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Background: Hospitalization and readmission rates after a first-ever-in-a-lifetime stroke (FELS) are considered measures of quality of care and, importantly, may give valuable information to better allocate health-related resources. We aimed to investigate the hospitalization pattern and the unplanned readmissions or death of hospitalized (HospS) and non-hospitalized stroke (NHospS) patients 1 year after a FELS, based on a community register.

Methods: Data about hospitalization and unplanned readmissions and case fatality 1 year after a FELS were retrieved from the population-based register undertaken in Northern Portugal (ACIN2), comprising all FELS in 2009–2011. We used the Kaplan–Meier method to estimate 1-year readmission/death-free survival and Cox proportional hazard models to identify independent factors for readmission/death.

Results: Of the 720 FELS, 35.7% were not hospitalized. Unplanned readmission/death within 1 year occurred in 33.0 and 24.9% of HospS and NHospS patients, respectively. The leading causes of readmission were infections, recurrent stroke, and cardiovascular events. Stroke-related readmissions were observed in more than half of the patients in both groups. Male sex, age, pre- and post-stroke functional status, and diabetes were independent factors of readmission/death within 1 year.

Conclusion: About one-third of stroke patients were not hospitalized, and the readmission/death rate was higher in HospS patients. Still, that readmission/death rate difference was likely due to other factors than hospitalization itself. Our research provides novel information that may help implement targeted health-related policies to reduce the burden of stroke and its complications.
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INTRODUCTION

Nowadays, there is a general consensus that most stroke patients should be hospitalized to have access to specialized, high-quality, evidence-based stroke interventions, thus increasing their chances of survival, improving their functional outcome, and preventing stroke recurrence (1–4). Despite this evidence, 12–20% of stroke patients are not hospitalized (4).

Readmissions are currently a measure of the hospital's performance and quality of care (5), despite some well-characterized limitations (6). Readmissions after stroke are common, particularly in the first 30 days, ranging from 6 to 21% (7).

The literature has vast information on readmission and mortality after an initial stroke hospitalization. Nonetheless, except for some particular types of stroke, such as transient ischemic attack and minor ischemic stroke (IS), few studies use population-based data to study how non-hospitalized stroke (NHospS) patients compare to hospitalized stroke (HospS) patients in terms of readmission after stroke (4, 8, 9). Studying such differences may uncover important data that may help implement novel health policies regarding the allocation of stroke-related resources and public research funding.

We aimed to investigate the hospitalization pattern and its relevance, the overall 1-year readmission/death rate, and the incidence, causes, and risk factors of unplanned readmission or death of HospS and NHospS patients, based on a Portuguese community register of first-ever-in-a-lifetime stroke (FELS) patients presenting to the emergency department (ED).



METHODS

Data were obtained from the second population-based register undertaken in Northern Portugal (ACIN2), comprising all FELS recorded between October 2009 and September 2011 in the population registered in the Western Porto Health Centers Group (about 190,000 persons) and two health centers in rural regions in Northern Portugal (Mirandela and Vila Pouca de Aguiar, involving about 46,000 persons) (10). We used the unique National Health Service (NHS) number to identify the study population. We only analyzed data of patients from Porto, and the Ethics Committee of the Centro Hospitalar Universitário de São João and the Centro Hospitalar Universitário do Porto approved this study.

Multiple sources of information were used to identify all patients with a FELS. Hot-pursuit and cold-pursuit ascertainment involving community-based and hospital-based information sources were considered (10). Hot pursuit encompassed a daily review of emergency admissions and referrals to the project outpatient clinic at Hospital Santo António—Centro Hospitalar Universitário do Porto. Cold pursuit was used to check for completeness of hot-pursuit identification (11). Patients were examined as soon as possible after symptom onset at the ED during their hospital stay or at the project outpatient clinic within 1 month and were then followed up until 3 months after stroke. More detailed information is described elsewhere (10). Information about readmissions after the 3-month follow-up period was collected retrospectively. For readmission and death identification, a record-linkage methodology was used, and all clinical information was retrieved from clinical records.

