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Abstract

Objective: To investigate the predictive value of computer tomography (CT) imaging
features for the risk of hemorrhagic transformation (HT) after mechanical thrombec-
tomy for acute ischemic stroke with large vessel obstruction (AIS-LVO).

Methods: A total of 135 patients with AIS-LVO diagnosed and treated in our hospital
from August 2021 to May 2023 were selected as the research subjects. Their clini-

cal data were retrospectively analyzed. Mechanical thrombectomy was performed

in all patients. The patients were divided into the HT group (n=27) and the non-HT
group (n=108) according to whether HT occurred within 24 h after thrombectomy.
CT examination was performed after mechanical thrombectomy in the two groups,
and the changes in CT imaging indexes in the two groups were observed. Logis-

tic regression was used to analyze the influencing factors and a prediction model
was constructed based on the influencing factors. The receiver operating characteristic
(ROC) curve was established to analyze the predictive value. Additionally, ROC curve
was used to analyze the diagnostic value of serum CT imaging features.

Results: Compared with the non-HT group, the proportion of atrial fibrillation his-
tory in the HT group was significantly increased, and the National Institute of Health
Stroke Scale (NIHSS) score and galectin-3 (Gal-3) level were significantly increased
before thrombectomy (P<0.01). Compared with the non-HT group, the propor-
tion of exudation of contrast medium and Hyperdense Middle Cerebral Artery Sign
(HMCAYS) in the HT group was significantly increased, time to peak (TTP) was sig-
nificantly prolonged, and cerebral blood flow (CBF) was significantly decreased
(P<0.001). The history of atrial fibrillation, NIHSS score before thrombectomy,

Gal-3, contrast agent exudation, HMCAS, TTP and CBF were the influencing fac-

tors of postoperative HT after mechanical thrombectomy in AIS-LVO (P < 0.05).
Based on the results of multivariate logistic regression analysis, a prediction model
was established as follows: Logit (P)=-3.520+1.529 x history of atrial fibrilla-
tion+0.968 x NIHSS score before thrombectomy +0.806 X Gal-3 + 1.134 x contrast
agent exudation +2.146 x HMCAS 4+ 0.684 X TTP—0.725 x CBF. The area under the curve
(AUCQ) of the logistic prediction model for predicting HT after AIS-LVOLVO mechani-
cal thrombectomy was 0.873 (95% Cl 0.817-0.929) with a sensitivity of 78.75%
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and a specificity of 83.33%, indicating that the prediction model had good prediction
efficiency. The AUC of TTP and CBF alone in predicting HT after mechanical thrombec-
tomy in AIS-LVO patients was 0.728 and 0.736, respectively. The AUC of combined
detection was 0.783, and the combined detection had a high diagnostic value for HT
after mechanical thrombectomy in AIS-LVO patients.

Conclusion: The combined detection of TTP and CBF of CT imaging features had
certain diagnostic value for HT in AIS-LVO patients after mechanical thrombectomy.
The logistic prediction model based on these influencing factors had a high diagnostic
value for HT after mechanical thrombectomy.

Keywords: CT, Acute ischemic stroke with large vessel obstruction, Mechanical
thrombolysis, Hemorrhagic transformation

Introduction

Cerebral infarction is a leading cause of death and disability worldwide. Acute ischemic
stroke with large vessel obstruction (AIS-LVO) refers to a serious disease caused by the
sudden occlusion of anterior circulation large blood vessels (such as internal carotid
artery, middle cerebral artery, etc.), which leads to the ischemia and hypoxia of cerebral
tissues, and further the necrosis of cerebral tissues. Its etiology mainly includes athero-
sclerosis, thrombosis, vasculitis, etc. In addition, hypertension, diabetes, hyperlipidemia
and other underlying diseases can also increase the risk of this disease [1, 2]. According
to statistics, cerebral infarction caused by large vessel occlusion accounts for about 30%
of ischemic stroke, which can cause more than half of the patients’ life dependence and
death after stroke, and has a serious impact on the health and quality of life of patients
[3, 4]. Mechanical thrombectomy is a treatment method that directly reaches the throm-
bus site through a catheter into the blood vessel, and removes the thrombus with a spe-
cial thrombectomy device to restore vascular patency. Mechanical thrombectomy has
the advantages of minimal trauma, rapid recovery and remarkable therapeutic effect.
Mechanical thrombectomy has become the standard treatment for AIS-LVO, which can
not only prolong the treatment time window, but also improve the vascular patency rate
(5, 6].

