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Abstract 
 

Background. Erectile dysfunction (ED) and cardiovascular diseases 
share the same risk factors. Atherosclerosis not only affects the coronary 
arteries but also the penile arteries in men, thus contributing to organic causes 
of ED. Recently, the hypercholesterolemic atherosclerotic apolipoprotein E–/– 
deficient (ApoE–/– ) mouse model was introduced as a powerful experimental 
tool in ED research. The aim of this review is to characterize the development 
and distribution of atherosclerosis development in ApoE–/– mice and to try to 
test different treatment strategies in order to prevent or cure ED. 

Experimental model. Serum cholesterol and triglycerides were 
significantly increased in ApoE–/– mice as compared to wild type mice. 
ApoE–/– mice displayed not only fatty streaks, but also widespread fibrous 
plaques at vascular sites that are typically affected in human atherosclerosis. 
The atherosclerotic lesions covered 15 ± 1.1 % of the aortic root section, 
0.9% ± 0.2 of the aortic luminal surface, 21 ± 4.2 % of the aortic arch region 
and 26 ± 2.2% of the renal artery. In contrast, no atherosclerotic lesion 
formation was observed in wild type C57BL6/J mice. Interestingly, no 
atherosclerosis was observed in penile arteries. However, we have found 
increased staining of vasculature calcification, nitrotyrosin, macropha-
ge/monocyte content as well as total collagen content at the vascular sites 
typically affected by atherosclerosis. Uremia significantly increases the 
degree of atherosclerosis as compared to the controls. Of note, even mild 
renal dysfunction, for example after uninephrectomy, increases the calcification 
score and aggravates endothelial function of cavernosal bodies in apoE -/- mice, 
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and this effect might be linked to increased oxidative stress in penile 
endothelium. Simvastatin significantly improved endothelial function of 
aortic and cavernosal tissues in uremic ApoE−/− mice via reduction of 
oxidative stress, and this effect does not seem to be associated with the lipid 
lowering effect of this drug.  

Conclusions: The ApoE−/− mouse is a well-characterized model to 
study disorders associated with hypercholesterolemia and atherosclerosis in 
cardiovascular research. We anticipate that this mouse model will be useful 
to test treatment strategies aiming to target both atherosclerosis and erectile 
dysfunction. 
 
 

Erectile dysfunction and cardiovascular disease 
 

Erectile dysfunction (ED) is the persistent inability to achieve or 
maintain an erection sufficient to permit satisfactory sexual performance, 
and the resulting stress often impacts interaction with others (1). In the 
Western industrialized countries, prevalence of ED in the general population 
is approximately 20 to 30%, with an economical and significant psycho-
logical impact (2). In cardiovascular high-risk patients, prevalence of ED 
rises up to 75%, indicating the strong association of ED with the known 
cardiovascular risk factors and cardiovascular diseases (CVD) (3).  

Atherosclerosis, which can be defined as a chronic and progressive 
disease characterized by an inflammatory response of the arterial wall, is 
still a leading cause of death, mainly in the Western world [4,5]. Athero-
sclerosis is an inflammatory process of the arterial walls and is initiated by 
endothelial dysfunction accompanied by an imbalance in the production of 
reactive oxygen species (ROS) and nitric oxide (NO). Erectile dysfunction 
(ED) and cardiovascular diseases share the same risk factors. Atheroscle-
rosis not only affects the coronary arteries but also the penile arteries in 
men, thus contributing to organic causes of ED.  
 
 

