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Background: The early symptoms of patients with elevated intracranial pressure (ICP) after 
intracerebral hemorrhage (ICH) are easily overlooked, which will result in missing the 
optimal opportunity for clinical intervention. However, it is difficult for ICH patients 
admitted to the neurology department to receive invasive ICP monitoring, although it is 
crucial for the early identification of neurologic deterioration (ND).
Objective: The aim of this study is to investigate the association between the changes of 
transcranial Doppler (TCD) variables and ND after onset and establish a nomogram for 
predicting the short-term outcome of ICH.
Methods: A total of 297 patients were recruited and their clinical characteristics and the 
changes of TCD variables were recorded. The independent prognostic factors for the ND 
after onset in the ICH patients were screened from multivariate Logistic regression analysis, 
which were served as inputs for the nomogram construction. Discrimination and calibration 
validations were performed to assess the performance of the nomogram [concordance index 
(C-index) for discrimination and Hosmer–Lemeshow (HL) test for calibration] and the 
decision curve analysis was applied to assess the clinical suitability.
Results: ΔaPI [defined as the change of pulsatility index (PI) between the 1st and 3rd day 
after onset for affected hemisphere] was independently associated with the ND after onset. 
Moreover, hematoma volume, presence of intraventricular hemorrhage, and Glasgow coma 
scale were also the independent prognostic factors of ND. The developed nomogram 
incorporating ΔaPI showed good discrimination (C-index: 0.916 after 1000 bootstrapping) 
and calibration (P=0.412, HL test) and yielded net benefits.
Conclusion: The nomogram incorporating ΔaPI might be useful in predicting the risk of 
ND within 14 days after onset, which might help identify patients in the neurology depart-
ment in need of further care.
Keywords: nomogram, intracerebral hemorrhage, transcranial Doppler, intracranial 
pressure, neurologic deterioration, pulsatility index

Introduction
Spontaneous intracerebral hemorrhage (ICH) is one of the leading causes of death 
and most of the survivors are left with different degrees of disabilities.1,2 Possible 
complications including hematoma growth, edema development, and intraventricu-
lar hemorrhage (IVH) after ICH is attributable to elevated intracranial pressure 
(ICP) and reduced cerebral perfusion pressure, which causes herniation syndrome 
and death.3–5 Mannitol is administered to reduce ICP currently, but prophylactic 
application is not recommended according to the American Academy of Neurology 
due to the potential side effects such as renal damage and electrolyte imbalance.6,7 

Because the symptoms of patients with elevated ICP in the early stage are easily 
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overlooked, which will result in missing the optimal 
opportunity for clinical intervention.8 ICP monitoring is 
crucial for the identification of high-risk patients with 
neurologic deterioration (ND) and the rational application 
of mannitol.9

Reliable and accurate ICP monitoring can be 
obtained by various invasive detection techniques, but 
it is difficult to non-invasively monitor ICP changes in 
the neurology department.10 Repeated computed tomo-
graphy (CT) scanning is not practical to monitor the 
radiologic features of ND due to the patients’ clinical 
state and the risk of radiation overexposure.11 

Transcranial Doppler (TCD) provides a measurement of 
the cerebral blood flow velocities non-invasively and has 
become one of the most commonly utilized tools to 
estimate ICP changes and identify patients requiring 
invasive monitoring.12 Studies have confirmed that ele-
vated ICP will lead to a decrease in end-diastolic flow 
velocity (Vd) and an increase in pulsatility index 
(PI).13,14 Despite TCD has become a regular instrument 
for indirect measurement of ICP, its prognostic value in 
ICH is yet to be established. Current quantitative ana-
lyses mainly focus on neurosurgery fields such as trau-
matic brain injury and severe ICH.15,16 However, in the 
neurology department, changes in the cerebral circula-
tion after ICH are poorly understood due to the lack of 
effective follow-up measurements. Since ICH has a great 
extent of therapeutic and prognostic uncertainty, whether 
TCD can accurately predict ND after ICH is of great 
clinical significance.

Recent studies indicate that the variability of ICP is 
a better predictor of neurological outcome than mean ICP 
in patients with traumatic brain injury.17,18 We hypothesize 
that the changes of TCD variables, which are well corre-
lated with ICP, may be able to predict the ND for ICH 
patients. In the present study, we sought to investigate the 
association between the changes of TCD parameters and 
ND after onset to establish a nomogram for predicting the 
short-term outcome of ICH, which was beneficial for 
improving the treatment and prognosis of ICH patients.

