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Background: Previous studies have shown that platelet is involved in the occurrence and progression of 
delayed cerebral ischemia (DCI) after aneurysmal subarachnoid hemorrhage (aSAH), but the relationship 
between platelet and DCI is not completely clear. Here, we aimed to screen the early platelet parameters 
associated with DCI after aSAH and develop an early predictive nomogram for DCI after aSAH.
Methods: The study was carried out in the neurosurgery department of Affiliated Hospital of North 
Sichuan Medical College. A total of 285 consecutive aSAH patients admitted within 24 hours after onset 
were analyzed retrospectively. Univariate and multivariate analyses were used to identify risk factors for DCI. 
A predictive nomogram was developed and validated with R software.
Results: Sixty-six (23.16%) of the 285 patients with aSAH exhibited DCI during hospitalization. The DCI 
group and the non-DCI group showed statistically significant differences in red blood cell count (RBC), platelet 
count (PLT), mean platelet volume (MPV), modified Fisher grade and platelet distribution width (PDW). 
Multivariable logistic regression analysis showed that modified Fisher grade [odds ratio (OR) =1.354; 95% 
confidence interval (CI): 1.034–1.773; P=0.028] and mean MPV [OR =1.825; 95% CI: 1.429–2.331; P<0.001] 
were independent risk factors for DCI. Modified Fisher grade, RBC, PLT, MPV, and PDW were used to 
develop a predictive nomogram for DCI. The area under the receiver operating characteristic (ROC) curve 
(AUC) was 0.799 (95% CI: 0.737–0.861) in the training set and 0.783 (95% CI: 0.616–0.949) in the validation 
set. The calibration curve showed that the predicted probability concurred with the actual probability. Decision 
curve analysis indicated that this nomogram had good clinical application value and could be used for clinical 
decision making. 
Conclusions: Our study found that MPV was an early predictor of DCI after aSAH. The nomogram 
incorporating early MPV had greater value in predicting DCI after aSAH.
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Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is a serious 
form of hemorrhagic stroke with high rates of mortality 
and permanent disability for those who survive the initial 
hemorrhage (1). Cerebrovascular spasm (CVS) was once 
considered the major pathological cause of death or 
disability in aSAH patients until it was found that the 
occurrence of cerebral vasospasm and cerebral ischemia 
events was often inconsistent in clinical practice (2). In 
recent years, it has been widely accepted that early brain 
injury (EBI) is the main prognosticator of SAH.A series 
of ischemic events occurring after EBI are classified as 
delayed cerebral ischemia (DCI). Therefore, EBI and DCI, 
respectively, represent the characteristic pathophysiological 
changes after aSAH in the temporal category. At present, 
DCI is also considered a significant cause of poor functional 
outcome in aSAH patients (3). Recent reports suggest that 
approximately one-third of aSAH patients may develop 
DCI during hospitalization (4). However, clinical trials to 
date have been largely unsuccessful at preventing or treating 
DCI after SAH (5). On the one hand, this is related to the 
complex mechanism of DCI; on the other hand, it may also 
be attributed to a clinical failure to accurately predict and 
identify DCI. Therefore, early prediction and identification 
of DCI is important in improving the prognosis of patients 
with poor neurological function.

A number of predictors for DCI have been reported, 
including the World Federation of Neurological Surgeons 
(WFNS) grade, Hunt-Hess grade, modified Fisher grade, 
peripheral monocyte counts, white blood cell counts, and 
neutrophil/lymphocyte ratios (6-8). Among these, Hunt-
Hess grade, WFNS grade, and modified Fisher grade are 
often used to establish predictive models (9,10). However, 
in the absence of more quantitative indicators, they do not 
distinguish the likelihood of DCI among patients at similar 
risk levels. In recent years, more clinical and laboratory 
indicators, as well as artificial intelligence methods, have 
been used to establish a prediction model for DCI, but 
prediction efficiency has not been significantly improved 
(11,12). For example, Liu et al. (11) established a predictive 
nomogram for DCI based on six preoperative risk factors 
(age >65 years, modified Fisher grade of 3–4, ruptured 
aneurysm in the anterior circulation, Hunt-Hess grade 
of 4–5, high blood pressure on admission, and plasma 
homocysteine level ≥10 μmol/L). In this study, several 
continuous variables were dichotomized. Furthermore, high 
blood pressure on admission and plasma homocysteine level 
≥10 μmol/L has not been considered as risk factors for DCI 

in other studies. These might help explain the relatively low 
C index of the predictive nomogram. On the one hand, this 
paper demonstrates that nomogram is a feasible method 
to comprehensively utilize multiple variables to reflect the 
occurrence probability of DCI, and on the other hand, 
its relatively low C index indicates that further research 
is needed on the selection of included risk factors and 
modeling methods.

