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Objective: to assess the risk of hemorrhagic transformation (HT), by taking into account an appropriate scale (the hemorrhagic transformation

index (HTI)) to clarify the possible timing of anticoagulant therapy (AT) initiation in patients with atrial fibrillation (AF) and ischemic stroke

(IS) in the middle cerebral artery (MCA) bed.

Patients and methods. The admission data of 304 consecutively selected patients (111 men and 193 women aged 32 to 94 years (mean age,

72.7 years) with any form of AF and IS in the MCA basin were analyzed. The end point of the study was any HT according to brain computed

tomography findings in the first 2 weeks after the development of IS. The HTI scores were divided into categories based on their predicted HT

probabilities, thus yielding four models. Their comparison with the standard (the Diener rule) and the choice of the most appropriate model

were done using the binary logistic regression and appropriate analysis (receiver operating characteristic, ROC). The final HTI model and the

Diener rule were further used in the Royston–Parmar survival analysis to predict the risk of HT by days after the onset of IS. This was used to

plot hazard function and survival, as well as the number of patients to be treated (number needed to treat, NNT) and the number of patients

who can be harmed (number needed to harm, NNH). Possible periods for AT initiation were determined by the NNT and NNH plots.

Results and discussion. All the HTI models under study were superior to the Diener's rule in the accuracy of HT prediction. However, the HTI

model with 0–1, 2–3, 4–5, 6–8 score arrangements was found to be the best one, as shown by the results of tests; it could additionally iden-

tify patients at very high (>0.8) risk for HT and somewhat better differentiate patients at low (0.05–0.1) risk. A survival analysis showed that

the hazard function peaked on 1 and 3 days after the onset of IS. There was a progressive NNT drop in patients with a HTI score of 0–1 on 1

to 3 days; their curves reached a plateau on day 4. In patients with a HTI score of 2–3, NNT declined on days 1 to 4, with a plateau on day

5. In those with a HTI score of 4–5, NNH was minimal within the first 3 days following the onset of IS, and then there was a significant NNH

rise until the end of the second week. In patients with a HTI score of 6–8, NNH remained very low throughout the follow-up period with a sig-

nificant increase on days 4 to 9, with a subsequent exit to the plateau.

Conclusion. The greatest risk of HT is observed on 1 and 3 days after the onset of IS. AT is recommended to patients with a HTI score of 0–1

on day 4 after the onset of IS, to those with a HTI score of 2–3 on day 5, and to those with a HTI score of 4–5 following 2 weeks. AT may be

initiated in patients at very high risk for HT (a HTI score of 6–8) on 9 days, provided that HT is absent.
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Possible timing for anticoagulation therapy initiation 
in ischemic stroke patients with atrial fibrillation: 

further analysis of the hemorrhagic transformation index

B a c k g r o u n d
Atrial fibrillation (AF) remains the leading cause of acute

ischemic stroke (AIS) worldwide. Recent studies have shown that

AF is revealed in 20%Р30% of patients before, during, or soon

after a cerebral cardioembolic event. Moreover, about 13%Р26%

of AIS cases are associated with non-valvular AF [1, 2]. In non-

valvular AF the risk of AIS is 5-fold increased, and in AF with

mitral stenosis – 20-fold. AF-related AIS is often associated with

a high rate of hemorrhagic transformation (HT), stroke recur-

rences and a poor functional outcome [3, 4].