Materials and Methods
This prospective observational study was conducted fol-
lowing the declaration of Helsinki. Written informed con-
sents were obtained from all participants. The local ethics 
committee approved the study.

Patients
Between January 2018 and March 2021, 391 consecutive 
adult patients admitted to the department of Neurology in 
our center with a first-time spontaneous ICH were enrolled 
in this study. Patients were included if (1) they are diag-
nosed with supratentorial ICH by CT within 24 hours after 
onset, (2) hematoma volume was ≤30mL, and midline 
shift was < l cm; (3) Glasgow Coma Scale (GCS) score 
on admission was ≥9 point; (4) a conservative treatment 
plan was adopted with the consent of the family under the 
premise of stable vital signs; and (5) patients and their 
families cooperated with the study. Patients were excluded 
if any of the following applied: (1) patients with primary 
IVH (n=17); (2) secondary ICH related to aneurysm rup-
ture, arteriovenous malformation, cerebral neoplasm, and 
coagulopathy (confirmed by clinical history, laboratory 
tests, and imaging examinations at admission) (n=51); 
(3) patients with rapid ND within 3 days after onset 
(n=14); (4) inadequate temporal acoustic bone window 
for TCD examination (n=12).

Finally, 297 patients were recruited and the following 
clinical characteristics were collected at admission: 1) 
demographic data including age and gender; 2) medical 
history including hypertension, diabetes, and dyslipide-
mia; 3) blood pressure and blood glucose level; and 4) 
GCS score.

Cerebral CT Scan
Cerebral CT Scanning was routinely performed on the 1st 
(on admission), 3rd, 7th, and 14th day with SIEMENS 
Somatom Perspective CT scanner (Siemens Medical 
Systems Co. Ltd. Erlangen, Germany). The patients were 
scanned in a supine position using contiguous 5.0-mm 
slices, which were parallel to the orbitomeatal baseline. 
Hematoma volume was calculated according to the 
Coniglobus formula.19 Perilesional edema volume was 
obtained by subtracting hematoma volume from the total 
lesion volume. The total lesion volume was calculated by 
plotting the lesion area on each slice, then multiplying by 
the slice thickness (5 mm) to produce a single-plane lesion 
volume, and finally adding up all slices. Hematoma loca-
tion was classified as within a lobe or deep hemorrhage. 
Presence of IVH was also recorded.

TCD Monitoring
TCD examinations were performed using the Delica EMS- 
9EB (Delica Medical Equipment Co., Ltd., Shenzhen, 
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China) TCD device with a 2 MHz probe by a TCD investi-
gator with more than 5 years of experience. The middle 
cerebral artery (MCA) was insonated bilaterally at a depth 
of 45–55 mm with the same sample volume, power, gain, 
and filter parameters. When a 6-second frame of a clearly 
readable waveform was obtained, the machine automatically 
calculated the following variables: systolic (Vs), diastolic 
(Vd), mean velocities (Vm), and PI from the affected (a) and 
unaffected (u) hemispheres (Figure 1).

Changes in TCD Variables
TCD examinations were performed on the 1st (after the 
CT diagnosis) and the 3rd day after onset. The TCD 
variables at the 1st day were recorded as aVsDay1, 
aVdDay1, aVDay1, aPIDay1 for affected hemisphere and 
uVsDay1, uVdDay1, uVmDay1, uPIDay1 for unaffected hemi-
sphere. The changes of TCD variables between the 1st and 
3rd day were recorded as ΔaVs, ΔaVd, ΔaVm, ΔaPI for 
affected hemisphere and ΔuVs, ΔuVd, ΔuVm, ΔuPI for 
unaffected hemisphere. The change of TCD parameter was 
calculated by the following formula:

ΔX ¼
XDay3 � XDay1

XDay1

� �

� 100%

where X was the TCD parameter.

Treatment
All ICH patients underwent standardized treatment in accor-
dance with the center protocol. Conservative treatment 
included hemostasis, strict blood pressure control, respira-
tory tract kept unobstructed, body temperature ≤38°C, glu-
cose-lowering medications, antibiotic therapy, early 
rehabilitation exercise, and other supported treatments. 
Mannitol was administered to patients with ND caused by 
elevated ICP. A surgical evacuation was considered when 
repetitive CT (required when GCS decreased by ≥2 points) 
revealed increased hematoma or perilesional edema volume, 
obvious midline shift, and other surgical indications.