Platelets are essential for hemostasis and play an 
important role in various clotting-related diseases. 
The functional status of platelets often determines the 
progression and prognosis of disease. As microthrombi 
is one of the main causes of DCI and microthrombosis is 
affected by platelet number and functional state, DCI is 
inevitably affected by platelet changes. Prodan et al. (13) 
reported that an increase of coated platelets after aSAH 
was closely related to the occurrence of DCI and poor 
prognosis, indicating that platelet activation played an 
important role in the development of DCI. Mean platelet 
volume (MPV) is an indicator of function and activation of 
platelets, and elevated MPV is an independent risk factor 
for poor prognosis in patients with acute ischemic stroke 
(14,15). Ray et al. (16) reported that the MPV/platelet 
count (PLT) ratio after aSAH could predict DCI. Recently, 
it was reported that elevated MPV was closely related 
to DCI and poor prognosis in patients with aSAH (17).  
However, the predictive value of MPV for DCI after aSAH 
is still controversial (18). At the same time, there are no 
reports that include early platelet parameters into the 
comprehensive predictive model of DCI. The purpose of 
this study was to explore the relationship of early platelet 
parameters with the development of DCI and develop and 
validate a quantifiable early-stage predictive model based 
on platelet parameters. We present the following article in 
accordance with the TRIPOD reporting checklist (available 
at https://dx.doi.org/10.21037/atm-21-5200).

Methods

Participants

This study was a retrospective study of data from 
consecutive aSAH patients admitted within 24 hours after 
onset at the Affiliated Hospital of North Sichuan Medical 
College between August 2017 and September 2020. The 
following criteria were used for inclusion in this study: (I) 
adult patients with spontaneous SAH; (II) diagnosis based 
on cranial computed tomography (CT); (III) responsible 
aneurysm confirmed by CT angiography (CTA) or digital 
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subtraction angiography (DSA); and (IV) admitted to 
hospital within 24 hours of onset. The exclusion criteria 
were as follows: (I) comorbidities that would interfere with 
the outcome assessment and follow-up, such as recent 
infectious diseases, autoimmune diseases, liver and kidney 
dysfunction, cardiovascular diseases, hematological disease, 
and central nervous system diseases, etc.; (II) history of 
previous use of anticoagulants or antiplatelet drugs; (III) 
preoperative or postoperative rebleeding; (IV) declined 
medical intervention; and (VI) insufficient clinical or follow-
up data. Patients were managed by qualified neurosurgeons 
following current guidelines (19). In order to perform 
internal validation, we split the data into a training set 
(n=214) and validation set (n=71) based on admission time. 
We constructed the prediction model with the training 
set and validated it on the validation set. All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013). The Ethics Committees of the Affiliated Hospital 
of North Sichuan Medical College approved the study (No. 
2021ER126-1). Since this study involved chart review with 
no risk to patients, patient consent was waived.

Outcomes

Patients were categorized into a DCI group and non-
DCI group based on whether DCI occurred during 
hospitalization. DCI was defined as the detection of any 
new focal neurological impairment or when there was a 
minimum 2-point decrease in the Glasgow Coma Scale. The 
impairment had to last for at least 1 hour, not be apparent 
immediately after aneurysm occlusion, and not be attributed 
to other causes through clinical assessment or laboratory 
tests (20). DCI was identified by two independent reviewers. 
Any disagreement was resolved through cooperative 
discussion. A blind method was not adopted.

