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Background: It is challenging yet critical to differentiate between hemorrhagic transformation (HT) and contrast extravasation on non-contrast-enhanced computed tomography (NCCT) scans following mechanical thrombectomy (MT) in patients with acute ischemic stroke. We propose a new method called the ratio of maximum density values (RMDV) to minimize the confusion of contrast extravasation and to evaluate the diagnostic significance of RMDV in predicting HT on immediate post-interventional NCCT scans.

Methods: We conducted a retrospective analysis of the prospective patients’ database who received MT for acute ischemic stroke caused by occlusion of the intracranial large artery and showed postinterventional cerebral hyperdensities (PCHDs) on NCCT scans immediately after MT. Based on the subsequent NCCT scans, we divided patients with PCHDs into the HT and the non-HT groups. The clinical characters and radiological details were collected and compared to the two groups. We assessed the ability of RMDV >1 to predict HT by analyzing the receiver operating characteristic curve.

Results: One hundred and three patients showed PCHDs; 58 (56.31%) were classified as HT, while 45 (43.69%) were classified as non-HT. The only notable distinction between the two groups was the proportion of RMDV >1 in the HT group. The correlation between HT and RMDV >1 with an area under the curve of 0.826 (95% confidence interval, 0.739 to 0.894). The sensitivity, specificity, positive, and negative predictive values of RMDV >1 on NCCT for predicting HT were 89.66, 75.56, 82.54, and 85.00%, respectively.

Conclusion: The utilization of RMDV >1 on immediate NCCT scans after MT can predict early HT with good sensitivity and specificity.
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Introduction

Mechanical thrombectomy (MT) has emerged as the optimal therapeutic approach for patients suffering from acute ischemic stroke (AIS) due to large vessel occlusion (LVO). Currently, MT achieves successful recanalization in approximately 80–90% of cases. However, only 50% of patients have a favorable prognosis, while futile recanalization occurs in 30–40% of cases (1, 2). Hemorrhagic transformation (HT) is one of the factors contributing to futile recanalization (3), with an incidence rate of 30–50% and a mortality rate of approximately 3% (4, 5). Both asymptomatic and symptomatic HT have been found to be associated with poorer functional outcomes (5). Therefore, early identification of HT after MT is crucial to predict prognosis and determine the optimal timing for starting antithrombotic therapy (6).

It widely utilizes non-contrast-enhanced computed tomography (NCCT) to evaluate postoperative HT. Postinterventional cerebral hyperdensities (PCHDs), which may contain hemorrhagic products and contrast agents, are commonly observed on NCCT scans after interventions and have been documented with a strong association with worse clinical outcomes (7). However, the differentiation between HT and contrast extravasation in the early stages after MT on postinterventional NCCT scans can be challenging due to the similar CT density values of blood product and iodine contrast (8).

The frequency of hyperdense lesions following MT on NCCT has been reported to range from 32 to 84% (9, 10), significantly higher than the rates of postoperative HT, ranging from 35 to 49%. While about 30% of those who were judged HT using postoperative NCCT alone actually were lots in contrast extravasation (11).

In theory, HT lesions contain blood products and contrast agents. The density of HT is greater than the density of the contrast extravasation on NCCT scans immediately after MT. For the reasons mentioned above, we introduce a new method called the ratio of the maximum density values (RMDV) to minimize the potential confusion of the contrast agent. The purpose of this study was to evaluate the effectiveness of RMDV in predicting HT on immediate post-interventional NCCT scans.



Methods


Study population

Between January 2022 and July 2023, we retrospectively analyzed the prospective database of patients with AIS caused by LVO and underwent MT at our comprehensive stroke center. Patients were considered eligible if the following enrollment criteria were fulfilled: (1) age ≥18 years; (2) AIS due to LVO; (3) endovascular recanalization using MT within 24 h after symptom onset; (4) patients underwent NCCT immediately after MT and 24 ± 4 h post-procedural. We excluded patients with incomplete images or clinical data. The Ethics Committee of the Weihai Central Hospital Affiliated to Qingdao University approved our study (Ethics approval number: LL-2024-007).