However, the research has found that compared with drug therapy alone, mechanical
thrombectomy is more likely to cause postoperative complications, especially hemor-
rhagic transformation (HT), which significantly increases the risk of death [7]. HT refers
to a complication of hemorrhage in the original infarct area due to vascular recanaliza-
tion or reperfusion during the treatment on the basis of cerebral infarction, which seri-
ously affects the treatment effect and quality of life of patients [8]. Therefore, accurate
prediction of HT risk is of great significance for developing individualized treatment
plans and improving patient prognosis. As a common diagnostic method for acute cer-
ebral infarction (ACI), computer tomography (CT) imaging can provide information on
the location, size, and shape of the infarction. CT imaging provides an opportunity to
evaluate the cerebrovascular status of patients with AIS-LVO, including tissue perfusion,
collateral circulation and brain edema [9]. The study has found that CT imaging is ben-
eficial to determine the cerebrovascular condition and evaluate the prognosis of patients
with stroke [10]. However, whether CT imaging features can predict the risk of HT after
mechanical thrombectomy in AIS-LVO is still unclear.
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In this study, patients with AIS-LVO who were diagnosed and treated in our hospital
were selected as the research subjects, and were divided into groups based on whether
HT occurred within 24 h after mechanical thrombectomy. The purpose of this study was
to analyze the influencing factors of HT after mechanical thrombectomy in AIS-LVO,
and to determine the predictive value of CT imaging characteristics for the risk of HT
after mechanical thrombectomy in AIS-LVO, so as to improve the safety of treatment
and provide some reference for clinical diagnosis of HT.

Results

Clinical data analysis of patients with HT after AIS-LVO mechanical thrombectomy

In this study, the clinical data of the patients were compared and analyzed. There was
no significant difference in gender, history of hypertension, history of diabetes, smok-
ing history, proportion of thrombectomy times, age, blood pressure, lymphocytes (LY),
hemoglobin (Hb), homocysteine (Hcy), creatinine (Cre) levels between HT group and
non-HT group (P>0.05, Table 1). Compared with the non-HT group, the proportion of
atrial fibrillation history in the HT group showed a significantly increased trend (P<0.01,
Table 1), suggesting that atrial fibrillation may be an important risk factor promoting
the occurrence of postoperative HT. In addition, patients in the HT group also had sig-
nificantly higher National Institutes of Health in the United States score (NIHSS) before
thrombectomy than those in the non-HT group (P<0.01, Table 1), reflecting the greater
pre-stroke neurologic deficits in these patients. At the same time, the level of galectin-3
(Gal-3) in the HT group was also significantly increased (P<0.01, Table 1), which may

Table 1 Clinical data analysis of patients with HT after AIS-LVO mechanical thrombectomy [cases
)], (x£59)

Groups HT group (n=27) Non-HT group (n=108) X/t P
Gender (%) 0.275 0.600
Male 17 (62.96) 62 (57.41)
Female 10 (37.04) 46 (42.59)
Age (year) 66.88+11.35 6536+10.14 0.680 0.498
History of hypertension (%) 20 (74.07) 71 (65.74) 0.683 0.409
History of diabetes (%) 9(33.33) 42 (38.89) 0.284 0.594
Smoking history (%) 11 (40.74) 43(39.81) 0.008 0.930
History of atrial fibrillation (%) 13 (48.15) 23(21.30) 7.964 0.005
Pre thrombectomy blood pressure (mmHg)
SBP 149.85+23.74 14571 +£26.87 0.732 0.466
DBP 85.95+14.81 84.69+18.03 0336 0.738
NIHSS score before thrombec-  16.14+3.53 11.36+3.96 5.726 <0.001
tomy (score)
Thrombectomy times (times) 1.853 0173
>3 6(22.22) 13(12.04)
<3 21(77.78) 95 (87.96)
LY (x 10°/L) 1.04+031 1.19+044 1.669 0.098
Hb (g/L) 127.82+20.15 12535+19.73 0.579 0.563
Hcy (ummol/L) 16.28+7.35 14.89+4.69 1.215 0.226
Gal-3 (pg/L) 8.64+1.65 5414124 11.286 <0001
Cre (ummol/L) 315.52+86.85 311.30+102.73 0.197 0.845
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mean that the inflammatory response in vivo was more severe and further promoted the
occurrence of postoperative HT.