Clinical and laboratory variables

Patient baseline information was collected, including 
age, gender, medical history, clinical status on admission 
(Hunt-Hess grade and WFNS grade), modified Fisher 
grade, location of aneurysms, number of aneurysms, and 
treatment method. Medical history included hypertension, 
diabetes mellitus, previous stroke, Warfarin use, smoking, 
and drinking. Results of the immediate laboratory tests at 
admission were also collected, including white blood cell 
(WBC), red blood cell (RBC), hemoglobin (HGB), PLT, 

MPV, platelet distribution width (PDW), and plateletcrit 
(PCT). All enrolled patients underwent whole blood 
cell test with the same hematology  analyzer (BC-6800 
Mindray, China). For interpretation purposes, parameters 
were divided as follows: Hunt-Hess grade as “low grade” 
(grades 1–3)or “high grade” (grades 4–5), WFNS grade 
as “low grade” (grades 1–3) or “high grade” (grades 4–5), 
aneurysm location as “anterior circulation” or “posterior 
circulation”, number of aneurysms as “single” or “multiple”, 
and treatment method as “coiling” or “clipping”. All of the 
above parameters were recorded by investigators with no 
knowledge of the patient’s outcome.

Sample size

Since the results of platelet parameter detection are 
affected by detection methods, equipment, and timing, we 
collected all available data with similar detection conditions 
to maximize the power and generalizability of the results. 
Because we excluded all cases with missing information, this 
is a complete case analysis.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics 
(version 22.0, Chicago, IL, USA) and the R programming 
language (version 3.4.1, Vienna, Austria). Continuous 
variables are expressed as mean ± standard deviation, 
and categorical variables are presented as numbers and 
percentages. Important baseline data, reported variables 
with independent predictive value, and blood cell analysis 
parameters were extracted from the database as possible 
predictors. Due to the different definitions of DCI used 
in previous studies, the value of predictors in the existing 
literature was limited (20). Therefore, we performed a 
univariate analysis of all possible predictors before modeling 
to screen appropriate predictors. Pearson’s chi-squared test, 
independent-samples t-test, and linear correlation test were 
performed in univariate analysis to determine differences 
in parameters between two groups. If P value was <0.05, 
statistical significance was assumed. Factors found to be 
significant (P<0.05) in univariate analysis were included 
in the subsequent multivariate logistic regression with 
backward stepwise selection to identify the independent risk 
variables associated with DCI and develop the predictive 
model.

We developed a graphical and quantitative rating predictive 
nomogram that allowed for simultaneous consideration of 
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multiple variables including the established staging system. 
The established nomogram was validated internally in 
different cases from the same database. We also assessed 
internal validity with a bootstrapping procedure for a realistic 
estimate of the performance of the nomogram in similar 
future patients. The discriminative ability of the nomogram 
was summarized by receiver operating characteristic curve 
(ROC). The calibration curve was used to analyze the 
agreement between the nomogram and the ideal observation. 
Calibration plots on the slope of the 45-degree line were 
considered an excellent model. Decision curve analysis was 
conducted to determine the clinical value of the nomogram.

Results

Characteristics of participants

Data of 865 aSAH patients were obtained from the inpatient 
management system. After strict screening based on the 
inclusion and exclusion criteria, a total of 285 patients, 
including 84 males (29.5%) and 201 females (70.5%), were 
enrolled in the current study (Figure 1). The mean age was 
60.0±10.8 years and 157 patients (55.1%) had a history of 

hypertension. A history of smoking, alcohol consumption, 
and diabetes was found in 54 (18.95%), 39 (13.7%), and  
6 patients (2.1%), respectively. The number of patients 
with low Hunt-Hess grade and high Hunt-Hess grade 
were 68 (23.9%) and 217 (76.1%), respectively. The 
WFNS grade was high in 203 (71.2%) and low in 82 
patients (28.8%). The distribution of modified Fisher grade 
in all patients is as follow: 61 (21.4%), 66 (23.2%), 
63 (22.1%), and 95 patients (33.3%) with grade I, 
grade II, grade III, and grade IV, respectively. Anterior 
circulation aneurysms ruptured in 269 cases (94.4%), 
and 60 patients (21.1%) had multiple aneurysms. A total 
of 133 patients (46.7%) received endovascular coiling 
and 152 (53.3%) received surgical clipping. The mean 
WBC, RBC, HGB, PLT, MPV, PCT, and PDW were 
(12.9±4.5)×109/L, (4.3±0.6)×1012/L, 128.3±16 g/L,  
(178.3±50.6)×109/L, 11.6±1.7 fl ,  0.2±0.05 ng/mL,  
and 16.2%±1.4%, respectively. Sixty-six (23.16%) of the 
patients exhibited DCI during hospitalization and were 
included in the DCI group while the others were enrolled 
into the non-DCI group. The clinical characteristics of DCI 
patients and non-DCI patients are presented and compared 
in Table 1.

