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Background and purpose: Intracerebral hemorrhage (ICH) can occur in patients fol-

lowing acute ischaemic stroke in the form of hemorrhagic transformation, and

results in significant long-term morbidity and mortality. Anticoagulation theoreti-

cally increases risk. We evaluated stroke patients with an indication for anticoagula-

tion to determine the factors associated with hemorrhagic transformation.

Methods: Three-hundred and forty-five patients with ICD-9 codes indicating: (i)

acute ischaemic stroke; and (ii) an indication for anticoagulation were screened.

One-hundred and twenty-three met inclusion criteria. Data were collected retrospec-

tively. Neuroimaging was reviewed for infarct volume and evidence of ICH. Hemor-

rhages were classified as: hemorrhagic conversion (petechiae) versus intracerebral

hematoma (a space occupying lesion); symptomatic versus asymptomatic. Using

multivariable logistic regression, we determined the hypothesized factors associated

with intracerebral bleeding.

Results: Age [odds ratio (OR) = 1.50 per 10-year increment, 95% confidence inter-

val (CI) 1.07–2.08], infarct volume (OR = 1.10 per 10 ccs, 95% CI 1.06–1.18) and

worsening category of renal impairment by estimated glomerular filtration rate

(eGFR; OR = 1.95, 95% CI 1.04–3.66) were predictors of hemorrhagic transforma-

tion. Ninety- nine out of 123 patients were anticoagulated. Hemorrhage rates of

patients on and off anticoagulation did not differ (25.3% vs. 20.8%; P = 0.79); how-

ever, all intracerebral hematomas (n = 7) and symptomatic bleeds (n = 8) occurred in

the anticoagulated group.

Conclusions: The risk of hemorrhagic transformation in patients with acute ischae-

mic stroke and an indication for anticoagulation is multifactorial, and most closely

associated with an individual’s age, infarct volume and eGFR.

Introduction

Patients with acute ischaemic stroke frequently have

an indication for anticoagulation. The indication

may be related to the etiology of the stroke itself

(e.g. atrial fibrillation), or independent, as in the case

of a deep vein thrombosis (DVT). Anticoagulants

theoretically increase the risk of hemorrhagic trans-

formation of ischaemic infarct [1], which is highest in

the days immediately following the event [2–4]. Stud-
ies on secondary stroke prevention have included

analyses of intracerebral hemorrhage (ICH) rates

[1,5–11]; however, there are little data regarding the

risk of hemorrhage in patients who have had a

stroke and require acute anticoagulation for other

indications.

This retrospective analysis was designed to identify

the factors that predict increased risk of hemorrhagic

transformation in patients with acute ischaemic stroke

and any indication for anticoagulation.

Design and methods

Subjects

This study was approved by the Johns Hopkins Uni-

versity School of Medicine Institutional Review

Board. A retrospective chart review was performed.

Informed consent was not required. Adults (18 years

and older) presenting to the Johns Hopkins Hospital

or Bayview Medical Center with: (i) an acute ischae-

mic stroke on head computed tomography (CT) or
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diffusion-weighted magnetic resonance imaging

(MRI); and (ii) a condition potentially requiring treat-

ment with anticoagulation, were included in the analy-

sis. Patients were identified by ICD-9 codes. Charts

were reviewed to confirm eligibility. Indications for

anticoagulation were determined by the clinical team

caring for the patient, and included: atrial fibrillation;

cervical arterial dissection; basilar artery thrombosis;

depressed ejection fraction (< 35%); mechanical

aortic/mitral valve; myocardial infarction; apical

thrombus; DVT; pulmonary embolus; high-risk

intracerebral/extracranial large-vessel stenosis; and

hypercoaguable state (e.g. antiphospholipid antibody

syndrome, malignancy).

Three-hundred and forty-five patients were identi-

fied by ICD-9 codes. Their electronic patient record,

bedside paper chart and neuroimaging (head CTs and

MRIs) were reviewed. Data were collected regarding

patient demographics, medical profile and stroke char-

acteristics (Table 1).

Anticoagulation

A patient was defined as ‘anticoagulated’ if they

received: warfarin, unfractionated, or low-molecular-

weight heparin during their hospital stay. In patients

who had hemorrhagic transformation of their stroke,

it was recorded whether bleeding occurred before or

after the initiation of treatment. In more than two-

thirds of anticoagulated patients, infusion of heparin

(using our institution’s low-goal unfractionated hepa-

rin nomogram; activated partial thromboplastin time

ratio (aPTTr) goal 1.5–2.0, no bolus) was used as a

bridge to a therapeutic international normalized ratio

(INR; INR goal 2.0–3.0) on warfarin therapy. INR

and aPTTr values were recorded, as well as the num-

ber of days a patient was supratherapeutic. Non-

anticoagulated patients were typically treated with an

antiplatelet agent and received subcutaneous heparin

for DVT prophylaxis. This was not considered anti-

coagulation. Decisions regarding anticoagulant and

antiplatelet use were made by the primary clinical team.

