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Background and Purpose: Aneurysmal subarachnoid hemorrhage (SAH) is associated with high mortality. Prophylactic treatment of the unruptured intracranial aneurysm (UIA) is considered in a select group of patients thought to be at high for aneurysmal rupture. Hospital readmission rates can serve as a surrogate marker for the safety and cost-effectiveness of treatment options for UIAs; we present an analysis of the 30-day rehospitalization rates and predictors of readmission following UIA treatment with surgical and endovascular approaches.

Methods: We retrospectively analyzed data from the National Readmission Database (NRD) derived from the Healthcare Cost and Utilization Project for the year 2014. The cohort included patients with a primary discharge diagnosis of a treated unruptured aneurysm. The primary outcome variable was the 30-day readmission rate in open surgical vs. endovascularly treated groups. The secondary outcomes included predictors of readmissions, and causes of 30-day readmissions in these two groups.

Results: The 30-day readmission rate for the surgical group was 8.37% compared to 4.87% for the endovascular group. The index hospitalization duration was longer in the surgical group. A larger proportion of the patients readmitted following surgical treatment were hypertensive (76.35, vs. 63.43%), but the prevalence of other medical comorbidities was comparable in the two treatment groups.

Conclusions: There is a higher likelihood for 30-day readmission, longer duration of initial hospitalization and a lower likelihood of discharge home following surgical treatment of UIAs when compared to endovascular treatment. These findings, however, do not demonstrate long-term superiority of one specific treatment modality.
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INTRODUCTION

The prevalence of intracranial aneurysms (IAs) in the general population is estimated to be 3.6–6.0% (1). However, the incidence of SAH from the rupture of IAs is much lower at 5–20 per 100,000 (2). The mortality rate following aneurysmal SAH approaches 25–50%, with most deaths resulting from the initial hemorrhage or its immediate complications (3). Therefore, prophylactic treatment of unruptured intracranial aneurysms (UIA) is considered for selected patients considered to be at high risk for aneurysm rupture. It is important that these prophylactic treatment modalities are safe and cost-effective.

In this context, hospital readmission rates can serve as one surrogate for the safety and cost-effectiveness of preventive treatment options for UIAs. Treatment options for UIAs can be broadly categorized as endovascular (coil embolization, stent-assisted coiling, balloon-assisted coiling, flow diversion, and liquid embolics) and surgical (clipping, vessel sacrifice with or without bypass, wrapping and taping) options. Herein, we have analyzed the 30-day readmission rates and the predictors for readmission following UIA treatment with either modality.



MATERIALS AND METHODS

This retrospective study analyzed data from the National Readmission Database (NRD) derived from the Healthcare Cost and Utilization Project (HCUP) for the year 2014- this year was chosen with the consideration that the NRD database starts from 2013, and 2015 onward it contains ICD-10 codes, which we thought could have more coding variations given its more recent implementation. Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent from the patients/participants was not required to participate in this study in accordance with the national legislation and the institutional requirements. The index admissions were identified by using International Classification of Diseases, Ninth Revision, and Clinical Modification (ICD-9 CM) code for unruptured aneurysm 437.3; treated with coiling 39.75, 39.76; stenting 00.65, 39.90; or surgical clipping 39.51. The treatments were subdivided into endovascular (consisting of coil embolization, stent-assisted coil embolization, and stent-placement only sub-groups) and open surgical groups.

We used the “NRD visit link (NVL)” to identify index visits and to track readmissions following the index admissions. For our purposes, “readmission” was defined as admission to particular state hospitals for any cause within 30 days of discharge following the index hospitalization. We used the sampling weights provided in the NRD database to generate the national readmission rate. Sampling discharge weights for national appraisals are produced utilizing the objective collection of community hospitals (excluding rehabilitation and long-term acute care hospitals) in the United States.

The study cohort consisted of patients admitted between January 1, 2014, and November 30, 2014, with a primary discharge diagnosis of a treated unruptured aneurysm. The patients admitted during the month of December were excluded as 30-day follow-up data to identify readmissions for these index admissions were not available in the 2014 NRD dataset. Additionally, cases with a missing or zero length of stay (LOS), and age <18 years were excluded. NRD is de-identified publicly available data exempt from institutional review boards. All the authors analyzing the database signed the HCUP data use agreement.

