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lysed to determine the TTR and the ICUSI questionnaire was completed. A TTR < 65% was
considered suboptimal.

Results: A total of 813 patients (55% men, 75+9 years old) were available for the analyses.
The mean TTR was 62.2% + 20.3% and 427 (52.5%) patients had a TTR < 65%. The final version
of the ICUSI questionnaire included 4 questions and the mean ICUSI score was 1.19 £ 1.17.
The predictive ability of the ICUSI questionnaire for predicting TTR < 65% was moderate (c-
index, 0.707; 95%ClI, 0.670-0.740; P <.001). An ICUSI score of 1 showed a sensitivity of 80.8%
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specificity of 88.1%.
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Conclusions: The ICUSI questionnaire has shown a good predictive performance for the
identification of poor TTR in the absence of full access to the INR determinations in atrial

fibrillation patients under VKA therapy.
© 2019 Sociedad Espaiiola de Cardiologia. Published by Elsevier Espana, S.L.U. All rights
reserved.

Validacion del cuestionario ICUSI: calidad de la anticoagulacion en
pacientes con fibrilacién auricular tratados con antagonistas de la
vitamina K

RESUMEN

Palabras clave:

Fibrilacién auricular
Tratamiento anticoagulante
Antagonistas de la vitamina K

Introduccién y objetivos: Los antagonistas de la vitamina K (AVK) todavia se usan para prevenir
accidentes cerebrovasculares en fibrilacién auricular. Sin embargo, el acceso a determina-
ciones de indice normalizado internacional (INR) es dificil y, por tanto, el tiempo en el rango
terapéutico (TRT) no siempre esta disponible. Nuestro objetivo fue disefiar y validar un cues-
tionario simple y facil de usar para identificar pacientes con fibrilacién auricular con mala
calidad de anticoagulacién.
Métodos: Estudio nacional, multicéntrico, observacional y transversal, que incluye a
pacientes consecutivos con fibrilacién auricular no valvular que reciben terapia con AVK
y cuyo seguimiento se realiza en clinicas de cardiologia. En la inclusién se analizaron las
determinaciones de INR durante los ultimos 6 meses para determinar el TRT y se completd
el cuestionario ICUSI. Un TRT <65% se consideré subéptimo.
Resultados: Se analiz6 a 813 pacientes (55% varones, 7549 afnos de edad). El TRT medio
fue de 62,2%+20,3% y 427 (52,5%) pacientes tuvieron un TRT <65%. La versién final del
cuestionario ICUSI incluy6 4 preguntas y la puntuacién media fue 1,19+ 1,17. La capacidad
del cuestionario ICUSI para predecir el TRT <65% fue moderada (indice ¢=0,707, IC95%:
0,670-0,740; p <0,001). Una puntuacién ICUSI de 1 mostré una sensibilidad del 80,8% y una
especificidad del 45,6%, mientras que una puntuacién ICUSI de 2 mostré una sensibilidad
del 43,2% y una especificidad del 88,1%.
Conclusiones: El cuestionario ICUSI demostré un buen desempeno predictivo para la iden-
tificacién del TRT deficiente en ausencia de acceso completo a determinaciones de INR en
pacientes con fibrilacién auricular en tratamiento con AVK.

© 2019 Sociedad Espaiiola de Cardiologia. Publicado por Elsevier Espana, S.L.U. Todos

los derechos reservados.

Introduction

Atrial fibrillation (AF) is the most common sustained cardiac
arrhythmia. It is responsible for a great deal of morbidity
and mortality, and its complications entail high healthcare

costs.’ 3

AF significantly increases the risk of stroke and
reason, antithrombotic

thromboembolism.#*  For

range (TTR) should be as high as possible.»> The TTR is often
calculated using Rosendaal method as a way to reflect the
quality of anticoagulant therapy in patients taking VKAs,
which is deemed acceptable if it is > 65%.5° However, the
therapeutic window for VKAs is narrow, and international
normalised ratio (INR) falling outside of the recommended
range (2.0-3.0) significantly increase the incidence of throm-
boembolic and bleeding events.>' Therefore, it is crucial
to identify those patients on VKAs with poor quality of