aSAH patients without systematic diseases 
(n=332)

Adult patients with aSAH 
(n=865)

Included aSAH patients 
(n=367)

aSAH patients enrolled
(n=285)

Excluded (n=498)
Admission time over 24 h after onset [471]; unclear time of onset [27]

Excluded (n=35) 
Recent infectious diseases [4]; autoimmune diseases [1]; cardiovascular 
diseases [4]; central nervous system diseases [7]; hematological disease [5]; 
anticoagulants or antiplatelet drugs [14]

Excluded (n=47) 
Preoperative or postoperative rebleeding [22]; declined medical  
intervention [18]; insufficient clinical or follow-up data [7]

Figure 1 Flowchart of selection process. aSAH, aneurysmal subarachnoid hemorrhage.
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Table 1 Clinical characteristics and parameters of patients in DCI group and non-DCI group

Characteristics Overall (n=285) DCI (n=66) Non-DCI (n=219) P

Age (y) 60.0±10.8 61.0±11.1 59.8±10.7 0.409a

Sex, n (%) 0.889b

Male 84 (29.5) 19 (28.8) 65 (29.7)

Female 201 (70.5) 47 (71.2) 154 (70.3)

Smoking, n (%) 0.210b

Yes 54 (18.9) 16 (24.2) 38 (17.4)

No 231 (81.1) 50 (75.8) 181 (82.6)

Drinking, n (%) 0.990b

Yes 39 (13.7) 9 (13.6) 30 (13.7)

No 246 (86.3) 57 (86.4) 189 (86.3)

Diabetes, n (%) 0.703b

Yes 6 (2.1) 1 (1.5) 5 (2.3)

No 279 (97.9) 65 (98.5) 214 (97.7)

Hypertension, n (%) 0.456b

Yes 157 (55.1) 39 (59.1) 118 (53.9)

No 128 (44.9) 27 (40.9) 101 (46.1)

Hunt-Hess grade, n (%) 0.676c

Low grade 68 (23.9) 16 (24.2) 52 (23.7)

High grade 217 (76.1) 50 (75.8) 167 (76.3)

WFNS grade, n (%) 0.851c

High grade 203 (71.2) 47 (71.2) 156 (71.2)

Low grade 82 (28.8) 19 (28.8) 63 (28.8)

Modified Fisher grade, n (%) 0.011c*

I 61 (21.4) 9 (13.6) 52 (23.8)

II 66 (23.2) 11 (16.7) 55 (25.1)

III 63 (22.1) 18 (27.3) 45 (20.5)

IV 95 (33.3) 28 (42.4) 67 (30.6)

Location, n (%) 0.267b

Anterior circulation 269 (94.4) 64 (97.0) 205 (93.6)

Posterior circulation 16 (5.6) 2 (3.0) 14 (6.4)

Number of aneurysms, n (%) 0.157b

Single 225 (78.9) 48 (72.7) 177 (80.8)

Multiple 60 (21.1) 18 (27.3) 42 (19.2)

Table 1 (continued)
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Risk factors for DCI

The results of univariate analysis revealed that the factors 
associated with DCI were the modified Fisher grade, RBC, 
MPV, PLT, and PDW (P<0.05). There was no significant 
difference in sex, age, smoking, drinking, diabetes, 
hypertension, Hunt-Hess grade, WFNS grade, aneurysm 
location, number of aneurysms, treatment, WBC, HGB, 
or PCT (P>0.05) (Table 1). Multivariate logistic regression 
analysis demonstrated that the independent risk factors for 
DCI were modified Fisher grade [odds ratio (OR) =1.354; 
95% confidence interval (CI): 1.034–1.773; P=0.028] and 
MPV (OR =1.825; 95% CI: 1.429–2.331; P<0.001) (Table 2).  
Given that the predictive value of modified Fisher grade 
for DCI after aSAH has been verified many times, we only 

evaluated the predictive value of early MPV (11,15). ROC 
curve analysis demonstrated that MPV could serve as a 
predictor of DCI, with an area under the curve (AUC) of 
0.740 (95% CI: 0.674–0.806; P<0.001, Figure 2). The value 
of 11.95 fl was selected as the best cut-off value for MPV to 
evaluate whether DCI occurs. For this cut-off value, MPV 
had a sensitivity of 67.1% and specificity of 74.2% (Figure 2).

