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ABSTRACT

Introduction: Oral anticoagulant therapy, such
as vitamin K antagonists (VKAs), is prominent
for the prevention of cerebral ischemic stroke or
systemic embolism and all-cause mortality in
patients with atrial fibrillation, venous throm-
boembolism, and mechanical or biological
valve. VKA treatment requires monitoring of
the international normalized ratio (INR) in
order to maintain it in a therapeutic range,
avoiding side effects, the main and most sig-
nificant of which is bleeding. The aim of the
present study was to evaluate the event rates of

several clinical composite outcomes, such as
bleeding, thromboembolic events, and all-cause
death.
Methods: We compared three organizational
models distinguished by a total (from 1 January
to 31 December 2015 in which PT/INR analysis
with the relative internal and external quality
controls was performed by the surveillance
center) or partial (from 15 January to 15 July
2016 and from 15 August to 15 November 2016,
in which the surveillance center had the ability
to view only the PT/INR results or all patients
analyses, including blood count, creatinine,
liver enzymes, etc., respectively) analytical
patient management. The present longitudinal
follow-up study included 1225 patients, recrui-
ted from 1 January 2015 to 15 November 2016
at a surveillance center for the prevention of
cerebral ischemic stroke and systemic embolism
in Chieti (Italy).
Results: The results show a significant rise of
the incidence rate ratio in patients undergoing
VKA treatment during the period 15 January to
15 July 2016 compared to the previous one
regarding total bleeding, especially for minor
bleeding and digestive bleeding; thromboem-
bolic events; and all-death cause.
Conclusions: These findings show that analyt-
ical and clinical data and information should be
under the direct supervision and responsibility
of the surveillance center. In fact, this approach
seems to highlight the best results in terms of
safety and therapeutic effectiveness.
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INTRODUCTION

Oral anticoagulant therapy, such as vitamin K
antagonists (VKAs), is prominent for the pre-
vention of cerebral ischemic stroke or systemic
embolism and all-cause mortality in patients
with atrial fibrillation (AF) and one or more risk
factors for stroke [1–4]. Atrial fibrillation is the
most common cardiac arrhythmia managed in
clinical practice and the most common
arrhythmia requiring hospitalization [5–7].
Thromboembolism also occurs with similar
incidence [8, 9]. Anticoagulation with warfarin,
at a target international normalized ratio (INR),
has consistently been shown to reduce the risk
of cerebral ischemic stroke, a major goal of
therapy for AF [10–12]. Oral anticoagulants are
also frequently administrated for other indica-
tions, ranging from venous thromboembolism
to mechanical prosthetic heart valves [13]. In
order to determine who should receive antico-
agulation therapy, a risk-stratification model is
used [14]. The rationale behind risk stratifica-
tion is that, although anticoagulation has
clearly been shown to be more effective than
antiplatelet agents or placebos in the preven-
tion of thromboembolic stroke, their use should
be restricted to patients whose risk for a
thromboembolic event exceeds their risk of
hemorrhage [15–17]. Placebos are obsolete for
the treatment of cerebral ischemic stroke [18].
An initial score called CHADS2 included the
following risk factors for thromboembolic
events in non-valvular AF: (i) a history of cere-
bral ischemic stroke, (ii) diabetes mellitus, (iii)
hypertension, (iv) heart failure, and (v) age
[19–24]. A subsequent score, known as
CHA2DS2-VASc, was developed to further
determine the risk in the low-risk groups using
the following risk factors: (i) age, (ii) sex, (iii)
congestive heart failure, (iv) hypertension his-
tory, (v) stroke/TIA/thromboembolism history,
(vi) vascular disease history, (vii) diabetes his-
tory [25, 26]. The major bleeding risk was eval-
uated using the HAS-BLED score, consisting of
the following risk factors: (i) hypertension, (ii)

renal disease, (iii) liver disease, (iv) cerebral
ischemic stroke history, (v) prior major bleeding
or predisposition to bleeding, (vi) labile INR,
(vii) age greater than 65 years, (viii) medication
usage predisposing to bleeding, (ix) alcohol or
drug usage history [27]. Warfarin dosing is tar-
geted to a therapeutic INR, which is usually 2–3
in AF, but may be higher, 2.5–3.5, for mechan-
ical mitral valves [27]. Numerous medications
interact with warfarin and affect its
metabolism. For these reason, VKA treatment
requires monitoring of the INR in order to
maintain it in a therapeutic range, avoiding
some side effects, the major and most signifi-
cant of which is bleeding [27]. In fact, as already
reported, an over-anticoagulation leads to sig-
nificant risk of bleeding when the INR is greater
than 3 [28]. The aim of the present longitudinal
follow-up study was to evaluate the event rates
of several clinical composite outcomes, such as
bleeding, thromboembolic events, and all-cause
death, comparing three organizational models
of the analytical patient management, on the
basis of a centralized or a local control of the PT/
INR [29, 30]. In particular, in the first group the
PT/INR test was performed and controlled by
the surveillance center; in the second and third
one the center did not have the possibility to
perform the PT/INR test, but had only the
ability to view the PT/INR results or all patients
analyses, respectively. The present investigation
was necessary to evaluate the best analytical
organizational model for patients undergoing
VKA therapy.

