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A b s t r a c t

Introduction: In chronic venous insufficiency (CVI), an increase in venous 
pressure causes the passage of intravascular blood cells and molecules into 
the surrounding tissues and induces histopathological changes in the lower 
extremities, leading to increased pigmentation in the legs, ulceration, and 
tissue loss to various degrees. This study aimed to investigate whether an 
increase in venous pressure in the coronary veins can lead to the aforemen-
tioned histopathological changes.
Material and methods: Twenty-four New Zealand rabbits were divided into 
the following three groups: experimental model of coronary venous hyper-
tension (CVH) (n = 8), sham group (n = 8), and control group (n = 8). After 
21 days postoperatively, tissue samples from each group were compared for 
perivascular inflammation, erythrocyte extravasation, macrophage infiltra-
tion, and hemosiderin deposits by histopathological scoring under a  light 
microscope. Matrix metalloproteinase-2 (MMP-2) activation was evaluated 
using immunohistochemical staining.
Results: In the CVH group, hemosiderin accumulation was significantly high-
er than in the sham and control groups (1.0 (1.0–3.0), 0.0 (0.0–1.0), 0.0 (0.0–
0.0); p < 0.001). Immunohistochemically, in the CVH group, MMP-2 levels 
were significantly higher than in the sham and control groups (2.0 (1.0–3.0), 
0.0 (0.0–1.0), 0.0 (0.0–0.0); p < 0.001). 
Conclusions: This experimental study showed for the first time the histo-
pathological and immunohistochemical changes in myocardial tissue, simi-
lar to those observed in CVI, as a result of increased coronary venous pres-
sure due to coronary vein ligation. Further studies are needed to understand 
the clinical implications of these results.

Key words: coronary veins, hemosiderin, Thebesian valve, vein occlusion, 
venous insufficiency.

Introduction

Cardiovascular system diseases are still the leading cause of mor-
bidity and mortality globally [1]. Chronic venous insufficiency (CVI) is 
a clinical condition observed in the lower extremities as a result of ve-
nous hypertension caused by venous valve insufficiency, venous flow 
obstruction or both. Although the most common cause is increased 
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venous pressure due to valve insufficiency, CVI 
is the most commonly used term for all etiologic 
and clinical manifestations of chronic venous dis-
ease [2]. This pressure load on the lower extrem-
ity veins causes blood cells and molecules in the 
veins to pass into the surrounding tissue, leading 
to tissue damage. Erythrocytes that exit the vein 
due to increased intravenous pressure, resulting 
from venous stasis, are degraded by interstitial 
macrophages, causing iron accumulation in the 
tissue. Eventually, the increased iron load causes 
ferrite to undergo a structural change, converting 
it to hemosiderin. Iron overload and other metab-
olites accumulating disrupt tissue structure and 
cause tissue damage to various degrees [3, 4].  
This histopathological phenomenon results in 
venous leg ulcers in some patients. In addition 
to standard medical and surgical treatment for 
these venous leg ulcers, autogenously derived re-
generative cell therapy is also applied in selected 
cases [5]. 

Valves are widely found in coronary veins. 
Thebesian valves are located in the coronary si-
nus (CS) ostium. Vieussens valves are also ob-
served at the point where the great cardiac vein 
intersects the posterolateral vein. Valves are 
mostly located in the great cardiac vein, inferior 
interventricular vein, and posterior cardiac vein 
of the left ventricle, with an average of 2.5–3 
valves per vein [6]. A  study demonstrated that 
valves in the coronary veins were functional and 
prevented retrograde flow against gravity [7]. 
Thus, we hypothesized that an increase in the 
coronary venous pressure can have histopatho-
logical outcomes in the myocardial tissue. For 
this purpose, we increased intravenous pressure 
in the coronary vein using a coronary vein liga-
tion model and investigated whether the histo-
pathological changes observed in the lower ex-
tremity tissue during CVI were also observed in 
the myocardial tissue.

Material and methods

Experimental animals

The study was approved by the Institutional 
Animal Use and Care Committee of Canakkale 
Onsekiz Mart University and was conducted in ac-
cordance with the Helsinki Declaration of World 
Medical Association recommendations on animal 
studies (Protocol no: 2018/10-08). Twenty-four 
male New Zealand rabbits (age: 11–14 months) 
weighing 2.2–3.4 kg were used in this study. 
Standard rabbit feed and water were provided 
throughout the study. The rabbits were individual-
ly housed in a special steel cage in a special room 
at 22 ±2°C and 55–60% humidity with a  12-h 
dark/light cycle.