The World Health Organization “stroke” definition and Sudlow's and Warlow's stroke pathological types—IS, intracerebral hemorrhage (ICH), and subarachnoid hemorrhage (SAH)—were considered for the corresponding concepts (12, 13). All patients performed a brain computerized tomography and/or magnetic resonance imaging to confirm and define pathological stroke types. TOAST criteria and Bamford Oxfordshire classification were used to define IS etiology and clinical syndromes (14, 15). Stroke severity at the first medical evaluation was characterized as mild, moderate, or severe based on the National Institutes of Health Stroke Scale (NIHSS) (12) (NIHSS ≤ 7, 8–16, or ≥17, respectively), except for SAH. Whenever NIHSS was unavailable, the score was estimated retrospectively from the patients' clinical records, if valid for that purpose (16).

Regarding the patients' care, the following factors were registered: time from symptom onset to ED, inpatient admission, and length of stay. Stroke patients were identified as “hospitalized” when they were hospitalized due to a FELS or when a FELS occurred while already in the hospital. Stroke patients were identified as “non-hospitalized” when they were not hospitalized after a FELS, including patients that were managed at the NHS ED only, primary care outpatient clinics, private outpatient clinics, or EDs.

Pre- and post-stroke (at hospital admission) functional status was assessed with the modified Rankin Scale (mRS) (17). Pre-stroke disability was defined as having an mRS score >1.

The following criteria were considered as pre-stroke risk factors: (a) previous diagnosis/treatment of hypertension; (b) previous diagnosis/treatment of diabetes mellitus or fasting glycemia >126 mg/dl, post-prandial glycemia ≥200 mg/dl, and/or ≥200 mg/dl in the 2-h glucose tolerance test; (c) atrial fibrillation in electrocardiogram or documented in the patient's records; (d) previous diagnosis/treatment of hypercholesterolemia; (e) history of myocardial infarction; and (f) current smoking habits (in the preceding 12 months) (10). Other pre-stroke comorbidities such as congestive heart failure, dementia, HIV infection, and malignant neoplasm were included after reviewing patients' medical records using the International Classification of Diseases 9th Revision (ICD-9) diagnosis code.

Planned readmissions were defined as readmissions to perform a scheduled procedure (e.g., cranioplasty) and planned hospitalizations (e.g., rehabilitation) (18). Unplanned readmissions were defined as >24-h hospitalizations due to unexpected causes and emergency episodes leading to death that did not fulfill any planned readmission criterion (18). Unplanned readmissions after a planned admission were also acknowledged. Only unplanned readmissions within 1 year of the index hospitalization or index ED episode were considered. Patients who died during their evaluation in the ED or index hospitalization were excluded since they could not be readmitted.

Two neurology investigators reviewed the patients' medical records using the ICD-9 diagnosis code to obtain and validate the unplanned readmission causes. The main diagnosis-related unplanned readmission group code was identified for statistical data and subgroup analyses. Stroke-related readmissions were defined as recurrent vascular events and complications that warranted readmission, including stroke, pneumonia, urinary tract infection, peripheral and coronary artery disease, hip fracture, and pulmonary embolism (19, 20). A composite outcome event of unplanned first-ever readmission or death without readmission within 1 year after stroke was considered to capture all negative health outcomes (5).


Statistics

Sociodemographic characteristics were summarized using descriptive statistics. The baseline and clinical characteristics of HospS and NHospS were compared using the chi-square test or the Fisher exact test for categorical variables and the t-test or the Mann–Whitney U-test for continuous variables. The normality of distributions was assessed using the Shapiro Wilk test. The overall cumulative readmission/death-free survival over 12 months was estimated using the Kaplan–Meyer method. Independent factors for readmission were evaluated using Cox proportional hazard models. A two-sided p-value of < 0.05 was considered statistically significant in all analyses.

Data analysis was performed using SPSS Statistics v24.




RESULTS


Study Cohort

Of an initial cohort of 720 FELS patients in the ACIN2 database, 35.7% were not hospitalized and were managed in the community. Reasons for non-hospitalization are depicted in Table 1. Since two patients died in the ED and 73 patients died during their index hospitalization, 645 FELS patients were at risk of an unplanned readmission/death (Figure 1). Patients had a mean age of 71 years, and 359 (55.7%) were women. All patients performed brain imaging at acute phase.


Table 1. Reasons for non-hospitalization of stroke patients (n = 258).
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FIGURE 1. Study design for cohort follow-up. FELS, first-ever-in-a-lifetime stroke; HospS, hospitalized stroke patients; NHospS, non-hospitalized stroke patients.