treatment is the cornerstone of the management of this
arrhythmia. Both European and American guidelines support
using anticoagulant therapy according to the CHA,DS,-VASc
score, which stands for congestive heart failure, hyperten-
sion, age > 75 (doubled), diabetes, stroke (doubled), vascular
disease, age 65-74, and sex category (female). Despite the
emergence of direct-acting oral anticoagulants (DOACs)
as an alternative therapy with a more favourable efficacy
and safety profile, in several countries the anticoagulant
treatment is still based on vitamin K antagonists (VKAs).
However, current European guidelines recommend DOACs
over VKAs, and if VKAs are used, the time in therapeutic

anticoagulation.

This study intends to design and validate a simple and
easy-to-use questionnaire that enables the identification of
AF patients with poor quality of anticoagulation in order to
perform a more comprehensive follow-up as well as to assess
alternatives to prevent potential complications.

Methods

This is a national, multi-centre, observational, and
cross-sectional study of consecutive AF patients on oral
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anticoagulant therapy with VKAs and followed up at cardiol-
ogy clinics. The study was designed as non-interventional so
the decision of the medical care and treatment was taken at
the discretion of the treating physician of each patient. From
January 2015 to February 2017, AF patients from 54 sites in
Spain were enrolled. The inclusion criteria included patients
> 18 years of age with non-valvular AF diagnosed more than
6 months before and receiving VKAs. The INR determinations
during the last 6 months had to be accessible for review and
the last determination of INR should have been done in the 30
days prior to inclusion in the study. Patients with active can-
cer, diagnosed with severe/moderate cognitive impairment
and patients who had undergone surgical interventions in the
last 6 months involving modifications of the anticoagulant
therapy that might temporarily affect the INR, were excluded.
Patients with prosthetic heart valves or rheumatic mitral
valve were also not included.

At inclusion, baseline clinical and demographic character-
istics were recorded. During this visits, all patients fulfilled
the ICUSI questionnaire. In addition, INR values for all deter-
minations during the last 6 months were analysed in order to
determine the TTR. The TTR was evaluated both, according to
the linear interpolation method of Rosendaal et al.’ and the
proportion of INRs in range. We established the cut-off value
for acceptable quality of anticoagulation at TTR > 65%, as rec-
ommended by clinical guidelines of both the National Institute
for Health and Care Excellence and the Spanish Ministry of
Health.'>'? As this was a cross-sectional study, no follow-up
was performed.

The study was performed in accordance to good clinical
practice guidelines set out in the Declaration of Helsinki and
was approved by the Ethics Committee of Hospital Universi-
tario Puerta de Hierro, Madrid, and the Ethics Committees of
the participating hospitals. All patients signed the informed
consent for participation.

The ICUSI questionnaire

The ICUSI (Spanish acronym for INR controls, emergency
department referral, bleeding and stroke, and heparin injec-
tions) questionnaire was designed based on the opinion of
an expert panel of study investigators and was conceived
as a screening tool to detect patients treated with VKAs
with inadequate anticoagulant therapy management in the
last 6 months. Initially, the ICUSI questionnaire included 5
questions, with 2-3 possible answers: (1) INR determinations
more than once per month (No =0 points; Yes, one month=1
point; Yes, more than one month=2 points), (2) Occasional
heparin injections due to low INR levels (No=0 points; Yes,
once=1 point; Yes, more than once=2 points), (3) Referred
to emergency department due to high INR levels (vitamin
K administration) (No=0 points; Yes=1 point), (4) Bleeding
requiring visit to the emergency department (No=0 points;
Yes =1 point) and (5) Stroke during this period (No=0 points;
Yes =1 point).

Statistical analysis

The sample size was determined based on (a) the num-
ber of questions included in the ICUSI questionnaire, (b) the

minimum size for obtaining stable multivariate estimations,
and (c) the representativeness of the sample on a geographic
context.

Categorical variables were summarised as frequencies
and percentages. Continuous variables were tested for nor-
mality by the Kolmogorov-Smirnov test and presented as
mean =+ standard deviation (SD) or median and interquartile
range (IQR), as appropriate.