Study groups

The rabbits were randomized into the following 
three groups: 
1.  CVH group (n = 8): left thoracotomy was per-

formed on the rabbits to access the coronary 
veins, which were ligated.

2.  Sham group (pseudo-surgery; n = 8): the rabbits 
underwent left thoracotomy without coronary 
vein ligation.

3.  Control group (n = 8): no surgical procedure was 
performed in this group, and tissue samples 
were obtained after the rabbits were sacrificed 
at the same time with the other two groups.
Reportedly, histopathological and immunohis-

tochemical changes were observed in the lower 
extremity tissues on the 21st day in CVI experi-
mental models created using femoral vein ligation 
[8]. Thus, in the present study, myocardial tissue 
samples were obtained from all animals after  
21 postoperative days.

Anesthesia protocol

Rabbits were intramuscularly administered 
xylazine (10 mg/kg) and ketamine hydrochloride 
(40 mg/kg). 

Coronary vein ligation model

For planning our experimental model, experi-
mental models of defined venous insufficiency of 
other systems and organs were examined in de-
tail. It was observed that femoral vein ligation [8, 
9] has been performed to study CVI, jugular vein 
ligation [10] to study chronic cerebrospinal venous 
insufficiency (CCSVI) and ovarian vein ligation [11] 
to study ovarian venous insufficiency. Thus, coro-
nary vein ligation was planned to test our hypoth-
esis. Our aim was to find an appropriate location 
that was far away from the distal vein, where all 
coronary veins drain, but that technically allowed 
ligation. The rabbit coronary vein anatomy was 
evaluated carefully before the procedure. Rabbits 
do not have a CS; instead, the great cardiac vein 
(GCV), which is the largest coronary vein in rab-
bits, opens directly into the left cranial vena cava 
(LCVC). The GCV comprises two main parts: one is 
the left circumflex vein (LCx) and the other is the 
paraconal interventricular vein (PIV), which takes 
course in the paraconal interventricular groove 
and ends near the apex cordis. The PIV gives col-
lateral branches, with distal branches extending to 
the right and left ventricles [12]. The GCV and LCx 
cannot be seen in a cranial view, as they remain 
hidden under the left auricle [12, 13] (Figure 1).  
In the light of this information, the surgical proce-
dure was initiated.

Cefazolin sodium (intramuscular; 50 mg/kg) 
was preoperatively administered to prevent in-
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fection. The surgical procedure was initiated after 
the primary practitioner established a view with 
a 3.5× magnification surgical loupe. Subcutaneous 
muscle tissue was accessed by incising the skin 
from the anterolateral region corresponding to the 
third intercostal space. The lower part of the third 
intercostal space was opened by blunt dissection 
to prevent damage to the left hemithorax. An in-
tercostal width of approximately 2.5–3 cm was 
achieved. Using a  mini retractor, the left hemi-
thorax was accessed after rib retraction. After the 
pericardium and the heart were visualized in the 
medial area, the pericardial space was accessed 
by opening the pericardium from the inferioposte-
rior line to the superioanterior line. As myocardi-
al infarction, shock, and sudden death due to CS 
thrombosis have been reported in experimental 
models in dogs and case reports, tying the vein in 
a region distant from the GCV was preferred [14, 
15]. At the paraconal interventricular groove re-
gion, an epicardial 7/0 prolene suture was precise-
ly passed from the distal side of the point where 
the PIV drained into the GCV. To ensure that only 
the PIV was ligated, suturing was performed be-
fore the ligation was taken to traction; moreover, 
it was checked whether the distal vein filled and 
stretched (Figure 1). After 30 s, assessment was 
performed for determining coronary ischemia 
findings. After ensuring that the coronary artery 
was not included in the suture line, venous pas-

sage was blocked by ligating the vein segment. At 
the end of the 21 days, rabbits were operated on 
using the same surgical procedure under gener-
al anesthesia to reach the heart, and euthanasia 
was performed by exsanguination [16]. The heart 
tissue was fully excised. Ligation sites were iden-
tified with the aid of sutures.

Because the rabbit heart is very small and one 
cannot predict how far the damage spreads in 
this model of coronary vein hypertension, CVI and 
CCSVI experimental models were referenced for 
histopathological sampling [9, 10]. In these two 
models, tissue samples taken from tissues under 
the ligated vein segment were compared with 
those taken from the sham and control groups. 
Myocardial tissue in the 1 cm2 area under coro-
nary vein ligation was enumerated by excising the 
tissue that corresponded to the same region in 
the sham and control groups.

