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Effects of rivaroxaban on intimal hyperplasia and smooth muscle
cell proliferation at the carotid artery anastomosis site in rabbits

Introduction

Intimal hyperplasia is characterized by vascular smooth mus-
cle cell (VSMC) proliferation, inflammatory cell infiltration, endo-
thelial cell injury, and augmented position of extracellular matrix. 
Intimal hyperplasia development is a vasoactive process, which 
begins with endothelial injury and ends up with partial or total re-
stenosis in the long period. These mechanisms produce vascular 
lumen renarrowing or restenosis, leading to the failure of bypass 
or angioplasty, which is commonly performed to treat cardiovas-
cular disease (1). Intimal hyperplasia is not only an adaptive pro-
cess against the hemodynamic stress but also a characteristic of 
arterial injury healing. Reconstructive operations are frequently 
performed for treating obstructive arterial diseases, and opera-
tive success is frequently undermined by spontaneous thrombo-
sis and restenosis during follow-up. While coronary arterial stent 
implantation without preventive intervention the incidence of re-
stenosis can reach approximately 30%–50% within 6 months (2).

Rivaroxaban is a novel oral anticoagulant that inhibits direct-

acting factor Xa, which is central in the coagulation cascade 
and is involved in the initiation, amplification, and propagation 
phases of clot formation (3). Exposure to tissue factor following 
plaque rupture or erosion activates factor Xa, which catalyzes 
the conversion of prothrombin to active thrombin. It also plays 
an important role in both cellular proliferation and inflamma-
tory pathway (4,5). Although rivaroxaban is commonly used in 
patients with atrial fibrillation and venous thrombosis, only a few 
trials have evaluated its role in arterial diseases, such as acute 
coronary syndrome or carotid artery dissection (6, 7). We believe 
it might also have a beneficial effect in this setting through its ef-
fects on intimal hyperplasia associated with arterial healing via 
avoiding biochemicals’ effects which participating coagulation 
cascade and induces the expression of cell adhesion molecules 
such as vascular endothelial growth factor (8).

To evaluate the effect of rivaroxaban on vascular prolifera-
tion following arterial surgery, we assessed the effect of rivarox-
aban on intimal hyperplasia and smooth muscle cell proliferation 
in a rabbit carotid artery anastomosis model.

Objective: This study aimed to assess the effect of new generation oral, direct factor Xa inhibitor rivaroxaban on intimal hyperplasia and smooth 
muscle cell proliferation at the carotid artery anastomosis site of rabbits.
Methods: In total, 14 New Zealand male rabbits weighing 3–3.5 kg were randomized into two groups. Group A (7 rabbits) served as the control 
group and received no medication. Rivaroxaban was perorally administered to group B (7 rabbits) mg/kg/day for 28 days. Following anesthesia 
induction, carotid arteries were dissected through a right neck incision. following heparinization at 100 IU/kg, vertical full thickness arteriotomy 
was performed, then was repaired continuously with 8-0 polypropylene. At day 28, all rabbits were sacrificed and the anastomosed carotid artery 
segments were analyzed using light microcopy. Hematoxylin–eosin and Masson’s trichrome stained images were analyzed using a digital image 
analysis program, and lumen diameter, lumen area, intimal and medial thickness, and media areas were measured and results were compared.
Results: In the serial sections, the average lumen diameter of group B was higher than that of group A (p=0.001). The lumen areas of group B were 
also higher than those of group A (p=0.004). The intimal thickness of group B was lower than that of group A (p=0.001). When the section series 
were evaluated for media thickness, the thickness of group B was lesser than that of group A; the difference was statistically significant (p=0.002).
Conclusion: This study may imply a potential midterm benefit of rivaroxaban following arterial anastomosis by reducing intimal proliferation and 
restenosis. (Anatol J Cardiol 2017; 18: 261-65)
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Methods

Grouping stage in experimental animals
In total, 14 New Zealand male rabbits averagely weighing 3.35 