Explanation of the model 
 

Recently, the hypercholesterolemic atherosclerotic apolipoprotein 
ApoE deficient (ApoE−/−) mouse model was introduced as a powerful expe-
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rimental tool in ED research. We and others have addressed important 
questions more directly in a mouse model of accelerated atherosclerosis (6), 
vascular calcification (7) and ED (8). Since wild type rats or mice do not 
easily develop atheromatous lesions, we used the most common mouse 
models to study atherogenic mechanisms, namely the apolipoprotein E gene 
knock-out (ApoE−/−) model. ApoE−/− mice have delayed clearance of lipo-
proteins, and when placed on low-cholesterol, low-fat diets, their total 
serum cholesterol levels reach 11 to 13 mM as a result of the accumulation 
of chylomicrons and cholesterol-rich VLDL remnants, as compared with 2 
to 3 mM in wild-type mice. Importantly, these genetically engineered mice 
develop not only fatty streaks but also widespread fibrous plaques at vas-
cular sites that are typically affected in human atherosclerosis (9). Athero-
sclerotic lesion formation was evaluated with oil-red O staining on the 
following vascular sites: aortic root, aortic arch with its main branches: bra-
chiocephalic artery, right common carotid artery and left subclavian artery, 
longitudinal aorta and renal arteries. Serum total cholesterol, triglycerides 
and urea levels were determined. The results were compared with a group of 
wild type C57BL6/J male mice. Interestingly, we have discovered that 
atherosclerotic lesions covered 15 ± 1.1 % of the aortic root section, 0.9% ± 
0.2 of the aortic luminal surface, 21 ± 4.2 % of the aortic arch region and 26 
± 2.2% of the renal artery. In contrast, no atherosclerotic lesion formation 
was observed in wild type C57BL6/J mice. In addition, no atherosclerosis 
was observed in penile arteries in both types of mice. However, microscopic 
structural changes of the arterial wall were observed (see below). 
 
 

Erectile dysfunction in uremia 
 

Chronic kidney disease (CKD) in males causes sexual dysfunction 
with a prevalence ranging between 71% and 98% [10]. ED's physiopatho-
logy in uremia is complex and multifactorial, involving a combination of 
classical risk factors (obesity, glucose intolerance, hypercholesterolemia, 
smoking, and hypertension) and specific uremia-related risk factors (increa-
sed oxidative stress, endothelial dysfunction, inflammation). Endothelial 
dysfunction is associated with loss of nitric oxide (NO) bioavailability due 
to either reduced formation or accelerated degradation of NO. In turn, 
degradation of NO by increased reactive oxidant species including supero-
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xide anion and oxidized lipoproteins might be a major mechanism under-
lying ED in these patients [11]. In addition to the uremic milieu, peripheral 
neuropathy, autonomic insufficiency, peripheral vascular disease, and phar-
macologic therapy all play an important role in the genesis of this problem. 

Endothelial dysfunction and accelerated atherosclerosis are some of 
the primary causes of morbidity and mortality in patients with CKD [12]. 
ED and CVD share the same risk factors. Accelerated atherosclerosis not 
only affects the coronary arteries but also may affect penile arteries in men, 
thus contributing to arteriogenic causes of ED in CKD patients. Thus athe-
rosclerosis as a general health problem may be a link between these two 
entities [13]. We have recently published the effect of CKD on vascular 
calcification and endothelial function of cavernosal bodies in apoE-/- mice as 
a new model of ED research (14). We have created 2 uremic groups with 
different degree of uremia by using serum urea levels to assess renal 
function. At 16 weeks after uremia-inducing surgery, serum urea concentra-
tions in uremic mice were 200% increased, as compared with those in the 
sham-op group. Likewise, uninephrectomized mice showed significant 
increase in serum urea level compared to the controls. Serum total 
cholesterol and triglyceride levels also were significantly higher in uremic 
and uninephrectomized mice. Both groups had higher serum calcium con-
centrations), whereas the serum phosphate level did not differ between 
groups (P = NS, Table 1). Mean arterial blood pressure did not differ bet-
ween the groups, either. Atherosclerotic lesions in thoracic aorta were 
significantly larger both uremic groups compared to the non-uremic cont-
rols. There was no atheromatous lesions in cavernosal bodies or penile arte-
ries observed in any group. However, uremic animals showed a significant 
increase in calcification score in both aorta and cavernosal bodies when 
compared with controls (Figure 1A, 1B). In addition, calcification score in 
the cavernosal bodies was significantly higher in uninephrectomized mice, 
as compared with the controls (Figure 1B). No such difference was 
observed in the aorta between uninephrectomized mice and the controls 
(Figure 1A). To investigate whether uremia had an impact on the cavernosal 
body's morphology, detailed histological studies analyzing nitrotyrosine 
expression, collagen content, and macrophage infiltration, were performed. 
Collagen content was higher in cavernosal bodies of uremic mice than in 
those of the controls. (Table 2, Figure 2A). Furthermore, uremic mice 
showed increased nitrotyrosine expression in the cavernosal bodies 
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compared with sham-operated controls (Table 2, Figure 2B). The percentage 
of the lesion cross-section area occupied by macrophages, as revealed by 
MOMA-2 staining, was comparable between the 3 groups (P=NS, Table 2). 

