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Abstract

Background

Data are lacking on the risk and impact of a serious hemorrhage on the prognosis after

ischemic stroke (IS) or transient ischemic attack (TIA). We aimed to estimate the incidence

of serious hemorrhage, analyze the impact on mortality, and identify predictors of hemor-

rhage after discharge from IS or TIA.

Methods and findings

All patients admitted to Östersund Hospital for an IS or TIA in 2010–2013 were included

(n = 1528, mean age: 75.1 years). Serious hemorrhages were identified until 31st Decem-

ber 2015. Incidence rates were calculated. The impact on mortality (stratified by func-

tional level) was determined with Kaplan-Meier analysis. Non-parametric estimation

under the assumption of competing risk was performed to assess the cumulative inci-

dence and predictors of serious hemorrhages.

The incidence rates of serious (n = 113) and intracranial hemorrhages (n = 45) after dis-

charge from IS and TIA were 2.48% and 0.96% per year at risk, respectively. Patients with

modified Rankin Scale (mRS) scores of 3–5 exhibited 58.9% mortality during follow-up and

those with mRS scores of 0–2 exhibited 18.4% mortality. A serious hemorrhage did not

affect mortality in patients with impaired functional status, but it increased the risk of death in

patients with mRS scores of 0–2. Hypertension was associated with increased risk of seri-

ous hemorrhage.

Conclusions

We found that, after discharge from an IS or TIA, serious hemorrhages were fairly common.

Impairments in function were associated with high mortality, but serious hemorrhages only

increased the risk of mortality in patients with no or slight disability. Improved hypertension

treatment may decrease the risk of serious hemorrhage, but in patients with low functional

status, poor survival makes secondary prevention challenging.

PLOS ONE | https://doi.org/10.1371/journal.pone.0195324 April 5, 2018 1 / 13

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPENACCESS
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Introduction

An ischemic stroke (IS) or transient ischemic attack (TIA) is associated with increased risk of a

new ischemic stroke, death, and other cardiovascular events[1–3]. To decrease the risk of new

ischemic events, a majority of patients are discharged with antithrombotic treatment. The pre-

ventive effect of antithrombotic treatments has been shown in randomized controlled trials

(RCT) [4–10], but these treatments were also associated with the risk of serious hemorrhage, a

potentially devastating complication. The risk of serious hemorrhage in patients treated with

the anticoagulant (AC), warfarin, varied between 2–5% per year, and the risk in patients

treated with antiplatelets (AP) varied between 1–2% per year [8–16]. The risk of causing a seri-

ous hemorrhage must be considered when prescribing AC or AP after IS or TIA, but there is

limited knowledge of how common this potentially devastating complication is in clinical

practice. Only a few cases of hemorrhages have been reported in population-based cohort

studies [17–19]. Furthermore, the populations included in RCTs are often younger and have

less comorbidity than the average patient treated in a stroke unit. Because these factors might

affect the incidence of hemorrhage, uncertainty has arisen over currently estimated incidences

of hemorrhage in a general population of patients with strokes and TIAs. In a national-level

registry study from Sweden, with a mean age approximately 10 years older than the average

age reported in the RCTs, the incidences of post-stroke hemorrhage in patients treated with

AC and AP were 2.5% and 2.4% per year at risk, respectively[20]. In the same study, the risk of

hemorrhage in patients without any antithrombotic treatment was higher than in patients

treated with AC or AP. That finding suggested that the untreated group had a high prevalence

of other diseases and, perhaps, low functional status. It is known that low functional status

after a stroke predicts worse survival [21], but it is unknown how survival might be impacted

by a hemorrhage in relation to the level of functional status. Registry studies typically lack the

option of validating diagnoses. Therefore, data are needed from an unselected population, out-

side the RCTs, that offer the possibility of scrutinizing patient records and validating data. The

present study aimed: (1) to determine the incidence of validated serious hemorrhages and sur-

vival, after discharge, in an unselected cohort of patients that were hospitalized with IS and

TIA; (2) to determine the incidence of a serious hemorrhage in relation to the functional level

at discharge, and the impact on survival; and (3) to identify factors associated with increased

or decreased risk of hemorrhage.