The Pearson Chi-squared test was used to compare pro-
portions. Differences between continuous and categorical
variables were assessed using the Mann-Whitney U test, and
correlations between continuous variables were assessed by
the Pearson’s correlation coefficient.

In order to measure the internal consistency and
homogeneity of the ICUSI questionnaire, Cronbach’s alpha
coefficient was estimated. Confirmatory factor analysis
was performed, using polychoric estimation of correla-
tions and the weighted least squares mean and variance
(WLSMV) adjusted estimation method, and assuming a
one-dimensional structure (Table 1 of the supplemen-
tary data).

A logistic regression model was performed to determine
the association between the components of the ICUSI score
and the risk of TTR < 65%. Relations between predictor
variables and with the dichotomous criteria were assessed
using odds ratio Chi-square and Monte-Carlo estimates of
significance, in order to avoid problems due to small cell fre-
quencies.

Once the optimal logistic model was obtained, a more
suitable scoring procedure was proposed to obtain ICUSI
scores, to avoid the use of decimal weights and the expo-
nential function. Anchoring the absence of each indicator
at the value of 0 (as it is done in the logistic model) con-
secutive integer scalars were proposed for each increasing
level of severity in the indicators. The simplified scoring
method was tested against the optimal logistic scoring, ensur-
ing that a similar scaling ranking was preserved (without
inversions).

Receiver operating characteristic (ROC) curve was applied
to evaluate the predictive ability (expressed as c-index) of the
ICUSI score. The Youden index was used to determine the
score with the best combination of sensitivity and specificity,
in order to establish a cut-off value.

A Pvalue < .05 was accepted as statistically significant. Sta-
tistical analyses were performed using IBM SPSS v. 25.0 (SPSS,
Inc., Chicago, IL, USA), Mplus v. 7.3 (Muhén & Muthén, Los
Angeles, CA, USA) and MedCalc v. 16.4.3 (MedCalc Software
bvba, Ostend, Belgium) for Windows.

Results

During the recruitment period, 876 patients were initially
selected for participation. Of them 63 patients (7.19%) were
not suitable for being included since they did not meet any of
the inclusion criteria. Therefore, the final sample consisted of
813 patients of which 447 (55%) were males with a mean age of
75+ 9 years. The mean CHA;DS;-VASc and HAS-BLED scores
were 4.0+ 1.5 and 1.7 £ 1.0, respectively. A brief summary of
baseline characteristics is shown in Table 1.
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Table 1 - Baseline characteristics.

Patients N=813
Men 447 (55)
Age (years) 75+9
Social situation
Institutionalised 17 (2.1)
Living alone 102 (12.5)
Living in a rural environment 188 (30.3)
Comorbidities
Atrial fibrillation
Time since onset (years) 6.1+5.2
Permanent atrial fibrillation 522 (64.2)
Hypertension 671 (82.5)
Heart failure/left ventricular systolic dysfunction 345 (42.2)
Diabetes 239 (29.4)
Previous stroke/systemic embolism 112 (13.8)
Peripheral artery disease 270 (33.2)
Renal impairment 100 (12.3)
Abnormal liver function 9(1.1)
Alcoholism 17 (2.2)
CHA,DS,-VASc 4.0+15
HAS-BLED 1.7+1.0
Concomitant treatment
Antiplatelets 77 (8.5)
Dual antiplatelet therapy 8(1.0)
Drugs for heart rhythm management 136 (16.7)
Drugs for heart rate management 592 (72.8)

Data are expressed as n (%) or mean =+ SD (standard deviation).
CHA;,DS;-VASc, congestive heart failure, hypertension, age > 75
(doubled), diabetes, stroke (doubled), vascular disease, age 65-74,
and sex category (female); HAS-BLED, hypertension, abnormal
liver/renal function, stroke history, bleeding predisposition, labile
INR, elderly, drug/alcohol usage.

INR determinations and quality of anticoagulation

An average of 9 INR determinations per patient (range
4-15) was recorded. The mean period since the patient
started VKA therapy was 7.5+2.2 months and the mean
INR determinations per month was 1.5+0.5 (range
0.4-5.5 determinations/month).