Histopathological evaluation

Histopathological evaluation was performed in 
the histology department of Canakkale Onsekiz 
Mart University by an expert histologist who was 
blinded to the groups from which tissues were 
obtained. The tissues were immediately fixed 
in 10% neutral buffered formalin for 48 h. After 
fixation, dehydration, pellucidation, and paraffin 
embedding, 4–5-µl sections were obtained from 
the paraffin blocks using a Rotary Microtome (Lei-
ca RM2125 RTS). Samples were evaluated under 
a light microscope (Zeiss AxioScope A1). Perivas-
cular inflammation, erythrocyte extravasation, 
and macrophage infiltration were graded using 
routine hematoxylin and eosin staining. Hemosid-
erin deposits in the tissue were graded using Prus-
sian blue staining. Scoring for histopathological 
grading was as follows: 0 – no findings in the area 
examined using the light microscope; 1 – findings 
noted in < 25% of the examined area; 2 – findings 
noted in 25%–75% of the examined area; and  
3 – findings in > 75% of the examined area [17].

Immunohistochemical staining

Immunohistochemical staining was performed 
using the matrix metalloproteinase-2 (MMP-2) 
monoclonal antibody kit (lot no: 2776852, EMD 
Millipore corporation, USA) according to the man-
ufacturer’s instructions. Immunohistochemical 
scoring of MMP-2 was performed according to the 
staining intensity of the slides (0 – no staining;  
1 – poor but detectable staining; 2 – moderate 
staining; and 3 – strong staining).

Statistical analysis

Data were analyzed using SPSS version 21.0. 
Descriptive data were presented as median (min-

Figure 1. Cranial surface of the New Zealand rab-
bit heart. The paraconal interventricular vein (blue 
arrow) has swollen after ligation. The paraconal in-
terventricular artery (yellow arrow). The collateral 
veins (distal branches of paraconal interventricular 
veins) (green arrow)

LA – left auricle.
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imum–maximum). The Kruskal-Wallis test was 
used to compare the variables. The Mann-Whit-
ney U test with Bonferroni correction was used for 
comparing data. A value of p < 0.05 was consid-
ered as statistically significant.

Results

Histopathologic findings 

In the CVH group, perivascular inflammation 
was significantly higher than in the sham and con-
trol groups (2.5 (1.0–3.0), 0.0 (0.0–1.0), 0.0 (0.0–
0.0); p < 0.001). In the CVH group, erythrocyte 
extravasation was significantly higher compared 
to the sham and control groups (3.0 (2.0–3.0),  
0.5 (0.0–1.0), 0.0 (0.0–0.0); p < 0.001). The CVH 
group demonstrated significantly higher mac-
rophage infiltration than the sham and control 
groups (3.0 (2.0–3.0), 0.5 (0.0–1.0), 0.0 (0.0–1.0); 
p < 0.001). The CVH group also demonstrated sig-
nificantly higher hemosiderin accumulation than 
the sham and control groups (1.0 (1.0–3.0), 0.0 

(0.0–1.0), 0.0 (0.0–0.0); p < 0.001). Figure 2 pres-
ents images of histopathological samples under 
light microscopy. 

Immunohistochemical findings 

Immunohistochemical evaluation revealed that 
MMP-2 levels in the myocardial tissue around the 
coronary vein were significantly higher in the CVH 
group than those in the sham and control groups 
(2.0 (1.0–3.0), 0.0 (0.0–1.0), 0.0 (0.0–0.0); p < 
0.001). Figure 3 presents images of immunohis-
tochemical MMP-2 staining under light microsco-
py. Histopathological and immunohistochemical 
scores of the groups are shown in Table I.

Discussion

In this study, we demonstrated erythrocyte ex-
travasation, macrophage infiltration, hemosiderin 
accumulation and MMP-2 staining in myocardial 
tissue as a  result of increased coronary venous 
pressure. The clinical impact of histopathological 

Figure 2. Hematoxylin–eosin (HE) stained (A, B, and C) and Prussian blue (PB) stained (D, E, and F) microscopic images of 
the control, sham, and coronary venous hypertension (CVH) groups, respectively. Erythrocyte extravasation seen in routine 
histopathological evaluation is indicated with black arrows, whereas macrophage infiltration is indicated with a yellow 
arrow. Hemosiderin deposits in PB staining are indicated with blue arrows (magnification, 200×)

