates Early Neurological Worsening; FUNC-Rost’s Score; GCS- 
Glasgow Coma Scale; GOS-Glasgow Outcome Scale; ICH-Intra Cerebral 
Hemorrhage; IVH-Intra Ventricular Hemorrhage; mRS-modified Rankin 
Scale; oICH-original Hemphill’s ICH Score; SD-Standard Deviation, VKA-
Vitamin K Antagonist
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compared to FUNC score (Table 5). There were no significant 
improvements in risk classification among both scores with 
respect to the definition of low, intermediate, high risk of 30-day 
mortality and GFO (Table 5).

Discussion
Predicting outcomes is of utmost importance for management 
of spontaneous ICH. In the present study, we compared the 
performance of two well-known and validated ICH prognostic 
scales (oICH and FUNC scores) in predicting ENW, 30-day mortality 
and 90-day GFO in a prospectively recruited European cohort from 
a primary care center. We found no evidence to prefer one over 
the other, as both showed excellent discrimination in predicting 
ENW, mortality and are less effective for predicting GFO. Overall, 
oICH outperforms the FUNC score in predicting ENW, showing a 
better re-classification of patients at risk for ENW.

This comparison is of practical importance because ICH grading 
scales have considerable potential to help in the management of 
ICH patients, especially in the first hours from symptoms onset. 
Although experienced clinicians could predict outcomes better 
than scores, both FUNC and ICH scores are simple for clinicians 
to use, also without neurological expertise, incorporate intuitive 
information that is part of standard clinical and radiological 
bedside assessment, and offer objective standardized risk 
stratification.

The oICH score was developed to risk stratify patients at admission 
with regard to 30-day mortality [10]. The score ranges from 0 to 
6. In the original cohort, a score of 3 and above was associated 
with significant increase in the risk of 30-day mortality (72 vs.26% 
for oICH score of 2) [10]. A much recent meta-analysis enclosing 
nine studies confirmed that oICH has a good prognostic ability to 
predict 30-days mortality in patients suffering for ICH (AUC 0.80, 
95% CI: 0.77-0.85) [24]. 

The FUNC Score was intended for use during initial evaluation to 
predict functional independence (GOS≥4) at 3 months [12]. In 
the original cohort, FUNC score accurately predicted functional 
independence. Among patients who scored 11, more than 70% 
demonstrated functional independence at 90 days whereas only 
45% of patients with a score of 5 achieved the same status [11].

Although the oICH and FUNC scores were not originally developed 
for predicting ENW, both exhibited excellent discriminatory 
capacity for ENW, as reflected by c-indexes greater than 0.80. 
Our findings see consistent with much recent literature evidence 
from findings of the INTERACT II trial. In fact, a sub-analysis of this 
trial showed that clinical grading scales such as oICH could have 
a greater predictive power when performed after 24-hours from 
ICH onset, strongly suggesting that ENW represent the instability 
of the ICH patients and may help to explain the variances of 
outcome that could not be explained by baseline oICH score [25]. 

The difference in score performances could be explained by local 

ENW no ENW p
Number 40 88

Female sex 62.5% 48.5% 0.14
Mean Age ± SD	  (years) 83 ± 6 79 ± 11 0.85

In-hospital mortality 79.1% 5% 0.0001
Mortality within 48 hours 56.5% 0% 0.0001

Baseline hematoma volume > 
30 mm3 85.4% 20% 0.0001

Baseline hematoma volume > 
60 mm3 72.9% 8.7% 0.0001

Baseline intraventricular 
bleeding 83% 16.25% 0.0001

Baseline midline shift 75% 10% 0.0001
Hematoma localization

Deep 42% 63.75% 0.028
Lobar 42% 30% 0.26

Infratentorial 6% 6.25% 1.000
Hematoma enlargement at 

second brain CT 34% 2.5% 0.0001

VKA or antiplatelet treatment 75% 46.25% 0.001
Arterial hypertension 75% 72.5% 0.83
Cognitive impairment 14.5% 15% 0.78

Median* systolic blood 
pressure at baseline (mmHg) 170 (151-187) 170 (140-180) 1.000

Baseline median GCS 9.5 (7-12.25) 15 (14-15) 0.0001
Baseline median oICH score 4 (3-4) 1 (0-2) 0.0001
Baseline median FUNC score 4.5 (3-5) 8 (7-9) 0.0001

90-day GOS ≤ 3 100% 76.25% 0.0001

*Median (IQR).