Table 1 Patient characteristics: univariate analyses

Total (n = 123) Hemorrhage (n = 30) No hemorrhage (n = 93) P-value*

Age [years (SD)] 63 (17) 67 (16) 62 (18) 0.19

Gender [N (% female)] 66 (54%) 18 (60%) 48 (52%) 0.53

Race [N (% African-American)] 54 (44%) 16 (53%) 38 (41%) 0.29

Stroke type [N (% embolic)]

Watershed N = 8

Large-vessel stenosis N = 6

Lacunar N = 1

Septic embolization N = 2

Dissection N = 18

Vasculitis N = 1

Other N = 22

65 (53%) 16 (53%) 49 (53%) 1.00

NIHSS [mean (SD)] 9 (7) 11 (6) 8 (7) 0.033

Antiplatelet agent on admission [N (%)] 43 (35%) 13 (45%) 30 (32%) 0.28

Anticoagulation on admission [N (% coumadin)] 20 (16%) 6 (20%) 14 (15%) 0.57

Low-density lipoprotein [mean mg/dl (SD)] 86 (39) 79 (42) 88 (38) 0.29

Renal failure [N (% eGFR < 60 ml/min/1.73 m2)] 42 (34%) 15 (50%) 27 (29%) 0.046

eGFR [mean (SD)] 50.5 (16) 45.1 (19) 52.0 (15) 0.035

Diabetes [N (%)] 37 (30%) 10 (33%) 27 (29%) 0.65

Peak systolic blood pressure [mean mmHg (SD)] 176 (29) 179 (28) 175 (30) 0.53

Peak diastolic blood pressure [mean mmHg (SD)] 98 (16) 97 (13) 98 (17) 0.74

Days systolic blood pressure > 180 mmHg [mean days (SD)] 2 (4) 2 (3) 2 (4) 0.89

Indication for anticoagulation [N (% afib)] 46 (37%) 14 (47%) 32 (34%) 0.28

Anticoagulated [N (%)] 99 (80%) 25 (83%) 74 (80%) 0.79

Days from stroke to initiation of anticoagulation

[mean days (SD)]

8 (12) 8 (7) 8 (13) 0.93

Peak INR [mean (SD)] 2.5 (2.0) 2.3 (1.8) 2.5 (2.0) 0.61

Peak aPTTr [mean (SD)] 3.1 (2.4) 2.8 (1.8) 3.2 (2.6) 0.46

Days supratherapeutic [mean days (SD)] 2 (4) 2 (3) 2 (4) 0.53

GRE positive [N/80 (%)] 48 (61%) 10 (71%) 38 (58%) 0.55

Other bleeding [N (%)] 9 (7%) 4 (13%) 5 (5%) 0.22

tPA [N (%)] 18 (15%) 8 (27%) 10 (11%) 0.41

*P-values evaluate differences between hemorrhage and no hemorrhage patients. eGFR, estimated glomerular filtration rate; GRE, gradient

echo; INR, international normalized ratio; NIHSS, National Institutes of Health Stroke Scale; aPTTr, activated partial thromboplastin time

ratio; tPA, tissue plasminogen activator.
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Imaging

All neuroimaging was reviewed by one investigator

(E.B.M.). A subset of images was reviewed by a sec-

ond investigator (R.H.L.), and a kappa statistic was

calculated to assess inter-rater agreement of hemor-

rhage grading. Inter-rater reliability for classification

of hemorrhages on neuroimaging was high (к = 0.76).

Images were reviewed independently from the clinical

record to ensure that the reviewers remained blinded

to the neurological condition of the patient. Greater

than 90% of the MRIs were performed within 24–72
h of admission. Regions of restricted diffusion on dif-

fusion-weighted MRI with corresponding ADC hy-

pointensity were identified as areas of acute ischaemia.

Stroke volumes were calculated using the equation:

(length 9 width 9 thickness 9 number of slices)/2.

This is a validated method [12], and was chosen over

standard volumetric analysis given its ease of calcula-

tion and generalizability in clinical practice. For

patients with more than one lesion that restricted dif-

fusion, both the total volume of ischaemia and the

volume of the largest lesion were recorded. T1-, T2-

weighted and gradient echo (GRE) images were also

reviewed, and the number and location of micro- and

macrohemorrhages noted, if applicable.

