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Independent predictors and risk score for intraprocedural rupture during endovascular treatment of small ruptured intracranial aneurysms (<5 mm)
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Background and purpose: Intraprocedural rupture (IPR) is a devastating complication of endovascular treatment (EVT). Small-sized and ruptured aneurysms are independent predictors of IPR, which presents a technical challenge during EVT. We aimed to develop a score to quantify the individual patient risk of IPR in the EVT of small (<5 mm) ruptured aneurysms (SRAs).

Methods: A retrospective review was conducted to interrogate databases prospectively maintained at two academic institutions in China from January 2009 to October 2016. We collected intraoperative angiograms and medical records to identify independent predictors of IPR using univariate and multivariable analyses. A risk score for IPR was derived using multivariable logistic regression analyses.

Results: Of the 290 enrolled patients, IPR occurred in 16 patients (5.5%). The univariate analysis showed that the rate of IPR was significantly higher in patients having aneurysms with a small basal outpouching (SBO), in patients having aneurysms concomitant with adjacent moderate atherosclerotic stenosis (ACAMAS), and in former or current smokers. Multivariate analyses showed that SBO [odds ratio (OR): 3.573; 95% confidence interval (CI): 1.078–11.840; p = 0.037], vascular eloquence (VE; OR: 3.780; 95% CI: 1.080–13.224; p = 0.037), and ACAMAS (OR: 6.086; 95% CI: 1.768–20.955; p = 0.004) were significantly and independently associated with IPR. A three-point risk score (S-V-A) was derived to predict IPR [SBO (yes = 1), VE (yes = 1), and ACAMAS (yes = 1)].

Conclusions: Intraprocedural rupture occurred in 5.5% of the patients during EVT of SRA. SBO, VE, and ACAMAS were independent risk factors of IPR in the EVT of SRA. Based on these variables, the S-V-A score may be useful in predicting IPR daily, but more confirmation studies are required.
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Introduction

Intraprocedural rupture (IPR) during endovascular treatment (EVT) of ruptured intracranial aneurysms (RIAs) is one of the most feared complications with an incidence rate of 1%−8% and a modality rate of up to 40% (1–3). Several studies reported that aneurysm size (<5 mm) and ruptured aneurysm are important independent predictors of IPR (4–6). However, no study has focused on IPR predictors during EVT of small ruptured aneurysms (SRA, <5 mm).

In addition, EVT for SRA has technical challenges, including instability of the distal microcatheter, coil conformability, and the reliability of coil detachment (1, 7), which may lead to IPR. Based on a large number of studies, a common assumption to date was that the size and location of aneurysms, technical aspects, and basal morphology might be associated with the risk of IPR (1, 5, 6). However, those studies did not take into account the heterogeneity of EVT between small and big aneurysms. In this study, we conducted a retrospective analysis of consecutive patients with SRA to identify independent predictors of IPR during EVT.



Methods


Patient selection and data acquisition

This retrospective multicenter study was carried out at Beijing Tiantan Hospital and Beijing Hospital. This study included all patients who had a saccular SRA and underwent EVT at the two Chinese stroke centers from January 2009 to October 2016. In this study, the exclusion criteria were (1) patients with fusiform, traumatic, blood blister-like, and dissecting aneurysm; (2) those with aneurysms related to arteriovenous malformation (AVM), arteriovenous fistula (AVF), and moyamoya disease; (3) those with incomplete data (for example, missing digital subtraction angiography (DSA) or progress note); (4) ambiguous information about which aneurysm is ruptured in patients with multiple aneurysms; and (5) patients who did not originally undergo EVT at these two stroke centers.