METHODS

Study Subjects

The Medical Research Ethics Committee of the
SS Annunziata University Hospital of Chieti,
Italy, approved the study and patients gave
their written informed consent to participate.
Investigations were performed in accordance
with the Declaration of Helsinki. In this longi-
tudinal follow-up study, a total of 1225
patients, recruited from 1 January 2015 to 15
November 2016 at a surveillance center for the
prevention of cerebral ischemic stroke and
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systemic embolism in Chieti (Italy) were
involved. All patients were divided into three
groups as follows: (1) 954 patients recruited
from 1 January to 31 December 2015; (2) 966
patients from 15 January to 15 July 2016; (3)
1024 patients from 15 August to 15 November
2016. The inclusion criteria were the presence
of at least one of the following diseases which
necessitate anticoagulant therapy: (i) atrial fib-
rillation; (ii) venous thromboembolism; (iii)
mechanical or biological valve; (iv) artheriopa-
thy; (v) valvular disease. These patients received
an oral anticoagulant (OAC) therapy using
VKAs, such as Coumadin 5 mg or Sintrom 4 mg,
with dose adjustment during the follow-up.

Study Design

In this study, three organizational models in the
analytical management were evaluated. Specif-
ically, regarding the first organizational model,
from 1 January to 31 December 2015, the ana-
lytical management of patients treated with
VKAs was under the direct responsibility of the
Chieti surveillance center [e.g., PT/INR analysis
with the relative internal and external quality
controls was performed by the surveillance
center; it was given the possibility to access the
laboratory information system, and then to all
patients laboratory analyses (e.g., blood count,
serum creatinine, liver enzymes, many useful
for the correct VKAs administration)]. Indeed,
after a hospital reorganization in the manage-
ment of patients undergoing anticoagulant
therapy from 15 January to 15 July 2016, the
surveillance center used a second organizational
model, which provided the ability to view only
the PT/INR results of the patients (not all labo-
ratory analyses). The center did not have the
possibility to perform the PT/INR tests and to
evaluate the internal and external quality con-
trols and therefore the quality of the results,
necessary for the administration of the antico-
agulant therapy. Subsequently, access to the
laboratory information system was given
between 15 August and 15 November, and
patients underwent a third organizational
model in which the surveillance center had the
possibility to monitor all laboratory analyses,

without the capacity to perform the PT/INR
tests and to evaluate the internal and external
controls. However, for the entire period of the
study, the same physicians of the surveillance
center performed a correct therapeutic dosage
using computer-assisted tools (using the fol-
lowing software: PARMA5, IL-WERFEN, Milan,
Italy; PROMETEO, Siemens, Munich, Germany).

Clinical Outcomes Investigated

The primary endpoint of the study was to
evaluate the incidence rates of the following
clinical outcomes: bleeding, thromboembolic
events, and all-cause death. The hemorrhagic
events were also distinguished in terms of major
and minor bleeding: major bleeding was char-
acterized by (i) fatal bleeding or symptomatic
bleeding in a critical area or organ, such as
intracranial, intraspinal, intraocular, retroperi-
toneal, intra-articular or pericardial, or intra-
muscular with compartment syndrome, and/or
(ii) bleeding causing a fall in hemoglobin level
of 20 g/L (1.24 mmol/L) or more, or (iii) leading
to transfusion of two units of packed red blood
cells; minor bleeding included all other types of
bleeding (e.g., digestive bleeding, epistaxis,
hematuria, conjunctival hemorrhage without
the characteristics of major bleeding) [31]. The
thromboembolic outcome included symp-
tomatic cerebral ischemic stroke, TIA, venous
thromboembolism, and systemic embolism.
All-cause and cardiovascular deaths were also
determined. The diagnostic criteria for each
event have been described elsewhere [32].