Regarding the quality of anticoagulation, the mean TTR
according to the method of Rosendaal was 62.2% +20.3%. Of
note, more than half of patients (427, 52.5%) had a TTR < 65%.
When the quality of anticoagulation was assessed by the pro-
portion of INRs in range, the mean TTR was of 61.7 +20.4%. A
total of 366 (45.0%) patients showed a TTR < 60%. The Pearson
correlation index showed a high direct correlation between
both methods (r=0.752, P<.001).

Responses to the ICUSI questionnaire

All patients completed the ICUSI questionnaire. Regarding
the question about the need for occasional heparin injec-
tions in the last 6 months, most (82.9%) patients referred that
they did not require them, whereas 7.9% required them on
one occasion and 9.2% required them more than one occa-
sion. Concerning the INRs determinations frequency, 34.6% of
patients needed only one determination per month during the
last 6 months, whereas 46.5% of patients needed more than

once per month in one occasion and 18.9% needed more than
once per month in several occasions. Finally, 2.7% of patients
referred that they attended to the emergency room due to high
INRs, 4.6% suffered an active bleeding and 0.9% suffered a
stroke/systemic embolism in the last 6 months, which indi-
cates the low prevalence of these events in our population.

Final version of the ICUSI questionnaire and predictive
ability

Taking the above data into account, the mean ICUSI score was
1.19+1.17, with a minimum of 0 points (31.0%) and a maxi-
mum of 6 points (0.1%). The mean score in patients with TTR
< 65% was 1.58+1.264 whereas the mean score in patients
with TTR > 65% was 0.74 £+ 0.845 (P <.001). The TTR negatively
correlated with the ICUSI score (r=—0.410, P <.001) i.e., higher
scores in the ICUSI questionnaire were related to lower TTR by
the Rosendaal method.

Using logistic regression models, we investigated the asso-
ciation of each question of the ICUSI with the risk of TTR
< 65% by the Rosendaal method. The first 3 questions
(about heparin injections, INRs determinations frequency
and attendance/hospitalizations due to high INRs) yielded
significant coefficients (P<.05) in the univariate analysis
whereas non-significant coefficients were shown by the ques-
tions about bleeding (OR 1.71, 95%ClI, 0.86-3.41; P=.128) and
stroke/systemic embolism (OR 5.49, 95%CI, 0.66-45.78; P = .116)
events. Given that the coefficient for the bleeding events was
not significant in the univariate model (albeit it is clinical rel-
evant), this variable was not included into the multivariate
analysis and thus, it was excluded from the ICUSI question-
naire. Similarly, stroke/systemic embolism did not achieve
significance in the multivariate analysis. However, after the
judgment of the study investigators and given the clinical sig-
nificance that the importance that suffering stroke/systemic
embolism events has for the management of the anticoagu-
lant therapy regardless of optimal or poor TTR, this question
was retained in the final model (Table 2). Thus, the final version
of the ICUSI questionnaire included 4 questions (Table 3).

Given the low prevalence, in our sample, of haemorrhagic
events (4.6%) and embolic events (0.9%), the statistical power
of these variables may have been compromised. Haemor-
rhagic events were related to the scaling measurement given
by Rosendaal TTR, grouped in ten score intervals (x*=19.6,
degree of freedom [df] =9, P=.022), but haemorrhagic events
were also related to other predictors (heparin injections:
x*>=18.4,df=2, P <.001; INR control frequency: x?> =11.03,df =2,
P=.004; hospitalisation by high INR: x?=60.5, df=1, P<.001),
limiting its discriminant power in the multivariate model. On
the other hand, embolic events did not exhibit such mul-
ticollinearity, being related only to INR control frequency
(x>=9.3, df=2, P=.010).

Finally, the predictive ability of the ICUSI questionnaire for
the prediction of TTR < 65% was moderate, with a significant
c-index of 0.707 (95%ClI, 0.670-0.740; P <.001). Different cut-off
points were investigated by comparing sensitivities and speci-
ficities as is shown in Table 4. Thus, an ICUSI score of 1 yielded
a sensitivity of 80.8% and a specificity of 45.6%, whereas an
ICUSI score of 2 yielded a sensitivity of 43.2% and a specificity
of 88.1%.
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Table 2 - Association of each ICUSI question and poor anticoagulation quality.

