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Assessment of the structural  
and functional state of blood vessels  
in patients with hypertrophic cardiomyopathy

Aim	 To evaluate the structural and functional condition of the vasculature using fingertip 
photoplethysmography and computerized videocapillaroscopy in patients with hypertrophic 
cardiomyopathy (HCMP).

Material and methods	 The study included patients with HCMP (n=48; 28 (57 %) men; age, 54.3±13.6 years) and healthy 
volunteers (control group, n=33, 15 (45 %) men; age, 58.2±8.8 years). Standard laboratory and 
instrumental examination (blood count and biochemistry, electrocardiography, echocardiography, 
Holter electrocardiogram monitoring) were performed for all HCMP patients. The condition of vascular 
wall at various levels of the vasculature was evaluated by fingertip photoplethysmography (apparatus 
Angioscan-01) and computerized nail-fold videocapillaroscopy (apparatus Capillaroscan-01). The 
photoplethysmography study analyzed structural parameters, including the arterial wall stiffness 
index (aSI) of large blood vessels and the resistance index (RI) of small muscular arteries. Endothelial 
dysfunction was evaluated by the occlusion index (OI) and phase shift (PS). The capillaroscopy study 
assessed structural parameters, including the resting capillary density (rCD) and the capillary density 
following venous occlusion (voCD), and functional parameters, including the percentage of perfused 
capillaries (PPC), the percentage of restored capillaries (PRC), and the capillary density after the 
reactive hyperemia test (rhCD).

Results	 The study showed increases in aSI (8.8 [6.8; 12.2] and RI (32.5 [17.4; 47.9] in the HCMP group. The 
OI was significantly lower in the HCMP group (1.3 [1.1; 1.5]) than in the control group (1.8 [1.5; 2.7], 
р<0.001). Also, PS values were significantly decreased in the HCMP group (4.4 [2.3; 8.6]) compared 
to the control group (8.4 [5.1; 12.1]. p=0.018). Disorders of structural and functional capillary indexes 
were observed in HCMP patients compared to the control group; rCD and voCD were decreased in 
the HCMP group (60 [52.6; 68] and 88 [75; 90], respectively) compared to the control group (75.8 
[60; 87] and 90 [73; 101]), however, no intergroup difference reached a statistical significance. The 
rhCD, PPC, and PRC values were decreased in the HCMP group (66.3 [55; 72], 86.7 [70.9; 104.2] 
and 1.7 [– 6.95; 20.3], respectively) compared to the control group (86 [68.6; 100], 103 [96; 114] and 
18.4 [8.1; 27.4], respectively); PPC and PRC values were significantly different (р<0.005 and p<0.004, 
respectively).

Conclusion	 In patients with HCMP, fingertip photoplethysmography and computerized videocapillaroscopy 
showed increased wall stiffness in both large blood vessels and microvasculature, pronounced 
endothelial dysfunction, and decreases in capillary density and percentage of restored capillaries 
following respective tests.
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Hypertrophic cardiomyopathy (HCM) is one of the 
most common genetic diseases of the myocardium, 

whose prevalence varies from 0.2 % to 1.4 % with no clear 
geographical, ethnic or sex distribution patterns [1, 2]. 
With the exception of stress-induced variants, around 20–
30 % of patients having left ventricular (LV) hypertrophy 

of more than 1.5 cm are likely to have sarcomere mutations 
[3, 4]. The annual mortality rate is 0.3–0.4 % [3]. Although 
the symptoms of HCM can appear at any age, onset before 
the age of 40 increases the risk of adverse outcomes (life-
threatening heart rhythm disorders, atrial fibrillation, 
chronic heart failure, stroke, death) compared to onset at 
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60 years [5]. The additional presence of sarcomere mutations 
causes a twofold increase in the risk of death [3]. However, 
the hypothesis that only sarcomere mutations are relevant 
cannot fully explain all clinical and pathophysiological 
features of HCM [6].