 Control Sham CVH
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Figure 3. MMP-2 immunohistochemical staining of control (A), sham (B), and coronary venous hypertension (CVH) 
(C) groups. MMP-2 staining increases from A to C (magnification, 200×)
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changes in the lower extremity during CVI is well 
defined by both experimental and clinical studies. 
In animal studies conducted for CVI, an arteriove-
nous fistula model was created to increase venous 
pressure, which demonstrated that an increased 
intravenous pressure led to venous hypertension, 
causing leukocyte infiltration and especially mac-
rophage accumulation, in tissues approximately 
21 days later [18]. Hahn et al. tied the femoral vein 
of rats and observed intense leukocyte infiltration 
in the skin of the lower extremities on day 7 [9]. 
In their study, Herrick et al. biopsied a  region of 
the lower extremity with venous ulcer and demon-
strated the presence of intense polymorphonucle-
ar leukocytes, focal erythrocyte extravasation, and 
small, perivascular, dense hemosiderin deposits 
in this region [19]. High MMP-2 levels in lower 
extremity venous ulcers were also demonstrated 
in an earlier study [20]. In the present study, we 
found that perivascular inflammation, erythrocyte 
extravasation, and hemosiderin accumulation in-
creased significantly in the CVH group compared 
with those in the control and sham groups. 

Cardiac hemochromatosis is a  disease that 
leads to excessive accumulation of iron in myo-
cytes and may cause systolic and diastolic dys-
functions in the left ventricle. Reportedly, iron 
accumulation in these patients is responsible 
for many pathologies such as angina pectoris 
and pericardial constriction. Iron deposits accu-
mulated in the myocytes may cause atrial and 
ventricular tachycardias with non-homogeneous 
electrical conduction and prolonged repolariza-
tion. Chronic iron overload reduces CaV1.3-depen-
dent L-type Ca flows, leading to the development 
of bradycardia, electrical conduction, and atrial 
fibrillation. A  reduction in left ventricular dilata-
tion and ejection fraction may cause ventricular 
arrhythmia and sudden death [21]. A recent study 
revealed that myocardial fibrosis and hepatic fi-
brosis result from iron-mediated injury and that 
a significant increase in MMP-2 level is observed 
in both myocardial and liver tissues [22]. Further-
more, it is well known that serum MMP-2 levels 
increase in hemochromatosis and correlate with 
the severity of hepatic fibrosis [23]. In the present 
study, we also observed intense MMP-2 staining 

in the CVH group compared with that in the oth-
er groups. Hemosiderin deposits, whose presence 
we have histopathologically demonstrated in CVH, 
may lead to hemochromatosis-like cardiomyopa-
thy and cause other similar clinical manifestations 
observed in hemochromatosis. CCSVI is character-
ized by a number of stenotic malformations affect-
ing the extracranial cerebrospinal venous outflow 
and especially the internal jugular and azygous 
veins. The observation of iron overload and peri-
capillary fibrin cuffs in the vein wall, which are an 
indicator of venous hypertension, in patients with 
multiple sclerosis (MS) has led to the hypothesis 
that CCSVI is a cause of MS [24]. Reportedly, iron 
overload directly damages the tissue by oxidative 
stress and indirectly by leading to the primary ac-
tivation of the autoimmune cascade [25]. Zakaria 
et al. performed jugular vein ligation in rats and 
followed them for 8 months. In the jugular vein 
ligation group, intense iron accumulation was ob-
served in the corpus callosum and cingulum and 
along the white matter tracts containing external 
capsules [10]. Similar to the dense iron accumu-
lation in the white matter in CCSVI after jugular 
vein ligation, dense hemosiderin accumulation 
was observed in myocardial tissue in our experi-
mental model.

There are many clinical conditions in which 
the volume of the coronary veins, especially that 
of the coronary sinus, is increased, leading to in-
creased coronary venous pressure. Coronary arte-
riovenous fistulas may be congenital or acquired, 
and in these anomalies, some of the arteries may 
be drained into the CS [26]. Persistent left su-
perior vena cava (PLSVC) is a condition in which 
the veins of the heart expand [27, 28]. Giant car-
diac varices have been demonstrated in PLSVC 
with CS thrombosis [29]. Coronary venous steal 
syndrome and coronary vein varices have also 
been described in patients with liver cirrhosis, in 
which portal vein pressure increases [30]. It is also 
known that total anomalous pulmonary venous 
drainage [31], chronic pulmonary hypertension 
[32] and moderate or advanced mitral regurgita-
tion [33] dilate the coronary sinus. Although there 
are studies reporting coronary vein enlargement, 
with even case reports of cardiac varicose veins, 