Short-Term Outcome of ICH Patients
GCS score was re-evaluated every 12 hours. Changes in 
the GCS score between admission and 14 days after 
admission were utilized to evaluate the short-term 

Figure 1 MCA hemodynamics evaluated by TCD. The changes of Doppler waveform and the parameters including Vs, Vm, Vd, and PI are recorded automatically when 
a 6-second frame of a clearly waveform is obtained. 
Abbreviations: MCA, middle cerebral artery; TCD, transcranial Doppler; Vs, systolic velocity; Vd, diastolic velocity; Vm, mean velocity; PI, pulsatility index.
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outcome of the ICH patients. Patients with improved out-
come, which was defined as an increase in GCS by ≥1 
point, were included in the improved group, and those 
with deteriorated outcome (defined as unchanged GCS 
score, a decrease of ≥1 point, or death) were included in 
the ND group.

Statistical Analysis
The numerical variables were presented as mean ± standard 
deviations for normally distributed data and median (inter-
quartile range) for non-normally distributed data. Univariate 
and multivariate Logistic regression analyses were per-
formed to investigate the independent prognostic factors of 
the ND after onset. The odds ratio (OR) and 95% confidence 
interval (CI) of each factor were estimated. A nomogram was 
developed based on the weighted sum of each independent 
variable to predict the short-term outcomes of ICH patients. 
Bootstrap resampling (1000 times) analysis was applied for 
the validation. Receiver operating characteristic (ROC) curve 
was utilized to analyze the discrimination of the nomogram. 
The area under the curve (AUC), which was also known as 
the concordance index (C-index), sensitivity, and specificity 
of the ROC curve were obtained. The calibration of the 
nomogram was evaluated with the calibration curve com-
bined with the Hosmer–Lemeshow (HL) test. The decision 
curve analysis (DCA) was applied to assess the clinical 
suitability. The statistical analyses were performed with 
IBM SPSS Statistics 22.0 (IBM Corp., Armonk, NY, 
United States) and R package version 3.6.2.

Results
Clinical Characteristics and TCD 
Variables of ICH Patients
We included 297 ICH patients with a mean age of 58.16 
±13.62 years. Among them, 65 (21.9%, 65/297) patients 
developed ND within 14 days after onset. The clinical char-
acteristics concerning ICH patients and bilateral TCD vari-
ables during the 1st and 3rd days are given in Tables 1 and 2, 
respectively. Hypertension was the most common risk factor 
(68.4%) in ICH patients. The alterations in PI and Vd from 
the affected hemisphere were more obvious than those from 
the unaffected hemisphere (P < 0.05).

Univariate and Multivariate Analyses for 
the Prognostic Factors of ND After Onset
The improved group included 232 patients and the ND 
group included 65 patients. Univariate analysis indicated 

that age, hematoma volume, presence of IVH, GCS, ΔaVd, 
and ΔaPI were significantly associated with the risk of ND 
(P < 0.05 for all). Multivariate analysis further revealed 
that hematoma volume, presence of IVH, GCS, and ΔaPI 
(P < 0.05 for all) were the independent prognostic factors 
of the ND after onset (Table 3).

Nomogram for Predicting the Short-Term 
Outcome in ICH Patients
We constructed a nomogram with the 4 independent pre-
dictors to predict the short-term outcome of ICH 
(Figure 2). Each predictor was assigned a score propor-
tionally based on its OR value in the multivariate Logistic 
regression, and the total score was used to determine the 
estimated risk of ND in ICH patients.

Nomogram Validation
A C-index of 0.931 (95% CI: 0.886 to 0.962) was 
achieved, and a similar C-index (0.916, 95% CI: 0.852 to 
0.950) was acquired after 1000 bootstrapping, which indi-
cated good discrimination (C-index >0.75). The ROC 
curve is presented in Figure 3A. The test of calibration 
indicated no significant lack of departure (χ2=7.824, 
P=0.482, HL test), which demonstrated good calibration 
of the nomogram (Figure 3B). The results of DCA showed 

Table 1 Clinical Characteristics of ICH Patients

Variables ICH Patients 
(n=297)

Age, years 58.16±13.62

Gender Female, n (%) 70 (23.6%)

Male, n (%) 227 (76.4%)

Medical history Hypertension, n (%) 203 (68.4%)

Dyslipidemia, n (%) 22 (7.4%)

Diabetes, n (%) 54 (18.2%)

Hematoma 

location

Lobe, n (%) 53 (17.8%)

Deep, n (%) 244 (82.2%)

Hematoma volume, cm3 19.5 (14.3, 23.9)

Perilesional edema volume, cm3 12.7 (9.9, 16.1)

Presence of IVH, n (%) 81 (27.3%)

GCS, point 11 (10, 13)

Abbreviations: ICH, intracerebral hemorrhage; GCS, Glasgow Coma Scale; IVH, 
intraventricular hemorrhage.
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that the nomogram yielded net benefits, indicating a good 
potential for clinical decision making (Figure 4).