Comparing the baseline characteristics of HospS and NHospS patients at risk of readmission/death (Table 2), HospS patients were younger (70.2 vs. 72.7, p = 0.033); had more cases of cardiac disease (39.3 vs. 30.1%, p = 0.016), particularly atrial fibrillation (23.9 vs. 12.5%, p < 0.001); and had more hemorrhagic strokes (p < 0.001). The HospS patients group also had more total anterior circulation infarcts and fewer lacunar infarcts (p < 0.001), more large-artery atherosclerosis and cardioembolic strokes, and fewer small vessels or undetermined/not investigated strokes (p < 0.001).


Table 2. Baseline characteristics of first-ever-in-a-lifetime stroke patients in risk of readmission.
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The NIHSS median score was higher in HospS patients (5 vs. 2, p < 0.001), as was post-stroke disability (mRS ≥ 2, 87.1 vs. 68.0%, p < 0.001). Hospitalized stroke patients also had a higher likelihood of having had a previous admission (11.8% vs. 5.1, p = 0.012).

Overall, 500 (77.1%) patients sought medical assistance within 24 h of stroke symptoms onset. Of those seeking medical attention in this time interval, HospS patients were more likely to arrive in the first 3 h after stroke (p < 0.001). We found no differences between HospS and NHospS patients regarding other baseline characteristics. The median hospital length of stay was 9 days (interquartile range: 4–19).



Overall Unplanned Readmission and Mortality Without Readmission

Overall, 127 HospS patients and 63 NHospS patients were readmitted/deceased within 1 year: 101 (79.5%) unplanned readmissions and 26 (20.5%) deaths without readmission in the HospS patient's cohort, and 51 (80.9%) unplanned readmissions and 12 (19.0%) deaths without readmission in the NHospS patient's cohort (Figure 1).



Readmission or Death Rates

Figure 2 shows the cumulative readmission/death-free survival. Hospitalized stroke patients were more likely to be readmitted or deceased within 1 year than NHospS patients (p = 0.028). The all-cause readmission/death rate at 30, 180, and 1 year in the HospS patients was 10.3, 24.1, and 33.0%, respectively, and in the NHospS patients, it was 7.0, 18.1, and 24.9%, respectively.
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FIGURE 2. Kaplan–Meier survival curve showing a stroke patient's probability of remaining free of readmission/death after discharge.




Readmission Causes and Characterization

Table 3 summarizes patient characteristics and the reasons for hospital readmissions within the first year. Although not significant, the readmission rate was higher in HospS than in NHospS (26.0 vs. 19.9%, p = 0.077). The median time for readmission was 64 days (interquartile range: 22–184 days) in HospS patients and 78 days (24–211 days) in NHospS patients. The main reasons for unplanned readmission were similar for both HospS and NHospS patients, and the three main reasons were infectious diseases (36.2%), cerebrovascular diseases (16.4%)—particularly IS recurrence (10.5%), and cardiovascular diseases (10.5%). The median in-hospital length of stay of readmissions was 9 days (interquartile range: 4–20 days), and 27 (17.6%) patients died during readmission.


Table 3. Characteristics and causes of patients' all-cause readmissions within 1 year (n = 152).
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Stroke-Related Readmissions

Stroke-related readmissions represented 53.9% of the total, with similar proportions in both HospS and NHospS patients (Table 3).



Factors Associated With Readmission or Death

Table 4 shows the univariable and multivariable analyses for all-cause readmission or death within 1 year. In the multivariable regression analysis, male sex, age, pre- and post-stroke functional status, and diabetes were independent factors of readmission/death within 1 year. Having had a lacunar stroke (hazard ratio, 0.52; 95% CI, 0.31–0.87) and getting medical attention in <24 h after stroke symptoms (hazard ratio 0.61; 95% CI, 0.42–0.87) improved the odds of not being readmitted or death within 1 year, in this analysis.


Table 4. Univariable and multivariable readmission/death analyses.
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DISCUSSION

This research provides novel information about hospitalization patterns and readmissions/death in HospS and NHospS patients in Portugal, reinforcing the current knowledge on this issue. In our population-based study, we found that 35.7% of stroke patients were not hospitalized at stroke presentation and that 33.0% of HospS patients and 24.9% of NHospS patients were readmitted/deceased within 1 year. The leading causes of readmission in both cohorts were infections, recurrent stroke, and cardiovascular diseases. Stroke-related readmissions were observed in more than half of the patients in both groups. Male sex, age, pre- and post-stroke mRS ≥2, and diabetes were independent factors of readmission/death within 1 year. In contrast, having a lacunar stroke and getting medical assistance in <24 h improved the chances of not being readmitted/deceased within 1 year.