Analysis of histopathological findings in patients with 
HCM has demonstrated an abnormal structure of the 
coronary microvasculature – namely, arteriolar narrowing 
and intima-media hypertrophy, as well as a decreased 
number of capillaries and capillary density [7, 8]. 
Abnormal intramural arterioles are likely to constitute the 
main morphological substrate contributing to microvessel 
dysfunctions, such as violated dilation, which presumably 
make them responsible for the microvascular ischemia of 
the myocardium [6]. Coronary microvascular dysfunction 
is a predictor of adverse LV remodeling, systolic 
dysfunction and mortality in patients with HCM [9, 10]. 
However, it is unclear whether these abnormalities are 
attributed only to the coronary arteries or are generalized 
in patients with HCM.

Thus, it is of great interest to study endothelial 
dysfunction, as well as genetic regulation, which leads 
to early vascular remodeling (and, therefore, myocardial 
remodeling) and increased fibrogenesis processes causing 

electrical instability of the myocardium. However, due 
to their cost and complexity, it is difficult to perform 
histopathological studies as part of routine practice for the 
patients in this cohort. Thus, researchers are challenged to 
find effective, simple and non-invasive methods for real-
time evaluation of the structural and functional state of 
the vasculature in patients with HCM.

Endothelial dysfunction can be evaluated using 
various plasma biomarkers and non-invasive methods, 
such as nailfold capillaroscopy (NFC) and finger 
photoplethysmography (PPG) tests. Since these methods 
have been shown to be effective for determining the 
extent of the damage of the coronary microvasculature 
in diffuse connective tissue diseases, they are included 
in the guidelines for managing patients with systemic 
scleroderma [11]. Accordingly, using these methods 
under other conditions involving microcirculation 
violations appears promising.

Increased stiffness and decreased elasticity of large and 
small arteries play an important role in the pathogenesis 
of cardiovascular diseases (CVDs) involving functional 
and structural abnormalities. In the systematic review by 
Ciaffi et al. [12], patients with diabetes mellitus type 2  – 
especially those with poor glycemia control or long-term 
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target organ involvement (retinopathy, polyneuropathy) – 
had decreased capillary density, avascular areas and 
giant capillaries; moreover, the same abnormalities were 
observed in patients with hypertension [12–15]. However, 
there have been no similar studies of microcirculation 
and endothelial dysfunction in patients with HCM using 
PPG and NFC. Such methods can be useful for improved 
understanding of the pathophysiology of clinical manifes
tations of HCM, contributing to improved treatment 
approaches based on endothelial function.

Objective
To assess the structural and functional state of the 

vasculature using finger PPG and NFC in patients with 
HCM and compare them with the control group (healthy 
volunteers).

Material and Methods
The study was carried out following the Helsinki 

Declaration and was approved by the Ethics Committee of 
I. M.  Sechenov First Moscow State Medical University. All 
patients signed informed consent to participate in the study.

The study included patients with HCM (n=48; 28 (57 %) 
male patients); the median age was 54.3±13.6 years. The 
control group included patients without CVDs (n=33; 
15 (45 %) male patients). The median age was 58.2±8.8 
years. Patients with malignant neoplasms or severe dys
functions of the liver, kidney and lung were excluded from 
the study. All patients with HCM included in the study 
underwent laboratory and clinical examination (complete 
blood count, biochemical blood test, electrocardiography, 
echocardiography, Holter monitoring). The vascular wall was 
evaluated in different parts of the vasculature using finger PPG 
(Angioskan-01, RF) and NFC (Kapillaroskan-01, RF).

Photoplethysmography
Pulse wave velocity (PWV) was measured at the first 

stage of PPG. Based on subsequent processing of the signal, 
structural changes of the walls of large vessels (brachial 
artery) and microvasculature were evaluated: stiffness 
index of the large vessel wall (ASI) and resistance index 
of small muscle arteries (RI). Endothelial dysfunction 
was assessed by reactive hyperemia test: an increase in the 
pulse wave amplitude was evaluated in the brachial artery 
(occlusion index  – OI) after 5‑minute occlusion using a 
sphygmomanometer (lag time or phase shift – PS).