Material and methods

Study design and setting

In this population-based cohort study, we included all patients in the registry of the Nurse-

based Age-independent Intervention to Limit Evolution of Disease (NAILED) stroke trial

[22]. The registry contained all patients admitted to Östersund Hospital with a stroke or TIA,

between January 1st, 2010 and December 31st, 2013. The hospital of Östersund is the only hos-

pital in the county of Jämtland, a geographically large, rural area in central Sweden with

approximately 125,000 inhabitants. With the exception of patients in terminal care, all patients

with strokes and TIAs in the county are referred to the hospital. During the screening phase of

the NAILED trial, hospital records of all patients that had undergone computed tomography

(CT) brain scans were reviewed daily to identify patients that were subsequently diagnosed

with an acute stroke or TIA. Mechanisms of serious hemorrhage can differ between the acute

phase and the more stable follow-up period after discharge (e.g. fibrinolytic treatment and

hemorrhagic transformation of an ischemic stroke increase the incidence of serious hemor-

rhage in-hospital. Also, the risk of gastrointestinal (GI) hemorrhage is higher during the acute
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phase). In the present study we focused on the risk of hemorrhage during long-term follow-up

after discharge. Out of 1607 identified patients, 72 died in hospital and 7 had a serious hemor-

rhage prior to discharge (of which none were fatal); those patients were excluded from this

study (see S1 and S2 Figs).

Data collection and outcomes

A serious hemorrhage was defined as a hemorrhage that required admission to the hospital. It

was classified as fatal when the patient died within 30 days. All hemorrhages were classified as

intracranial (ICrH), gastrointestinal (GI), or “others”. To identify serious hemorrhage events,

we searched the local database of discharge diagnoses to identify any contact with the hospital

due to a hemorrhage. The ICD-10 codes for hemorrhage (S1 Table) were included in the

search. An identified event was then validated against the patient records, and it was included

in the study when (1) an ICrH was diagnosed, (2) a hemorrhage was the main cause of admis-

sion, or (3) the hemorrhage required transfusion or surgery. When a patient had more than

one serious hemorrhage, only the first was included in this study.

Patients with IS or TIA were followed from the day of discharge from hospital to an event

considered a serious hemorrhage, a death, a move away from the county, or December 31st

2015, whichever occurred first.

Data regarding risk factors and medication were collected from the NAILED database. Dur-

ing the study period, AC treatment was synonymous with warfarin administration. AP treat-

ment was either clopidogrel, 75 mg once daily, acetylsalicylic acid (ASA), 75 mg once daily, or

a combination of ASA (75 mg once daily) and dipyridamol (200 mg twice daily). Diabetes mel-

litus included both type I and type II diabetes. A smoker was defined as an individual with a

current smoking habit or an individual that had ceased a smoking habit within the last 6

months. The patient’s functional level was categorized according to the modified Rankin Scale

(mRS), where 0 indicated no symptoms, and 5 indicated severe disability (mRS scale, see S2

Table). Functional levels were assessed during hospitalization for the index event. For analyses

according to functional level, the patients were divided into two groups: those with mRS scores

of 0–2 and those with mRS scores of 3–5. A mRS score of 0–2 indicated that the patient could

live independently, and a mRS score of 3–5 indicated significant disability which has previ-

ously been associated with poor survival [21].

Statistical methods

Incidence rates were calculated to describe the incidence of serious hemorrhages per year at

risk. We performed non-parametric estimation under the assumption of competing risk to

assess the cumulative incidence of serious hemorrhage after discharge and Gray’s test for

equality of cumulative incidence functions was used for group comparisons. The 30-day case

fatality rates were calculated stratified for subtype of hemorrhage. Moreover, we performed

Kaplan-Meier analyses to assess the survival after discharge, and the impact of a serious hem-

orrhage on survival, according to a high or low functional level, defined by the two mRS

groups. The log-rank test was used for group comparisons. Risk factors were estimated using

the method of Fine and Gray for competing risk. Possible risk factors for hemorrhage were

assessed in univariable Cox regression analyses, and variables with a p-value <0.10, age, and

sex were included in a multivariable model. We reduced the model stepwise by excluding the

least significant variable manually until only significant variables remained. Gender and age

were retained regardless of significance. The final multivariate analysis was based on complete

cases with no missing data. Results are presented as hazard ratios (HRs) with a 95% confidence
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interval (95% CI). P-values <0.05 were considered significant. Statistical analyses were per-

formed with IBM SPSS v.24 and SAS v.9.4

Ethics

This study was approved by the Regional Ethics Committee in Umeå, on October 28, 2009

(Dnr: 09-142M), with supplements on June 10, 2013 (Dnr: 2013-204-32M) and January 13,

2015 (Dnr: 2014-416-32M).