CT image analysis of patients with HT and without HT

In order to compare the differences between the two groups more intuitively, CT images
of patients with and without HT were analyzed in this study. Compared with the CT
images of non-HT patients, the CT images of patients with HT showed high-density
shadow, which was in sharp contrast with the surrounding normal brain tissue, show-
ing brain tissue compression, displacement or ventricular deformation (Fig. 1A-D).
These results suggested that with CT examination, hemorrhagic transformation could
be detected in time to assess its severity and extent.

Analysis of CT imaging features in patients with HT after AlS-LVO mechanical
thrombectomy

After understanding the differences in CT images of the patients, this article continued
to explore the differences in CT imaging characteristics between the two groups. There
was no significant difference in the proportion of CT types and MTT level between the
HT group and the non-HT group (P>0.05), which meant that from the perspective of
CT imaging and MTT indicators, the two groups of patients did not show significant
differences in the structure and blood flow velocity of brain tissue. However, compared
with the non-HT group, the patients in the HT group had significantly increased con-
trast agent exudation and the proportion of hyperdense middle cerebral artery sign
(HMCAS) (P<0.001, Table 2), which suggested that the potential damage or increased

Fig. 1 CTimage analysis of patients with combined HT and non-HT. A and B CT images of patients without
HT; Cand D CT images of patients combined with HT
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Table 2 CT imaging features in patients with HT after AIS-LVO mechanical thrombectomy [cases
)], (x£59)

Groups HT group (n=27) Non-HT group (n=108) xz/t P
CT classification (%) 5.671 0.129

HI-1 9(3333) 29 (26.85)

HI-2 6(22.22) 43 (39.81)

PH-1 7(25.93) 1201101

PH-2 5(1852) 24(22.22)
Contrast agent exudation (%) 22 (81.48) 22 (20.37) 36.717 <0.001
HMCAS (%) 19 (70.37) 14 (12.96) 38.543 <0.001
TTP (s) 20.60+2.63 18.20+2.64 4.228 <0.001
MTT (s) 6.35+1.29 6.82+1.60 1415 0.160
CBF (mL/100 mL-min) 49.71+7.96 59.18+12.04 3.875 <0.001

Table 3 Multivariate logistic analysis of the factors contributing to the occurrence of HT after AIS-
LVO mechanical thrombectomy

Indicators Bvalue SEvalue Waldvalue Pvalue ORvalue 95%Cl
History of atrial fibrillation (%) 1.529 0476 10.318 <0.001 4614 1.815~11.728
Pre thrombectomy NIHSS score (score) 0968 0303 10.206 <0.001 2.633 1454 ~4.768
Gal-3 (ug/L) 0806 0.284 8.054 0.002 2.239 1.283~3.908
Contrast agent exudation (%) 1.134 0358 10.034 <0.001 3.108 1.540~6.271
HMCAS (%) 2146 0533 16.211 <0.001 8551 3.007~24313
TTP (s) 0684 0227 9.079 <0.001 1.982 1.270~3.093
CBF (mL/100 mL-min) —-0.725 0218 11.060 <0.001 0484 0.316~0.742

permeability of the vessel wall and the obstruction of carotid blood flow may be closely
related to the occurrence of HT. At the same time, TTP was significantly prolonged and
CBF was significantly decreased in the HT group (P<0.001, Table 2). These findings not
only revealed the underlying mechanism of HT, but also provided important clues and
basis for clinical intervention.

Multivariate logistic analysis of the factors contributing to the occurrence of HT

after AIS-LVO mechanical thrombectomy

Based on the above analysis results of clinical data and CT imaging features, logistic
regression analysis was further used to determine the influencing factors. The occur-
rence of HT after mechanical thrombectomy for AIS-LVO was taken as the dependent
variable, and the statistically significant indicators in Tables 1 and 2 were taken as the
independent variables, to perform the logistic multivariate analysis. The results showed
that the history of atrial fibrillation, NIHSS score before thrombectomy, Gal-3, con-
trast agent exudation, HMCAS, TTP and CBF were the influencing factors of HT after
mechanical thrombectomy for AIS-LVO (P<0.01, Table 3). A history of atrial fibrillation
is an important risk factor for postoperative HT, which increases the risk of thrombo-
sis. NIHSS score reflects the neurological deficit before stroke, and high NIHSS score
increases the risk of postoperative HT. Gal-3 is an inflammatory marker, and its elevated
levels promote postoperative HT. The contrast agent exudation during the operation
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shows vascular injury or increased permeability, which is the cause of postoperative HT.
HMCAS may lead to cerebral hypoperfusion and increase the risk of postoperative HT.
Prolonged time from onset to treatment increases brain tissue damage and the risk of
postoperative HT, but the effect is complex. The decrease of cerebral blood flow indi-
cates hypoperfusion and increases the risk of postoperative HT, which is related to many
factors.