Development of nomogram

Five clinical features from the univariate analysis were 
used to establish the nomogram, including modified 
Fisher score, RBC, MPV, PDW, and PLT. The nomogram 
allowed for an estimation of the individual risk of DCI 

Table 1 (continued)

Characteristics Overall (n=285) DCI (n=66) Non-DCI (n=219) P

Surgery, n (%) 0.117b

Clipping 152 (53.3) 40 (60.6) 112 (51.1)

Coiling 133 (46.7) 26 (39.4) 107 (48.9)

WBC (109/L) 12.9±4.5 13.2±4.5 12.8±4.5 0.467a

RBC (1012/L) 4.3±0.6 4.2±0.5 4.4±0.6 0.039a* 

HGB (g/L) 128.3±16 127.0±16.1 128.7±16.0 0.450a

PLT (109/L) 178.3±50.6 168.1±44.8 181.4±51.9 0.041a

MPV (fl) 11.6±1.7 12.7±1.5 11.3±1.6 <0.001a*

PCT (ng/mL) 0.2±0.05 0.2±0.1 0.2±0.1 0.737a

PDW (%) 16.2±1.4 16.6±1.3 16.1±1.4 0.012a* 

*, P<0.05; a, independent-samples t-test; b, Pearson’s chi-squared test; c, linear correlation test. DCI, delayed cerebral ischemia; WFNS, 
World Federation of Neurological Surgeons; WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; PLT, platelet count; MPV, 
mean platelet volume; PCT, plateletcrit; PDW, platelet distribution width.

Table 2 Univariate and multivariate analysis of risk factors for delayed cerebral ischemia in aneurysmal subarachnoid hemorrhage patients

Characteristics
Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P

Modified Fisher grade (I/II/III/IV) 1.380 (1.074–1.774) 0.012* 1.354 (1.034–1.773) 0.028*

RBC (10
12

/L) 0.568 (0.332–0.972) 0.039* 0.579 (0.313–1.072) 0.082

PLT (10
9
/L) 0.994 (0.989–1.000) 0.042* 1.005 (0.998–1.012) 0.179

MPV (fl) 1.710 (1.412–2.072) <0.001* 1.825 (1.429–2.331) <0.001*

PDW (%) 1.341 (1.060–1.695) 0.014* 1.061 (0.831–1.355) 0.635

*, P<0.05. OR, odds ratio; CI, confidence interval; RBC, red blood cell count; PLT, platelet count; MPV, mean platelet volume; PCT, 
plateletcrit; PDW, platelet distribution width.
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(Figure 3). A total number of points were calculated based 
on modified Fisher grade, MPV, PLT, PDW, and RBC. 
By projecting the total points to the lower total points 
scale, we were able to predict the probability of DCI and 
also reveal the contribution of each factor to the overall 
risk for DCI. For example, the probability of DCI is 80% 
for an aSAH patient with modified Fisher grade III, MPV  
14 fl, PDW 18%, platelet 260×109/L, and RBC 4.0×1012/L.  
Calculations were made as follows: on the basis of the 
location of each factor in the nomogram, 20 points were 
given for “modified Fisher grade III”, 74 for “MPV =14 fl”, 
18 for “PDW =18%”, 20 for “platelet =260×109/L”, and 28 
for “RBC =4.0×1012/L”; a total score of 160 points was then 
obtained by adding these points together and; 160 points is 
equivalent to a probability of approximately 80% for DCI.

Validation of nomogram

The AUC of the nomogram in the training set and the 
validation set were 0.799 (95% CI: 0.737–0.861) and 0.783 
(95% CI: 0.616–0.949), respectively, indicating that the 
nomogram had a good degree of differentiation (Figure 4).  
The calibration curve constructed by bootstrapping with 
1,000 resamples showed that the nomogram had good 
calibration in both the training set and validation set  

(Figure 5). In the training set and validation set, decision 
curve analysis showed that the nomogram had good clinical 
application value and could assist in clinical decision making 
(Figure 6).