Performance Comparison of Different 
Prediction Models
The established nomogram was the most accurate predic-
tion model (AUC: 0.931, Sensitivity: 88.46%, and 

Specificity: 88.37%) compared with the nomogram with-
out CT scan (nomogram excluding hematoma volume) 
(AUC: 0.713, Sensitivity: 58.33%, and Specificity: 
81.40%) or TCD (nomogram excluding ΔaPI) (AUC: 
0.729, Sensitivity: 42.31%, and Specificity: 95.35%) 
(Figure 5). It indicated that the nomogram containing CT 
or TCD alone could not predict the short-term outcome of 
ICH accurately.

Discussion
Accurate prediction of the ND after onset is critical to the 
selection of the optimal treatment and improving the prog-
nosis of ICH patients. The present study revealed that 
ΔaPI was associated with the ND after onset. Moreover, 
the multivariate Logistic regression demonstrated that 
hematoma volume, presence of IVH, GCS, and ΔaPI 
were the independent prognostic factors of ND. The devel-
oped nomogram incorporating ΔaPI showed good perfor-
mance and yielded net benefits, which might contribute to 
the clinical outcome of ICH patients.

It is known that one of the intrinsic abilities of the 
brain is to maintain constant perfusion in the face of 
changes in blood pressure. Cerebral autoregulation will 
be diminished in severe head injury, stroke, or space- 
occupying brain lesions (tumor, hemorrhage), leaving the 
survived brain tissue unable to withstand the potentially 
harmful effects of blood pressure changes.20–22 Reinhard 
et al23 proved that the complications caused by ICH may 
damage cerebral autoregulation, suggesting worse clinical 
outcomes. Although cerebral autoregulation is routinely 
preserved during small to medium-sized ICH,24 the toler-
ance of each patient to ICP changes is different. The 
formation of perihemorrhagic edema after ICH is dynamic, 
may last up to 14 days,25 and may peak in the early as well 
as in the subacute phase.26 However, changes in the cere-
bral circulation of ICH patients observed in the neurology 
department are poorly understood due to a lack of effective 
follow-up measurements. It makes physicians difficult to 
accurately administer mannitol for elevated ICP since 
abuse of mannitol may be unhelpful and harmful. Hence, 
we predicted the risk of ND within 14 days after onset in 
our study by detecting the changes of TCD parameters 
between 1 and 3 days after ICH.

The influence of increased ICP on cerebral blood flow 
is most obvious in the MCA. MCA supplies about 80% of 
the blood flow required by the cerebral hemisphere, which 
basically reflects the supratentorial blood flow in the inter-
nal carotid artery. Therefore, bilateral MCAs were 

Table 2 Bilateral TCD Variables of ICH Patients During the 1st 
and 3rd Days

Variables ICH Patients (n=297)

Affected hemisphere Vs Day 1, m/s 72.68±10.93

Day 3, m/s 71.73±10.86

Change (ΔaVs), % −1.36 (−2.53, −0.04)

Vd Day 1, m/s 33.62±7.16

Day 3, m/s 31.83±6.82

Change (ΔaVd), % −4.31 (−6.24, −3.15)*

Vm Day 1, m/s 38.68±14.52

Day 3, m/s 35.83±13.15

Change (ΔaVm), 
%

−6.73 (−12.82, −0.18)

PI Day 1, m/s 1.01±0.12

Day 3, m/s 1.13±0.17

Change (ΔaPI), % 9.82 (2.62, 17.26)*

Unaffected 
hemisphere

Vs Day 1, m/s 79.37±11.94

Day 3, m/s 78.63±11.76

Change (ΔuVs), % −1.35 (−2.78, −0.02)

Vd Day 1, m/s 36.31±7.82

Day 3, m/s 35.56±7.73

Change (ΔuVd), % −2.37 (−3.23, 0.01)

Vm Day 1, m/s 47.14±17.78

Day 3, m/s 45.36±16.73

Change (ΔuVm), 
%

−3.94 (−6.62, −1.19)