Clinical data

We collected each patient’s data, including baseline characteristics, vascular risk factors, use of intravenous thrombolytic, baseline NIHSS score, baseline ASPECTS/pc-ASPECTS, site of intracranial occlusion, procedural time metrics, revascularization status, and functional outcomes. The TOAST classification was used to categorize stroke subtypes. Stroke severity on admission was obtained using the National Institutes of Health Stroke Scale (NIHSS). At 90 days, the prognosis was assessed using the modified Rankin Scale (mRS) score. A score of 0–2 indicated a favorable prognosis, while a score of 3–6 indicated a poor prognosis. MT was carried out by experienced interventionists under local or general anesthesia or conscious sedation. The strategy and devices used for MT were chosen at the discretion of the interventionists. The modified thrombolysis in cerebral infarction (mTICI) score was used to assess the recanalization status after MT. Successful vessel recanalization was defined as achieving a mTICI score of 2b-3.



Imaging protocol and imaging analysis

A head NCCT scan (GE Discovery CT750HD; GE Healthcare, Chicago, IL) was performed immediately and 24 ± 4 h after MT in all patients. The parameters for NCCT were 100 kV, 120 mAs, and a section thickness of 5 mm. PCHDs were identified as areas of increased density within the brain parenchymal on NCCT scans immediately after MT. The density of these regions was found to be at minimum 5 Hounsfield units (HU) greater than the unaffected contralateral side. The maximum density values of PCHDs and the venous sinuses were manually measured on the NCCT scans immediately after MT. Initially, measurements were taken at multiple points to identify the areas with the highest density among all PCHDs and venous sinuses. A circular or elliptical region of interest (ROI) was then selected, limited to the highest density area, and it was preferred to be as large as possible. The ROI for the sinus area should not include adjacent skulls or artifacts. The ratio of the maximum density values (RMDV) was defined as the maximum density values of PCHDs over the maximum density values of the venous sinuses. We hypothesize that an RMDV >1 would indicate HT, while an RMDV ≤1 would indicate contrast extravasation.

Contrast extravasation was defined as PCHDs eliminated on the 24 h follow-up NCCT; otherwise, they were considered HT.



Statistical analysis

Descriptive analyses for continuous variables were presented as median with mean ± SD or interquartile range (IQR), while categorical variables were provided as frequencies and percentages. The clinical data were compared using different statistical tests. The chi-square test was used for categorical data, the Mann–Whitney U test for non-normally distributed continuous data, and the student’s t-test for normally distributed continuous data. Prognostic performance of RMDV >1 in predicting HT was evaluated by creating a receiver operating characteristic (ROC) curve and calculating the area under the curve (AUC). Additionally, the sensitivity, specificity, positive predictive value, and negative predictive value of RMDV >1 for predicting HT were calculated. p < 0.05 was considered statistically significant. All data were performed by SPSS 26.0 (IBM Corp., Armonk, NY, United States).




Result


Characteristics of total population

One hundred sixty-two patients diagnosed with AIS underwent MT in our center during the research period. Among these patients, 18 patients were not included in the study for the reasons described below: (1) three patients were excluded due to the presence of severe artifacts on the CT scans, (2) eight patients were excluded since they did not have immediate NCCT scans after MT, and (3) seven patients were excluded because they did not have NCCT scans 24 ± 4 h post-procedural. Finally, a total of 144 patients were ultimately enrolled. Among these patients, 94 (65.28%) were male and the remaining 50 (34.72%) were female. The ages of the patients ranged from 28 to 90 years.

According to the following NCCT scans, 60 (41.67%) patients had a subsequent HT, and 8 (5.56%) were symptomatic. 103 (71.53%) showed PCHDs on NCCT scans immediately after MT. Among the HT after MT,58 (96.67%) showed PCHDs immediately after MT, and 2 (3.33%) showed non-PCHDs.



Comparison of clinical features between the two groups

One hundred and three patients showed PCHDs on NCCT scans immediately after MT. The demographic and clinical information for PCHDs patients is shown in Table 1. We divided patients with PCHDs into two categories based on the subsequent NCCT scans: the HT and non-HT groups. Among the patients, 58 (56.31%) were classified as HT, while 45 (43.69%) were classified as non-HT. No statistically significant disparities were observed between the two groups regarding age, gender, intravenous thrombolytic treatment, prior stroke history, smoking habits, use of anticoagulants, NIHSS scores, procedural time metrics, mTICI scores, and other variables (p > 0.05). The HT group had a hypertension prevalence of 58.62% (34/58), compared to 33.33% (15/45) in the non-HT group (p = 0.062). Similarly, the prevalence of diabetes in the HT group was 34.48% (20/58), whereas it was 17.78% (8/45) in the non-HT group (p = 0.059). Compared to the non-HT group, the HT group had a significantly higher rate of RMDV >1 (p < 0.001). Table 1 provides details.