Establishment and validation of predictive models

Furthermore, based on the results of multivariate logistic regression analysis, a predic-
tive model was established as follows: Logit (P)=—3.520+ 1.529 x history of atrial fibril-
lation+0.968 X NIHSS score before thrombectomy+0.806X Gal-3+1.134 X contrast
agent exudation+2.146 X HMCAS+0.684 x TTP—0.725X CBE. The receiver operat-
ing characteristic (ROC) curve was established. The area under the curve (AUC) of the
logistic prediction model for predicting HT after AIS-LVO mechanical thrombectomy
was 0.873 (95% CI: 0.817-0.929) (Fig. 2), which was close to 0.9, indicating that the
model had high prediction accuracy. At the same time, the sensitivity and specificity of
the model were 78.75% and 83.33% (Fig. 2), which were also at a high level, further prov-
ing the reliability and effectiveness of the prediction model in practical application.

ROC curve analysis on the diagnostic value of CT imaging features for postoperative
complications of HT in AIS-LVO mechanical thrombectomy

Furthermore, the diagnostic value of combined detection of cerebral blood flow (CBF)
and time to peak (TTP) was analyzed. ROC curve analysis showed that the AUC of TTP
alone was 0.728 (Table 4 and Fig. 3), showing a moderate predictive value. The AUC of
CBF detection alone was 0.736 (Table 4 and Fig. 3), which also had moderate prediction
efficiency. When the two were combined, the AUC increased to 0.783, indicating that
the combined detection could more accurately predict the risk of HT after mechanical
thrombectomy for AIS-LVO than single indicator (Table 4 and Fig. 3).
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Fig. 2 ROC curve analysis of the multivariate logistic regression analysis prediction model
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Table 4 Diagnostic value of CT imaging features for postoperative complications of HT in AIS-LVO
mechanical thrombectomy

Indicators AUC  Sensitivity  Specificity  Youden'sindex  Cut-off value Pvalue 95%Cl

TTP 0.728 3982 96.30 0.361 17295 <005 0626-0.831
CBF 0736 6852 77.78 0463 54.02 mL/100 mL-min <005 0647-0.825
Combined detec-  0.783  68.52 81.48 0.500 - <0.05 0.690-0.877
tion
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Fig. 3 ROC curve about the diagnostic value of CT imaging features for postoperative complications of HT in
AIS-LVO mechanical thrombectomy

Materials and methods

Clinical materials

A total of 135 patients with AIS-LVO treated in our hospital were selected as the
research objects, and their clinical data were retrospectively analyzed. The selected
period was from August 2021 to May 2023. Inclusion criteria: (1) all patients com-
plied with the diagnostic and treatment guidelines for acute cerebral infarction
(ACI) [11]. All patients with concomitant HT were complied with the diagnostic
and treatment guidelines for HT after ACI [12]. (2) All patients were confirmed by
cranial CT angiography (CTA) or magnetic resonance angiography (MRA) as ante-
rior circulation occlusion of large blood vessels (internal carotid artery, middle cer-
ebral artery M1 or M2 segment). (3) All patients had complete clinical data. (4) All
patients admitted to hospital within 6 h of onset. Exclusion criteria: (1) patients
with intracranial hemorrhage; (2) patients with a history of cerebral hemorrhage; (3)
patients with abnormal liver, kidney or heart function; (4) patients who used throm-
bolytic drugs for treatment before surgery. Infarction volume exceeded 70 mL; (5)
patients who had experienced active bleeding or bleeding in any area within one
month of participating in the study.
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Research procedure

All patients underwent mechanical thrombectomy, and were divided into the HT group
(n=27) and the non-HT group (n=108) according to whether HT occurred within 24 h
after thrombectomy. The study flow is shown in Fig. 4.