Univariate analysis P Multivariate analysis P
OR (95%CI) OR (95%CI)
Heparin injections (in the last 6 months)
Once 2.31 (1.34-3.97) .003 1.82 (1.03-3.23) .040
More than once 9.43 (4.46-19.94) <.001 5.94 (2.75-12.84) <.001
Frequency of INR controls (in the last 6 months)
More than once per month but only in one occasion 2.20 (1.60-3.03) <.001 1.98 (1.43-2.74) <.001
More than once per month in several occasions 8.92 (5.51-14.46) <.001 6.26 (3.80-10.31) <.001
Urgent administration of vitamin K due to high INR (in the last 6 months) 4.20 (1.41-12.53) .010 3.10 (1.01-9.92) .049
Bleeding events (in the last 6 months) 1.71 (0.86-3.41) 128 -
Stroke or systemic embolism (in the last 6 months) 5.49 (0.66-45.78) 116 2.72 (0.27-27.81) .400

CI, confidence interval; INR, international normalised ratio; OR, odds ratio.
The table shows the association of each question of the ICUSI and poor quality of anticoagulation (i.e. time in therapeutic range < 65%).

Table 3 - Final version of the ICUSI questionnaire.

Score

IC In the last 6 months. ..

How many times per month has your INR control to be measured?

e Monthly 0

o More than once per month but only in one occasion. 1

o More than once per month in several occasions. 2
U In the last 6 months. ..

Have you required urgent administration of vitamin K due to high INR?

e No 0

o Yes 1
S In the last 6 months. ..

Have you suffered any stroke or systemic embolism?

e No 0

o Yes 1
I In the last 6 months. ..

Did you require subcutaneous heparin injections?

e No 0

e Yes, once 1

e Yes, more than once 2

INR, international normalised ratio.

Table 4 - Predictive ability of the final version of the ICUSI questionnaire

ICUSI score Sensitivity False negatives Specificity False positives PPV NPV
0 100.0 0.0 0.0 100.0 0.0 47.5
1 80.8 19.2 45.6 54.4 62.2 68.2
2 43.2 56.9 88.1 11.9 80.0 58.3
3 20.4 79.6 97.2 2.8 88.8 52.4
4 9.4 90.6 99.0 1.00 90.9 49.7
5 5.0 99.5 100.0 0.0 100.0 47.2
6 0.0 100.0 100.0 0.0 100.0 47.5

NPV, negative predictive value; PPV, positive predictive value.

Discussion

In this national and multicenter study including AF patients
under VKA therapy, we have demonstrated that the ICUSI
questionnaire, a simple and friendly to use tool, has a good
predictive performance for the identification of poor quality

of anticoagulation in the absence of full access to the INR
determinations.

Among AF patients who receive anticoagulant therapy in
Spain, around 75% receive VKAs and 25% receive DOACs.'>1*
However, given the narrow therapeutic window of VKAs, many
patients receiving this therapy have not the optimal TTR.
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Patients with inadequate anticoagulant therapy management (%)

% (TTR < 65% Rosendaal or TTR < 60% Direct method)
70
€0 54
52
51
47 49 .
50 45
43 43
40 41 —
40
|
30 !
20
10
0
CALIFA FANTASIIA PAULA ANFAGAL ICUSI
@ Rosendaal {1 Direct method
N 1056 1318 1524 511 813
Age 73+9 73+9 77 + 8 77 +1 75+9
Women 42% 42% 45% 53% 45%
Permanent AF 53% 50% 64% - 64%
CHA,DS,-VAS: 35x1.6 3.7 39x15 3.8+£0.1 40x1.5

Fig. 1 - Quality of anticoagulation with vitamin K antagonists in different Spanish studies.
AF, atrial fibrillation; CHA,DS,-VASc, congestive heart failure, hypertension, age > 75 (doubled), diabetes, stroke (doubled),
vascular disease, age 65-74, and sex category (female); TTR, time in therapeutic range.