Nailfold capillaroscopy
Prior to conducting NFC tests, the subject sits freely 

on a chair for 15 to 20 minutes at room temperature (22–
25 °C). Patients were asked to refrain from smoking and 
caffeine for 4 hours before the test. NFC was not performed 

in patients who had undergone cosmetic procedures 
on the nail bed area within the previous two weeks. The 
following structural parameters were estimated using NFC 
on the dorsal surface of the right second finger: capillary 
density at rest (CDr) determined by counting the number 
of capillaries per area unit (capillaries / mm2) in the nailfold; 
capillary density venous occlusion test (CDvo) with 
a wrist cuff pressure of 60 mmHg for 2 minutes. Functional 
parameters were as follows: capillary density after reactive 
hyperemia test (CDrh); percentage of perfused capillaries 
(PPC); percentage of capillary recovery (PCR). The latter 
two were calculated using the formulas:

PPC=(CDrh/ CDvo) × 100%;
PCR=(CDrh – CDr) / CDvo × 100%.

Statistical processing of the data was performed using 
the Statistica 12.0 software suite. Normally distributed 
quantitative data are presented as means (M) and standard 
deviations (σ); non-normally distributed data are expressed 
as medians (Me) and interquartile ranges [Q1;  Q3]. 
Student’s t-test was used to evaluate the intergroup 
differences of normally distributed quantitative data. Non-
normally distributed quantitative data were analyzed 
using the Mann  – Whitney U-test, while qualitative data 
were analyzed using the chi-square test. Differences were 
statistically significant if p was less than 0.05.

Results
The demographic characteristics of the subjects are 

presented in Table 1. Both groups were comparable in sex 
and age. Patients with HCM had higher body mass index. 
According to echocardiographic data, non-obstructive 
HCM prevailed (75 % of patients); adverse myocardial 
remodeling was observed, namely concentric hypertrophy; 
LV outlet pressure gradient was 14.2 [8.2; 26.6] mmHg; 
left ventricular ejection fraction (LVEF) was 60 [54; 63] %. 
Seven patients (14 %) had a history of myoectomy. Atrial 
fibrillation and chronic heart failure NYHA functional 
class II–III were established in 30 % of patients with 

Table 1. Demographic characteristics of the subjects

Parameter HCM  
group (n=48)

Control  
group (n=33) p

Male, n (%) 28 (57) 15 (45) 0.33

Age, years 54.3±13.6 58.2±8.8 0.55

BMI, kg/m2 28.8±5.1 26.05±3.9 0.02

HCM – hypertrophic cardiomyopathy; BMI – body mass index;  
p – significance of differences assessed using  
Student’s t-test and the chi-square test.
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HCM; among them, 8 (22 %) patients had a history of 
cerebrovascular accidents. Syncope was observed in 17 % 
of patients with HCM; 50 % of patients were exposed 
to a high risk of sudden cardiac death; 3 (8 %) patients 
had a  pacemaker; 2 (5 %) patients had a cardioverter-
defibrillator. More than 50 % of patients with HCM received 
beta-blockers and calcium channel blockers.

Structural and functional 
abnormalities of vessels in the study groups

Intergroup differences in the structural and functional 
parameters of large vessels and microvasculature shown by 
PPG are presented in Table 2. Although ASI and RI were 
increased in the HCM group compared to the control 
group (8.8 [6.8; 12.2] and 32.5 [17.4; 47.9] versus 7.7 
[6.6; 9.1] and 31.4 [19.2; 44], respectively), the inter-
group differences were not statistically significant. Thus, 
increased stiffness of both large vessels and coronary 
microvasculature vessels was observed in the HCM group. 
The functional parameters were evaluated: the occlusion 
index (OI) was statistically significantly lower in the HCM 
group than in the control group (1.3 [1.1; 1.5] versus 1.8 
[1.5; 2.7]; p < 0.001). Phase shift (PS) was lower in the 
HCM group compared with the control group (4.4 [2.3; 
8.6] versus 8.4 [5.1; 12.1]; (p=0.018).