CT imaging features

All patients underwent CT examination with the Ingenuity Core128 CT scanner (Philips
Medical Devices Co., Ltd.) after mechanical thrombectomy. CT perfusion scans were
performed on the basal ganglia and its upper layers. Contrast agent was injected and
the scans were performed after a delay of 6 s. Data were collected once per second and
scanned continuously for 40 s. The presence of contrast agent exudation, CBF and TTP

Select 135 AIS-LVO patients treated in
our hospital

Grouping based on whether HT occurs
24 hours after thrombectomy

HT group (n=27) Non HT group (n=108)

Analyze and merge CT images of HT
and non HT patients

[ Analysis of CT imaging features of
clinical data from HT and non HT
L patients )

\

Multivariate logistic analysis of factors contributing to

postoperative hypertension after AIS-LVO mechanical
thrombectomy

\

Establishing a predictive model based on the
results of multiple logistic regression analysis

The diagnostic value of CT imaging features for
HT after AIS-LVO mechanical thrombectomy

Fig. 4 The research process
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were detected. CT classification [hemorrhagic cerebral infarction (HI): punctate hem-
orrhage at the edge of the infarct (HI-1), multi-spot fusion hemorrhage in the infarct
area (HI-2)] and the formation of cerebral hematoma (PH) [hematoma not exceeding
30% infarct area (PH-1), hematoma exceeding 30% infarct area (PH-2)] were observed.
The presence of HMCAS (high-density sign at the end of the intracranial segment of the
carotid artery to the end of the M1 segment of the middle cerebral artery) was recorded.
All CT images were evaluated by at least two experienced radiologists without knowl-
edge of the HT outcome of the patients.

Clinical data collection

The basic clinical data in patients with HT after mechanical thrombectomy for AIS-LVO
were collected, including gender, age, hypertension history, diabetes history, smoking
history, atrial fibrillation history, blood pressure before thrombectomy [systolic pressure
(SBP), diastolic pressure (DBP)], NIHSS score before thrombectomy, thrombectomy
times (>3 times, <3 times), LY, Hb, Hcy, Cre, and Gal-3.

Statistical analysis

SPSS 24.0 statistical software was used to analyze the data. The measurement data,
including the level of LY, Hb, Hcy, MTT, TTP, CBE, Cre and Gal-3, were expressed as
("xxs) and compared between the two groups by independent sample ¢-test. Enumera-
tion data, such as gender, history of atrial fibrillation and number of thrombectomy, were
expressed as [cases (%)], and compared by a Chi-square test between groups. Logistic
regression model was used to analyze the influencing factors of HT after mechanical
thrombectomy for AIS-LVO. The ROC curve was established to analyze the diagnostic
value of serum CT imaging features for AIS-LVO with HT after mechanical thrombec-
tomy. The AUC was [0.85, 0.95], indicating that the effect was very good. The AUC was
[0.7, 0.85], indicating that the effect was moderate. The AUC was [0.5, 0.7], indicating
that the effect was low. The difference in statistical results with 2<0.05 was statistically
significant. By using multiple logistic regression, we could obtain regression coeffi-
cients corresponding to each independent variable, which reflected the degree to which
the independent variable affected the log odds of the probability of occurrence of the
dependent variable. Based on these coefficients, we could construct a prediction model
that could be used to predict the risk of HT occurrence in new cases.

In logistic regression models, the null hypothesis is usually that there is no significant
statistical correlation between the independent variables (such as CTP imaging charac-
teristics, history of atrial fibrillation, NIHSS score before thrombectomy, etc.) and the
dependent variable (namely, the occurrence of HT), and the null hypothesis that these
independent variables cannot effectively predict the occurrence of HT. However, in ROC
curve analysis, the null hypothesis is usually that the evaluated CT imaging features
(TTP, CBE, etc.) have no significant diagnostic value for distinguishing the HT group
from the non-HT group, that is, AUC is equal to 0.5, indicating that the diagnostic effect
is no different from random guess. By comparing the actual statistical results with the
null hypothesis, we can determine whether the independent variables have a significant
effect on the occurrence of HT and whether the CT imaging features have diagnostic