Results

A total of 1528 stroke and TIA patients was followed from discharge for a total observed per-

son-time of 1622454 days (4445 years), median observed time 1099 days (interquartile range

(IQR): 734–1556) Background data of the patients are shown in Tables 1 and S3. Study flow-

charts are shown in S1 and S2 Figs. During follow-up, 125 patients had at least one hospitaliza-

tion that included hemorrhage in the discharge diagnosis (of these, 27 had hemorrhage as a sec-

ondary diagnosis). Twelve patients, including two with hemorrhage as a primary diagnosis, did

Table 1. Characteristics of patients with ischemic stroke or transient ischemic attack.

Characteristics All Serious hemorrhage

n (%) n (%) No n (%) Yes

All patients, N 1528 1415 113

Female 681 (44.6) 636 (44.9) 45 (39.8)

Age, y (mean) 75.1 74.9 77.4

Smoker 191 (12.7) 179 (12.9) 12 (10.9)

GFR at index event, mL/min/1.73 m2 (mean) 74 74 66

Ischemic stroke as index event 1083 (70.9) 999 (70.6) 84 (74.3)

Diagnosis prior to IS or TIA

Hypertension 985 (64.5) 899 (63.5) 86 (76.1)

Myocardial Infarction 182 (11.9) 165 (11.7) 17 (15.0)

Heart Failure 123 (8.0) 111 (7.8) 12 (10.7)

Ischemic stroke 235 (15.4) 217 (15.4) 18 (15.9)

ICrH 39 (2.6) 35 (2.5) 4 (3.5)

GI hemorrhage 104 (6.8) 93 (6.6) 11 (9.7)

Diabetes at discharge 305 (20.0) 283 (20.0) 22 (19.5)

Atrial fibrillation 391 (25.6) 358 (25.3) 33 (29.2)

Treatment at discharge

Statins 951 (62.2) 887 (62.7) 64 (56.6)

Antihypertensives 1184 (77.5) 1090 (77.0) 94 (83.2)

Anticoagulants 244 (16.0) 224 (15.8) 20 (17.7)

Antiplatelets 1233 (80.7) 1144 (80.8) 89 (78.8)

CHA2DS2-Vasc at discharge (mean) 4.9 4.8 5.1

mRS at discharge (mean) 1.8 1.8 1.9

mRS 0–2 1002 (65.7) 928 (65.6) 74 (65.5)

mRS 3–5 526 (34.4) 487 (34.4) 39 (34.5)

Values represent numbers of patients, with percentage of patients in each group in parantheses, unless otherwise

indicated.

GFR indicates glomerular filtration rate; IS, ischemic stroke; TIA, transient ischemic attack; ICrH, intracranial

hemorrhage; GI, gastrointestinal and mRS, modified Rankin scale.

https://doi.org/10.1371/journal.pone.0195324.t001
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not meet our criteria of a serious hemorrhage. Thus, 113 (7.4%) patients had a serious hemor-

rhage, corresponding to an incidence rate of 2.48% (95% CI: 2.05–2.97) per year at risk. The

median time to the event was 535 days (IQR: 209–942). In the two functional groups, mRS 0–2

and mRS 3–5, the incidence rates of serious hemorrhage were 2.19% (95% CI: 1.74–2.74) and

3.30% (95% CI: 2.38–4.47) per year at risk, respectively. Cumulative incidences of hemorrhage

over the study period and incidence rates in different patient categories are given in Fig 1,

Tables 2 and 3. ICrH was the most common bleeding subtype (n = 45, 39.8%), followed by GI

hemorrhage (n = 41, 36.3%), and finally, others (n = 27, 23.9%, mostly urinary tract

hemorrhages).

Of the 113 serious hemorrhages, 18 (15.9%) were fatal within 30 days. Among the three

main hemorrhage subtypes, ICrHs were associated with the highest 30-day case fatality

(24.4%), but ICH (Intracerebral hemorrhage) alone was associated with a case fatality of 42.1%

within 30 days (S4 Table). Among patients with mRS 0–2, eleven had fatal hemorrhages and

eight were ICrHs. Among patients with mRS 3–5, seven had fatal hemorrhages; three were

ICrHs and three were GI hemorrhages.

A total of 494 (32.3%) participants died during follow-up, and of those, 205 (13.4%) died

within the first year after discharge (Fig 2). Among participants with a functional level corre-

sponding to mRS 0–2 at discharge, the mortality during follow-up was 18.4%, and the one-year

mortality was 4.2%. In the subgroup with mRS 3–5, mortality during follow-up was 58.9%, and

the one-year mortality was 31.0% (Fig 2). Among patients with mRS 0–2, a serious hemorrhage

during follow-up was associated with higher mortality, compared to no hemorrhage (37.8% vs.