We obtained these prospectively maintained databases via medical records and a detailed inquiry. These data included sex, age, hypertension, diabetes mellitus, dyslipidemia, heart comorbidities, history of smoking, history of drinking, history of subarachnoid hemorrhage (SAH), prehospital delay after SAH, preprocedural delay after SAH and EVT, Hunt and Hess Grade and Fisher Grade at admission, treatment modality, Raymond Scale (RS) score (8), and the modified Rankin Scale (mRS) score at discharge. The RS score demonstrates the occlusion degree of aneurysms at the end of embolization, including complete occlusion (RS1), residual neck (RS2), and residual aneurysm (RS3) (8). We recorded the morbidity and mortality rates associated with the treatment at 1 month after discharge treatment. Morbidity was categorized as an mRS score of 2–5 or at least a one-point increase during hospitalization.



Imaging of variable definitions

Aneurysm-specific characteristics included aneurysm location, aneurysm size, neck size (9), aspect ratio (AR) (10), and aneurysm shape, aneurysms concomitant with adjacent atherosclerotic stenosis (ACAAS) (2), multiplicity, vascular eloquence (VE) (11), and small basal outpouching (SBO) (12). Aneurysm location was categorized as distal vessels (A2, M2, P2 aneurysms and beyond) (13); VE (parent arteries of IAs <20 mm from the internal carotid artery or located in the first segment of cerebral arteries, e.g., A1, M1, and P1 segments) (11), cerebral bifurcation vessels (internal carotid artery bifurcation and basilar artery) and important vascular branches (posterior inferior cerebellar and anterior choroidal arteries) supporting the brain stem and the basal ganglia area; communicating arteries (anterior and posterior communicating artery); and other areas. SBO was defined as the daughter sac, or bleb, which is located near the base of a ruptured aneurysm (12). ACAAS was defined as aneurysms with proximal parent artery stenosis (2). The degree of stenosis in the proximal parent artery was defined as mild, moderate, and severe ACAAS (i.e., ACAIAS, adjacent moderate atherosclerotic stenosis (ACAMAS), and ACASAS), which correspond to <50, 50–70, and >70%, respectively.



Endovascular procedures

Each center was equipped with green channels for emergency patients in the acute stage (SAH within 72 h). Patients with SRA underwent endovascular or surgical treatment, which was determined by the neurosurgical team of each center according to the patient's characteristics and aneurysm features. All EVT procedures were performed under general anesthesia and systemic heparinization. After deployment of the first coil, an initial bolus of 50 U/kg heparin was given, and the activated clotting time was maintained at two times the normal range. For wide-neck aneurysms, (14) coiling with a stent or a balloon was performed by interventionalists with 20 years of experience at each center. During the procedure of stent-assisted coiling, patients would be allocated 300 mg clopidogrel and 300 mg aspirin. When IPR occurred, heparin was reversed by protamine sulfate, and rapid coil deposition was always considered until contrast medium extravasation disappeared. Blood pressure would be controlled at baseline. If needed, a balloon would be inflated near the proximal artery in case of massive hemorrhage, and emergency ventricular drainage (EVD) would be performed to reduce intracranial pressure. In case of acute thrombotic events, the glycoprotein Iib/IIIa inhibitor (Tirofifiban, Grand Pharma, Wuhan, China) was used. After the EVT procedure, immediate brain computed tomography (CT) scans were always performed for each patient. Moreover, patients received 75 mg of clopidogrel daily for 1 month and 100 mg of aspirin daily for 5 months.



IPR definition

Digital subtraction angiography or immediate post-operative CT scans demonstrated that IPR was defined as extravasation of the contrast medium. Two experienced interventionalists (15 and 20 years of experience in neuroradiology, respectively) who were blinded to patients' clinical information reviewed the angiograms. Any disagreements were resolved through negotiation. Considering the missing DSA reports of four cases of IPR, those cases were classified as unclear. We classified the occurrence of IPR into three phases: during aneurysm access, during coil placement, and other phases. The causes of IPR were classified into four categories: coil, microguide wire, microcatheter, and other categories.