The majority of patients underwent MRI. Twenty-

eight had only non-contrast head CTs. On CT, areas

of acute stroke were defined as acute/subacute appear-

ing hypodensities in regions corresponding to the

acute neurological symptoms. The volume of hypo-

density was measured using the same equation as was

used for MRI, with the understanding that indefinite

borders make estimation of infarct size on CT less

accurate.

Defining hemorrhage

All brain imaging throughout the course of a patient’s

hospitalization was reviewed for ICH. The majority of

acute hemorrhages were noted on non-contrast head

CT; however, T1-, T2-weighted and GRE MRI alone

was used in a minority of cases [13]. Hemorrhages

were classified as: hemorrhagic conversion (petechiae

within the area of ischaemia) versus intracerebral

hematoma (a space-occupying lesion) (Fig. 1). Symp-

tomatic hemorrhage was defined as subjective clinical

worsening with blood on subsequent head imaging.

Whether a patient was symptomatic and received

imaging was determined by the primary neurology

team caring for the patient. A subset of patients devel-

oped significant edema as a result of large infarcts

and had associated petechial hemorrhage. This clinical

scenario was classified as asymptomatic, as the clinical

worsening was felt to be secondary to edema and not

hemorrhagic transformation. Unless otherwise speci-

fied, the use of hemorrhage throughout the rest of this

paper refers to the combination of symptomatic and

asymptomatic hemorrhages.

Statistical analysis of variables of interest

Univariate analysis was performed using Student’s

paired t-tests (for continuous variables) and Fisher’s

exact tests (for categorical variables) for each of the

predictors of interest. The following variables were

included in the analysis (Table 1): basic demographic

information (age, race and gender); information per-

taining to stroke size and severity [Trial of ORG

10172 in Acute Stroke Treatment (TOAST) classifica-

tion, National Institutes of Health Stroke Scale (NI-

HSS) score and infarct volume (both total volume

and largest lesion size)]; information on medication/

anticoagulation status (admission antiplatelet/antico-

agulation use, anticoagulation status while hospital-

ized, indication for anticoagulation, days post-stroke

to therapeutic anticoagulation, and peak INR and

aPTTr values); and other medical factors (low-density

lipoprotein, renal function, diabetic status, and peak

systolic and diastolic blood pressures). Renal function

was defined by both linear estimated glomerular filtra-

tion rate [eGFR; calculated based on admission creati-

nine using the Modification of Diet in Renal Disease

(MDRD) equation [14]] and category of impairment:

normal (eGFR � 60 ml/min/1.73 m2); mild (eGFR 30–
59 ml/min/1.73 m2); and moderate (eGFR < 30 ml/

min/1.73 m2).

Subsequent multivariable modeling included the

presence of ICH as the dependent variable in stepwise

logistic regression. Covariates that were significant in

univariate analysis or thought likely to be clinically

relevant (either as primary predictors or confounders)

were evaluated in this multivariable regression.

Figure 1 Hemorrhagic conversion: petechiae within the area of

infarction. Intracerebral hematoma: a space-occupying lesion.
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Survival analysis with Kaplan–Meier curves and a

Cox proportional hazards analysis were also per-

formed, using hemorrhage-free survival as the out-

come. Time was calculated as time to hemorrhage,

among those who bled, or time to last-seen-normal,

for those who did not. All patients were followed

through discharge. Patient records following discharge

were reviewed for both follow-up appointments and

readmission to Johns Hopkins Hospital or Bayview

Medical Center.

As a secondary analysis, data were collected on

bleeding from other sites (catheter-related, pulmonary

hemorrhage, epistaxis, gastrointestinal bleed). The

presence of bleeding elsewhere (defined as ‘other

bleeding’, either alone or in combination with intrace-

rebral bleeding), was evaluated as an outcome of

interest.

Results

Final included cohort

Three-hundred and forty-five patients were identified

by their ICD-9 codes as potential subjects. Patients

were excluded from further analysis if: they had no

stroke (e.g. arterial stenosis/occlusion without infarc-

tion on baseline imaging; n = 86); had no need for anti-

coagulation (n = 20); were duplicates (n = 79); were

under the age of 18 years (n = 9); or had no available

neuroimaging for review (n = 20). An additional eight

patients presented with primary ICH and were there-

fore excluded, leaving 123 patients for further analysis.

Ninety-nine (80%) of the patients were anticoagu-

lated. Over two-thirds of the remaining unanticoagu-

lated patients were placed on an antiplatelet agent.