TABLE 1 The clinical characteristics of patients with PCHDs on NCCT.
[image: Table1]



RMDV >1 could predict HT

The ROC curve analysis revealed a significant correlation between HT and RMDV >1. The area under the curve (AUC) was 0.826 with a 95% confidence interval of 0.739 to 0.894. With a specificity of 75.56% and sensitivity of 89.66%, the Youden index was 0.65. The positive and negative predictive values were 82.54 and 85.00%, respectively. The detailed results were shown in Figure 1. Representative images of PCHDs after MT to predict HT was shown in Figure 2.

[image: Figure 1]

FIGURE 1
 Receiver operating characteristic curves were used for predicting value of RMDV >1 for HT on immediate NCCT after MT. RMDV >1 was a predictor of HT with statistical significance (area under curve of 0.826; 95% confidence interval: 0.739 to 0.894, p < 0.001).


[image: Figure 2]

FIGURE 2
 PCHDs on NCCT images obtained immediately after MT (A,B) and 24 h follow-up NCCT images (C) in one patient. It shows hyperdensity in the left basal ganglia; the maximum density value was 115 HU (A), while the maximum density value of the transverse sinus was 75 HU (B), RMDV>1 HT was confirmed by 24 h follow-up NCCT (C).





Discussion

To the best of our knowledge, this is the first investigation that provide the evidence that RMDV >1 can effectively differentiate HT from contrast extravasation on the postinterventional NCCT scans immediately after MT.

After MT, HT and contrast extravasation represent different degrees of blood-brain barrier damage caused by ischemia and reperfusion therapy. When this damage is limited to endothelial permeability, it results in contrast extravasation and the absence of blood products (12). Typically, the contrast agent disappears within 24 h (13). Prolonged ischemia or delayed reperfusion can worsen the disruption of the blood-brain barrier, resulting in HT. The similarity between contrast extravasation and HT has caused a lack of consensus among physicians regarding the diagnosis and classification of intracerebral hemorrhage on CT scans (14, 15).

In the present investigation, the prevalence of PCHDs was found to be 71.53%. At the same time, HT was observed in 41.67% of the cases, similar to previous reports. To distinguish between contrast extravasation and HT, it is important to note that the contrast agent can be observed in both the blood vessels and PCHDs. Therefore, the ratio of CT density values between the PCHDs and the blood vessels can be used to mitigate the influence of contrast agents and improve the accuracy of identifying HT. On postoperative NCCT scans, the venous sinuses are more prominently visible compared to the intracranial arteries. The transverse sinuses, in particular, are broader and provide more precise measurements. Therefore, we selected the density of the transverse sinus as the ratio.

The findings of this study indicate that utilizing this ratio can substantially enhance the sensitivity and specificity of diagnosing HT. RMDV can be easily estimated and does not require any additional equipment or software programming. It can help with the clinical care of patients following MT and offer clinicians useful prognostic information. For instance, patients with RMDV >1 should be carefully monitored for blood pressure control and antiplatelet or anticoagulation treatments should be delayed or avoided.

Previously, there were several other methods to identify HT using NCCT. Xu et al. (16) utilized NCCT to establish the metal hyperdensity sign with a density exceeding 90 HU and to identify HT in the basal ganglia region after MT. The sensitivity of the sign was found to be 88.2%, and the specificity was 90.5%. However, it is essential to note that the study only focused on lesions in the basal ganglia region and limited its broader application. In addition, Cai et al. (17) found that the presence of the metal hyperdensity sign was observed in only 28% of all patients with lesions in the brain parenchyma area. Dual-source CT can potentially differentiate brain tissue, hemorrhage, and iodine agents. However, it is worth mentioning that the outcomes of various studies exhibit significant variations. Bonatti et al. (18) found that dual-source CT had a 100% positive predictive value for HT following acute endovascular treatment. However, the sensitivity was only 20%. Cai et al. (17) also found that only 82% of the HT diagnosed by dual-source CT was confirmed by 24 h head CT. The study also indicated that dual-energy CT may not be superior to non-contrast CT in predicting subsequent hemorrhage after MT. Therefore, the potential applications of dual-energy CT still require further validation.

Many previous studies have explored the risk factors for hemorrhagic transformation after MT. Factors such as hypertension, diabetes, >3 stent pass attempts and operation time have been reported to be correlated with hemorrhagic transformation (19–21). No significant statistical differences were found in the baseline data, operation details, and prognosis between the two groups of patients who developed PCHDs after MT in our study. However, the HT group had more patients with diabetes and hypertension than the non-HT group. This difference was not statistically significant, considering the small sample size of our study.