Indeed, the current study demonstrates poor anticoagulant
therapy management in ~ 52% of patients (45% when mea-
sured by the proportion of INR in range, see Fig. 1).1°7'8 Other
European studies, including the extensive EURObservational
Research Programme on Atrial Fibrillation,’ confirm these
data and show an inadequate anticoagulant therapy manage-
ment in 40-50% of patients.'>'>17.1° DOAC have demonstrated
to be at least as effective and even safer compared to
warfarin.?’?? Unfortunately, there are still restrictions to the
use of DOAC in several countries so VKA are used as a first-line
treatment for the prevention of thromboembolism in non-
valvular AF. The most common reason for switching to DOAC
is an inappropriate quality of anticoagulation in patients tak-
ing VKA who have good adherence to treatment and under
this circumstances, the Spanish authorities allow clinicians
to prescribe DOAC.”?

Nevertheless, the assessment of the quality of VKA therapy
is not always easy. Many of these patients are followed-up by
Primary Care, Internal Medicine or in Cardiology Clinics,?*?°
where INR determinations are often not available. The lack of

electronic medical records, lack or limited access to INRs data
from the computer, problems with the connexion to internet,
and limited time in the clinical practice are just some of the
most common problems reported by physicians. For this rea-
son, itis complicated to calculate the TTR and as consequence,
many poorly controlled patients remain in VKA therapy.

Therefore, clinical tools are required to detect patients
with poor anticoagulant therapy, particularly in the absence
of access to INRs determinations.

Previous clinical schemes have been developed with this
aim. For example, the SAME-TT,R; (standing for sex [female],
age [60 years], medical history, treatment [interacting drugs,
e.g., amiodarone for rhythm control], tobacco use [doubled],
race [doubled]) was described for the identification of those
patients more likely to have future poor quality of anticoagu-
lation with VKA, and thus it can be aid in the decision making
between VKA and DOAC.?° For this reason, this prediction rule
is particularly interesting in newly diagnosed AF patients who
are going to be treated with oral anticoagulants. On the con-
trary, the target AF population for the ICUSI questionnaire is
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already under VKA therapy since several months ago, but the
treating physician has not the possibility to assess the TTR.
Here, we clearly show that a simple 4-item questionnaire has
a significant predictive ability (c-index =0.71) for inappropriate
TTR. Indeed, patients with TTR < 65% had significantly lower
ICUSI scores and just 31% of patients scored 0 points, which
reflects the real daily clinical practice of the VKA therapy.

Limitations

There are some limitations that we should acknowledge. First,
the ICUSI questionnaire has not been developed by investigat-
ing variables associated with TTR, but the opinion of experts
based on the most common reasons and observations referred
by patients in the daily clinical practice. However, this study
reflects a population representative of Spain and similar to
those of all other observational studies carried outin our coun-
try. Second, to date there is no prospective external validation
and we consider that it is necessary for the introduction of
this tool in the real-life. Finally, it is important to note that the
questionnaire was filled in as per the responses provided by
patients and thus it based on subjective information.

Conclusions

The ICUSI questionnaire is a simple and friendly to use
tool that has shown a good predictive ability for the iden-
tification of poor quality of anticoagulation in a national,
multicenter and observational study including AF patients
under VKA therapy. This questionnaire could be used as a
useful screening tool to identify those patients with poor TTR
when the access to the INR determinations is limited or not
possible, and that would benefit from a closer follow-up.

What is known about the subject?

e AFisresponsible for a great deal of morbidity and mor-
tality. VKAs remain the initial therapy for AF patients.

e A number of representative European registries
demonstrate inadequate anticoagulant therapy man-
agement in at least 40% of patients.

o Therefore, it is crucial to identify these poorly man-
aged patients and assess the possibility of more
effective and/or safer alternatives for them.

Does it contribute anything new?

e ICUSI is an easy-to-use questionnaire that enables
identification of patients with poor INR management
as reflected by the TTR < 65% using Rosendaal method.

e An ICUSI score > 2 during routine clinical visits accu-
rately identified those patients with poor INR control.

e ICUSIscore efficiently detects patients that would ben-
efit from additional strategies for improving anticoag-
ulation control with VKA or alternative antithrombotic
treatment.
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