Hospitalization Rate

Our estimates of non-hospitalizations (35.7%) at stroke presentation are in the upper range to what was previously reported in similar studies (4, 21); this may reflect different study methodologies but also differences between regions and countries regarding stroke referral patterns and care pathways (21). Moreover, patients' characteristics could explain the differences since, for instance, the NHospS patients were older, had fewer cases of hemorrhagic stroke and more of lacunar stroke, had a lower post-stroke disability, had a lower median NIHSS, and were more prone to seeking medical attention later than 24 h than the HospS cohort. As we have stated elsewhere (22), these patient characteristics might have led to a vascular study in the ED and a decision for additional and prompt outpatient management. Also, a few other patients may have been transferred to other hospitals and, therefore, not counted as admissions.

We understand that other factors may have affected the hospitalization decision, including the patient's or their caregiver's choice, policies of local stroke services, and resource availability (4). Also, hospitalization of all stroke patients is not practical or feasible. Since stroke is a rather heterogeneous disease that includes distinct types, having different prevalence and incidence rates, risk factors, and management guidelines that may lead to different outcomes and disease burdens, it is important to select the most appropriate stroke care setting in order to improve prognosis and limit costs (8, 23).



Readmission/Death Rates

We found that 33.0% of HospS and 24.9% of NHospS patients were readmitted/deceased within 1 year. Comparable studies showed similar results in hospitalized patients, reporting readmission/death rates between 13 and 62% (24–27), but few address this outcome in both ischemic and hemorrhagic strokes (25–27). To our knowledge, no studies in the literature have addressed the 1-year readmission/death rates in NHospS patients with all stroke types. Still, one study that only includes minor IS reported a readmission/death rate at 30 days in NHospS (8) similar to ours.

Our data showed that HospS patients were more likely to be readmitted or deceased within 1 year than NHospS patients, even though HospS patients could have had early access to secondary prevention measures and rehabilitation. The poorer outcome in the HospS group might be explained by important differences in clinical characteristics, namely, HospS patients had more cardiac comorbidities (namely, atrial fibrillation), worse post-stroke functional status, and different stroke subtype/etiology (less lacunar/small artery occlusion strokes) than NHospS patients, and previously published studies have associated those factors with in-hospital worse stroke outcome/morbidity and readmission risk factors (7, 28–30). Furthermore, hospitalization has associated inherent hazards and heightened risks (4) that may have contributed to a worse functional status at discharge in HospS patients, a net effect of pre-existing comorbidities, stroke severity, and in-hospital complications, known to be linked to a higher risk of readmission (28).

On the other hand, NHospS patients may have benefited from a prompt follow-up since they were reassessed within 1 month in the outpatient stroke clinic, thus mitigating the lack of a timely intervention due to possible delays in appointment times (10, 31). However, contrary to other studies (4, 32), being hospitalized, per se, was not found to be a detrimental factor for readmission/death after adjusting for many of the case-mix variables, such as age, sex, pre-stroke disability, comorbidities, stroke subtype (dichotomized in lacunar vs. non-lacunar), and post-stroke disability (post-stroke mRS at hospital admission), as suggested by Davenport et al. (33).

Furthermore, these results may be attributable to patient selection and referral patterns and do not support stroke hospitalization eviction (4, 34). We agree, according to the best evidence (35), that as many acute stroke patients as possible should be hospitalized and treated within a stroke unit; nevertheless, our study questions the feasibility of a prompt stroke outpatient management for certain types of stroke, as it is elsewhere considered (4, 8, 9). In these cases, expedited access to a stroke specialized outpatient clinic should be warranted (4, 31).