Limitations

Our study has several limitations. Firstly, the study was conducted retrospectively, utilizing a limited sample size from a single center. Although the data were established prospectively, the retrospective nature of this design could introduce selection bias and restrict the generalizability of our findings. Multicenter, prospective studies are needed to confirm our results. Secondly, we identified HT according to NCCT scans, while many other methods, such as SWI, can predict HT more precisely. However, it is worth mentioning that one patient can have multiple hyper-densities. Our study selected the maximum density of PCHDs without further analyzing the sites or calculating every site by RMDV. Furthermore, the impact of contrast media on the risk of HT has been reported in previous studies. Unfortunately, we could not obtain information on the amount of contrast media used in some of our patients, which restricted our ability to evaluate this factor fully.




Conclusion

In this study, using RMDV >1 to determine early hemorrhagic transformation is a simple method with good sensitivity and specificity. This method can assist clinicians in making early judgments and taking appropriate measures to prevent catastrophic and severe hemorrhage.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Ethics Committee of the Weihai Central Hospital Affiliated to Qingdao University. The studies were conducted in accordance with the local legislation and institutional requirements. The hospital ethics committee waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin because this paper is a retrospective study.



Author contributions

XQ: Data curation, Methodology, Software, Writing – original draft, Writing – review & editing. FZ: Conceptualization, Methodology, Supervision, Writing – original draft, Writing – review & editing. MW: Data curation, Methodology, Writing – original draft. ZZ: Investigation, Methodology, Writing – original draft.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Heit, JJ, Mlynash, M, Christensen, S, Kemp, SM, Lansberg, MG, Marks, MP , et al. What predicts poor outcome after successful thrombectomy in late time windows? J Neurointerv Surg. (2021) 13:421–5. doi: 10.1136/neurintsurg-2020-016125 

 2. Olivot, JM, Heit, JJ, Mazighi, M, Raposo, N, Albucher, JF, Rousseau, V , et al. What predicts poor outcome after successful thrombectomy in early time window? J Neurointerv Surg. (2022) 14:1051–5. doi: 10.1136/neurintsurg-2021-017946 

 3. van Kranendonk, KR, Treurniet, KM, Boers, AMM, Berkhemer, OA, van den Berg, LA, Chalos, V , et al. Hemorrhagic transformation is associated with poor functional outcome in patients with acute ischemic stroke due to a large vessel occlusion. J Neurointerv Surg. (2019) 11:464–8. doi: 10.1136/neurintsurg-2018-014141

 4. Ospel, JM, Qiu, W, Menon, BK, Mayank, A, Demchuk, A, R, MT , et al. Radiologic patterns of intracranial hemorrhage and clinical outcome after endovascular treatment in acute ischemic stroke: results from the ESCAPE-NA1 trial. Radiology. (2021) 300:402–9. doi: 10.1148/radiol.2021204560 

 5. van der Steen, W, van der Ende, NAM, Luijten, SPR, Rinkel, LA, van Kranendonk, KR, van Voorst, H , et al. Type of intracranial hemorrhage after endovascular stroke treatment: association with functional outcome. J Neuro-Oncol. (2023) 15:971–6. doi: 10.1136/jnis-2022-019474 

 6. Pan, X-H, Qiu, K, and Zhu, F-Y. Immediate postinterventional flat-panel CT: differentiation of hemorrhagic transformation from contrast exudation of acute ischemic stroke patients after thrombectomy. Acta Radiol. (2023) 64:1600–7. doi: 10.1177/02841851221122429 

 7. An, H, Zhao, W, and Wang, J. Contrast staining may be associated with intracerebral hemorrhage but not functional outcome in acute ischemic stroke patients treated with endovascular thrombectomy. Aging Dis. (2019) 10:784–92. doi: 10.14336/AD.2018.0807 

 8. Lun, R, Walker, GB, Guenego, A, Kassab, M, Portela, E, Yogendrakumar, V , et al. Is this contrast? Is this blood? An agreement study on post-thrombectomy computed tomography scans. Front Neurol. (2020) 11:593098. doi: 10.3389/fneur.2020.593098 

 9. Yoon, W, Seo, JJ, Kim, JK, Cho, KH, Park, JG, and Kang, HK. Contrast enhancement and contrast extravasation on computed tomography after intra-arterial thrombolysis in patients with acute ischemic stroke. Stroke. (2004) 35:876–81. doi: 10.1161/01.STR.0000120726.69501.74 