Statistical analysis

Data related to categorical variables were analyzed using Fisher's exact test or Pearson's chi-squared test. Data related to continuous variables were analyzed using two-tailed t-tests or the Kruskal–Wallis H-test. A univariate analysis was used to compare each variable value between the IPR and non-IPR groups. Variables with a p-value ≤ 0.20 would be included in the multivariate analysis. We followed the current guidelines for risk score models (15). A p-value ≤ 0.05 (two-tailed) was prospectively considered statistically significant. Statistical analyses were performed with SPSS (version 23.0; IBM Corp., Armonk, NY).



Risk score derivation

In the final fitted multivariable model, the regression coefficient of each variable was performed to develop the point score to predict the rate of IPR during EVT of SRAs. The final risk score of IPR for each patient was defined as the sum of all points for each variable. The evaluation of the derived score was based on discrimination and calibration. Discrimination, which indicates the ability to discriminate between the IPR and non-IPR groups, was assessed using the C-statistic (areas under receiver operating characteristics curves, AUC; 0.5 indicates no ability and 1.0 indicates perfect ability). Calibration was carried out by comparing the observed probability of IPR against the predicted risk through the Hosmer–Lemeshow goodness-of-fit test (nonsignificant p-value of the test indicating a good fit).




Results


Study population and baseline characteristics

In total, 362 patients with RIAs (<5 mm) underwent EVT during the study period in the databases. Approximately, 72 patients were excluded, as seen in Figure 1. Finally, 290 patients with SRAs were included. The median age was 53.5 ± 0.69 years (ranging from 14 to 79), and 55.5% were women. The number of patients with SRA located in the VE, distal vessels, communicating arteries, and other arteries was 6 (20.6%), 28 (9.7%), 29 (10.0%), and 173 (59.7%), respectively. The number of patients treated with coiling only, stent-assisted coiling, and balloon-assisted coiling was 191 (65.9%), 83 (28.6%), and 16 (5.5%), respectively. The basic characteristics of patients and aneurysms are presented in Table 1.


[image: Figure 1]
FIGURE 1
 The patient inclusion flowchart. AVM, arteriovenous malformation; AVF, arteriovenous fistula; IPR, intraprocedural rupture.



TABLE 1 Baseline characteristics of patients and aneurysms in IPR and non-IPR groups.
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Characteristics of IPR

The characteristics of IPR are summarized in Table 2. IPR occurred in 16 out of 290 endovascular procedures, and the incidence of IPR was 5.5%. According to the timing of IPR, two cases (12.5%) occurred during aneurysm access, eight cases (50%) occurred during coil placement, and six cases (37.5%) occurred during unclear stages. Additionally, among the causes of IPR, eight were coils, one was a microguide wire, one was a microcatheter, and the other six were other reasons (a case of ruptured aneurysm after stent deployment; a case of ruptured aneurysm from an unclear reason before the microcatheter in position, and four cases with no angiography reports).


TABLE 2 Characteristics, management, and outcomes of IPR (n = 16).
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Among patients with IPR, post-procedural symptoms are shown in Table 2. Eight patients (50%, eight in 16) had morbidity, while four patients (50%, eight in 16) had mortality. The overall morbidity and mortality rates were 38.8 and 2.8%, respectively.



Univariate analysis and multivariate analyses for risk factors of IPR

The following factors from an univariate analysis were significant (p < 0.20) and subsequently included in the multivariable analyses: SBO (p = 0.027), the shape of an aneurysm (p = 0.183), acute stage (p = 0.118), smoking status (p = 0.031), ACAAS (p = 0.010), hypertension (p = 0.188), and VE (p = 0.114). Multivariate analyses showed that aneurysms with an SBO [odds ratio (OR): 3.573; 95% confidence interval (CI): 1.078–11.840; p = 0.037], with ACAMAS (OR: 6.086; 95% CI: 1.768–20.955; p = 0.004), and in VE (OR: 3.780; 95% CI: 1.080–13.224; p = 0.037) were independently associated with IPR, which were entered into the finally adjusted multivariable logistic regression model (Table 3).