Anticoagulation therapy (AT) is the cornerstone of AIS pri-

mary and secondary prevention in AF patients [1, 3]. However, its

immediate initiation after the onset of AIS may increase HT risk,

but a delay in AT might be associated with a high rate of stoke

recurrences. The evidence-based data on AT timing in AIS

patients with AF are still missing. For example, the American

Heart Association/American Stroke Association (AHA/ASA)

guidelines advise an individual-based approach to initiate AT for

the majority of AIS patients with AF within 4Р14 days after AIS

onset taking into account possible cardioembolic and hemor-

rhagic risks, and for patients with a high risk of HT – beyond that

time frame [3, 5, 6]. Since 2013, the European Heart Rhythm

Association practical recommendations on non-valvular AF have

been based on the consensus opinion known as the 1Р3Р6Р12-
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day rule (the Diener’s rule), which considers only one criterion –

clinical severity of stroke according to the National Institutes of

Health Stroke Scale (NIHSS) [7, 8]. As far as this criterion is

concerned, it is not obvious enough for the decision-making, tak-

ing into account that HT in its phenomenology is a complex and

multifactorial pathological process, which includes the degree of

brain ischemia, coagulopathy, blood-brain barrier disruption, and

reperfusion injury. Thus, HT prediction may exert considerable

influence on AT timing.

Recently, we have developed and validated the

Hemorrhagic Transformation Index (HTI) score, which predicts

HT in patients with AIS in the middle cerebral artery (MCA) ter-

ritory within 2 weeks after the onset [9]. Although there are a vari-

ety of similar scores, their prediction effects on possible AT tim-

ing in AIS patients with AF have not been studied yet.

The main objective of our study was HT risk assessment

with the HTI score to infer possible AT timing in patients with

MCA AIS and AF.

M e t h o d s
The research was a post hoc analysis of our previous study

[9]. Using our prior database consisting of 783 MCA AIS patients

who were admitted to our stoke unit within 12 h after the onset,

we selected 304 consecutive patients with AF (111 men, 193

women, aged 32 Р 94 years old; mean age 72.7 years). The eligi-

ble patients underwent diagnostic tests and received treatment in

accordance with the current National Stroke Guidelines. The

permissible hospital length of stay was at least 14 days, which was

determined by the state mandatory medical insurance standard

for AIS patients.

Clinical baseline variables, including age, sex, risk factors,

antithrombotic medication, stroke subtype according to the Trial

of ORG 10172 in Acute Stroke Treatment classification, NIHSS

score, vital signs, blood tests, electrocardiogram (ECG) and

echocardiogram findings on admission were extracted from the

medical charts. The HT day was considered as a day from the AIS

onset when HT was clinically and/or radiologically documented.

The term Тnon-valvular AFУ referred to AF in the absence of a

mechanical prosthetic heart valve or moderate to severe mitral

stenosis (usually of rheumatic origin) [7].

Brain non-contrast computed tomography (CT) was rou-

tinely performed for all AIS patients to assess the Alberta

Stroke Program Early CT score (ASPECTS), hyperdense MCA

sign, and leukoaraiosis [9]. A follow-up CT scan was usually

repeated on hospitalization day 7 and 14 or at any time if

required by a treating neurologist. All patients had at least one

follow-up CT scan.

The endpoint was retrospectively analyzed based on the

prospectively collected data. Any HT on a follow-up CT scan

within 14 days after AIS onset was taken into account. A hemor-

rhage was considered clinically relevant if it was not seen on a pre-

vious CT scan and there was subsequently either a suspicion of

hemorrhage or any decline in neurologic status [10]. According to

ECASS study data [11], HT was further classified into either

hemorrhagic infarction type 1 or type 2, or parenchymal

hematoma type 1 or type 2.

This study was approved by the Local Ethics Committee of

the Kazan State Medical University, Kazan, Russia. The

informed consent was not required since the study was observa-

tional and retrospective in nature.

Statistical analysis
The descriptive statistics included median values (M) with

the interquartile range (IQR) and percentage for continuous (the

distribution was not normal) and categorical data respectively.

The NIHSS, ASPECTS, and HTI data were treated as continu-

ous variables because of multiple categories. The baseline data

were compared between groups of patients using the

MannРWhitney U test or Pearson ?2 test for continuous and cat-

egorical variables respectively.

To simplify the HTI score for the prediction of AT timing,

the HTI points were arranged into categories based on their pre-

dicted probabilities of HT. As a result, 4 models were created.

Their predictive abilities were compared against each other and

against the Diener’s rule using binary logistic regression (BLR).