Table I. Histopathological and immunohistochemical scores of the groups

Group Perivascular 
inflammation

Erythrocyte  
extravasation

Macrophage  
infiltration

Hemosiderin 
accumulation

MMP-2 staining

Control 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–1.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0)

Sham 0.0 (0.0–1.0) 0.5 (0.0–1.0) 0.5 (0.0–1.0) 0.0 (0.0–1.0) 0.0 (0.0–1.0)

CVH 2.5 (1.0–3.0) 3.0 (2.0–3.0) 3.0 (2.0–3.0) 1.0 (1.0–3.0) 2.0 (1.0–3.0)

P-value < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*

Data are presented as median (minimum–maximum); *p < 0.05. CVH – coronary venous hypertension, MMP-2 – matrix metalloproteinase-2. 
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no study has shown that molecules from the 
veins pass through the myocardial tissue due to 
increased pressure in the veins, leading to histo-
pathological and immunohistochemical changes. 
This movement of the molecules due to increased 
chronic venous pressure produces histopatholog-
ical lesions, leading to clinical manifestations of 
well-defined venous insufficiency (e.g., CVI and 
CCSVI). Further clinical studies are needed to 
answer the question whether the phenomenon 
of chronic coronary venous insufficiency is im-
plicated due to similar histopathological findings 
observed by us. In their anatomical study, Bahar  
et al. examined the vein distribution of rabbits and 
observed ampullary dilatation in the segment be-
tween an incompetent monocuspid valve, at the 
junction between the GCV and LCVC, and the bi-
cuspid valve 5 mm away from this junction. They 
attributed this ampullary dilation to the pressure 
of the blood escaping from the LCVC back to the 
bicuspid valve due to the incompetent monocus-
pid valve. On the other hand, no dilatation was 
observed in rabbits with competent monocuspid 
valves at the GCV–LCVC junction [13]. It is well 
known that valves are prevalent in human cor-
onary veins [6]. Autopsy studies are needed to 
answer the question whether chronic coronary 
venous insufficiency due to venous dilatation and 
chronic pressure load can be implicated in hu-
mans due to incompetent coronary vein valves.

Coronary retroperfusion was performed in 
humans for the first time in 1956 via the CS to 
protect and nourish the myocardium during open 
heart surgery [34]. Gott et al. observed that ecchy-
mosis occurred in the myocardial tissue when the 
average CS pressure exceeded 40 mm Hg while 
performing coronary retroperfusion during aortic 
valve surgery; moreover, a  systolic pressure of  
> 80 mm Hg led to more widespread damage [35]. 
In their experimental study, Miyahara et al. occlud-
ed the CS of dogs by supplying thrombin to cause 
thrombus and showed that this caused myocardi-
al infarction [14]. Life-threatening coronary sinus 
thrombosis after catheter ablation has also been 
observed in case reports. In this study, the authors 
examined myocardial injury after coronary sinus 
thrombosis and suggested that the occlusion of 
the entire coronary venous system leads primarily 
to transvascular pressure elevation and second-
arily to venous and capillary engorgement, caus-
ing direct myocardial damage [15]. Therefore, in 
order not to occlude the entire venous system, 
no occlusion was performed in the GCV, where all 
coronary veins drain, in rabbits. Instead, the PIV, 
a segment away from the GCV, was ligated.

The present study has some limitations. As it 
was not within the capabilities of our research lab-
oratory, cardiac veins and cardiac function could 

not be evaluated using coronary venography or 
cardiac magnetic resonance imaging. We could 
not determine coronary venous pressure (in terms 
of increased mm Hg figures) after coronary vein 
ligation. Although it is reasonable to assume that 
the pressure in the ligated coronary veins of these 
rabbits was elevated in this model, this is not cer-
tain unless measured because the precise anat-
omy of the connections and branching of these 
veins, as well as the presence or absence of valves, 
may vary across animals as is the case in humans.

In conclusion, this experimental study showed 
histopathological and immunohistochemical chang-
es in myocardial tissue, similar to those observed 
in CVI, as a  result of increased coronary venous 
pressure due to coronary vein ligation. Further ex-
perimental and clinical studies are needed to under-
stand the clinical implications of these changes oc-
curring in myocardial tissue as a result of increased 
coronary venous pressure.
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