16.8%, p<0.001). However, among patients with mRS 3–5, a serious hemorrhage did not

increase mortality, compared to no hemorrhage (53.8% vs. 59.3%, p = 0.319, Fig 2).

Fig 1. Cumulative incidence of serious hemorrhage five years after ischemic stroke and transient ischemic attack with 95% confidence interval. (A) All patients

n = 1528, serious hemorrhages, n = 111. Two patients had a serious hemorrhage after five years from discharge. (B) Patients stratified by functional status. mRS: modified

Rankin Scale.

https://doi.org/10.1371/journal.pone.0195324.g001
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In the multivariable Cox regression analysis, hypertension prior to the IS or TIA was associ-

ated with increased risk of hemorrhage (Table 4). Treatment with AC or AP at discharge was

not associated with increased risk of hemorrhage (see S5 Table for univariable and multivari-

able analysis without competing risk assumption).

Discussion

In this population-based cohort study, which included all patients with an IS or TIA diagnosis

that were discharged from Östersund Hospital in 2010–2013, the incidence rates of serious

hemorrhage and ICrH were 2.48% (95% CI: 2.05–2.97) and 0.96% (95% CI: 0.71–1.28) per

year at risk, respectively. Patients with impaired functional status (mRS 3–5) at discharge had

markedly higher mortality (58.9%) during follow-up compared to patients discharged with

mRS 0–2 (18.4%). A serious hemorrhage did not affect the prognosis in patients discharged

with mRS 3–5, but it increased the risk of death during follow-up in those with mRS 0–2. In

our population, a diagnosis of hypertension was associated with an increased risk of serious

hemorrhage.

The definition of a serious hemorrhage differs among studies [23–25], which complicates

comparisons. We defined major bleeding simply as any bleeding that required hospital admis-

sion, as in other studies [16, 20]. We included events that required blood transfusion or sur-

gery, even when the bleeding was not stated as the primary reason for admission.

Table 2. Incidence rates of different types of serious hemorrhage after hospitalization for ischemic stroke or transient ischemic attack in different patient groups.

Patient groups Total ICrH GI Others ICH

All patients 2.48 (113) 0.96 (45) 0.88 (41) 0.58 (27) 0.40 (19)

Patients with IS 2.72 (84) 1.07 (34) 0.94 (30) 0.63 (20) 0.50 (16)

Patients with TIA 1.98 (29) 0.74 (11) 0.74 (11)

Patients discharged with AC 2.74 (20) 1.20 (9) 1.07 (8)

Patients discharged with AP 2.37 (89) 0.93 (36) 0.78 (30)

Patients with mRS 0–2 2.19 (74) 0.93 (32) 0.66 (23)

Patients with mRS 3–5 3.31 (39) 1.06 (13) 1.48 (18)

Values represent the percentage (number of patients) of persons with serious hemorrhage per year at risk in each group.

ICrH indicates intracranial hemorrhage; GI, gastrointestinal and ICH intracerebral hemorrhage. ICrH includes ICH.

https://doi.org/10.1371/journal.pone.0195324.t002

Table 3. Cumulative incidence of different types of serious hemorrhage after hospitalization for ischemic stroke or transient ischemic attack.

Years Total ICrH GI Others

n incidence % (95%CI) n incidence % (95%CI) n incidence % (95%CI) n incidence % (95%CI)

1 47 3.08 (2.30–4.04) 13 0.85 (4.80–1.42) 17 1.11 (0.68–1.75) 17 1.11 (0.68–1.75)

2 71 4.66 (3.68–5.80) 25 1.64 (1.09–2.38) 26 1.71 (1.14–2.46) 20 1.31 (0.83–1.98)

3 96 6.56 (5.36–7.91) 38 2.62 (1.88–3.54) 34 2.32 (1.64–3.19) 24 1.62 (1.07–2.37)

4 106 7.64 (6.29–9.15) 42 3.07 (2.23–4.20) 39 2.85 (2.05–3.86) 25 1.72 (1.14–2.49)

5 111 8.50 (6.99–1.02) 45 3.59 (2.60–4.82) 40 3.02 (2.17–4.09) 26 1.89 (1.24–2.76)

Values represent number (n) and percentage of persons with serious hemorrhage in each group.

