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Thrombus formation in atrial fibrillation is the result of two simultaneous and
necessary processes: 1) blood coagulation and 2) platelet activity. The role of
both processes, which we describe later, is different according to the intensity of
blood flow velocity and turbulence: a) in situations of high blood flow, as may
happen in mitral stenosis and arterial cerebral or myocardial stenosis, the role of
platelet activity is predominant, and b) in situations of low blood flow (atrial fi-
brillation) the main factor for left atrium thrombus is coagulation, although the

association of mitral valve disease or mechanical valve prosthesis highly increas-
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es the role of platelet aggregation due to increased turbulent flow. We dedicate
this article to the prevention of thrombus in atrial fibrillation associated to

ischemic heart disease, to mitral stenosis or mechanical prosthetic heart valves.

2. Physiopathology of Thrombus Formation

Thrombus formation in atrial fibrillation (AF) is the result of two simultaneous
processes: 1) coagulation, which finishes with the formation of an active throm-
bin responsible to transform fibrinogen to a stable fibrin net; 2) platelet activity
following two ways, one which generates thromboxane and later prostacyclin to
effectively collaborate to thrombin activation, and the other to generate ADP
and later glycoproteins to actively contribute to form platelet aggregates.

1) Coagulation. Macfarlane [1] presents in 1994 the, so called, c/assic coagula-
tion cascade. thrombin, formed from prothrombin thanks to the collaboration of
the complex factor VII-tissular factor and factor Xmay finished the coagulation
cascade and transform some fibrinogen into fibrin net, but this is unable to form
an stable thrombus.

Schafer [2] and Monroe [3], modified the classic cascade and present the new
coagulation cascade, which finishes with the formation of an activated thrombin
capable to transform fibrinogen into an efficient fibrin net. Thrombin and plate-
lets mutually activate themselves with the collaboration of several factors of the
medium phase of the coagulation to activate great amount of thrombin capable
to transform great amount of fibrinogen into an active fibrin net.

2) Activated platelets, apart from their mentioned role to activate thrombin,
are also responsible for the generation of glycoproteins, which are responsible
for the formation of platelet aggregates. While isolated platelets can pass through
the small holes of the fibrin net, the aggregates of many platelets cannot pass and
contribute to a stable thrombus.

In summary, activated platelet necessarily participates in both mentioned
processes for thrombus formation: 1) the activation of enough amount of
thrombin, able to form with the fibrinogen a stable fibrin net and 2) the genera-
tion of glycoproteins and platelet aggregates. These two processes justify the

important role of platelets in thrombus formation.

3. Combined Anticoagulant-Antiplatelet Therapy

Most of the trials to prevent thrombus formation used warfarin as vitamin K
antagonist controlled for an INR ratio between 2 and 4.5 according to the
thrombotic risk. More recently thrombin inhibitors were incorporated. To inhi-
bit platelet activation aspirin and occasionally triflusal were used to inhibit the
thromboxane line. Clopidogrel alone or combined with aspirin has also being

used.

4, First Trials

Chesebro and Fuster [4] were the first investigators to combine anticoagulants
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(warfarin at therapeutic level) and antiplatelets (aspirin at a dose of 500 - 1000
mg/24h.) in patients with mechanical valve prosthesis. The trial was prematurely
stopped due to the high incidence of major bleeding events.

Turpie et al [5], using a combination of aspirin 100 mg/day + complete anti-
coagulation (INR 2-3) versus anticoagulation alone, showed that combined
therapy significantly reduced the risk of embolism in patients with heart valve
prosthesis without increasing the risk of major bleeding, although minor bleed-
ing was increased.

Two similar trials, one realized in USA [6] and the other in Copenhagen [7]
combined a dose of aspirin (300 - 350 mg/d) and warfarin for a very low INR
level (mean value 1.3) in patients with AF. Both failed to prevent thromboem-
bolism.

In those years, some other trials compared low dose aspirin plus low intensity
anticoagulation versus warfarin or aspirin alone in patients with ischemic heart
disease. Using low dose of aspirin, the major bleeding risk was not increased, but
there was some tendency to gastrointestinal bleeding and endoscopy did not
show gastric ulcer.

After these initial trials, the first conclusion was that the level of anticoagula-
tion in combined therapy should be therapeutic (INR 2-3) or higher and the

dose of aspirin should be low, but the level was not yet established.

5. Trials at the End of 20t Century

Turpie et al [5] used warfarin for an INR 3-4.5 were compared with the same
level of anticoagulation plus 100 mg of enteric coating aspirin in patients with
heart valve prosthesis. Combined therapy significantly reduced the risk of em-
bolism and total mortality. There was a non-significant increase of major and
minor bleeding risk.

Meschengieser et al. [8], compare doral anticoagulation (INR 2.5-3.5) plus low
dose aspirin (100 mg/day) versus high intensity oral anticoagulation alone (INR
3.5-4.5) in patients with mechanical prosthetic heart valves. There were less
thromboembolic events in the combined group, but increased gastrointestinal

bleeding was registered as it was shown in other trials.