value.
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Discussion

ACI is a common clinical cerebrovascular disease caused by cerebral ischemia and
hypoxia, which has the characteristics of high incidence rate, high mortality and high dis-
ability rate. Timely restoration of blood perfusion in ischemic tissues is the main method
for the treatment of ACI [13]. Mechanical thrombectomy can significantly improve the
vascular recanalization rate, restore blood flow in time, and rescue ischemic penumbra
tissue, which is of great significance in reducing the disability rate of patients [14]. How-
ever, HT is a common complication after mechanical thrombectomy. The mechanism
may be as follows [15]: after mechanical thrombectomy, when the ischemic tissue is re-
perfused, the integrity of the blood—brain barrier is destroyed, leading to blood extrava-
sation. This destruction increases vascular permeability and is easy to cause bleeding.
In addition, after mechanical thrombectomy, the integrity of the blood—brain barrier is
disrupted due to cerebral vascular ischemia or reperfusion injury, which increases the
risk of HT. HT not only has a high rate of disability and mortality, but also significantly
reduces the therapeutic effect of mechanical thrombectomy [16]. Therefore, it is of great
practical significance to analyze the risk factors of HT after mechanical thrombectomy
in patients with AIS-LVO to reduce the mortality and improve the therapeutic effect.

The results of this study found that the history of atrial fibrillation, NIHSS score
before thrombectomy, and Gal-3 were all influencing factors for HT after mechanical
thrombectomy in AIS-LVO. Atrial fibrillation is the most common arrhythmia. The
study has found that AIS patients with concomitant atrial fibrillation have poor prog-
nosis and high mortality, which may be related to the higher risk of mural thrombus
detachment in patients with atrial fibrillation [17]. It is reported that concomitant atrial
fibrillation can increase the risk for parenchymal hematoma-type HT by increasing
reperfusion in areas of severe hypoperfusion [18]. A higher NIHSS score may predict
a poor prognosis and a larger infarct area, thereby increasing the risk of HT in patients
with AIS-LVO after mechanical thrombectomy [19]. Gal-3 is a galectin, which plays an
important role in regulating inflammatory responses. It has been reported that when HT
occurs, the level of Gal-3 is significantly increased, similar to the results of this study.
Analysis of reasons may be that Gal-3 may drive oxidative stress imbalance, enhance
inflammatory response, damage the blood—brain barrier, and thus increase the risk of
HT [20].

After analyzing the influence of the above clinical related factors on HT, the role of
imaging-related indicators on HT was also analyzed. The results of this study also found
that contrast agent exudation, HMCAS, TTP, and CBF were the influencing factors of
HT after mechanical thrombectomy in AIS-LVO patients, and the combined detec-
tion of TTP and CBF was beneficial to the early prediction of HT after mechanical
thrombectomy in AIS-LVO patients. CT is an important tool for clinical detection of
a variety of diseases. It has high-density resolution and the fault effect of eliminating
overlapping structures, and can detect the occurrence of various interventional com-
plications in time after surgery. As a dynamic interface between the peripheral circu-
lation and the central nervous system, the blood—brain barrier controls the entry and
exit of substances required for brain metabolic process and nerve function. When acute
cerebral infarction occurs, the blood—brain barrier is damaged, and the contrast agent
exudates with the increase of blood—brain barrier permeability until the blood—brain
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barrier is ruptures, causing that the contrast agent and blood exudate in large quantities
[21]. HMCAS indicates a significant increase in the density of the middle cerebral artery
on one or both sides. CT detection has confirmed that HMCAS is closely related to the
risk of HT, and HMCAS can predict the occurrence of HT in patients with ACI [22, 23].
CT perfusion imaging, as a part of the evaluation of AIS, can be quantitatively evalu-
ated through indicators such as TTP and CBF to distinguish between ischemic penum-
bra and irreversible brain tissue damage, which has certain clinical value in predicting
the occurrence of HT [24]. CT imaging, as a commonly used diagnostic method, can
provide information about cerebral blood perfusion. CBF is the amount of blood passing
through a unit volume of brain tissue per unit time. Decreased CBF has been reported
to be a relatively sensitive indicator of tissue ischemia, but there is a possibility of over-
estimating the final infarct size [25]. After AIS, areas of abnormal CBF usually present as
ischemic penumbra, and these areas are prone to reperfusion injury during thrombolytic
therapy, resulting in HT [26]. T'TP refers to the time from the beginning of enhancement
to the peak of enhancement, which indicates that the more serious the cerebral hemo-
dynamic damage is [27]. After ACI, areas of abnormal TTP usually present as ischemic
penumbra, and these areas are prone to reperfusion injury during thrombolytic therapy,
leading to HT [28]. Based on the above findings, it can be seen that TTP and CBF can
reflect the time intensity of contrast enhancement and the degree of hypoperfusion in
the infarction area. The results of this this study found that when HT occurred, TTP was
significantly prolonged and CBF was significantly reduced, indicating that HT was more
likely to occur after mechanical thrombectomy when TTP increased and CBF decreased.
This may be because when AIS-LVO occurs, the brain tissue is subjected to ischemia
and hypoxia, the blood—brain barrier is damaged, permeability is increased, and local
micro-vessels are compressed and narrowed. When blood perfusion is restored after
thrombectomy, blood is easy to leak from the necrotic vessel. CBF and TTP are impor-
tant parameters of CT perfusion imaging, which can reflect the hemodynamic status
of brain tissue. Decreased CBF and prolonged TTP usually indicate the aggravation of
brain tissue ischemia and increase the risk of hemorrhagic transformation after throm-
bolytic therapy [29, 30]. Therefore, during thrombolytic therapy for ACI, close monitor-
ing of CBF and TTP changes is of great significance for the prevention and management
of HT.