CI indicates Confidence Interval, ICrH intracranial hemorrhage and GI gastrointestinal.

https://doi.org/10.1371/journal.pone.0195324.t003
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Incidence

This study determined the incidence rates of serious hemorrhages among unselected patients

with previous stroke, both overall and in groups stratified by functional level. These data are

useful in clinical situations, when it is important to take into account the risk of hemorrhage.

The incidence rates of 2.48% per year at risk, for all serious hemorrhages, and 2.72% in

patients with IS were comparable to the incidence rate of 2.55% reported previously in an

observational study based on patients with IS from the Swedish stroke-registry, Riksstroke

[20]. In that study, the incidence rates for ICrH and GI hemorrhages were 0.89% and 1.18%

per year at risk, respectively. The mean duration of follow-up was 3.0 years in our study, com-

pared to 2.0 years in the Riksstroke study. As shown in Table 2, the cumulative incidence of GI

and other hemorrhages (mostly urinary tract hemorrhages) was highest in the first post-stroke

Fig 2. Cumulative survival five years after discharge from hospitalization for ischemic stroke or transient ischemic attack. (A) All patients (n = 1528, of which 485

died). (B) Patients stratified by functional level at discharge (p<0.001). (C) Patients with mRS 0–2 at discharge, with or without a serious hemorrhage during follow up

(p<0.001). (D) Patients with mRS 3–5 at discharge, with or without a serious hemorrhage during follow up (p = 0.319); mRS: modified Rankin Scale.

https://doi.org/10.1371/journal.pone.0195324.g002
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year, but the incidence of ICrH increased similarly each year. This result might explain the

higher proportion of GI hemorrhages (46.8% vs. 36.2%) found in the registry study. Another

study based on Riksstroke data included patients with a recent IS, and it focused on ICrH inci-

dence [26]. Traumatic ICrH was not included in that study, but the incidence of ICH was

0.59% per year at risk, which was comparable to the incidence rate of 0.50% found in the pres-

ent study.

In RCTs, the incidence of serious hemorrhage was reported to be higher in patients

treated with AC than in patients treated with AP. Pooled data from 13 RCTs showed inci-

dence rates of 2.5% and 1.0% per year at risk [16], respectively, which indicated that AP was

associated with lower risk than AC. However, in both the present study and the Riksstroke

study [20], the risk of hemorrhage differed only slightly between groups given these treat-

ments, which suggested that AC and AP were associated with a similar risk of hemorrhage

in unselected populations. Thus, we found incidence rates of 2.74% (95% CI: 1.72–4.16) and

2.37% (95% CI: 1.92–2.90) per year at risk in patients discharged with AC and AP. The dis-

crepancy between our study and the RCTs might be explained by age differences. The

patients in the RCTs had mean ages between 59 and 70 years, and the patients in our study

had a mean age of 75 years. Some RCTs [5, 27, 28] as well as a population based cohort

study [29] have found that increasing age was associated with a higher risk of AP-associated

hemorrhage. This factor might at least partly explain the higher incidence rate found in our

unselected population compared to that reported in RCTs.

We also found that the incidence of serious hemorrhage was higher among patients with

mRS 3–5 than those with mRS 0–2 (Table 3). In the Cox regression analysis, impaired func-

tional status was not independently associated with an increased risk of serious hemorrhage,

but patients with mRS 3–5 were typically older and had more comorbidity than patients with

mRS 0–2, which might explain the increased risk.

The effect of a serious hemorrhage on survival

During follow up, 32.3% of the patients died. A previous study showed that the prognosis

depended on functional status at 3 months [21]. In the present study, the assessment of func-

tional level was based on status at discharge; therefore, some patients could have improved

during the first months. Despite this limitation, our study showed that the status at discharge

predicted survival. We observed a vast difference in survival between patients discharged with

good function (mRS 0–2, 4.2% mortality) and those with impaired function (mRS 3–5, 31.0%

mortality; Fig 2).

After a serious hemorrhage, the 30-day case fatality was 15.9% overall, and it was 24.4% in

patients with an ICrH (S4 Table). In patients with mRS 0–2, most fatal hemorrhages (n = 8/11)

were ICrHs, whereas, in patients with mRS 3–5, ICrH (n = 3/7) and GI hemorrhages (n = 3/7)

were equally common. Although these subgroups are represented by very few cases, this

Table 4. Multivariable cox regression analysis (final model) indicates predictors of the risk of serious hemorrhage,

after ischemic stroke or transient ischemic attack (n = 1528).