6. Trials at the Beginning of the 215t Century

Massel et al. [9] published in 2001 a Meta-Analysis about the risks and benefits
of adding anti-platelet therapy to warfarin versus warfarin or aspirin alone
among patients with prosthetic heart valves. The dose of aspirin was progres-
sively reduced from 1000 - 500 mg/day to less than 300 and the level of anticoa-
gulation also tended to be reduced to an INR of 2-3. After these changes the
thromboembolicrisk and total mortality was diminished during combined ther-
apy, but the incidence of major bleeding was slightly higher than with anticoa-
gulants alone. When the dose of aspirin was reduced to 100 mg/day in combina-

tion with moderate level of anticoagulant therapy the mayor bleeding risk was
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similar to that registered in the high dose anticoagulant alone group [8].

Lechat et al [10] used aspirin 100 plus warfarin (INR 2-2.5) vs. anticoagulant
therapy alone (INR 2-3). Aspirin was not enteric coating. Total bleeding events
were 13 (9 of them non-severe). One of the 3 major bleedings was registered in
the anticoagulant alone group and 3 majors were registered in the combined
group (1 gastric, 1 retroperitoneal and 1 post-traumatic). 8 non-severe bleedings
were registered in the combined group and one in the anticoagulant alone. The
trial was stopped due to the incidence of bleeding complications. There was no
information about the location of the minor bleeding events.

Dentali et al [11] analyzed by meta-analysis of randomized trials the benefit
of combined versus anticoagulant alone therapy in patients with cardiovascular
diseases. The thromboembolic risk was lower in patients receiving combined
therapy, mainly in those with cardiac valve disease. The benefit was only signifi-
cant in patients with cardiac valve prosthesis. The incidence of fatal throm-
boembolism was also lower in this group of patients. Considering all groups of
patients, the incidence of major bleeding was non-significantly lower in the
group receiving anticoagulant therapy alone and the incidence of intracranial or
fatal bleeding was similar in both groups.

It is generally accepted by experts in gastroenterology [12] [13] [14] [15] the
relationship between antiplatelet drugs and major gastric bleeding caused by
gastric ulcer and its protection with omeprazole. It was also shown that superfi-
cial mucosal erosions cause only microscopic bleeding detected either in gastric
or fecal content. It has also been found that gastric mucosal is protected when
the antiplatelet drug is enteric coating and it is avoided when proton-pump in-
hibitors (omeprazole) are associated to the antiplatelet drug.

Younossi et al. [16] found that superficial mucosal erosions may be responsi-
ble for severe bleeding when aspirin is associated to anticoagulant therapy. They
also found that gastric bleeding usually takes place during the first 5 days after
the beginning of the combined therapy. Altman et al [17] after complete me-
ta-analysis that thromboembolic prevention in patients with atrial fibrillation
and mitral valve disease or prosthetic heart valves is equally effective when low
level of anticoagulation (INR 2-3) plus 100 mg/day of aspirin is used instead of
higher doses. Furthermore, the risk of gastrointestinal bleeding is considerably
prevented using lower doses.

More recent trials, mainly meta-analysis and guidelines [18]-[24], according
to previous comments can be summarized in following conclusions:

1) Patients with atrial fibrillation alone (low flow blood rate) only need anti-
coagulant therapy with anti-vitamin K for an INR = 2-3 [18] [20] [22]. Others
prefer anticoagulation with, so called, new anticoagulants [20] [21] [22] in order
to reduce the bleeding risk.

2) When atrial fibrillation is associated to other pathologies which cause tur-
bulent high blood flow (mitral valve disease, prosthetic heart valves or compli-

cated ischemic heart disease) one or two antiplatelet agents (aspirin, clopidogrel
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or both) [19] [20] [21] [22] [23] have to be associated the anticoagulant therapy.
They also found that one antiplatelet is better that two because the antithrom-
botic effect is similar, and the bleeding risk is higher.

3) There is general agreement that double therapy significantly reduces the
thrombo-embolic risk, but increases the incidence of major bleeding, mainly
gastric.

4) When double or triple therapy is indicated the level of anticoagulation must
be low (no higher than INR = 2-3).

5) When antiplatelet agents are needed some investigators prefer clopidogrel
to aspirin to reduce the bleeding risk [20] [21], but if the thromboembolic risk is
exceedingly high others prefer aspirin [23].

6) The role of combined therapy in patients with atrial fibrillation at high risk
of stroke (prior embolism, mitral stenosis or complicated ischemic heart disease)
has not been unanimously advised in Guidelines: There is greater tendency to
use double or triple therapy in USA than in Europe.

All investigators agree that aspirin is the main responsible for bleeding events,
mainly upper gastrointestinal bleeding, and the risk is greatly reduced when the
dose is lowered to 100 mg/day. Furthermore, the use of enteric coating aspirin
[20] considerably diminished the bleeding risk, according to previously cited
gastroenterologists [12] [13] [14] [15] and the risk is totally avoided when ome-
prazole 20 mg/day is associated.