Table 2 Characteristics of patients with ENW and without ENW.
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or regional differences in practice. Any restriction of care could 
result in larger differences in outcome compared to patients 

treated at centers with a more aggressive approach toward ICH, 
where do-not-resuscitate (DNR) orders do not impact on the 

Mortality GFO ENW
Score OR* 95% CI α† β‡ P- value AUC 95% CI α† β‡ P- value AUC 95% CI α† β‡ P- value

oIC 3.3 2.2 to - +1.22 <0.00 0.34 0.1 to - - 0.000 2.69 1.8 to -3.118 +0.99 <0.00
H 9 6 5.07 3.544 0 01 8 0.61 0.317 1.087 4 9 3.83 0 01

FUN 0.4 0.3 To 3.93 - <0.00 2.08 1.4 to 7.48 +0.73 0.000 0.53 0.4 to 3.106 - <0.00
C 7 6 0.60 9 0.760 01 0 3.10 9 2 3 3 0.67 0.629 01

*1 point increase
In logit function, †α indicates slope; ‡β coefficient. Logit function is calculated according to the formula log ( )it P = Χ
X indicates score punctuation.

Table 3 Logistic regression analysis of oICH and FUNC score for the outcome of 30-day mortality, good functional outcome (GFO) at 90-days, and 
early neurological worsening (ENW).

oICH
FUNC Mortality (n=43) GFO+ (n=19) ENW+ (n=40)

Frequency row 
percentage(%) Low Middle High Total Low Middle High Total Low Middle High Total

Low 2 (100) - - 2 11 (91.7) 1 (8.3) - 12 1 (100) - - 1
Middle 3 (23.1) 7 (53.8) 3 (23.1) 13 6 (85.7) 1 (14.3) - 7 1 (5.9) 12 (70.6) 4 (23.5) 17

High - 4 (14.3) 24 (85.7) 28 - - - - - 4 (18.2) 18 (81.8) 22
Total 5 11 27 43 17 2 - 19 2 16 22 40

Up,n (%) 3 (6.98) 1 (5.26) 4 (10.0)
Down, n (%) 7 (16.28) 6 (31.58) 5 (12.5)

Alive (n=85) GFO- (n=109) ENW- (n=88)
Frequencyrow 
percentage (%) Low Middle High Total Low Middle High Total Low Middle High Total

Low 32 (94.2) 2 (5.8) - 34 23 (95.8) 1 (4.2) - 24 33 (94.3) 2 (5.7) - 35
Middle 23 (47.9) 23 (47.9) 2 (4.2) 48 20 (37.0) 29 (53.7) 5 (9.3) 54 25 (56.8) 18 (40.9) 1 (2.3) 44

High - 3 (100) - 3 - 7 (22.6) 24 (77.4) 31 - 3 (33.3) 6 (66.7) 9
Total 55 28 2 85 43 37 29 109 58 23 7 88

Up, n (%) 4 (4.71) 4 (3.67) 3 (3.41)
Down, n (%) 26 (30.59) 27(24.77) 28 (31.82)

NRI* 16.58 (z=1.6957; P=0.0899) -5.22 (z=-0.3516; P=0.7251) 25.91 (z=2.6405; P=0.0083)

Table 4 Reclassification tables and net reclassification improvement (NRI) for 30-day mortality, 90-day good functional outcome (GFO) and early 
neurological worsening (ENW) estimated by oICH and FUNC scores.

*NRI is calculated according to the formula:

[ ( \ 1) ( \ 1)] [ ( \ 0) ( \ 0)]NRT P up D P down D P up D P down D= = − = − = − =
D denotes the event indicator (1 = Dead, 0 = Alive). Upward movement (up) is a change into higher category based on the new model and 
downward movement (down) as a change in the opposite side.

oICH score FUNC score
ENW Mortality GFO ENW Mortality GFO

Cut-off 1 4 2 7 5 6
AUC

(95% CI)
0.851

(0.781-0.921)
0.868

(0.795-0.941)
0.799

(0.720-0.878)
0.862

(0.796-0.927)
0.879

(0.813-0.945)
0.821 (0.740-0.901)

Sensitivity 0.950 0.976 0.895 0.925 0.859 1.0
Specificity 0.659 0.628 0.606 0.761 0.767 0.532

+LR 2.79 2.62 227 3.88 3.69 2.14
-LR 0.08 0.04 0.17 0.10 0.18 0.0
PV+ 0.54 0.53 0.49 0.62 0.61 0.48
PV- 0.97 0.98 0.93 0.96 0.93 1.0