Bootstrapping was performed with 1000 pseudosamples with sub-

sequent computing of odds ratio and bias-corrected and acceler-

ated (BCa) confidence intervals (CIs) to reduce sampling bias,

overfitting, and prediction errors. Once the BLR coefficients were

obtained, the marginal effects were estimated: the category mean

predicted probabilities of HT and Sidak-adjusted for multiple

comparison 95% CIs were calculated using the delta-method.

The final HTI model was chosen based on the results of the

post-estimation tests and receiver operating characteristic (ROC)

analysis. The strength of the evidence against the model with a

higher Bayesian information criterion (BIC) value was as follows:

0–2 – weak; 2–6 – positive; 6–10 – strong; >10 – very strong

[12]. Each area under the ROC-curve (AUC) was compared

against the standard, the Diener’s rule. For each comparison, a

Sяid?k-adjusted p-value was reported. AUC equality was evaluat-

ed by using the DeLong algorithm [13]. The AUC with corre-

sponding 95% CIs were calculated with the 10-fold cross-valida-

tion method [14].

Once the final HTI model was selected, HT timing was

predicted using the Royston–Parmar (RP) parametric survival

analysis* [15]. The predictors were either the chosen HTI model

or the Diener’s rule. The proportional hazard assumption was

assessed with the Schoenfeld residuals test using the Cox regres-

sion. If the assumption was violated, the time-dependent effects

were included into the RP regression. The scale of the RP

regression coefficients (hazard, odds, probit, or proportions),

and the degree of freedom of the baseline function and time-

dependent effects were estimated in an exploratory manner with

minimal values of the Akaike information criterion (AIC) and

BIC. Goodness of fit of the HTI model and the Diener’s rule

was assessed with the Harrell’s C and Somers’ D index of con-

*Survival analysis is a type of statistics for analyzing the expected duration of time until one or more events happen. In this regard, we use some special

terms: the hazard function is the instantaneous rate at which HT occurs given no previous events; the survival function is the probability that a patient

will not have HT by a certain time point; the baseline function is the hazard or survival function calculated with no predictors; the number needed to

treat (NNT) is the average number of patients prevented from HT provocative factors needed for saving one additional patient from having HT; the

number needed to harm (NNH) is the average number of patients exposed to HT provocative factors needed for developing HT in one additional

patient. Obviously, the less the NNT, the better, and vice versa, the less the NNH, the worse. The hazard and survival functions, the NNT and NNH are

reciprocal terms.
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cordance, AIC and BIC, and

explained variation (R2D).

The hazard functions for each

HTI and Diener’s category

were plotted. If the curves

were below the baseline haz-

ard function, the NNT was

calculated: 1 / (category sur-

vival function – baseline sur-

vival function). Respectively,

the NNH was computed, if

the graphs were above the

baseline hazard function: 1 /

(category hazard function –

baseline hazard function).

Possible timing for AT was

inferred by using the NNT

and NNH charts.

R e s u l t s
The baseline data of the

AIS patients with AF are listed

in Table 1.

There were statistical

differences between the HT-

positive and negative groups in

the HT predictors (AT, random

blood sugar, ECG heart rate,

NIHSS, ASPECTS, HTI, and

hyperdense MCA sign), poor

outcome (death, or dependen-

cy defined as the modified

Rankin scale >2 at discharge),

and onset-to-admission time.

However, further multivariate

BLR adjustment for the ran-

dom blood sugar, AT, ECG

heart rate, poor outcome, and

onset-to-admission time vari-

ables exerted no significant

effect on odds ratio (OR)

(Table 2). Patients with AF and

prosthetic valves were absent in

the HT-positive group due to a

small sample size. Therefore,

they were excluded from the

multivariate analysis.

The HTI score arrange-

ment into categories and the

models of their comparison

with the Diener’s rule for pre-

dicted probabilities of HT are

demonstrated in Table 3 and

Figure 1.