Our NASPEAF randomized trial [25] [26] [27] analyzed the effect of antith-
rombotic therapy [25] in 958 patients with atrial fibrillation of whom 471 re-
ceived combined therapy (anticoagulation (mean INR = 2.47) and triflusal 600
mg/day) and 506 anticoagulant therapy alone (INR 2.3). Triflusal 600 mg/day
was used as antiplatelet. Its effect is similar to that of aspirin, but with lower
prostacyclin inhibition, so greater doses are needed to obtain therapeutic level.
The primary events were significantly lower in patients receiving combined
therapy [25]. The incidence of major bleedings was also lower, although
non-significant, in the combined group (17 versus 23), but 11 of 17 bleedings
registered in this group were gastric and only 4 in the anticoagulant group. Gas-
tric endoscopy performed in 10 of the 11 patients showed superficial mucosal
gastric erosions, but ulcer was not detected in any of them.

Trying to avoid the high incidence of gastric bleeding in the combined thera-
py group we continued since 2001 to 2008 [28] control of 400 randomized pa-
tients of the NASPEAF trial distributed in two groups: group 1 composed by 165
of the anticoagulant arm (INR 2-3), and group 2 by 235 of the combined group
(INR 1.9-2.5, triflusal 600 mg/day and omeprazole 20 mg). 126 new cases en-
tered in group 1, and 10 in group 2. Another two combined therapy groups were
also followed: group 3 (120 cases), which received anticoagulation for INR
1.9-2.5, triflusal 300 mg/day and omeprazole 20 mg and group 4 (34 cases)
treated with the same level of anticoagulation and enteric coating 100 mg aspi-

rin. The mean control time was 5.1 years.
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Only those patients controlled for a minimum period of 12 months were in-
cluded for final analysis. Patients of groups 1 - 3 were controlled for a longer pe-
riod (mean 49 months) and patients of group 4 for a mean period of 36.7
months. Systemic and final controls were realized during personal attendance in
out-patients clinic, except a 5.9%, in whom final control was made by telephone.

Eight major gastric bleedings were registered in combined therapy groups 2
and 3, all inpatients who were not yet receiving preventive treatment with ome-
prazole. Only one patient of group 2 presented one gastric bleeding after ome-
prazole therapy, but it was proved later the patient was not taken omeprazole
when he suffered the bleeding. No gastric bleedings were registered in group 4,
receiving entering coating aspirin 100.

After the publication of our NASPEAF trial, Rodney H. Falk [29] wrote: “Re-
considering Combined Antiplatelet and Anticoagulant Therapy in Atrial Fibril-
lation”. Now that it has been proved that gastric bleeding is prevented by enteric
coating antiplatelet tablets and avoiding with omeprazole, we can repeat “Re-
considering combined antiplatelet-anticoagulant therapy in Atrial Fibrillation
complicated by Ischemic Heart Disease, Mitral Stenosis or Prosthetic Heart

Valves”.

7. Conclusions

1) Thrombus formation within the left atrium and the coronary or systemic
arteries is the result of three main factors: a) formation of a fibrin net as the final
step of the coagulation cascade with the contribution of thrombin, platelet activ-
ity and coagulation factors; b) platelet aggregation, secondary to platelet activity
and prostaglandin contribution; ¢) the degree of blood flow rate: low flow, as
occurs within the left atrium in patients with atrial fibrillation which facilitates
coagulation and high turbulent flow, as occurs in patients with coronary or sys-
temic stenosis, mitral stenosis or prosthetic heart valves which facilitates platelet
aggregation.

2) The main therapy to prevent coagulation is based on the anticoagulant (an-
tivitamin K) therapy, or more recently on the antithrombins therapy, which an-
ticoagulant effect is not influenced by food absortion and there is no need for
laboratory control. In combined therapy, usually antivitamin K-anticoagulants
are used.

3) To prevent the consequences of high-turbulent flow we use antithrombox-
ane-antiplatelet (mainly aspirin) or anti-prostacyclin (mainly clopidogrel).

4) Randomized trials showed a significant reduction of thromboembolic
events when antivitamin K-anticoagulants are combined with antiplatelets, but
the risk of bleeding (mainly gastric) increased because of mucosal damage,
which occurs mainly during the first 5 days of treatment. Gastroscopy usually
shows gastric or duodenal ulcer in patients with major gastricbleeding, but our
trials show that this event may happen with superficial gastric erosions when as-

pirin is combined with dose-depending anticoagulant therapy.
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5) Recent trails have progressively reduced the dose of anticoagulants to a
mean INR level of 2.5 or less, and the dose of aspirin from initial 1000 to an ac-
tual 300 - 100 mg/day. The risk of bleeding decreased with lower doses of both
therapies, but a greater prevention was obtained when aspirin is enteric coating.
Our experience is that gastric bleeding risk is totally avoided when the antiplate-
let is given associated to omeprazole 20 mg/day.

6) In our published experience combined therapy with an anticoagulant level
for a mean INR of 2.17 and low dose of antithromboxan-antiplatelet therapy
significantly reduced the thromboembolic risk and cardiac death. The risk of
gastric bleeding was totally avoided associating omeprazole 20 mgs/day or using

enteric coating tablets when the dose of aspirin is 100 mg day.
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