PI Day 1, m/s 0.93±0.12

Day 3, m/s 0.96±0.13

Change (ΔuPI), % 3.57 (0.97, 5.84)

Notes: Changes of Vs, Vd, Vm, and PI from affected hemisphere are presented as 
ΔaVs, ΔaVd, ΔaVm, and ΔaPI, respectively. Those from unaffected hemisphere are 
presented as ΔuVs, ΔuVd, ΔuVm, and ΔuPI, respectively. *P < 0.05 (Mann–Whitney 
U-test), compared with unaffected hemisphere. 
Abbreviations: TCD, transcranial Doppler; ICH, intracerebral hemorrhage; Vs, 
systolic velocity; Vd, diastolic velocity; Vm, mean velocity; PI, pulsatility index.
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Table 3 Univariate and Multivariate Logistic Regressions for Investigating the Independent Prognostic Factors of ND After Onset in 
ICH Patients

Variables Univariate Analysis Multivariate Analysis

P OR 95% CI P OR 95% CI

Age 0.005 1.047 1.013–1.081 0.235 1.062 0.873–1.121

Gender Female Reference

Male 0.224 0.683 0.313–1.375

Medical history Hypertension 0.773 1.235 0.464–2.826

Dyslipidemia 0.934 1.264 0.521–3.049

Diabetes 0.838 1.138 0.412–2.668

Hematoma 
location

Lobe Reference

Deep 0.484 0.725 0.486–1.535

Hematoma volume <0.001 1.274 1.123–1.378 <0.001 1.353 1.175–1.594

Perilesional edema volume 0.274 1.036 0.984–1.123

Presence of IVH 0.024 2.274 1.023–5.064 0.026 3.736 1.024–13.263

GCS 0.026 0.735 0.664–0.928 0.004 0.474 0.325–0.765

aVsDay1 0.764 1.026 0.974–1.024

aVsDay3 0.667 1.024 0.935–1.074

ΔaVs 0.123 0.864 0.663–1.085

aVdDay1 0.253 0.926 0.964–1.023

aVdDay3 0.164 0.824 0.764–1.174

ΔaVd 0.026 0.836 0.626–0.963 0.524 0.964 0.623–1.275

aVmDay1 0.636 0.967 0.984–1.035

aVmDay3 0.546 0.953 0.823–1.075

ΔaVm 0.153 0.863 0.753–1.075

aPIDay1 0.135 6.375 0.324–84.241

aPIDay3 0.246 4.463 0.554–63.495

ΔaPI <0.001 2.074 1.614–2.574 <0.001 2.524 1.763–3.973

uVsDay1 0.739 1.034 0.952–1.042

uVsDay3 0.862 1.052 0.913–1.125

ΔuVs 0.362 0.915 0.873–1.314

uVdDay1 0.679 1.043 0.951–1.074

uVdDay3 0.475 0.926 0.885–1.135

ΔuVd 0.567 0.922 0.835–1.276

uVmDay1 0.635 0.914 0.954–1.024

(Continued)
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monitored in the present study. TCD has been proven by 
a number of studies to non-invasively assess increased 
ICP. The progressive increase in ICP affects the Doppler 
waveform. Typical changes include decreased Vd and 
increased PI,27–29 which is consistent with the results of 
this study. We found that on the affected hemisphere, 
alterations in PI and Vd between the 1st and 3rd day 
were associated with the ND after onset. However, the 
alterations in TCD parameters from the unaffected hemi-
sphere were not obvious in ND patients. It revealed that 
only the alterations of TCD parameters on the affected 
hemisphere helped predict the occurrence of ND. This 
interhemispherial difference presumably reflected the ICP 

gradients associated with compartmentalized mass 
effect.30,31 It may be due to the sustained obstruction of 
the subarachnoid space, causing the subarachnoid space 
pressure to not be completely transmitted from one hemi-
sphere to the other.32 Besides, our study demonstrated that 
the ΔaPI between 1 and 3 days after onset was a better 
predictor of ND than mean aPIDay3. It may be because the 
PI value is numerically too small to directly observe the 
difference from the 1st day, while the change expressed as 
a percentage is easier to reveal the difference.

Except for ΔaPI, the multivariate Logistic regression in 
the present study revealed that hematoma volume, presence 
of IVH, and GCS were independently associated with the 

Table 3 (Continued). 