The following data were collected from the NRD (4): patient demographics; hospital characteristics such as bed size and teaching status; socioeconomic factors including median household income category for patient's zip code and primary payer; comorbidities, LOS, admission day, and discharge disposition. The co-morbidities were identified by ICD 9 diagnostic codes listed in secondary diagnoses fields during the index admission. The modified Charlson-Deyo Comorbidity Index (CCI) is an established measure to quantify the burden of comorbid conditions; the scores range from 0 to 33 with a higher score indicating a greater burden of concomitant diseases (5).

The primary outcome variable chosen for the study was comparison of the 30-day readmission rate (DRR) in open surgical vs. endovascularly treated groups. The secondary outcomes included predictors of readmissions, and causes of 30-DRR in these two groups. We used SAS 9.4 (SAS Institute Inc, Cary, North Carolina) for data analysis. Categorical variables and continuous variables were assessed by the Rao Scott Chi-square test and the Student's t-test, respectively. The predictors of readmissions were identified using multivariable logistic regression after adjusting for the stratified cluster design of NRD and co-variables including patient demographics, hospital-specific factors, socioeconomic variables, discharge disposition, and the most prevalent comorbidities to identify factors associated with readmission. The power of the model and association of predicted probabilities are determined by “concordance” statistic C which is significantly higher (>0.7) for multivariate analysis. The variables with missing or invalid values were excluded from the final analysis.



RESULTS

The baseline characteristics of the two comparison groups with respect to patient demograph1ics, medical comorbidities, median household income, insurance, hospital type and discharge disposition are depicted in Table 1.


Table 1. Baseline characteristics of study patients with UIAs who underwent surgical or endovascular intervention.
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The 30-day readmission rate for the surgical group was 8.37% (296 of 3,533) compared to 4.87% (194 of 3,982) for the endovascular group. The index hospitalization duration was longer in the surgical group when compared to the endovascular group (6.44 ± 0.30 days vs. 2.59 ± 0.14). A larger proportion of the patients readmitted following surgical treatment were hypertensive (76.35, vs. 63.43% of index surgical admissions), but the prevalence of other medical comorbidities was comparable in the two treatment groups. Over 90% of the endovascularly treated patients were discharged home following index admission, vs. just under three-fourths in the surgical group (Chi-square statistic 429.0,536, p < 0.00001).

Table 2 shows logistic regression models for outcomes of readmission in separate surgical and endovascular populations.


Table 2. Characteristics of readmitted patients.
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Figure 1 shows the timing of readmission following discharge from index hospitalization for both surgical and endovascular groups.


[image: Figure 1]
FIGURE 1. Trends of unplanned readmissions in patients treated for unruptured intracranial aneurysms.


Patients readmitted following surgical treatment had a significantly higher prevalence of hypertension [Odds Ratio 1.828 (95% CI 1.127–2.967, p = 0.149)] although this was not the case for other medical comorbidities. The CCI, a predictor of 10-year survival in patients with multiple medical comorbidities, was significantly higher in patients readmitted following endovascular therapy [Odds Ratio 1.231 (95% CI 1.016–1.49, p = 0.0338)] vs. those who were not.

Table 3 shows the combined Odds Ratios for readmission based on various patient characteristics while Tables 4A,B show the common readmission diagnoses in the two groups. As indicated in Table 3, the Odds Ratio for readmission following surgical treatment of UIAs was 1.89 times that of endovascular treatment. For both Surgical and Endovascular groups, ischemic and/or hemorrhagic complications of UIA treatment were the most common causes of readmission.


Table 3. All patients (surgical and endovascular) readmission model and potential contributory factors.
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Table 4A. Top causes of readmission in open surgical population (Weighted N = 296).
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Table 4B. Top causes of readmission in endovascular population (Weighted N = 194).
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DISCUSSION

Treatment paradigms for UIAs have shifted over the past two decades with a majority of patients now being treated with endovascular techniques. Currently, multiple patient and aneurysm characteristics are taken into consideration, first when choosing patients with UIAs for treatment, and subsequently for determining the best treatment approach, whether endovascular or open surgical. For the first step, various scoring systems including the PHASES score (6), have been employed to identify at-risk UIAs. However, for the next step, there is no widely adopted process for patient selection for a specific treatment.