The BLR analysis

showed that the Diener’s rule

and the HTI models were well-

fitted and statistically signifi-

cant in HT prediction; their

link functions were chosen

correctly. However, the BIC
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differences between the Diener’s rule and each HTI model

exceeded 10. Hence, there was a strong evidence for superiority of

all HTI models. HTI model 3 proved to be the best in the post-

estimation tests and ROC-analysis. Therefore, it was chosen for

further survival analysis (Table 4).

The HTI 0–1 and 2–3 categories of model 3, and the

NIHSS <8 and 8–16 categories of the Diener’s rule were similar

in predicted probabilities of HT as well as in the distribution of

patients. However, the HTI was superior to the Diener’s rule in

the detection of patients with a low HT probability (Figures 1 and

2). The HTI 4–5 category and the NIHSS >16 were similar only

in their predicted probabilities of HT. The BLR marginal effects

demonstrated that the Diener’s rule could not predict HT proba-

bility of >80%. By contrast, HTI model 3 could detect such

patients; there was also the HTI 6–8 category which encom-

passed the remaining 20% of the patients.

The NIHSS >16 category was heterogenous – it included

patients with low and high HTI scores (Figure 3A). There was a

clear overlap in the distribution of NIHSS scores between the cat-

egories of all HTI models, which could be an indirect evidence

that using a complex model for HT prediction was more accurate

than a simple one (Figure 3B–F).

In the survival analysis, the proportional hazard assump-

tion was violated in HTI model 3 (the Schoenfeld residuals test:

?2(1) = 18.58, p <0.001), but was met in the Diener’s rule

(?2(1) = 1.48, p = 0.224). The baseline hazard function had

minimal values of the AIC and BIC at the degree of freedom of

4 on the hazard scale. The time-dependent effects of HTI

model 3 had minimal values of the AIC and BIC at the degree

of freedom of 2. HTI model 3 as well as the Diener’s rule were

statistically significant predictors of HT risk (HTI model 3:

exponential coefficient, 2.85, 95% CI, 2.34–3.45, p <0.001;

the Diener’s rule: exponential coefficient, 3.58, 95% CI,

2.66–4.83, p <0.001). However, the goodness-of-fit statistics

confirmed the superiority of HTI model 3 over the Diener’s

rule (Table 5).

As a result of RP survival analysis predictions, the baseline

hazard function peaked on day 1 and 3 after the AIS onset then it

logarithmically declined over the remaining days. The category

hazard functions of HTI model 3 and the Diener’s rule mirrored

the baseline configuration. However, the hazard function of the

HTI 0–1 and 2–3, and NIHSS <8 and 8–16 categories was

below the baseline function, but was above it in the HTI 4–5,

6–8, and NIHSS >16 groups (Figure 4 A–B).
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Although the HTI 4–5 and NIHSS

>16 categories were similar in their pre-

dicted HT probability (Table 3, Figure 1),

they were different in the hazard function

– half of the patients in the former group

would develop HT by day 6 whereas in the

latter one – by day 3 (Figure 4C–D).

From day 1 to 3, there was a

progressive NNT decline in the HTI

0–1 and NIHSS <8 categories fol-

lowed by the plateau from day 4

onwards (Figure 4E). Hence, it

seemed to be safe to initiate AT in

those patients on day 4 since further

delay would not gain any benefit for

HT risk reduction. The similar pat-

tern was seen in the HTI 2–3 and

NIHSS 8–16 categories – the NNT

was falling from day 1 to 4 followed

by a level-off over the remaining

days. Therefore, AT could be started

on day 5 in those patients.

In the HTI 4–6 and NIHSS >16

categories, the NNH was minimal over

the first 3 days after AIS onset then it rose

sharply over the remaining days. Indeed,

there was a 5.4-fold absolute HT risk

Figure 1. BLR marginal effects. Black circles – mean value of HT predicted probability;

whiskers – 95% CIs; Y-axis – predicted probability; X-axis – NIHSS (A) and HTI (B–E)

score arrangement into categories (Table 3). A. Diener’s rule. B. Model 1. C. Model 2. D.