 10. Jang, YM, Lee, DH, Kim, HS, Ryu, CW, Lee, JH, Choi, CG , et al. The fate of high-density lesions on the non-contrast CT obtained immediately after intraarterial thrombolysis in ischemic stroke patients. Korean J Radiol. (2006) 7:221–8. doi: 10.3348/kjr.2006.7.4.221 

 11. Lummel, N, Schulte-Altedorneburg, G, Bernau, C, Pfefferkorn, T, Patzig, M, Janssen, H , et al. Hyperattenuated intracerebral lesions after mechanical recanalization in acute stroke. AJNR Am J Neuroradiol. (2014) 35:345–51. doi: 10.3174/ajnr.A3656 

 12. Hong, L, Hsu, T-M, Zhang, Y, and Cheng, X. Neuroimaging prediction of Hemorrhagic transformation for acute ischemic stroke. Cerebrovasc Dis. (2022) 51:542–52. doi: 10.1159/000521150 

 13. Payabvash, S, Qureshi, MH, Khan, SM, Khan, M, Majidi, S, Pawar, S , et al. Differentiating intraparenchymal hemorrhage from contrast extravasation on post-procedural noncontrast CT scan in acute ischemic stroke patients undergoing endovascular treatment. Neuroradiology. (2014) 56:737–44. doi: 10.1007/s00234-014-1381-8 

 14. Renou, P, Sibon, I, Tourdias, T, Rouanet, F, Rosso, C, Galanaud, D , et al. Reliability of the ECASS radiological classification of postthrombolysis brain haemorrhage: a comparison of CT and three MRI sequences. Cerebrovasc Dis. (2010) 29:597–604. doi: 10.1159/000312867 

 15. Arnould, MC, Grandin, CB, Peeters, A, Cosnard, G, and Duprez, TP. Comparison of CT and three MR sequences for detecting and categorizing early (48 hours) hemorrhagic transformation in hyperacute ischemic stroke. AJNR Am J Neuroradiol. (2004) 25:939–44.

 16. Xu, C, Zhou, Y, Zhang, R, Chen, Z, Zhong, W, and Gong, X. Metallic hyperdensity sign on noncontrast CT immediately after mechanical thrombectomy predicts parenchymal hemorrhage in patients with acute large-artery occlusion. AJNR Am J Neuroradiol. (2019) 40:661–7. doi: 10.3174/ajnr.A6008 

 17. Cai, J, Zhou, Y, Zhao, Y, Chao, X, Yan, S, Ding, X , et al. Comparison of various reconstructions derived from dual-energy CT immediately after endovascular treatment of acute ischemic stroke in predicting hemorrhage. Eur Radiol. (2021) 31:4419–27. doi: 10.1007/s00330-020-07574-2 

 18. Bonatti, M, Lombardo, F, Zamboni, GA, Vittadello, F, Currò Dossi, R, Bonetti, B , et al. Iodine extravasation quantification on dual-energy CT of the brain performed after mechanical thrombectomy for acute ischemic stroke can predict hemorrhagic complications. AJNR Am J Neuroradiol. (2018) 39:441–7. doi: 10.3174/ajnr.A5513 

 19. MJHL, M, Ergezen, S, Lingsma, HF, Berkhemer, OA, PSS, F, Beumer, D , et al. Baseline blood pressure effect on the benefit and safety of intra-arterial treatment in MR CLEAN (Multicenter Randomized Clinical Trial of Endovascular Treatment of Acute Ischemic Stroke in the Netherlands). Stroke. (2017) 48:1869–76. doi: 10.1161/STROKEAHA.116.016225 

 20. Furie, KL, and Jayaraman, MV. 2018 guidelines for the early management of patients with acute ischemic stroke. Stroke. (2018) 49:509–10. doi: 10.1161/STROKEAHA.118.020176

 21. Toscano-Prat, C, Martínez-González, JP, Guasch-Jiménez, M, Ramos-Pachón, A, Martí-Fàbregas, J, Blanco-Sanroman, N , et al. Asymptomatic parenchymal haemorrhage following endovascular treatment: impact on functional outcome in patients with acute ischaemic stroke. Eur J Neurol. (2024) 31:e16112–8. doi: 10.1111/ene.16112 


Copyright
 © 2024 Qiao, Zheng, Wei and Zhao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-15-1357689-t001.jpg
PCHDs (n =103)

HT group (n =58)

No-HT group

(n = 45)

£tz

Age (mean) (years)