Statistical Analysis

The parameters analyzed for the three periods
were the incidence rate for 100 person time
units (IR%: number of events/person
years 9 100); the incidence rate ratio compared
to the 2015 group (IRR); the percentage of
increase or decrease of incidence rate ratio
compared to the 2015 group [% of increase/de-
crease IRR: (incidence rate ratio - 1) 9 100]; the
incidence rate difference for 100 person time
units compared to the 2015 group [IRD%: (in-
cidence rate 2016 - incidence rate
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2015) 9 100]; and the attributable risk com-
pared to the 2015 group (AR: incidence rate
difference for 100 person time units/incidence
rate 2016 for 100 person time units 9 100). In
order to evaluate a significant difference for the
incidence rate ratio and the incidence rate dif-
ference between the three organizational mod-
els, an exact Fisher and a McNemar’s test were
used, respectively (Stat View 4.0 software, Aba-
cus Concepts, Berkeley, CA, USA). P values less
than 0.05 were considered statistically signifi-
cant, with a confidence interval of 95%. The
sample size calculation formula, previously
described [33], showed that the number of
patients per arm should be at least 377.

RESULTS

Clinical Features

Demographic and clinical patient characteris-
tics are shown in Table 1 (age 76.05 ± 12.1;
male 50.5%, female 49.5%). The treatment
years of the 2015, Jan–Jul 2016, and Aug–Nov
2016 groups were 774.9, 372.8, and 190.8,
respectively. Coumadin 5 mg was the drug
mostly prescribed (95.9%). There was no sig-
nificance difference in the therapeutic time in
range between the three groups (2015, 69.4%;
Jan–Jul 2016, 68.8%; Aug–Nov 2016, 70.5%).

Comparison of Incidence Rates
and Incidence Ratio Regarding
the Clinical End-Points Between the Three
Different Organizational Models

As shown in Figs. 1 and 2, the data evidenced a
significantly increased number of all events
occurring in patients during the period 15 Jan-
uary–15 July 2016 compared to the previous
period (no. of cases 2015, 51; Jan–Jul 2016, 58.
IR%2015, 6.58% [CI 4.9–8.65]; IR% Jan–Jul 2016,
15.56% [CI 11.81–20.12]. IRR, 2.36 [CI
1.62–3.46], p\0.001). In particular, the data
showed an increased number of the following
events with an increasing rate of severity: minor
bleedings (no. of cases 2015, 24; Jan–Jul 2016, 26.
IR%2015, 3.1% [CI 1.98–4.61]; IR% Jan–Jul 2016,
6.98% [CI 4.55–10.22]. IRR, 2.25 [CI 1.29–3.92],

p\0.01); venous thromboembolic events (no. of
cases 2015, 4; Jan–Jul 2016, 8. IR% 2015, 0.52%
[CI 0.14–1.32]; IR% Jan–Jul 2016, 2.15% [CI

Table 1 Patients’ characteristics

Patients’
characteristics

Max Min Mean SD Median

Age (years) 96 31 76.05 12.1 78

Number %

Sex

F 618 50.5

M 607 49.5

Disease

AF 815 66.5

VTE 199 16.2

Mechanical valve 141 11.5

Artheriopathy 31 2.5

Valvular disease 23 1.9

Biological valve 17 14

OAC

Coumadin 5 mg 1176 95.9

Sintrom 4 mg 50 4.1

Group Person years

2015 774.9

Jan–Jul 2016 372.8

Aug–Nov 2016 190.8

VKA effectiveness %

TTR 2015 69.4

TTR Jan–Jul 2016 68.8

TTR Aug–Nov 2016 70.5

Age, sex, the underlying pathology that required an anti-
coagulant therapy, the type of oral anticoagulant (OACs)
prescribed, the division into the two groups, and the
respective VKA effectiveness based on the management
model applied to patients were described
AF atrial fibrillation, VTE venous thromboembolism,
VKA vitamin K antagonists, TTR time in therapeutic
range
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0.92–4.23]. IRR, 4.16 [CI 1.25–13.81], p\0.05);
major bleedings (no. of cases 2015, 11; Jan–Jul
2016, 10. IR% 2015, 1.42% [CI 0.7–2.54]; IR%
Jan–Jul 2016, 2.68% [CI 1.28–4.93]. IRR, 1.89 [CI
0.8–4.45]); cerebral ischemic stroke (no. of cases
2015, 2; Jan–Jul 2016, 4. IR% 2015, 0.26% [CI
0.03–0.09]; IR% Jan–Jul 2016, 1.07% [CI
0.28–2.74]. IRR, 4.16 [CI 0.76–22.7]); all-cause
deaths (no. of cases 2015, 12; Jan–Jul 2016, 14.
IR% 2015, 1.55% [CI 0.8–2.7]; IR% Jan–Jul 2016,
3.76% [CI 2.05–6.3]. IRR, 2.43 [CI 1.12–5.24],
p\0.05). In addition, during the period
Aug–Nov 2016we observed an increased number
of the majority of adverse events (except for
epistaxis and intracranial hemorrhage) com-
pared to the period Jan–Dec 2015 and, also, a
decrease of the incidence rate ratio in particular
with regard to major bleeding (no. of cases, 4),
intracranial hemorrhages (no. of cases 1), venous
thrombotic events (no. of cases, 1), cerebral
ischemic strokes (no. of cases, 1), and the all-
cause deaths (no. of cases, 4), with respect to the
Jan–Jul 2016/2015 rate ratio (Figs. 1, 2).