J index 0.609 0.604 0.5 0.686 0.626 0.532

CI-Confidence Intervals; ENW-Early Neurological Worsening; GFO-Good Functional Outcome; PV+-Positive Predictive Value; PV- Negative Predictive 
Value; +LR-Positive Likelihood Ratio; -LR-Negative Likelihood Ratio; J index-Youden’s Index

Table 5 Areas under the ROC curves (AUC), sensitivity, specificity, positive likelihood ratio (+LR),  negative likelihood ratio (-LR), positive predictive 
value (PV+), and negative predictive value (PV-) of the original ICH score and FUNC score for ENW, 30-day mortality and  good functional outcome 
(GFO) at 90-days, respectively, with the different cut-off values to achieve the best Youden’s(J) Index.
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Figure 1 Early neurological worsening (ENW), thirty-day 
mortality and 90-day functional outcome (whole-to-
part), in patients with different points on the oICH (A,C) 
and FUNC (B,D) scores. Early neurological worsening 
(ENW), thirty-day mortality and 90-day functional 
outcome (whole-to-part), in patients with different 
points on the oICH (A,C) and FUNC (B,D) scores.
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Figure 2 Receiver-Operating Characteristic Curves of the 
prognostic scores for the 3 Outcomes.

level of supportive medical care provided [26]. Alternatively, 
early DNR orders could have a greater impact in centers in which 

these orders translate into limitations in the provision of standard 
medical therapy, such as control of hypertension, reversal of 
anticoagulation, and the prevention and treatment of systemic 
complications.

The c-index is not the only parameter to be taken into 
consideration in determining the utility or predictive ability 
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of risk estimation schemas [27] From the clinical perspective, 
reclassification analysis is more important, especially for patients 
reclassified correctly from low and intermediate risk to high risk, 
as these patients will be considered for alternative treatment. The 
oICH was significantly better than the FUNC score in predicting 
ENW. The oICH score correctly reclassified about one quarter of 
patients for ENW risk. The fact that the oICH was predictive of 
ENW is an advantage, as ENW risk prediction alerts the physician 
of a high risk of acute complications and thus may help to stratify 
the patient for certain therapies, such as, ultra-early hemostatic 
therapy or surgery.

An early and accurate estimate of prognosis after ICH is likely to 
be welcomed by patients and their families and may be useful to 
physicians in planning patient care. Furthermore, as healthcare 
costs have increased, outcome assessment has become a major 
priority. Accurate and objective outcome prediction will allow 
for financial and human resources to be allocated appropriately. 
Finally, a prognostic score allows comparison of observed 
versus predicted outcomes. The difference between actual and 
predicted outcomes may provide a benchmark of quality of care 
and facilitate insight into means for improving performance.

We recognize that our study presents limitations. Our inability 
to demonstrate a significant difference between the two 
scores could be a potential limitation of this study, likely due 
to a relatively small sample size. However, the similarity in 
performance between the two scores suggests that these 
grading scales can both be used, the choice depending on local 

preferences. For example, the FUNC score may be more useful 
in predicting long-term outcomes, so it may be preferred if this 
is a priority. Although sample size was insufficient to establish 
the relative usefulness of each scale, the J Index, sensitivity, 
specificity, positive predictive value, and negative predictive 
value offer useful information about the relative strengths and 
weaknesses of each scale. However, the results of relatively novel 
performance measures suggest the oICH may be preferred.

Prediction of ENW was not examined in the derivation cohorts 
for the oICH and FUNC scores, but was studied in our cohort. 
Most cases of neurological deterioration after ICH occur early and 
are often fatal [28]. Both scores represent sensitive and specific 
tools for the identification of ENW, as defined in our study. We 
recognize that the definitions of ENW vary, making it difficult 
to compare studies [29]. We have used a decrease in the GCS 
for non-comatose patients of ≥3 points and of ≥ 2 points for 
comatose patients since worse outcome has been demonstrated 
[29-32]. A prospective study to determine the relative efficiency 
and cost-effectiveness of this strategy for the evaluation of ENW 
with historical data is planned.

Conclusion
In conclusion, the results of our study suggest that the oICH and 
FUNC scores are substantially equivalent, as both have excellent 
discrimination for ENW other than GFO at 90-days and 30-day 
mortality. Both are appropriate tools to assess severity of ICH, 
with applications to clinical practice and research.
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