
ISSN: 0005-2523 

Volume 62, Issue 01, January, 2022 

  

1175 
 

NON-INVASIVE ASSESSMENT OF VASCULAR 

FUNCTION IN PATIENTS WITH CHRONIC 

KIDNEY DISEASE 
 

Mammadzada, A.Y.1, Ismayilova, S.G.1, Mammadova, V.S.2, Mammadli, S.M.2, Musayeva, T.M.2 

 

M.B.Ch.B,DOG, F.I.C.M.S. Obstetrics and gynecology department. Al-Kindy College of Medicine / 

University of Baghdad1 

M.B.Ch. B, FICMS/ CM Directorate of Primary Mental Health Section – Iraq Ministry of Health2 

 

 

 

Keywords: 
 

  ABSTRACT  

Medicine, Issue 88, chronic kidney 
disease, endothelial cells, flow-

mediated dilation, 

immunofluorescence, oxidative 

stress, pulse-wave 

velocity 

 Patients with chronic kidney disease (CKD) have significantly increased 

risk of cardiovascular disease (CVD) compared to the general 

population, and this is only partially explained by traditional CVD risk 

factors. Vascular dysfunction is an important non-traditional risk factor, 

characterized by vascular endothelial dysfunction (most commonly 

assessed as impaired endothelium-dependent dilation [EDD]) and 

stiffening of the large elastic arteries. While various techniques exist to 

assess EDD and large elastic artery stiffness, the most commonly used 

are brachial artery flow-mediated dilation (FMDBA) and aortic pulse-

wave velocity (aPWV), respectively. Both of these noninvasive 

measures of vascular dysfunction are independent predictors of future 

cardiovascular events in patients with and without kidney disease. 

Patients with CKD demonstrate both impaired FMDBA, and increased 

aPWV. While the exact mechanisms by which vascular dysfunction 

develops in CKD are incompletely understood, increased oxidative stress 

and a subsequent reduction in nitric oxide (NO) bioavailability are 

important contributors. Cellular changes in oxidative stress can be 

assessed by collecting vascular endothelial cells from the antecubital 

vein and measuring protein expression of markers of oxidative stress 

using immunofluorescence. We provide here a discussion of these 

methods to measure FMDBA, aPWV, and vascular endothelial cell 

protein expression. 
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1. Introduction 

Chronic kidney disease (CKD) is a major public health concern that has reached epidemic proportions, 

affecting ~11.5% of the population in the United States alone [1]. The risk of cardiovascular death or a 

cardiovascular event in patients with CKD is significantly increased compared with the general population 

[2- 4]. Although patients with CKD exhibit a high prevalence of traditional cardiovascular risk factors, this 

only explains part of their increased incidence of cardiovascular disease (CVD) [5]. Vascular dysfunction is 
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an important nontraditional cardiovascular risk factor gaining increased recognition in the field of 

nephrology [6- 9]. 

 

While many changes likely contribute to the development of arterial dysfunction, among those of greatest 

concern are the development of vascular endothelial dysfunction, most commonly assessed as impaired 

endothelium-dependent dilation (EDD), and stiffening of the large elastic arteries [10]. Various techniques 

exist to assess EDD and large elastic artery stiffness, but the most commonly used are brachial artery flow-

mediated dilation FMDBA and aortic pulse-wave velocity (aPWV), respectively. Another commonly used 

technique to assess EDD is measuring forearm blood flow response to pharmacological agents such as 

acetylcholine using venous occlusion plethysmography [11], [12]. However, this methodology requires 

catheterization of the brachial artery, which is more invasive than FMDBA and may be contraindicated in 

patients with CKD. An alternate technique to assess arterial stiffness is to measure the local arterial 

compliance (the inverse of stiffness) of the carotid artery, although this is not as widely used or validated 

with clinical endpoints as aPWV [13]. 