Risk factors HR (95% CI) P-value

Age�75 years 1.30 (0.85–1.99) 0.220

Women 0.75 (0.52–1.09) 0.127

Prior Hypertension 1.72 (1.10–2.68) 0.017

Statin at discharge 0.81 (0.55–1.20) 0.300

HR indicates hazard ratio and CI confidence interval.

https://doi.org/10.1371/journal.pone.0195324.t004
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indicates that ICrH was the most common fatal hemorrhage, but also that a fatal GI hemor-

rhage was more common in patients with impaired function. Although patients with good

functional status showed a low all-cause mortality (4.2%) during the first year of follow-up, we

found that a serious hemorrhage decreased survival during the long-term follow-up. However,

among patients with impaired function (mRS 3–5), a serious hemorrhage did not worsen sur-

vival, probably due to the high mortality rate, irrespective of hemorrhage (Fig 2). It is unclear

whether secondary preventive treatments might improve survival in a group of patients at high

risk of mortality. On the other hand, we do not know whether the mortality rate might have

been even higher without current secondary prevention or whether preventive treatments

might have improved other aspects of well-being.

Factors associated with increased risk of serious hemorrhage

In the multivariable Cox regression analysis, hypertension prior to the IS or TIA event was

associated with an increased risk of serious hemorrhage. Prolonged hypertension affects the

blood vessels, and it is a known risk factor for vascular disease, such as myocardial infarction

and any type of stroke, including ICH. We studied an unselected, aged population; in this

cohort, a high proportion of participants had had previous myocardial infarctions and/or

strokes, and many had hypertension. An accumulation of risk factors, such as hypertension,

has been associated with increased risk of hemorrhage [5, 30], and we found that an increased

CHA2DS2-VASc score was associated with an increased risk of serious hemorrhage in the uni-

variable Cox regression analysis (S5 Table). However, due to multicollinearity, the

CHA2DS2-VASc score was not included in the multivariable model.

Statin treatment was not associated with an increased risk of serious hemorrhage (no asso-

ciation in competing risk model HR 0.81 (95% CI: 0.55–1.20, reduced risk without competing

risk assumption HR 0.63 (95% CI: 0.43–0.93), see S5 Table). It is controversial whether statin

therapy affects the risk of hemorrhage. Patients with recent IS or TIA showed a significant

increase in the ICH occurrence in the statin trial, Stroke Prevention by Aggressive Reduction

in Cholesterol Levels (SPARCL), [31] but the occurrence was insignificantly increased in the

Heart Protection Study (HPS) [32]. In a previous large registry based study, there was no asso-

ciation between statin treatment and ICrH [33]. A few studies have examined the relationship

between statins and the risk of GI hemorrhage, but the results were inconclusive [34–37]. Con-

sequently, there is no clear association between statin treatment and serious hemorrhages

among unselected stroke/TIA populations.

In the present study, we found that statins were given more often to relatively younger

patients (<75 vs.� 75 years) and patients with relatively higher functional levels (mRS 0–2 vs.

mRS 3–5). However, we found no interaction between statins and mRS or between statins and

age that affected the risk of serious hemorrhage.

We found that treatment with AP or AC at discharge was not independently associated

with increased risk of hemorrhage, consistent with a previous study [20]. That finding could

be related to either good clinical management or to the fact that patients discharged without

treatment were the oldest and sometimes had complex comorbidities, which might have con-

founded the analyses.

Strengths and limitations

This study included an unselected population. The cohort consisted of all patients in the target

group discharged from Östersund Hospital during the study inclusion period. Our estimated

risk of a serious hemorrhage after IS or TIA was based on a patient group with many older sub-

jects. Older patients often have extensive co-morbidities, which is considerably different from
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patients included in clinical trials. However, this patient group reflected the characteristics of

most patients in stroke units and according to the Swedish stroke quality register Riksstroke,

the stroke care in Östersund was comparable to the rest of Sweden regarding age, diagnoses

and secondary preventive treatment [38]. Thus, this feature of the study entailed good external

validity. At the same time, unselected populations often contain subgroups with markedly dif-

ferent prognoses, as illustrated by the different functional groups in the present study. Sub-

group characteristics must be considered before the results can be generalized. Unlike registry

studies, we could verify outcomes against the medical records, which increased the internal

validity of our study.

The study population was sufficiently large for estimating incidence rates and cumulative

incidences. However, with 1528 patients and 113 serious hemorrhages, the Cox regression pre-

dictor analysis could only be exploratory. Consequently, although we could not confirm or dis-

miss any of the possible risk factors, we could explore whether any potential risk factor

deviated in an unexpected direction.