The most common indications for anticoagulation in

the total cohort were atrial fibrillation (37.4%), DVT

(28.5%), presence of a hypercoagulable state (19.5%)

and pulmonary embolism (17.1%). Although antico-

agulation was not associated with a higher risk of

ICH (25.3% vs. 20.8%; P = 0.79), all of the intracere-

bral hematomas (n = 7) and symptomatic bleeds (n =
8) occurred in the anticoagulated group. The average

number of days after stroke that a patient was started

on anticoagulation varied by indication (e.g. cervical

dissection: 3 days; atrial fibrillation: 6 days; DVT: 10

days). The average time to hemorrhage was 25.5 days

after stroke (median 4.5 days) and 4.6 days after initi-

ation of anticoagulation (median 0 days). Those who

bled prior to initiation of anticoagulation (but after

the initial presenting stroke; n = 10) were included in

the analysis; however, the analysis was run with and

without this group, and it did not significantly change

the results.

Univariate analysis for variables of interest

Results for all variables of interest are outlined in

Table 1. In univariate analyses, both total infarct size

[odds ratio (OR) 1.10 per 10 ccs, 95% confidence

interval (CI) 1.04–1.16] and largest lesion volume (OR

1.12 per 10 ccs, 95% CI 1.06–1.18) were associated

with higher risk of hemorrhage. eGFR was inversely

related to the rate of ICH (OR 0.98 per 1 ml/min/

1.73 m2 increase in eGFR; 95% CI 0.95–0.99). Of

note, 18 patients were administered i.v. tissue plasmin-

ogen activator (tPA). Eight (44%) had some degree of

hemorrhagic transformation, but 66% of the patients

with renal failure had ICH.

Multivariable model

Infarct volume and renal function were entered into

the multivariable model, along with age, gender, race,

anticoagulation status and GRE positivity on MRI.

Stepwise logistic regression was performed. Age (OR

1.50 per 10 years, 95% CI 1.07–2.08), total infarct vol-
ume (OR 1.10 per 10 ccs, 95% CI 1.06–1.18) and

eGFR (both linear OR 1.03 per 1 ml/min/1.73 m2

improvement, 95% CI 1.01–1.06; and worsening

eGFR category OR 1.95, 95% CI 1.04–3.66) remained

statistically significant predictors of ICH. In models

adjusted for age and infarct volume, those with mild

renal impairment (eGFR 30–59 ml/min/1.73 m2) were

2.23 times more likely to bleed, and those with moder-

ate renal impairment (eGFR < 30 ml/min/1.73 m2)

3.59 times more likely than patients with normal renal

function (P-trend = 0.11). NIHSS score was also a sta-

tistically significant predictor of ICH, independent of

age or eGFR (OR 1.08, 95% CI 1.02–1.15), but was

no longer statistically significant when controlling for

infarct volume (although volume remained significant

even with NIHSS in the model).

When a survival analysis was performed, the same

variables: age [hazard ratio (HR) 1.42 per 10 years,

95% CI 1.10–1.85], total infarct volume (HR 1.06 per

10 ccs, 95% CI 1.04–1.08) and eGFR (both linear HR

1.03 per 1 ml/min/1.73 m2 improvement, 95% CI 1.01–
1.05; and worsening eGFR category HR 1.85, 95% CI

1.16–2.96) predicted higher hazard of ICH over time.

Other clinically significant bleeding

Nine patients had clinically significant ‘other bleed-

ing’; four of whom also had intracerebral bleeding.

All four had an eGFR of � 30 ml/min/1.73 m2. The

eGFR category was a strong predictor of other bleed-

ing. Patients were 1.9 times more likely to have either

intracerebral or other bleeding (P = 0.028), and 6.4
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times more likely to have both (P = 0.023) per worsen-

ing category.

Discussion

Following acute stroke, there is breakdown of the

blood–brain barrier resulting in friable intracranial

vasculature. This breakdown theoretically increases

the risk of intracerebral bleeding, specifically into the

area of ischaemia. Unfortunately, little data exist to

suggest how long this friability lasts or what other

factors may contribute.

Our study suggests that age, infarct volume and

even mild degrees of renal impairment are associated

with increased risk for hemorrhagic transformation of

acute ischaemic stroke. The association with age is

consistent with previous studies showing that individ-

uals over the age of 80 years are at increased bleeding

risk when administered intravenous tPA [15]. Infarct

volume is also intuitive, and has a basis in the litera-

ture [15]. In our study, NIHSS was a statistically sig-

nificant predictor until controlling for volume. This

indicates that the NIHSS may serve as a rough surro-

gate for infarct size, and may be useful in the initial

assessment of hemorrhage risk before imaging results

can be obtained.