(± 0.264 kg) and aged 2 years (range, 20–26 months) were select-
ed for the experiment. All animals were housed separately and 
kept at an ambient temperature of 25°C and 7% humidity. They 
were randomly divided into two groups of seven animals. Group 
A rabbits served as the control group and received no medica-
tion. Rivaroxaban (Xarelto, Bayer HealthCare AG, Wuppertal, 
Germany) dispersed in 2 mL water was perorally administered 
to group B 3 mg/kg/day for 28 days. The nutrition was maintained 
with standard rabbit chow, with single cage feeding and free 
drinking water, and the total daily food intake was about 120 g.

Surgical procedure
In both groups the surgical protocol was the same: for anesthe-

sia, 50 mg/kg ketamine (Ketalar, Pfizer, İstanbul, Turkey) and 5 mg/
kg xylazine (Alfazyne, Bayer, Istanbul, Turkey) was administered to 
the gluteus muscle. Animals were first placed in supine position. 
After shaving and disinfection, a right vertical neck incision was 
made. Right carotid arteries were identified near the trachea and 
excised approximately 1 cm for the operation. Next, with a silk su-
ture to its vertical axis, a 1-mm incision was made in the blocked 
interval of the artery using an iris blade for coronary surgery after 
giving 100 IU/kg heparin by ear vein. The right carotid artery seg-
ment was sutured with continuous suture technique using 8-0 poly-
propylene (Ethicon, Somerville, NJ, 6.5 mm 3-8 circle, US). Mainte-
nance of arterial blood flow during the procedure was achieved 
using this technique. Skin closure was performed with 2-0 poly-
propylene (Johnson & Johnson Medical, Belgium). All procedures 
were performed with sterile instruments and surgical asepsis by a 
single operator using 3.5X magnification. Every animal survived the 
procedure and was followed-up for 28 days without any complica-
tions. While study animals (group B) received rivaroxaban daily by 
gavages, control animals received normal food and water.

At day 28, all animals were anesthetized using the same pro-
tocol. The right carotid arteries were removed. The arterial seg-
ments were kept in 10% neutral formalin and sent to histology 
laboratory for analysis. All rabbits were sacrificed using 150 mg/
kg pentothal at the end of this study.

Laboratory methods
The arterial segments were stained using hematoxylin–eosin 

and Masson’s trichrome; then, xylene was utilized for pellucidity, 
and they were embedded in paraffin. Next, 5 μm thickness slides 
were gained using rotary microtome (RM 2255-Leica, Leica Bio-
systems Nussloch, Germany) and examined under light micro-
scope by a histologist who was blinded to the groups.

Statistical analysis
Statistical Package for the Social Sciences for windows 

version 15.0 for windows (SPSS, Chicago, IL, USA) was used 

for acquired data analysis. Measured data were presented as 
mean±standard deviation. Each group had only seven subjects; 
Mann–Whitney U test was used for comparison between the 
two groups.

A p value of <0.05 was considered statistically significant 
within 95% confidence range. Posteriori power analysis applied 
to each researched parameter.

Results

Arterial anastomosis was patent in all animals in both the 
groups at the end of the study at 28 days. After preparation, his-
tological slides at the level of the suture lines were compared 
for the luminal diameter, luminal area, intimal thickness, and me-
dial thickness. Slides were stained using both hematoxylin–eo-
sin (Fig. 1a–d) and Masson’s trichrome (Fig. 2a–d) to clarify the 
measurements. Group A images were shown in 10X (Fig. 1a, 2a) 

b

d

Figure 1. 10X and 50X images stained using hematoxylin–eosin under 
light microscope. Group A (a, b); Group B (c, d). Tunica intima marked 
red in all images for comparison

b d

Figure 2. 10X and 50X images stained using Masson’s trichrome under 
light microscope. Group A (a, b); Group B (c, d). Tunica intima marked 
red in all images for comparison
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and 50X (Fig. 1b, 2b) magnifications. Group B images were also 
shown with the same magnification (Fig. 1c, 1d, 2c, 2d). Tunica 
intima was marked red in all images for comparison. Mean and 
standard deviation of the measured parameters are summarized 
with minimum and maximum values in Table 1.