Analysis of the Percentage Increase/
Decrease of the Incidence Rate Ratio

As shown in Fig. 3, a percentage increase of the
incidence rate ratio between the Jan–Jul 2016
and Aug–Nov 2016 organizational models as
compared to the 2015 model was evidenced
with regard to all events (Jan–Jul 2016, 136.4%;
Aug–Nov 2016, 75.2%); minor bleedings
(125.2% and 136.9%); venous thromboembolic
events (315.8% and 1.6%); major bleedings
(88.9% and 47.7%); cerebral ischemic stroke
(315.8% and 103.1%); all-cause deaths (142.5%
and 35.4%).

Impact of the Three Organizational
Patient Management Models on Clinical
Outcomes

The incidence rate difference (2016–2015) and
the attributable risk were calculated to better
understand the percentage of the increased

Fig. 1 Comparison of the two organizational models analyzing the patient clinical outcomes. The incidence rate among the
several analytical management models is shown
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number of events attributable to the change
in the organizational model. As shown in
Figs. 4 and 5, the impact of this change was
highly evident during the period Jan–Jul 2016
compared to the 2015 group for all events
(IRD%, 8.98% [CI 4.59–13.37], p\0.001; AR,
57.7%), minor bleedings (IRD%, 3.88% [CI
0.92–6.83], p\0.01; AR, 55.6%), venous
thromboembolic events (IRD%, 1.63% [CI
0.59–3.2], p\0.05; AR, 75.9%), major bleed-
ings (IRD%, 1.26% [CI -0.59 to 3.13]; AR,
47.1%), cerebral ischemic stroke (IRD%, 0.82%
[CI -0.29 to 1.93]; AR, 75.9%), all-cause
deaths (IRD%, 2.21% [CI 0.54–4.36], p\0.05;
AR, 58.8%). In addition we observed that
there was no significant difference among the
Aug–Nov 2016 and the 2015 groups for the
following events: major bleeding (IRD%,
0.68% [CI -1.5 to 2.9]; AR, 32.3%), venous
thromboembolic events (IRD%, 0.008% [CI
-1.1 to 1.15]; AR, 1.54%), cerebral ischemic
stroke (IRD%, 0.27% [CI -0.82 to 1.35]; AR,
50.7%), all-cause deaths (IRD%, 0.55% [CI
-1.68 to 2.78]; AR, 26.2%).

DISCUSSION

Oral anticoagulant treatment is highly relevant
for the prevention of cerebral ischemic stroke or
systemic embolism and all-cause mortality in
patients with atrial fibrillation and one or more
risk factors for stroke [1–4]; on the other hand,
it is subject to a risk of bleeding [28]. Further-
more, regarding the prescription of the dosage
of VKAs, the global landscape is very varied. In
fact, VKAs can be administrated either by a
specialized surveillance center or by general
practitioners or other specialists, such as cardi-
ologists or internists. Naturally, this variability
in VKA administration could affect the success
and the safety of the anticoagulant therapy.
Several studies seem to demonstrate a better
therapeutic management in patients undergo-
ing local control of PT/INR compared to cen-
tralized control [29, 30]. The aim of the present
study was to evaluate the event rates of several
clinical composite outcomes, such as bleeding,
venous thromboembolic events, and all-cause
death, comparing three organizational models