The role of renal impairment in ICH is more sur-

prising. There have been recent reports to suggest that

renal failure is associated with higher rates of hemor-

rhage in patients with atrial fibrillation [16,17], and

that elevated creatinine predicts increased risk of

symptomatic hemorrhage after administration of fac-

tor Xa inhibitors [18]. It is also known that patients

with end-stage renal disease on hemodialysis are prone

to both thrombosis and hemorrhage [19]. One of the

potential ways that renal failure increases bleeding

risk is through the secondary dysfunction of platelets

(‘uremic platelets’) [19]. Unfortunately, the underlying

mechanism of the dysfunction is poorly understood,

and little data exist on milder renal dysfunction.

Within our retrospective dataset we found that anti-

coagulation alone did not increase the risk for hemor-

rhagic transformation in our population. It was,

however, associated with larger, more severe intracere-

bral hematomas (all of the larger, symptomatic bleeds

occurred in this group). The lack of a significant asso-

ciation of ICH with anticoagulation may simply

reflect that the majority of the population was placed

on anticoagulation. However, these results emphasize

the importance of identifying patients who are at

increased risk for even asymptomatic ICH, as they

have the potential to have larger bleeds when antico-

agulated. We included both symptomatic and asymp-

tomatic hemorrhages in our analysis for this reason.

Additionally, Park and colleagues have shown that

even ‘asymptomatic’ ICH leads to poorer long-term

neurological outcomes [20].

Our study had a higher than previously reported

total hemorrhage rate of 24%. This finding may be

explained, in part, by the fact that we included patients

with any indication for anticoagulation (e.g. DVT, pul-

monary embolus) along with typical causes of stroke

(e.g. atrial fibrillation, cervical dissection), resulting in

a potentially ‘sicker’ patient population. This may be

evident by the prolonged hospital course of our popu-

lation [average length of stay 19.1 days (median 9.5

days, range 1–134 days)]. Additionally, we included

patients with both symptomatic and asymptomatic

ICH. If we included only patients with symptomatic

bleeds, the hemorrhage rate in the anticoagulated

group was 8.1% (6.5% overall), which is closer to rates

of symptomatic ICH in the literature [21].

We defined symptomatic hemorrhages as any

change in neurological status with new hemorrhage

on subsequent neuroimaging. This is the definition of

symptomatic hemorrhage used in the National Insti-

tute of Neurological Disorders and Stroke (NINDS)

trial for intravenous tPA [21,22]. We chose not to use

the definition employed by the European Cooperative

Acute Stroke Study (ECASS) investigators (a � 4-

point increase in NIHSS with corresponding blood on

neuroimaging [23]) because the NINDS definition was

more sensitive by including patients with any change

in neurological function and mirrors clinical practice.

Our study is not without limitations. Nearly half of

the population had reason to require an anticoagu-

lant. Though indications were evidence-based, the

high percentage of patients receiving anticoagulation

was due in part to the significant comorbidities of our

patient population, and may not be an accurate repre-

sentation of the majority of inpatient stroke centers.

Additionally, because of the high acuity of our popu-

lation, not all patients were able to undergo MRI.

Volumetric analysis on head CT is not as precise as

MRI, in part secondary to less discrete borders, par-

ticularly in the acute setting. This limitation was

weighed against the fact that these patients had the

largest strokes, highest degrees of renal failure and

highest rates of ICH, making it critical to include

them in the analysis. Finally, this is a retrospective

analysis of a relatively small number of subjects.

There are multiple factors that likely influence hemor-

rhagic transformation, such as blood glucose, history

of hypertension, smoking and alcohol use that we

were unable to account for. There may also have been

other unmeasured confounders. Consequently,

because the study was retrospective, it was difficult to

determine why follow-up head CTs were performed in
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some individuals. This results in the potential risk of

misclassifying a patient with symptomatic hemor-

rhage, or missing cases of asymptomatic hemorrhage

in individuals in whom follow-up scans were not

obtained. Further review of our data showed that dur-

ing a single hospitalization, 11 out of 12 inpatients

meeting criteria for this study received some form of

follow-up neuroimaging, minimizing this risk. Even

with these limitations, our data strongly suggest that

age, infarct volume and renal impairment are impor-

tant predictors of hemorrhagic transformation in

patients with acute ischaemic stroke. Validation in a

large, prospectively-collected, inpatient cohort is cur-

rently underway.
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