Luminal diameters
The mean luminal diameter was 527.45±106.14 μm (476.49–

779.62 μm) in group A and 770.55±88.33 μm (725.947–860.82 μm) in 
group B. It was significantly larger in group B (p=0.001) (Fig. 3a). 
Posteriori power analysis calculated was 0.96 (a=0.05).

Luminal areas
The mean luminal area was 258,616.93±164.53 μm2 (171,504–

447,037 μm2) in group A and 443,505.33±580.22 μm2 (402,420.9–
726,744.2 μm2) in Group B. It was significantly lesser in group A. 
The results were statistically significant (p=0.004) (Fig. 3b). Post-
hoc power analysis resulted as 0.12 (a=0.05).

Intimal thickness
The mean intimal thickness was 33.28±5.14 μm (22.61–69.94 

μm) in group A and 12.41±3.25 μm (10.54–15.23 μm) in group B. 
Group B had significantly less intimal width compared with 
group A (p=0.001) (Fig. 4a). Outcomes were applied to post-hoc 
power analysis as 1.00 (a=0.05).

Medial thickness
The mean medial thickness was 142.6±32.16 μm (108.9–161.5 

μm) in group A and 104.29±29.76 μm (101.59–115.98 μm) in group 
B. Group B had significantly less medial and intimal prolifera-
tion compared with group A (p=0.002) (Fig. 4b). Posteriori power 
analysis calculated as 0.62 (a=0.05).

Discussion

Using histomorphological examinations, we demonstrated 
that the outcomes of rivaroxaban on the cellular and ultrastruc-
tural changes focused on intimal hyperplasia and smooth muscle 
cell proliferation in a rabbit carotid artery model. Hereby, we have 

revealed that rivaroxaban could significantly inhibit the develop-
ment of intimal hyperplasia and smooth muscle cell proliferation.

Rivaroxaban is a well-known NOAC and is mostly used in pa-
tients with atrial fibrillation or venous thrombosis. Thus, various 
studies have been previously conducted on the basis of these 
effects (9, 10). But nowadays, diversified studies have been con-
ducted, for example, Hara et al. (11) demonstrated that rivaroxa-
ban attenuates atherosclerotic plaque progression and destabi-
lization in ApoE-deficient mice. Distinctly in our study, rabbit was 
chosen instead of a rat or a mouse model, based on the close 
factor Xa patency of rabbits to humans (12).

On the other hand, intimal hyperplasia caused by endothelial 
dysfunction is associated with higher proinflammatory and pro-

Table 1. Luminal diameter, lumen area, intimal and medial thickness measurements with mean and median values. Group A 
and Group B

    Valid N Mean Standard deviation Median Minimum Maximum P

GROUP A Luminal diameter, μm 7 527.45 106.14 513.04 476.49 779.62 
P=0.001

  B Luminal diameter, μm 7 770.55 88.33 783.89 725.947 860.82

GROUP A Luminal area, μm2 7 258,616.93 164.53 231,363.07 171,504 447,037.55 
P=0.004

  B Luminal area, μm2 7 443,505.33 580.22 513,384.90 402,420.90 726,744.20

GROUP A Intimal thickness, μm 7 33.286 5.14 37.626 22.133 69.946 
P=0.001

  B Intimal thickness, μm 7 12.415 3.25 13.016 10.54 15.236

GROUP A Media thickness, μm 7 142.653 32.14 133.806 108.956 161.503 
P=0.002

  B Media thickness, μm 7 104.965 29.766 101.586 86.99 115.976
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Figure 3. (a) Matching luminal diameters. Group A and Group B. (b) 
Matching luminal areas. Group A and Group B
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Figure 4. (a) Matching intimal thickness. Group A and Group B. (b) 
Matching medial thickness. Group A and Group B
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coagulant changes (13). Despite numerous agents which prevent 
thrombosis occurrence via anticoagulant, antiplatelet or fibrino-
lytic effects have been studied on this subject so far; however, 
to our knowledge, this is the first study that hypothesized an as-
sociation between rivaroxaban and postsurgical restenosis.