Discussion

In this study, we investigated the relationship between 
early-stage (within 24 hours of onset) platelet parameters 
and DCI in 285 aSAH patients from a single center. 
We then developed and internally validated a predictive 
nomogram for DCI. The main findings of this study 
included: (I) a higher level of MPV within 24 hours of 
onset was independently correlated with the occurrence 
of DCI after aSAH; (II) ROC curve analysis showed that 
MPV has an ability to predict the occurrence of DCI after 
aSAH, and the area under the curve was 0.74; and (III) a 
quantifiable nomogram based on early platelet parameters 
is more effective in predicting the occurrence of DCI after 
aSAH than MPV alone. The model had a high degree 
of differentiation and calibration as well as good clinical 
application value.

It has been reported that DCI occurs in approximately 
30% of patients surviving the initial hemorrhage (21,22). 
In the present study, the incidence of DCI was 23.16% 
in 285 consecutive patients with aSAH, which was 
consistent with previous studies and indicated that our 
data was representative. As microthrombi are one of the 
main causes of DCI and microthrombosis is affected by 
platelet number and functional state, DCI is inevitably 
affected by platelet changes (23,24). Previous studies have 
shown that platelet parameters were associated with the 
occurrence of DCI and some platelet parameters were able 
to predict DCI independently or collectively (13-17,25). 
Our univariate analysis illustrated that PLT, MPV, and 
PDW were all related to DCI, which further proved that 
platelet parameters were closely related to DCI. However, 
in multivariate logistic regression analysis, only MPV was 
independently correlated with DCI, indicating that there 
was mutual influence among platelet parameters.

MPV is an index of platelet size that correlates with the 
function and activation of platelets and is associated with the 
clinical outcomes of myocardial infarction, acute ischemic 
stroke, and hemorrhagic stroke (14,15,26). Chen et al. (17,27) 
reported that within 9 days of SAH, patients with DCI had 
significantly higher MPV than those without DCI and that 
in DCI patients, MPV first increased and then decreased. 
In addition, MPV at 3–5 days was an independent predictor 
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for DCI. These results indicated that MPV was associated 
with the development of DCI. However, since MPV shows a 
trend of dynamic change after aSAH, it is unclear how MPV 
can be effectively used to predict DCI. It is also possible that 
patients had undergone a clipping or embolization within 
3–5 days, which may have affected the MPV level, or the 
patient may have developed DCI prior to 3 days after aSAH. 
Therefore, although MPV observed at 3–5 days had the best 
predictive effect, it was not the best time for predicting DCI. 
In order to identify, as early as possible, high-risk patients 

who may develop DCI after aSAH and implement effective 
interventions, it is important to evaluate the relationship 
between early platelet parameters and the occurrence of 
DCI. In this study, we only included patients admitted 
within 24 hours of onset in order to evaluate the relationship 
between early MPV and DCI more rigorously and to 
establish an early predictive model to predict DCI sooner. 
Our results confirmed that early elevation of MPV was an 
independent risk factor for DCI in aSAH patients, which is 
consistent with a previous report (27). With an appropriate 
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Figure 6 The decision curve analysis of predictive nomogram for delayed cerebral ischemia. (A) The decision curve in the training set; (B) 
the decision curve in the validation set.
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cut-off value for MPV, we were able to predict whether 
patients were at high risk of DCI.

It has been reported that the value of MPV is affected 
by many factors, such as detection timing, detection 
instrument, and the anticoagulant contained in the blood 
tube (28). Additionally, increased MPV can be observed in 
cardiovascular diseases, cerebral stroke, respiratory diseases, 
chronic renal failure, intestine diseases, rheumatoid 
diseases, diabetes, and various cancers (29). For these 
reasons, there have been doubts among some researchers 
about the predictive value of MPV (18). It is important 
when evaluating the relationship between MPV and DCI 
that, as far as possible, the above factors are accounted for. 
In the present study, we enrolled aSAH patients who were 
admitted within 24 hours of onset at the same hospital. 
For acute hemorrhagic stroke, routine blood tests need 
to be completed within hour of admission, which ensured 
that the blood test time had little effect on the MPV 
value. In addition, we used the same blood cell analyzer 
to avoid the influence of different testing equipment on 
the results. Further, we excluded patients with the above-
mentioned underlying diseases and those with a history 
of anticoagulation and antiplatelet use so as to avoid the 
influence of underlying diseases and drugs. For these 
reasons, the MPV data obtained in this study was considered 
reliable and the relationship between MPV and DCI 
objective. Although MPV changes dynamically after aSAH 
and is affected by surgery, drugs, and disease complications, 
MPV values detected immediately after admission is rarely 
affected by these factors. Therefore, while the results only 
reflected the relationship between MPV and DCI within 
24 hours of the onset of aSAH, early MPV was a stable and 
reliable indicator for predicting DCI after aSAH.