Fig. 2 Statistical analysis between the three organizational models regarding the incidence rate ratio between the 2016
groups, Jan–Jul and Aug–Nov, compared to the 2105 group. *p\0.001; #p\0.01; �p\0.05
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on the basis of the analytical patient manage-
ment. Specifically, from 1 January to 31
December 2015 the analytical management of
patients treated with VKAs was under the direct
responsibility of the surveillance center of Chi-
eti, Italy. After a hospital reorganization in the
management of patients undergoing anticoag-
ulant therapy from 15 January to 15 July 2016,
the surveillance center had only the ability to
view the PT/INR results, without the possibility
to perform the tests and to evaluate the internal
and external quality controls and without the
possibility to monitor, in real time, all labora-
tory analyses of the patients (e.g., many
parameters, such as serum creatinine, transam-
inases, hemoglobin, platelets, are most impor-
tant in order to perform a correct anticoagulant
therapy minimizing the risks inherent to the
therapy itself). Subsequently, access was given
to the laboratory information system between

15 August and 15 November, and patients
underwent a third organizational model, in
which the surveillance center had the possibil-
ity to monitor all laboratory analyses, but
without the capacity to perform the PT/INR
tests and to evaluate the internal and external
controls. The primary endpoint of the study,
therefore, was to evaluate the incidence rates of
several clinical composite outcomes as follows:
bleeding, venous thromboembolic events, and
all-cause death. The results showed a significant
rise of the incidence rate ratio in patients
undergoing VKA treatment during the period
15 January–15 July 2016 compared to the pre-
vious one (2105 group) regarding bleeding,
especially for minor bleeding and digestive
bleeding; venous thromboembolic events; and
all-death cause. In patients treated during the
same period, thus with the same organizational
model, we also evidenced an increase of the

Fig. 3 Percentage increase/decrease of the incidence rate ratio among the several analytical management models. The 2016
groups, Jan–Jul and Aug–Nov, were compared to the 2015 group
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incidence ratio concerning major bleeding,
especially for the intracranial hemorrhage;
minor bleeding, such as hematuria and con-
junctival hemorrhage; and cerebral ischemic
stroke that was about four times more frequent.
Instead, a decreased incidence rate of epistaxis
during the period 15 January–15 July 2016
compared to the previous one was evidenced.
This point can be explained by one more year of
VKA therapy and therefore of healthcare edu-
cation for managing a very slight bleeding, such
as epistaxis, without needing to consult the
physicians of the surveillance center. Con-
versely, during the period Aug–Nov 2016 we
observed a decrease in the incidence rate ratio
concerning major bleedings, intracranial hem-
orrhages, digestive bleedings, venous throm-
boembolic events, cerebral ischemic strokes,
and all-cause deaths [34, 35]. In conclusion, we
observed that the incidence rate of the minor
bleedings, major bleedings, and venous throm-
boembolic events seems to be more influenced
by the possibility to perform the PT/INR tests

and by the ability to monitor all the laboratory
analyses of the patients, respectively. In fact,
the possibility for the surveillance center to
directly control the PT/INR as well as internal
and external quality controls, in order to mini-
mize and correct casual and systemic laboratory
errors, seems to explain the reason why
patients, undergoing the 2016 treatment peri-
ods (Jan–Jul and Aug–Nov groups), showed
worse results in terms of bleeding and throm-
botic events as compared to the previous treat-
ment period (2015 group), despite the same
ranges of TTR. In addition, the incidence rate
difference allowed one to quantify the per-
centage of the increased number of events
attributable to the change in the organizational
model. Furthermore, the calculated
attributable risk showed the percentage of all
event types that could be prevented just by
using a management model in which all avail-
able analyses and clinical information were
managed and controlled by the surveillance
center. The outpatients care organization of the

Fig. 4 Incidence rate difference calculated among the
several organizational models. The 2016 groups, Jan–Jul
and Aug–Nov, were compared to the 2015 group. These
results evidence an increased risk of adverse events directly

attributable to an organizational model that does not
provide a direct analytical and clinical control by the
surveillance center on patients undergoing VKA treat-
ments. *p\0.001; #p\0.01; �p\0.05
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2015 treatment period led to the lowest clinical
adverse events.

There are several limitations to this study.
The change of the management of the PT/INR
could have different effects on clinical out-
comes. Varying lengths of times of observation
could have affected the incidence of adverse
events, and the physicians may increase the
intensity of PT/INR monitoring, following an
event.

CONCLUSION

This study highlighted that the organizational
model of patients undergoing anticoagulant
therapy could affect the clinical outcomes in a
decisive way [14, 36, 37]. These findings showed
that analytical and clinical data and informa-
tion should be under the direct supervision and
responsibility of the surveillance center. In fact,
this approach seems to evidence the best results
in terms of safety and therapeutic effectiveness.
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