Therewithal, some factor Xa inhibitors were recently 
researched with a similar purpose. Iba et al. (14) have researched 
low molecule weight heparin (LMWH) effects on endotelial 
damage in rat model. Three groups each had six rats in trial. 
LMWH, factor Xa inhibitor, and placebo were administered 
before mesenteric arterial punction and the slices taken from 
bleeding area examinated. Even though the bleeding area was 
larger in anticoagulant group than in the placebo group, leucocyte 
adhesion and endothelial damage were less at the end. Conse-
quently, it was postulated in this study that both of these drugs, 
which inhibit factor Xa, also decrease endothelial damage and 
inflammatory processes.

Hara et al. (11) experimented in mice model and showed 
that rivaroxaban attenuates neointimal formation via inhibition 
of both proinflammatory and proliferative activation of VSMCs. 
Percutaneously, vascular injury was constituted by wire; then, 
mice were administered 5 mg/kg/day rivaroxaban for 4 weeks, 
and results were compared with control group. Neointimal area 
and intima/media ratio was significantly in less in the rivaroxa-
ban group. Furthermore, in vitro experiments determined that 
rivaroxaban reduced factor Xa and increased mRNA expression 
of inflammatory and vasoproliferative molecules.

Consequently, their results demonstrated that both proin-
flammatory activation of macrophages and proliferative activa-
tion of VSMCs are prevented in the presence of rivaroxaban. At 
the end of this study, they pretend that for further studies, factor 
Xa may serve as a beneficial target for neointima formation after 
vascular injury and rivaroxaban may be utilized as an efficient 
drug for that purpose (15).

Additively, Kim et al. (16) have been planning a randomized 
prospective study, with the aim of evaluating the effects of dabi-
gatran and rivaroxaban on endothelial intima, medial thickness, 
and atheroma plaques in carotid artery in patients with atrial 
fibrillation. Warfarin will be administered to control group. The 
ending date was determined as 2018. Within this study, same 
processes end-up with restenosis will be assessed in humans 
(16). Apparently, this trial has a great importance as it is first 
study in humans assessing rivaroxaban effect on intimal and 
medial changes.

Taken together, these findings may assert a possible protec-
tive effect of rivaroxaban on intimal hyperplasia and smooth 
muscle cell proliferation progress.

Study limitations

There are some limitations to the present study. First of all, 
vascular healing is a large and complicated process containing 
various biochemical steps; thus, the number of animals was limi-

ted to determine all this steps. Moreover, due to limited budget we 
were not able to investigate detailed immunochemical markers 
participating in the process. Therefore, mostly carotid artery 
surgery process ends with a patch grafting made by saphenous 
vein or polytetrafluorethylene. Due to the small vessel size, these 
methods could not be performed and reflected in the results. On 
the other hand, new anticoagulants, such as LMWHs, have not 
been researched in arterial diseases yet. For all these reasons, 
further human studies should be done on this subject with new 
oral anticoagulants in larger groups.

Conclusion

Similar to various previous studies with different models, our 
surgical anastomosis model in rabbits showed that rivaroxaban 
caused a statistically significant decrease in intimal hyperpla-
sia and medial thickness resulting in greater luminal area and 
diameter. The results can be attributed to the blocking of inflam-
matory processes with factor Xa inhibition. Therefore, the lumen 
diameter and luminal area increment can be regarded as a pro-
tective effect against restenosis.

In brief, rivaroxaban as an easy to use oral drug may have 
a valuable preventive effect on postsurgical arterial restenosis.
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