TABLE 3 Multivariate analysis of risk factors for intraprocedural rupture.
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Risk score derivation

According to the multivariate analyses, a three-point IPR score was derived (Table 4). The discriminative power of the IPR score was statistically significant (AUC: 0.716; CI: 0.575–0.856; p = 0.004), as seen in Figure 2. The Hosmer–Lemeshow χ2 statistics were 0.159 (p = 0.650) in the cohorts, indicating good calibration. Figure 3 reports observed and predicted probabilities of the IPR rate according to the IPR risk score. The predicted IPR rates for patients with a score of 0, 1, 2, and 3 were 2.1, 7.4, 23.0, and 53.0% respectively, which were significantly correlated with their actually observed IPR rates (2.4, 6.7, 21.1, and 100% respectively; Pearson r = 0.975, p = 0.025; Figure 3).


TABLE 4 Risk score (S-V-A score, 0-3 points) for IPR.
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FIGURE 2
 Receiver operating characteristic (ROC) curves for the IPR score. The AUC value was 0.716 (95% CI: 0.58–0.86) for this model. AUC, area under the curve; CI, confidence interval. IPR, intraprocedural rupture.
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FIGURE 3
 Rates of IPR by the clinical score for patients with SRAs. The predicted rates of patients with SRAs with a score of 0, 1, 2, and 3 have IPR rates of 2.1, 7.4, 23.0, and 53.0%, respectively. The observed rates of patients with SRAs with a score of 0, 1, 2, and 3 have IPR rates of 2.4, 6.7, 21.1, and 100%, respectively. IPR, intraprocedural rupture; SRAs, small ruptured aneurysms.





Discussion

The rate of IPR in patients with ruptured aneurysms ranges from 2.73 to 9.52% (5, 16). We observed a comparable rate of 5.5% in the present study. Smaller aneurysm size (<5 mm) and ruptured IAs were reported as independent predictors of IPR. However, very few studies were designed to identify independent predictors of IPR during the coiling of small and ruptured IAs (1, 3, 17). In this study, we found that SBO, VE, and ACAMAS were independent risk factors of IPR in the EVT of SRA.

Small basal outpouching (i.e., a daughter sac or bleb that is located near the base of a ruptured aneurysm) is a common morphological configuration in cases of basal rupture. Park et al. (18) reported that the incidence of SBO in ruptured aneurysms was 8.7%, and in some cases, the basal rupture could be induced by the SBO. Kang et al. (12) suggested that the chance of IPR could increase when the coil or microcatheter was placed near the SBO. The presence of the microcatheter and the microguide wire would likely cause repeated wear and tear of the SBO during the procedure, which also increases the risk of IPR. Similarly, in our study, the risk of IPR in aneurysms with an SBO was three times more than that of an aneurysm without SBO.

Several previous studies reported a case series of IAs concomitant with ACAAS (2, 19, 20). In this study, of 16 IPR cases, it was found that six (37.5%) had ACAAS and all of them had a moderate degree. It was reported that moderate or severe stenosis adjacent to the aneurysm may increase the risk of aneurysm rupture due to pressure changes caused by balloon or stent implantation (19). One possible explanation is that atherosclerosis could increase vascular susceptibility to mechanical injury (21), and the rebleeding event may be triggered by the coil implanted near the aneurysm neck, which was proximal to the stenosis. However, of the nine cases with ACASAS, none of them had IPR. One possible explanation is that the occlusion rate of was higher in SRAs with ACAMAS (92.1%) than SRAs with ACASAS (55.6%). Moreover, we should be more careful in treating proximal severe stenosis cases and use coil occlusion as much as possible to avoid the occurrence of a thromboembolic event, which may further reduce the contact with the aneurysmal wall and decrease the risk of IPR.