Model 3. E. Model 4.
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reduction in the HTI 4–5 category from

day 1 to 5 followed by a 2.2-fold decrease

from day 6 to 14 (Figure 4A, F). Thus, a

two-week delay of AT could be reasonable

for HT risk mitigation.

In patients with a predicted prob-

ability of HT >80% (the HTI 6–8 cate-

gory), the NNH remained very low

throughout the entire observation. Half

of those patients would develop HT by

day 2. However, there was a slight NNH

increase from day 4 to 9 followed by the

plateau with an absolute HT risk reduc-

tion by only 1.2 times (Figure 4A, C, F).

Hence, it could be reasonable to initiate

AT in those patients who survived on

day 9 since further delay would insignif-

icantly reduce the HT risk.

D i s c u s s i o n
As far back as 1980s, observational

studies showed that the risk of stroke

recurrences in patients with AF who

were not on AT could be 8–12% within

the first week after a cerebral cardioem-

bolic event [16]. Theoretically, early AT

might be effective in preventing second-

ary AIS in such patients. However,

meta-analyses of randomized clinical

trials (RCTs) on heparin use in sub-

groups of AF patients within 48 h after

AIS onset did not demonstrate a sub-

stantial reduction in the risk of stroke

recurrences, but did reveal a consider-

able increase in HT rate [17]. Based on

these findings, the paradigm that urgent

AT is harmful for secondary stroke pre-

vention has been dominating [5].

However, some observational stud-

ies have recently reported a low HT rate

after starting AT in selected patients with-

in 7 days after AIS onset. In another work,

the rate of symptomatic HT within 14

days was 1.5% among 260 consecutive

patients who were on AT and had no HT

high-risk factors (a large infarct size,

uncontrolled hypertension, HT revealed

by neuroimaging on admission, and ten-

dency to bleeding) [6].

There is scarce RCT evidence of

effectiveness of vitamin K antagonists

(VKAs) in AIS patients [2]. Since 2010,

non-VKA oral anticoagulants (NOACs)

have been approved for the use in clinical

practice. Cochrane systematic reviews

and meta-analyses have found that

NOACs are as effective as VKAs in pri-

mary and secondary stroke prevention, but are associated with a

twice less rate of intracranial hemorrhages. However, no RCT

comparing NOACs with VKAs included AIS patients with AF,

probably due to concern about increased HT risk [2].

A favorable safety profile of NOACs prompted researches

on their earlier initiation in AIS patients. A few prospective

observational studies and two small RCTs analyzed risks and

benefits of the NOAC early use (in 3–5 days) in patients with

Figure 2. Histograms of patients distribution into categories. Y-axis – percentage; X-axes –

NIHSS (upper axis) and HTI (lower axis) score arrangement into categories (Table 3); out-

lined histograms – Diener’s rule; grey histograms – HTI models. A. Model 1. B. Model 2.

C. Model 3. D. Model 4.

Figure 3. Violin plots. White circles – median values; black rectangles – IQR; upper

whiskers – 75th percentile + 1.5 IQR; lower whiskers – 25th percentile – 1.5 IQR; grey

areas – kernel density estimates; Y-axis – HTI (A) and NIHSS (B–F) scores; X-axis –

NIHSS and HTI score arrangement into categories (Table 3). A–B. Diener’s rule. C.

Model 4. D. Model 3. E. Model 2. F. Model 1.
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mild-to-moderate AIS and AF. The early use was found to be

associated with a low rate of symptomatic and asymptomatic

HT, whereas the delayed start (>7–14 days after the event)

increased the rate of stroke recurrences. Large RCTs comparing

early and delayed initiation of AT in AIS patients with AF

should confirm safety and efficacy of this strategy. Currently,

four RCTs with a total number of participants nearly 9,000 are

being conducted, and their results are

expected by 2021 [2].