This study further explored the role of imaging-related indicators in this process. The
logistic regression model constructed in this study based on the history of atrial fibrilla-
tion, NIHSS score before thrombectomy, Gal-3 and CT-related indicators was condu-
cive to early assessment of the risk of HT after mechanical thrombectomy in AIS-LVO
patients. The predictive ability of the logistic model was analyzed, and the predictive
accuracy of the model was evaluated by ROC curves. The results showed that the AUC
of the model was 0.873, indicating that the model had good predictive ability. Yang et al.
[31] included 394 patients with intravenous thrombolysis and constructed a nomogram
model for the occurrence of HT based on clinical characteristics and imaging indica-
tors, and found that the AUC of the nomogram was 0.859 and 0.839 in the training
and validation cohorts, respectively. In contrast to the study by Yang et al., although
our prediction model was specific to patients undergoing mechanical thrombectomy
and the predictors used were different, both emphasize the importance of combined
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multivariate prediction. However, only the AUC of the predictive value analysis of CT
imaging features was 0.783, and the diagnostic value was moderate. Therefore, it is nec-
essary to combine the clinical data and CT imaging features of patients in clinical prac-
tice. The logistic model constructed in this study could effectively predict the risk of HT
in patients with AIS-LVO after mechanical thrombectomy, and provide strong support
for clinical decision-making. By early identification of high-risk patients, clinicians can
take corresponding preventive measures, such as optimizing treatment timing, adjusting
antiplatelet and anticoagulant therapy regimens, and controlling the dosage of contrast
media, so as to reduce the incidence of HT and improve the prognosis of patients.

In addition, this study found that TTP and CBF, as important parameters of CT perfu-
sion imaging, both showed moderate predictive value when measured separately. The
prolonged TTP may reflect the aggravation of brain tissue ischemia, resulting in dam-
age to the blood—brain barrier and increased permeability, thereby increasing the risk
of hemorrhagic transformation after thrombolytic therapy. The decrease of CBF may
indicate the existence of ischemic penumbra, which is prone to reperfusion injury after
restoration of blood flow, and also increases the risk of HT. When TTP and CBF are
combined, the predictive value is further improved, which may be because both reflect
the hemodynamic state of brain tissue and provide more comprehensive information for
predicting HT. However, there was some degree of imbalance between the number of
patients in the HT and non-HT groups in this study. Although we used a logistic regres-
sion model to deal with this imbalance, it is still possible to affect the predictive power of
the model, especially when the model is more likely to predict the majority class (i.e., the
non-HT group). Therefore, in future studies, we will consider data with a larger sample
size to further validate and optimize the prediction model.

Conclusion

This study found that the history of atrial fibrillation, NIHSS score before thrombec-
tomy, Gal-3 level, contrast medium exudation, HMCAS, prolonged TTP and decreased
CBF were all important influencing factors for HT after mechanical thrombectomy in
patients with AIS-LVO. By constructing a logistic prediction model, we successfully
achieved an effective assessment of the risk of HT after mechanical thrombectomy. In
addition, the combined detection of TTP and CBF in CT imaging features shows moder-
ate diagnostic value for HT in patients with AIS-LVO after mechanical thrombectomy,
which provides strong support for clinical decision-making. The results of this study are
expected to provide new ideas for optimizing the treatment and improving the progno-
sis of patients with AIS-LVO.
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