 
 

Partial nephrectomy and atherosclerosis 
 

Radical nephrectomy (RN) as compared to partial nephrectomy (PN) 
increases the risk of CKD in patients with kidney tumors. CKD is a signi-
ficant risk factor for cardiovascular events and death. Given equivalent 
oncological efficacy of both surgical approaches in patients with small (15) 
and large renal tumors (16), several recent studies report that patients treated 
with PN have better cardiovascular health and global survival rates than those 
undergoing RN (17, 18) This survival advantage was also observed after 
surgery for histologically benign renal tumors, comparing PN with RN (19) 
Thus, the widespread use of RN may result in an unnecessary removal of 
functional nephron mass in many patients with kidney tumors and increase the 
risk of cardiovascular and all-cause mortality, particularly in individuals with 
small kidney tumors who are unlikely to die of renal cancer. 

There is an increasing body of literature on the deleterious effects of 
decreased renal function on overall survival in the general population (20). 
After stratification for age, gender, race, and the presence or absence of 
diabetes, cardiovascular mortality in patients with CKD is 10 to 20 times 
higher than in the general population (21) due to a variety of CKD-linked 
complications including accelerated atherosclerosis and arterial stiffening.  

The association between poor renal functional outcomes and 
cardiovascular outcomes is relevant for kidney cancer management as well. 
Several studies have demonstrated poor kidney function outcomes in 
patients treated with RN rather than PN (22, 23). Recently, Huang et al 
reported that a 3-year probability of freedom from new onset CKD was only 
35% in patients who underwent RN compared with 80% in those who 
underwent PN. The average excess loss of renal function observed with RN 
was associated with a 25% increase in the risk of cardiac death and a 17% 
increase in the risk of death from any cause (19)  

The clinical significance of iatrogenic CKD and in particular the 
impact of kidney surgery on long-term cardiovascular outcomes remain 
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research topics of great importance. Even mild CKD is associated with 
numerous metabolic and endocrine disturbances, including arterial hyper-
tension, abnormalities of calcium and phosphate metabolism, and a state of 
chronic inflammation and oxidative stress. They contribute to the deve-
lopment and progression of arteriosclerosis, atherosclerosis, vascular and 
valvular calcification, and cardiac disease. 

It is important to further investigate the pathophysiological mecha-
nisms involved in the increased cardiovascular risk of patients with mild 
CKD. We have shown, for the first time, that PNX, in contrast to UNX, 
does not stimulate CKD-enhanced atherosclerosis progression in the expe-
rimental model of the apoE-/- mouse. Our study lends further support to the 
still controversial view that even mild renal dysfunction, such as that occur-
ring after unilateral nephrectomy, may cause an increase in atherosclerotic 
plaque size in presence of pre-existing atheromatous disease. Our finding is 
in agreement with two other recent reports on the deleterious effects of 
UNX on the apoE-/- mouse model (14-26) and extends these results by sho-
wing that unlike UNX, PNX prevents accelerated atherosclerosis and plaque 
composition changes in this mouse model.  

Partial nephrectomy preserves functional nephron mass and offers 
cancer specific survival, equivalent to that of radical nephrectomy. The 
results obtained in our experimental study, if they can be extrapolated to the 
human condition, represent further support for an expanded use of nephron 
sparing techniques among patients with kidney cancer. In addition, we have 
shown that even uninephrectomy has a deterious effect on erectile function 
by making structural changes to the cavernosal bodies. 
 
 

Treatment measures 
 

Statin is an inhibitor of the enzyme 3-hydroxy-methylglutaryl-CoA 
reductase. It suppresses the conversion of 3-hydroxy-methylglutaryl-CoA to 
mevalonate, which is the rate-limiting step in de novo synthesis of chole-
sterol. 10 Recent evidence suggests that even in the absence of cholesterol 
lowering, statins may be beneficial in the treatment of ED and endothelial 
dysfunction, due to direct anti-inflammatory and anti-oxidative actions at 
the arterial site. These local actions may occur via an upregulation of endo-
thelial nitric oxide (NO) synthase with increased bioavailability of NO, a 
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decrease in cellular proliferation, an increase in apoptosis and/or an inter-
ference with local oxidative injury 6. Many of these pleiotropic statin effects 
are mediated by their ability to block the production of isoprenoid inter-
mediates such as farnesyl or geranylgeranyl pyrophosphates. These isopre-
noid derivatives play an important role in the activation of small GTP-
binding proteins, including Rho, Ras, and Rac, through an isoprenylation 
process 7. Moreover, a mevalonate pathway–independent effect of statins 
has been reported previously, although the mechanism has not yet been 
elucidated 8. 