Variables Univariate Analysis Multivariate Analysis

P OR 95% CI P OR 95% CI

uVmDay3 0.424 0.825 0.758–1.224

ΔuVm 0.352 0.913 0.964–1.027

uPIDay1 0.963 1.112 0.073–21.293

uPIDay3 0.828 1.243 0.031–16.362

ΔuPI 0.347 1.084 0.923–1.186

Notes: TCD variables are recorded from the affected (a) and unaffected (u) hemispheres. Changes of Vs, Vd, Vm, and PI from affected hemisphere are presented as ΔaVs, 
ΔaVd, ΔaVm, and ΔaPI, respectively. Those from unaffected hemisphere are presented as ΔuVs, ΔuVd, ΔuVm, and ΔuPI, respectively. 
Abbreviations: ND, neurologic deterioration; ICH, intracerebral hemorrhage; IVH, intraventricular hemorrhage; GCS, Glasgow Coma Scale; OR, odds ratio; CI, 
confidence interval; Vs, systolic velocity; Vd, diastolic velocity; Vm, mean velocity; PI, pulsatility index.

Figure 2 Nomogram for predicting the risk of ND after onset in ICH patients. The risk of ND is calculated by adding the points of the following variables (Hematoma 
volume, IVH, GCS, and ΔaPI). The individual risk is obtained by projecting the vertical line from the total points line to the bottom scale of the prediction probability. 
Changes of PI from affected hemisphere were presented as ΔaPI. 
Abbreviations: ND, neurologic deterioration; ICH, intracerebral hemorrhage; IVH, intraventricular hemorrhage; GCS, Glasgow Coma Scale; PI, pulsatility index.
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Figure 4 DCA for the validation of the established nomogram. The abscissa is the threshold probability, and the ordinate is the net benefit rate. The horizontal black line 
indicates that all samples were negative and all are not treated, with a net benefit of zero. The oblique gray line indicates that all samples are positive. The net benefit is 
a backslash with a negative slope. The blue line is the model of nomogram. It indicates that the nomogram yields net benefits. 
Abbreviation: DCA, decision curve analysis.

Figure 3 Validation of the established nomogram. The AUC of ROC is 0.931 (A), indicating good discrimination. The calibration plot (B) indicates that the nomogram- 
predicted ND compares very well with the actual outcome. 
Abbreviations: ROC, receiver operating characteristic curve; AUC, area under the curve; ND, neurologic deterioration.
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risk of ND, which was consistent with the findings of pre-
vious reports.33–35 ICH patients with greater hematoma 
volume, larger GCS, and presence of IVH on admission 
were more likely to occur ND after onset. We here estab-
lished a nomogram with high predictive accuracy for the 
identification of patients with ND after ICH. Good discrimi-
nation and calibration were verified and it yielded net ben-
efits. Further performance comparisons of different 
prediction models found that only the established nomogram 
could predict the short-term outcome of ICH accurately 
while the nomogram including CT or TCD alone could 
not. It allows a customized decision on the treatment of 
ICH patients managed in the neurology department. The 
sum of the scores of each predictor in the nomogram was 
the estimated risk of ND within 14 days after onset. For 
example, the total point of a 60-year-old ICH patient, pre-
sented IVH (45 points), with hematoma volume equal to 
24 cm3 (40 points), GCS equal to 10 points (70 points), and 
ΔaPI equal to 12% (68 points), is about 220 points, which 
indicates that the probability of ND within 14 days after 
onset is about 70%. The nomogram robustly identified 
patients with ND within 14 days after onset, thus facilitating 
routine management in latter by saving unnecessary surgical 
evacuation or repeated CT imaging.

Some limitations should be addressed in this study. First, 
the nomogram has not been externally validated in different 
hospitals since it is a single-center study with a limited sample 
size. Second, we only included mild-to-moderate ICH patients 
with a suitable temporal acoustic bony window, and excluded 
patients requiring surgery, which might yield a particular selec-
tion bias and affect the performance of the developed nomo-
gram. Third, the interobserver variability was not assessed 
since all measurements were performed by the same investi-
gator. Therefore, a well-designed multi-center study combined 
with TCD monitoring with a larger sample is needed in the 
future.

Conclusion
In conclusion, our study demonstrated that ΔaPI was indepen-
dently associated with the ND after onset in ICH patients. The 
established nomogram incorporating ΔaPI might be useful in 
predicting the risk of ND within 14 days after onset. It deliv-
ered a pragmatic model, which might be able to identify 
patients in the neurology department in need of further care. 
In the future, it may hint toward a time- and cost-effective 
patient care in a clinical setting.
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