Readmission Causes and Stroke-Related Readmissions

During the first year after stroke, infections, recurrent stroke, and cardiovascular events were the leading causes of readmission in both HospS and NHospS cohorts. Disability, age, sex, and vascular risk factors are recognized predictors of post-stroke infections (7, 36), yet, we did not find differences in the incidence of infections in both groups. Our proportion of readmissions due to cerebro-cardiovascular causes confirms that the vascular risk remains elevated in the long-term and that stroke may be a sentinel event that confers the longstanding risk of adverse outcomes, stressing the need for long-term risk reduction management strategies in both cohorts (37). Apart from the aforementioned readmission causes, our study found that other non-vascular diseases are also prevalent causes of stroke readmission. This information may help healthcare providers determine the risk of new diseases after a stroke that may lead to re-hospitalization (7).

Stroke-related readmission incidence, temporal pattern, and causes were similar in both cohorts, emphasizing the importance of stroke secondary prevention measures and the need for a better understanding of the causes and reasons that mediate this type of readmissions (38, 39).



Factors Associated With Readmission or Death

Several well-recognized and potentially preventable stroke risk factors, such as hypertension, diabetes, atrial fibrillation, and congestive heart failure, are associated with readmission/death and considered risk factors (25–27). This finding stresses the need for a careful follow-up and coordinated, well-structured multifaced interventions, such as those depicted in the STROKE-CARD care and INSPiRE-TMS studies, increasing the stroke patients' adherence to the recommended secondary stroke preventive measures (40, 41).

Our study's multivariable analyses consubstantiate that age, male sex, comorbidities (such as diabetes), and pre- and post-stroke worse functional status are risk factors for readmission (25–27). Identifying these explicit risk factors, which can also contribute to a patient's frailty and consequently increase the risk of death/institutionalization (42), may help implement targeted interventions to reduce readmissions/death at a population level.

In our study, lacunar strokes had a decreased risk of readmission/death, as found by others (7, 28, 43). Common risk factors between post-stroke readmission and death could explain these results (44). Furthermore, lacunar stroke may be related to fewer post-stroke complications, such as dysphagia or sphincter dysfunction, which are well-known risk factors for infections (28)—the more prevalent cause of readmission found.

Seeking medical attention within 24 h after a stroke improved the odds of not being readmitted/deceased within 1 year. Indeed, the most beneficial effect on a stroke patient's disability comes from early hospital arrival, highlighting the impact of stroke management during the acute phase, including the implementation of Stroke Code pathways and stroke units, where IS and ICH may equally benefit from early intervention by trained staff (23). This finding reinforces the importance of stroke awareness campaigns to educate the population on the recognition and surveillance of stroke warning signs and the importance of an early arrival to the hospital after a stroke (8, 45).




LIMITATIONS

This study has some limitations. Firstly, the data between 3 months and 1 year after stroke were collected retrospectively; however, we tried to temper this issue by acquiring information from medical records instead of only from administrative data. Secondly, the accuracy of our results may have been impaired by our definition of vascular risk factors; for instance, patients were considered non-smokers if no information about their smoking habits was known.

In a small subset of patients of the study at the Centro Hospitalar Universitário do Porto, the hospitalization decision may have been influenced by clinical staff knowing that including patients in the stroke incidence study would lead to fast assessment in the project specialized outpatient clinic. After the years 2009–2012, when our data were collected, significant changes were observed in clinical stroke guidelines, particularly endovascular stroke treatment, and our results do not account for that. Nonetheless, few reports address readmissions of all stroke subtypes in non-hospitalized patients, and to our knowledge, this is the first time that these data are described in Portugal.

We did not include data about hospitalization complications or, in both cohorts, information about stroke secondary prevention patterns of care (i.e., anticoagulation, antihypertensive, or lipid-lowering therapy), known factors of stroke quality of care (34) that may have contributed to some of the observed differences in both groups. Lastly, our proportion of readmission may have been underestimated by not collecting data directly from private hospitals, although this information was mostly posteriorly registered in the patient's NHS medical records to which we have had access.



CONCLUSION

We have found that one-third of stroke patients were not hospitalized, and the readmission/death rate was higher in the HospS patients. Still, the readmission/death incidence difference was likely due to other factors than hospitalization itself. Our stroke patients had had different clinical processes of care, but we have not encountered a different pattern of readmission causes in both cohorts, emphasizing the need for tailored individual interventions in stroke patients to prevent readmissions. Our results provide important information about patient-level characteristics and readmissions in HospS and NHospS patients, which may help implement targeted health-related policies to reduce the burden of stroke and its complications.
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