 

Patients with CKD demonstrate both impaired FMDBA [14- 16] and increased aortic pulse-wave velocity 

aPWV [13], [17], [18], even prior to needing dialysis. Importantly from a clinical perspective, both of these 

noninvasive measures of vascular dysfunction are independent predictors of future cardiovascular events 

and mortality both in patients with CKD [19- 21], as well as in other populations [22- 26]. These techniques 

can be applied to studying various populations at risk of CVD, including patients with CKD. 

 

2. Definition and Symptoms 

Adenomyosis is defined as an invasion of the endometrium into the uterine myometrium, which results in 

an enlargement of the uterus, formation of adenomyotic tumours, profuse menstrual and inter-menstrual 

bleeding and recurrent pain. Microscopically ectopic nonneoplastic, endometrial glands and stroma 

surrounded by the hypertrophic and hyperplastic myometrium are noted. The prevalence of adenomyosis 

fluctuates between 5 and 70% [1]. Before the age of 40 years, the disease affects 2 in 10 women, whereas 

between 40 and 50 years, the incidence increases to 8 in 10 women [2]. However, the incidence of 

adenomyosis is difficult to establish due to the lack of a unified definition and diagnostic criteria based on 

noninvasive diagnostic tests [3]. There are no pathognomonic clinical features for adenomyosis, nor 

laparoscopic criteria that could be implemented for the diagnosis [4]. In fact, adenomyosis was previously 

diagnosed in premenopausal women only on the basis of pathological examination after hysterectomy [5], 

[6]. Nowadays, the diagnosis is based on imaging techniques such as transvaginal ultrasound scan (US) and 

magnetic resonance imaging (MRI) [7]. In one third of cases, adenomyosis is asymptomatic. The most 

common clinical symptoms are menorrhagia (up to 50% of patients), dysmenorrhea (30%) and metrorrhagia 

(20%), with other medical conditions such as enlarged uterus and infertility [2], [6]. Adenomyosis may be 

accompanied by other mild oestrogen-dependent benign disorders such as endometriosis (70%), uterine 

fibroids (50%) and endometrial hyperplasia (35%). In the retrospective analysis of 945 patients who 

underwent hysterectomy, a significant positive correlation was found between the progression of 

adenomyosis and history of prior abortion, history of previous pregnancies and occurrence of leiomyoma. 

By contrast, there was no correlation with smoking, normal delivery, caesarean section, endometrial 

hyperplasia or ovarian endometriosis [8]. 

 

3. Pathogenesis 

Obtaining accurate results for FMDBA and aPWV requires acquiring high quality ultrasound images and 

pressure waveforms, respectively. Central to this is appropriate and continued training and use of each 

technique by the operator44. In addition, it is critical to control for as many external variables that may 
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influence the results as possible by standardizing the testing session (e.g., prior 12 hr fast, climate controlled 

room, etc.)44,45. As mentioned above, the use of commercially R-wave gated acquisition software and 

edge-detection software is highly recommended to minimize bias and potential error in measurement44,45. 

When FMDBA is impaired, this could be either due to impaired NO release from the endothelium or due to 

impaired responsiveness of the vascular smooth muscles to the NO released. Sublingual nitroglycerin is 

administered to control for the responsiveness of the smooth muscle cell layer to an exogenous nitric oxide 

donor, in order to conclude that any impairment in FMDBA is specific to the capability of the vascular 

endothelium to produce nitric oxide44,45. 

 

4. CONCLUSION 

There is no specific treatment for patients with adenomyosis who want to retain their uterus or wish to 

preserve fertility. Sometimes, combined treatment can be proposed: Laparoscopy, GnRH treatment and in 

vitro fertilisation. When comparing pharmacological and surgical treatment, the latter appears to be more 

effective but some details are unclear, i.e., how long pregnancy should be delayed after treatment and 

whether hormone treatment after surgery improves fertility outcome. Despite many studies on the 

pathogenesis of fertility failure in adenomyosis, their results are not correlated with treatment. Thus, it is of 

great importance to explore new, more effective, safe and less invasive managing strategies in women with 

infertility due to adenomyosis. 
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