VE, which is demonstrated as the arterial segments often having iatrogenic complications (i.e., occlusion or injury), was first used to assess the curative risk of EVT for AVM (11). Here, VE is regarded as the parent vessel close to the internal carotid artery or the first segment of cerebral arteries. As reported in the A1 segment of the internal carotid artery bifurcation, EVT of small aneurysms faces a great challenge (17). In this study, six IPR cases (9.8%) occurred in the VE group, which was more than two times that in the non-VE group (4.4%). Among the six IPR cases, four cases (66.7%) occurred in the procedure of coiling. For small-sized aneurysms, the incidence of “close contact” between the coils and the perforators or vessel branches may increase, which may further increase the chance of IPR (17).

It is therefore beneficial to establish a risk score to identify patients who are at high risk of IPR before EVT decision for SRAs. Based on the above three significant and important factors, we established this S-V-A score system. Our receiver operating characteristic (ROC) analysis demonstrated that the application of the endovascular S-V-A score provides good discriminatory power to evaluate IPR rates (AUC = 0.716). The Hosmer–Lemeshow χ2 statistics were 0.159 (p = 0.650) across cohorts, indicating good calibration. The analysis of predicted risk and observed probability of IPR demonstrated that the predicted IPR rate was significantly correlated with the observed IPR rate (Pearson r = 0.975; p = 0.025; Figure 3). This score would be helpful to identify patients with a high risk of IPR, thereby taking protective interventions before EVT.

Notably, 50% (eight of 16) of IPR events occurred because of the attempt to reach a complete occlusion. In the procedure of coiling, as the degree of embolization increases, the operation time and the difficulty of operation also increase, which therefore increases the likelihood of IPR. Several factors such as anterior communicating artery (ACoA), posterior communicating arteries (PCoA), history of SAH, (17, 22) coronary artery disease, and dyslipidemia were reported to be the risk factors of IPR in previous studies (4). However, in our study, these risk factors were nonsignificant. Vessel wall disease may be responsible for IPR as it is reported that IPR may be due to vascular rupture (22). However, not all the patients performed high-resolution magnetic resonance imaging (HR-MRI) prior to EVT. Moreover, the vessel wall abnormality was also rarely considered in several previous studies and clinical practice. So, we suggest that there is a need for prospective cohort studies in the future to investigate the association between IPR and vessel wall abnormality demonstrated by HR-MRI or other photographic methods. Many studies found that aneurysms (≤ 3 mm) were associated with an increased incidence of IPR (3, 17). In our study, three cases (3.7%) in the ≤ 3 mm group and 11 cases (5.3%) in the 3–5-mm group had IPR. The IPR rate in the 3-mm group was lower than that in the 3–5-mm group (p = 0.569), which was different from their results. The reason may be the limited sample in our study and the heterogeneity of operative techniques in different operators.


Strengths and limitations

This is the first study to develop a simple scoring system to predict IPR risk in the EVT of SRA. To avoid selection bias, we included information from two major stroke centers in China. Moreover, we included new risk factors, including prehospital delay after SAH and preprocedural delay after SAH, SBO, VE, and ACAAS. In the meantime, we also acknowledge some potential limitations. First, the study has 16 IPR events and offers many predictive variables in the model for this number of events (general rule one variable for 10 events). Second, our study can be limited due to its retrospective nature because data were prospectively recorded with limited data size. Third, the S-V-A score system is designed for SRAs (<5 mm), which may not fit for all ruptured aneurysms. Fourth, some potential risk factors are missing such as softness and the shape of the coils used, vascular wall disease with high-resolution MRI, and stent design and deployment technique. Thus, the S-V-A score requires external validation using a large series in other centers or countries.




Conclusions

In this study, SBO, VE, and ACAMAS were independent risk factors of IPR in EVT of SRA. This indicates that SBO and ACAMAS are important morphological risk factors for predicting a higher risk of IPR, but more confirmation studies on these results are required. In addition, the S-V-A score may be useful to predict the risk of IPR based on variables used in daily practice.
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