Following the prospective observa-

tional study RAF which included 1,029

AIS patients with AF, the AHA/ASA

updated their guidelines on the manage-

ment of AIS patients in 2018, specifying

possible timing to initiate AT from 4 to 14

days after AIS onset [5]. The study found

that higher CHA2DS2-VASC and

NIHSS scores, larger infarct size, and AT

type (heparins and bridging with

heparins) were associated with poorer

outcomes [18]. The follow-up RAF-

NOACs study revealed that starting

NOACs between the 3rd and the 14th

day after AIS onset was associated with

the least composite rate of thromboem-

bolic recurrences (AIS, TIA, sympto-

matic systemic thromboembolism) and

major hemorrhages compared with the

early (first 2 days) and delayed (>14

days) initiation [19].

Our results are entirely consistent

with the aforementioned studies. The HT

hazard function soars to the maximum in

all patients within the first 3 days after AIS

onset. Therefore, withholding AT for as

long as 3 days would be the best manage-

ment option. Moreover, pathogenesis of

early and delayed HT could perfectly

explain the observed hazard peaks [20].

Depending on the HTI score, AT initia-

tion on day 4, 5, or 14 seems quite logical

in the light of the discussed evidence. In

this regard, the patients with the HTI

score of 4–5 could gain the maximum

benefit from AT delay.

In patients with a very high HT risk

(the HTI score of 6–8), the AHA/ASA

recommended starting AT beyond 2

weeks using an individual-based approach

[3]. However, based on our own results,

we assume that this strategy could not

always be appropriate. By day 9, as many

as 93.4% of such patients will have devel-

oped HT (Figure 4C), and starting AT

beyond 14 days may be fairly reasonable in

such cases. In those who survived without

HT by day 9, a further delay insignificant-

ly reduces HT risk (about 0.63% per day,

Figure 4A), but may remarkably increase

probability of thromboembolic events

(0.5–1.3% per day [2]). Therefore, we

would advise initiation of AT for such patients on day 9.

The majority of patients in our cohort had non-valvular

AF (Table 1). However, we deliberately kept the patients with

valvular AF for analysis – on the one hand, the AHA/ASA

guidelines did not separate them from other AF patients [5],

and on the other hand, the definition of valvular AF is still

under debate [21].

Figure 4. RP survival analysis. Tight dot line – baseline function; very short dash line –

HTI 0–1; dash line – HTI 2–3; dash – dot–dot line – HTI 4–5; solid line – HTI 6–8;

long dash line – NIHSS <8; short dash–dot line – NIHSS 8–16; long dash–short

dash–short dash line – NIHSS >16; reference dot line – median probability. Y-axis –

probability (A–D) or number of patients (E–F); X-axis – days after AIS onset. A, C. HTI

score (model 3). B, D. Diener’s rule. A–B. Hazard function. C–D. Survival function. E.

NNT. F. NNH.
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There are a few limitations in our research. Our predictions

of possible AT timing were solely based on HT risk analysis and no

real data on timing and types of AT were taken into account. The

study was retrospective in nature; hence, we were not blinded to

the outcome. The sample size was relatively small, but sufficient

for making statistical inferences. Moreover, it was a single-center

study. There was neither racial nor ethnic diversity among the

admitted patients. For the most part, the cohort included Russian,

Tatar, and Jewish patients from our local community. There were

no patients of African, Asian or Hispanic origin. Therefore, our

results require further multicenter prospective validation.

C o n c l u s i o n s
HT risk is the highest on day 1 and 3 after AIS onset.

The Diener’s rule as well as the HTI score are reliable tools

for prediction of possible AT timing. However, the HTI score

could detect patients with very high HT probability and could

better differentiate low-risk patients. In patients with the HTI

score of 0–1, anticoagulation could be initiated on day 4, with

the HTI score of 2–3 – on day 5, with the HTI score of 4–5

– in 2 weeks. In very high-risk patients (the HTI score of

6–8), AT administration may be reasonable on day 9 given

they have had no HT.
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