A standardized process for determining the modality of treatment for UIAs could be very useful since both clipping and coiling can be associated with serious periprocedural complications, including arterial dissection, infarction, intracranial hemorrhage and seizures. Comprehensive knowledge of the outcomes with each type of procedure will be helpful in the development of such standardized criteria for patient selection. The outcomes of UIA clipping and coiling have been studied before with respect to aneurysm location (7), periprocedural complications (8–10), short- and long-term morbidity and mortality (11–13), expenditure (14), patient age (15), and aneurysm recurrence (16). In our study, we have focused on the readmission rates following UIA treatments with endovascular or open surgical techniques. These readmission rates can serve as a metric for the relative safety, cost and efficacy of these procedures.

Our study shows that the 30-day readmission rate following treatment of UIAs is higher with open surgical treatment than with endovascular treatment. It also shows that there is an increase in the likelihood of readmission for patients undergoing surgical treatment when there is an accompanying history of hypertension. Additionally, our study shows that the patients in the surgical group had a longer average duration of index hospitalization, and a lower likelihood for discharge to home, compared to the endovascular group. In part, at least, these findings may reflect the higher post-procedure complication rates associated with surgical clipping, which have been reported previously. We also found that there is an increased incidence of readmission due to intracranial hemorrhage after surgical treatment of UIAs. This finding could reflect the observation of development of chronic extra-axial hematomas/hygromas following clipping for UIAs, with higher rates in elderly patients (17–19). While intracranial hemorrhage was one of the top causes for readmission in both groups, certain other conditions were more specific to the type of intervention, as detailed in Tables 4A,B. Infections were a major reason for readmission in the open surgical group, while ischemic stroke seemed to be responsible for a sizeable number of readmissions in the endovascular group. These findings may reflect the complications specific to either procedure and post-procedure duration of hospitalization among other factors.

With regards to cost-effectiveness, the increased readmission rates, as well as the higher rates of initial discharge to nursing facilities shown here, are likely responsible for the increased costs associated with clipping in the initial 30-day postoperative period. Similar findings have recently been reported in a large meta-analysis comparing cost-effectiveness of the two treatment modalities (20). However, this finding of increased initial costs with surgical clipping must be interpreted with caution, given the much lower rates for aneurysm recurrences and retreatments associated with surgical clipping for UIAs, when compared to endovascular treatments. On the lines of another recently published study (21), we found lower initial complication rates with endovascular treatments, but this may also be offset by the additional morbidity and mortality risks from re-treatment procedures. In this context, the impact of potentially longer-lasting endovascular treatments such as flow diversion on long term cost reduction also needs to be studied.

Our findings must be viewed in the context of the limitations associated with the methodology of this study. The NRD does not track out of state readmissions. Similarly, NRD does not provide specific information regarding additional factors that can potentially affect the readmission rates such as aneurysm characteristics and procedural details. Additionally, the ICD-9-CM codes used in our study may have been affected by coding practices and errors. The retrospective design, implemented here using a large database not designed explicitly for this study, can only show associations. The cause of readmission is not always attributed to the procedure which is difficult to confirm in the NRD database. Different proportions of patients with UIAs with index surgical or endovascular treatment subsequently require repeat hospitalization for intervention, and this treatment complication could not be assessed using the NRD. Finally, the results could be subject to random variations as only the data from the year 2014 were included. Despite these limitations, our study included a large number of patients from a national database and is broadly representative of national estimates and predictors of 30-RR in treated UIA population.



SUMMARY

In the studied population, patients undergoing endovascular treatment for UIA were less likely to be readmitted within the first 30 days following treatment, and were more likely to be discharged home compared to patients undergoing open surgery. It also shows that a history of hypertension in the open surgical group appears to increase the likelihood of readmission for patients. These findings, however do not demonstrate the long term superiority of one specific treatment modality over the other. Optimal perioperative management of medical and surgical complications and careful patient selection for either intervention may help prevent avoidable readmissions following UIA treatment.
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