Our results showed that MPV had a certain degree of 
differentiation in predicting DCI. However, MPV was only 
able to make a judgment on high or low level of risk, not 
provide a quantitative possibility of DCI. Further, as MPV 
is influenced by other factors, its clinical usefulness has 
limits. In order to comprehensively evaluate the influence 
of various factors on DCI, including MPV, a multifactor 
predictive model is needed. 

Previous models for predicting DCI were mostly 
based on clinical and imaging data, combined with some 
laboratory data, and the majority of results were presented 
in the form of risk classification (9,10,30). As a multifactor 
graphical predictive tool, the advantage of a nomogram 
is that it can provide quantifiable probability and also 
reflect the contribution of each included factor to the 

prediction of DCI. Given that this study involved different 
inclusion criteria and evaluation purposes, predictors 
from other studies had limited reference value. Therefore, 
we established a nomogram based on univariate analysis 
rather than referring to previous research. The AUC of 
our nomogram in both the training set (0.799; 95% CI: 
0.737–0.861) and validation set (0.783; 95% CI: 0.616–
0.949) were higher than MPV (0.740; 95% CI: 0.674–
0.806). This indicated the nomogram had more robust 
discriminatory ability than MPV alone. The predicted 
and actual probabilities of DCI were compared in a 
calibration diagram. The calibration curve showed that the 
predicted probability of DCI was consistent with the actual 
probability. Finally, decision curve analysis of the training 
set and validation set showed that patients predicted 
to be at high risk for DCI would benefit from effective 
intervention. This indicated that the nomogram had good 
clinical application value and could assist in clinical decision 
making.

So far, the prevention and treatment of DCI remain a 
crucial and complex issue in the management of aSAH. 
Prevention of DCI mainly relies on administration of 
nimodipine and optimization of blood volume and cardiac 
function. To date, nimodipine is the only pharmacological 
treatment to reduce development of DCI (31). And it was 
suggested that nimodipine should be given to all aSAH 
patients for the duration of hospital stay (19). However, in 
the case of rational use of nimodipine, the incidence of DCI 
obtained in recent years is still not optimistic. For patients 
who already present with DCI, induced hypertension is a 
first-line therapy while hemodilution and hypervolemia 
have fallen out of favor (5,32). Other therapies such as 
hemoglobin optimization, endovascular therapy, and cardiac 
output augmentation have also been applied individually 
(33-35). However, the clinical application value of these 
therapies is still controversial due to many complications 
and inexact effects (36). Antiplatelet therapy is mainly 
used for aSAH patients after stent-assisted aneurysm 
embolization, and it has been reported that antiplatelet 
therapy can reduce the incidence of DCI (24). Therefore, 
the potential clinical significance of our results is not only 
that platelet parameters can be used to identify people at 
high risk of DCI, but also that appropriate antiplatelet 
therapy may have the potential to prevent the occurrence of 
DCI after aSAH.

Our study had some inevitable limitations. First, the 
retrospective nature may have led to unavoidable selection 
bias. Second, the definition of DCI, especially as applied 
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to patients who were comatose or sedated, may have 
excluded some patients who developed DCI. Third, due 
to the limitations of the inclusion criteria, the established 
nomogram is not applicable to data collected over  
24 hours after onset and patients with specific diseases. 
Finally, our nomogram needs to be validated externally 
in other databases due to the inclusion indicators and 
epidemiological differences.

Conclusions

In conclusion, the present study suggested that MPV 
could be an early predictor for DCI in aSAH patients. 
A nomogram based on ear ly  plate let  parameters 
quantitatively predicted the individual risk of DCI of aSAH 
patients and could assist in clinical decision making.
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