This study was based on an observational cohort design. There is always the risk that con-

founders might not be taken into account, because they were not recorded as variables in the

database. Furthermore, no conclusions concerning causality could be drawn.

Conclusions

Among patients discharged after hospitalization for IS or TIA, the incidences of serious hem-

orrhage and ICrH were approximately 2.5% and 1.0% per year at risk, respectively. The 30-day

case fatality was highest after an ICrH, mostly due to deaths caused by ICH. There was a vast

difference in mortality between patients with different functional levels at discharge. A serious

hemorrhage was associated with increased mortality in patients with high functional levels,

but it did not increase the already high mortality during follow-up among patients with low

functional status. A diagnosis of hypertension prior to the IS/TIA was associated with an

increased risk of serious hemorrhage.
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Writing – review & editing: Anna-Lotta Irewall, Thomas Mooe.

References
1. Feng W HR, Adams RJ. Risk of recurrent stroke, myocardial infarction, or death in hospitalized stroke

patients. Neurology. 2010; 74: 588–593 https://doi.org/10.1212/WNL.0b013e3181cff776 PMID:

20157161

2. Mohan KM WC, Rudd AG, Heuschmann PU, Kolominsky-Rabas PL, Grieve AP. Risk and cumulative

risk of stroke recurrence: A systematic review and meta-analysis. Stroke. 2011; 42: 1489–1494 https://

doi.org/10.1161/STROKEAHA.110.602615 PMID: 21454819

3. van Wijk I KL, van Gijn J, Koudstaal PJ, Franke CL, Vermeulen M, Gorter JW, et al. Long-term survival

and vascular event risk after transient ischaemic attack or minor ischaemic stroke: A cohort study. Lan-

cet. 2005; 365: 2098–2104 https://doi.org/10.1016/S0140-6736(05)66734-7 PMID: 15964446

4. Saxena R KP. Anticoagulants versus antiplatelet therapy for preventing stroke in patients with nonrheu-

matic atrial fibrillation and a history of stroke or transient ischemic attack. Cochrane Database of Sys-

tematic Reviews. Rev 2004:CD000187

5. Baigent C BL, Collins R, Emberson J, Godwin J, Peto R, Buring J, et al. Aspirin in the primary and sec-

ondary prevention of vascular disease: Collaborative meta-analysis of individual participant data from

randomised trials. Lancet. 2009; 373: 1849–1860 https://doi.org/10.1016/S0140-6736(09)60503-1

PMID: 19482214

6. De Schryver EL AA, Kappelle LJ, van Gijn J, Koudstaal PJ. Vitamin k antagonists versus antiplatelet

therapy after transient ischaemic attack or minor ischaemic stroke of presumed arterial origin. Cochrane

Database of Systematic Reviews. Rev 2012:CD001342

7. Hankey GJ, Eikelboom JW. Antithrombotic drugs for patients with ischaemic stroke and transient

ischaemic attack to prevent recurrent major vascular events. The Lancet. Neurology. 2010; 9: 273–284

https://doi.org/10.1016/S1474-4422(10)70038-7 PMID: 20170841

8. Hankey GJ PM, Stevens SR, Becker RC, Breithardt G, Carolei A, Diener HC, et al. Rivaroxaban com-

pared with warfarin in patients with atrial fibrillation and previous stroke or transient ischaemic attack: A

subgroup analysis of rocket af. Lancet neurology. 2012; 11: 315–322 https://doi.org/10.1016/S1474-

4422(12)70042-X PMID: 22402056

9. Easton JD LR, Bahit MC, Wojdyla DM, Granger CB, Wallentin L, Alings M, et al. Apixaban compared

with warfarin in patients with atrial fibrillation and previous stroke or transient ischaemic attack: A sub-

group analysis of the aristotle trial. Lancet neurology. 2012; 11: 503–511 https://doi.org/10.1016/

S1474-4422(12)70092-3 PMID: 22572202

10. Diener HC CS, Ezekowitz MD, Wallentin L, Reilly PA, Yang S, Xavier D, et al. Dabigatran compared

with warfarin in patients with atrial fibrillation and previous transient ischaemic attack or stroke: A sub-

group analysis of the re-ly trial. Lancet neurology. 2010; 9: 1157–1163 https://doi.org/10.1016/S1474-

4422(10)70274-X PMID: 21059484

11. Chimowitz MI, Lynn MJ, Howlett-Smith H, Stern BJ, Hertzberg VS, Frankel MR, et al. Comparison of

warfarin and aspirin for symptomatic intracranial arterial stenosis. The New England journal of medicine.