Sex (male, %)
Hypertension, n (%)
Diabetes, 1 (%)
Previous stroke, 1 (%)
Atrial ibrillation, (%)
Smoking, n (%)
Coronary heart disease
Hyperlipidemia
Anticoagulant use, 7 (%)
Antiplatelet drug, 1 (%)

Intravenous thrombolytic, n
)

Occluded arteries, n (%)
MCA isolated

ICA isolated or in tandem
with MCA

Posterior circulation

Baseline systolic blood

pressure (mmHg)

Baseline diastolic blood

pressure (mmHg)

Baseline NIHSS score,
‘median (IQR)

ASPECTS/pc-ASPECTS,
median (IQR)

TOAST classification, n (%)
Cardiac embolism
Large-artery atherosclerosis
Onset to recanalization,
‘median (IQR) (min)
Procedure time (IQR) (min)
Time interval between
reperfusion to the first post-
CT (IQR) (min)

mTICI 22b, 1 (%)

>3 stent pass attempts, 1 (%)

Intraoperative balloon
dilatation, n (%)

3months mRS >2, 1 (%)

Mortality rate, (%)

RMDV >1, n (%)

689041153
67(65.05)
49 (47.57)
28(27.18)
23(22.33)
54(5243)
41(39.81)
26(25.24)
32(31.07)
11(10.68)
14(13.59)

48 (46.60)

66 (64.08)

27 (26.21)

11(10.68)

150032118

87.26+1421

16 (12-20)

8(7,9)

54(5243)
46 (44.66)
240 (180-300)

110 (83-150)

20(18,22)

83 (80.58)
34(33.01)
20(19.42)

13(12.62)
64 (62.14)
18(17.48)

63(61.17)

70.72£9.19
34(58.62)
34(58.62)
20 (34.48)
15 (25.86)
32(55.17)
21(36.21)
18 (31.03)
17(2931)
5(8.62)
9(15.52)

30(51.72)

41(70.69)

14(24.149)

3(5.17)

15078:+20.33

88.9741392

16 (14-20)

8(7,9)

34(58.62)
23 (39.66)

240 (180-300)

110 (82-140)

20(19,23)

44(75.86)
21(36.21)
8(1379)

5(8.62)
40/(68.97)
13 (2241)
52(89.66)

665641374
33(73.33)
15(33.33)
8(17.78)
8017.78)
22(48.89)
20 (44.44)
8017.78)
15(33.33)
6(13.33)
5(1111)

18 (40.00)

25 (55.56)

13 (28.89)

8(17.78)

149.07£22.43

850741443

16(10-22)

8(7,9)

20 (44.44)

23 (51.11)

240 (150-300)

100 (82-175)

20(18,22)

39.(86.67)
13(28.89)
12/(26.67)

817.78)
24(53.33)
5(11.11)

11(24.44)

—1.754

2413

3484

3572

0955

0.401

0718

2360

0191

0199

0419

1400

2521

0296

3.003

~0.404

-1.387

~0.626

~1051

2042

1346

~0.097

~0.063

-1162

1891

0614

2884

1927

2632

2245

45.364

0.084

0120

0.062

0059

0328

0527

0397

0124

0.662

0655

0518

0237

0112

0587

0083

0.687

0.168

0531

0293

0153

0246

0923

0950

0245

0.169

0.433

0.089

0.165

0.105

0134

<0.001

MCA, middle cerebral artery; ICA, internal carotid artery; IQR, interquartle range; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Score; mTICI, modified

thrombolysis in cerebral infarction; ASPEC

, Alberta stroke program early CT score; pe-ASPECTS, posterior circulation Alberta Stroke Program Early CT Score.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The ratio of the maximum density values: a new method for predicting hemorrhagic transformation in acute ischemic stroke patients undergoing mechanical thrombectomy



		Introduction



		Methods



		Study population



		Clinical data



		Imaging protocol and imaging analysis



		Statistical analysis









		Result



		Characteristics of total population



		Comparison of clinical features between the two groups



		RMDV >1 could predict HT









		Discussion



		Limitations









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fneur-15-1357689-g001.jpg
Sensitivity

! L

40 60
100-Specificity

80

100





OPS/images/fneur-15-1357689-g002.jpg





OPS/images/cover.jpg
, frontiers | Frontiers in Neurology

The ratio of the maximum density
values: a new method for
predicting hemorrhagic
transformation in acute ischemic
stroke patients undergoing
mechanical thrombectomy












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers = Frontiers in Neurology