Several studies found that statins could rapidly improve endothelial 
function, even before changing the lipid profile.12, 13. However, the precise 
involvement of such pleiotropic effects in the efficacy of statins in patients 
remains unclear because of the difficulty of separating lipid-related versus 
non-lipid related responses in clinical trials. In addition, some studies sug-
gested that statin therapy was associated even with reduced levels of testo-
sterone and even symptoms of hypogonadism. 15, 16 

One of the differences with the clinical setting, however, is that, in 
apolipoprotein E deficient models, statins do not decrease serum cholesterol 
levels. Therefore, any potential statin benefit in these animals can be 
interpreted in the absence of a change of this confounding variable 9.  

Simvastatin treatment led to a significant decrease in both nitrotyro-
sine expression and collagen content in the corpus cavernosum and in the 
atheromatous plaques of CKD mice (Fisher’s exact test, p 0.02, table 2). As 
revealed by monocyte-macrophage-2 staining, the percent of lesion cross-
sectional area occupied by macrophages was comparable in the 4 groups. 

We evaluated the effects of the HMG-CoA reductase inhibitor on 
uremia enhanced atherosclerosis and vascular calcification in apoE-/- mice 
with superimposed CKD. We found that CKD enhanced aortic plaque 
development in apoE-/- mice compared with the controls, in agreement with 
previous reports by us and others.10, 12 Simvastatin treatment did not 
reduce the atherosclerotic lesions in the aortic root or thoracic aorta in this 
experimental model, in line with its failure to decrease serum total chole-
sterol. Nevertheless, simvastatin therapy led to a significant decrease in 
intima calcium content, that is, the calcium content of atheromatous plaques. 
It did not, however, change medial calcium deposition. Vascular calcifi-
cation is a prominent feature of CKD13, and it is predictive of increased 
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cardiovascular morbidity and mortality.13 Coronary artery plaques in 
patients with end stage renal failure are characterized by increased medial 
thickness and marked intimal and medial calcification.3 Treatment with 
statins has been shown to be associated with a decrease in vascular 
calcification in two retrospective clinical studies 4,14 and in animal models 
such as the apoE-/- Leiden mouse15 but not in another prospective trial.5 
This effect is generally associated with a decrease in serum lipid levels, 
which was not the case in the current study. The beneficial effect of sim-
vastatin on CKD mice had severe atherosclerotic lesions in the thoracic 
aorta that were significantly increased compared to those in the non-CKD 
controls (fig. 2). Long-term Simvastatin treatment did not decrease uremia 
associated atherosclerosis in the aortic root or in the thoracic aorta. The 
same was true in the control non-CKD mice (fig. 2). Analyses of corpus 
spongiosum did not show any Red O Oli positive lesions in all groups. As 
expected, the apoE−/− mice showed higher plasma cholesterol than 
the WT animals [17-20], exhibiting approximately a 14-fold incre-
ase in total cholesterol, as recently reviewed. 
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Abstract 
 

Colorectal cancer (CRC) is the third leading cause of cancer related 
death in the world, and its incidence is rising in developing nations. Taking 
into account the increase in the incidence of this disease, the purpose of this 
review was to evaluate perioperative outcomes (in the first 30 days after 
surgery) for laparoscopic treatment of this malignancy, a treatment that is 
steadily becoming standard of patient care in the world. 

Our review showed that at the Clinic for Digestive Surgery, from 
2015 to 2019, 115 patients with colorectal cancer were treated laparoscopi-
cally. The figures show a growing trend during this period. 10% of all 
colorectal cancers in 2019 were completed laparoscopically. In most cases 
(88.7%) tumor staging was pT2 and pT3. Perioperative outcomes showed 
wound infection in 2 patients, pulmonary complications in 1, anastomotic 
leakage in 1, bleeding in 1 patient, no readmission, and no mortality. The 
rate of conversion to open access is 5.7%, the operating time was 198 
minutes on average, the average number of hospital stays was 9 days, and 
the average number of extirpated lymph nodes 13. There was no need for 
blood transfusion. 
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