2005; 352: 1305–1316 https://doi.org/10.1056/NEJMoa043033 PMID: 15800226

12. Group EAFTS. Secondary prevention in non-rheumatic atrial fibrillation after transient ischaemic attack

or minor stroke. Eaft. Lancet. 1993; 342: 1255–1262 PMID: 7901582

Serious hemorrhages after ischemic stroke or TIA

PLOS ONE | https://doi.org/10.1371/journal.pone.0195324 April 5, 2018 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0195324.s007
https://doi.org/10.1212/WNL.0b013e3181cff776
http://www.ncbi.nlm.nih.gov/pubmed/20157161
https://doi.org/10.1161/STROKEAHA.110.602615
https://doi.org/10.1161/STROKEAHA.110.602615
http://www.ncbi.nlm.nih.gov/pubmed/21454819
https://doi.org/10.1016/S0140-6736(05)66734-7
http://www.ncbi.nlm.nih.gov/pubmed/15964446
https://doi.org/10.1016/S0140-6736(09)60503-1
http://www.ncbi.nlm.nih.gov/pubmed/19482214
https://doi.org/10.1016/S1474-4422(10)70038-7
http://www.ncbi.nlm.nih.gov/pubmed/20170841
https://doi.org/10.1016/S1474-4422(12)70042-X
https://doi.org/10.1016/S1474-4422(12)70042-X
http://www.ncbi.nlm.nih.gov/pubmed/22402056
https://doi.org/10.1016/S1474-4422(12)70092-3
https://doi.org/10.1016/S1474-4422(12)70092-3
http://www.ncbi.nlm.nih.gov/pubmed/22572202
https://doi.org/10.1016/S1474-4422(10)70274-X
https://doi.org/10.1016/S1474-4422(10)70274-X
http://www.ncbi.nlm.nih.gov/pubmed/21059484
https://doi.org/10.1056/NEJMoa043033
http://www.ncbi.nlm.nih.gov/pubmed/15800226
http://www.ncbi.nlm.nih.gov/pubmed/7901582
https://doi.org/10.1371/journal.pone.0195324


13. Halkes PH, van Gijn J, Kappelle LJ, Koudstaal PJ, Algra A. Medium intensity oral anticoagulants versus

aspirin after cerebral ischaemia of arterial origin (esprit): A randomised controlled trial. The Lancet. Neu-

rology. 2007; 6: 115–124 https://doi.org/10.1016/S1474-4422(06)70685-8 PMID: 17239798

14. Mohr JP, Thompson JL, Lazar RM, Levin B, Sacco RL, Furie KL, et al. A comparison of warfarin and

aspirin for the prevention of recurrent ischemic stroke. The New England journal of medicine. 2001;

345: 1444–1451 https://doi.org/10.1056/NEJMoa011258 PMID: 11794192

15. SPS3 Investigators BO, Hart RG, McClure LA, Szychowski JM, Coffey CS, Pearce LA. Effects of clopi-

dogrel added to aspirin in patients with recent lacunar stroke. New England Journal of Medicine. 2012;

367: 817–825 https://doi.org/10.1056/NEJMoa1204133 PMID: 22931315

16. Usman MH, Notaro LA, Nagarakanti R, Brahin E, Dessain S, Gracely E, et al. Combination antiplatelet

therapy for secondary stroke prevention: Enhanced efficacy or double trouble? The American journal of

cardiology. 2009; 103: 1107–1112 https://doi.org/10.1016/j.amjcard.2009.01.003 PMID: 19361598

17. Petty GW BRJ, Whisnant JP, Sicks JD, O’Fallon WM, Wiebers DO. Frequency of major complications

of aspirin, warfarin, and intravenous heparin for secondary stroke prevention. A population-based

study. Annals of internal medicine. 1999; 130: 14–22 PMID: 9890845

18. Evans A PI, Yu G, Kalra L. Secondary stroke prevention in atrial fibrillation: Lessons from clinical prac-

tice. Stroke. 2000; 31: 2106–2111 PMID: 10978038

19. Chimowitz MI, Kokkinos J, Strong J, Brown MB, Levine SR, Silliman S, et al. The warfarin-aspirin symp-

tomatic intracranial disease study. Neurology. 1995; 45: 1488–1493 PMID: 7644046
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