The results of the assessment of intergroup differences 
in the structural and functional parameters of the 
microvasculature are shown in Table 3. The study found 
a marked capillary dysfunction in patients with HCM 

resulting in a decrease in structural and functional indica
tors as compared with the control group: a decrease in CDr, 
CDvo (60 [52.6; 68] and 88 [75; 90] versus 75.8 [60; 
87] and 90 [73; 101], respectively); a decrease in CDhr, 
PPC and PCR (66.3 [55; 72], 86.7 [70.9; 104.2] and 1.7 
[ – 6.95; 20.3] versus 86 [68.6; 100], 103 [96; 114] and 
18.4 [8.1;  27.4], respectively); a statistically significant 
difference was achieved in the levels of PPC and PCR 
(p<0.005 and p <0.004, respectively).

Discussion
Finger PPG showed increased stiffness of the vessels 

of various sizes in patients with HCM and significant 
endothelial dysfunction, as confirmed by a statistically 
significant decrease in OI and PS. These data are consistent 
with the findings by Fernlund et al. [16]. However, it should 
be noted that endothelial dysfunction was evaluated using 
laser Doppler flowmetry with a pharmacological challenge 
(acetylcholine, sodium nitroprusside). Increased stiffness 
of vessels is a hallmark of vascular aging, which in turn 
progressively induces endothelial dysfunction even in 
the absence of CVDs or modifiable cardiovascular risk 
factors [17, 18]. However, despite the available evidence 
of oxidative damage of the endothelium associated 
with vascular aging, it remains unclear what triggers the 
strengthening of this process [17].

By assessing finger skin microvasculature in patients 
with HCM using NFC we were able to detect a statis
tically significant decrease in the indicators showing 

Table 2. Intergroup differences in the structural and functional parameters of vessels according to PPG
Parameter References HCM group Control group р*

ASI, m/s < 8 8.8 [6.8; 12.2] 7.7 [6.6; 9.1] 0.09
RI, % < 30 32.5 [17.4; 47.9] 31.4 [19.2; 44] 0.95

Reactive hyperemia test (occlusion test)
Occlusion index > 2.0 1.3 [1.1; 1.5] 1.8 [1.5; 2.7] < 0.001
Phase shift, ms > 10 4.4 [2.3; 8.6] 8.4 [5.1; 12.1] 0.018
PPG – photoplethysmography; HCM – hypertrophic cardiomyopathy; ASI – stiffness index of large conductive arteries;  
RI – resistance index of small muscle arteries; *the statistical significance of the intergroup difference was assessed using the Mann–Whitney test.

Table 3. Intergroup differences in the structural and functional parameters of vessels according to videocapillaroscopy
Parameter References HCM group Control group р*

Structural parameters
CDr, cap/mm² 53 60 [52.6; 68] 75.8 [60; 87] 0.4
CDvo, cap/mm² 87 88 [75; 90] 90 [73; 101] 0.16

Functional parameters:
CDrh, cap/mm² 59 66.3 [55; 72] 86 [68.6; 100] 0.05
PPC, % 92.5±5.3 86.7 [70.9; 104.2] 103 [96; 114] 0.005
PCR, % 16.5±7.1 1.7 [-6.95; 20.3] 18.4 [8.1; 27.4] 0.004

HCM – hypertrophic cardiomyopathy; CDr – capillary density at rest; CDvo – capillary density following venous occlusion;  
CDrh – capillary density after reactive hyperemia; PPC – percentage of perfused capillaries; PCR – percentage of capillary recovery;  
*the statistical significance of the intergroup difference was assessed using the Mann-Whitney test.
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structural and functional abnormalities. Significantly, the 
assessment of the peripheral coronary microvasculature 
show abnormalities in the coronary microcirculation in 
several studies of different CVDs [19, 20]. Moreover, the 
evaluation of the nailfold capillaries using NFC in patients 
with systemic scleroderma is significantly associated 
with coronary microvascular dysfunction identified by 
transthoracic echocardiography as reduced coronary flow 
reserve [21]. Coronary flow reserve is decreased in patients 
with HCM [7], which comprises a substrate for myocardial 
ischemia that often occurs in asymptomatic patients with 
HCM [7, 9, 22, 23]. The degree of coronary microvascular 
dysfunction is a strong and independent predictor of 
worsening clinical condition and death [9, 10]. Thus, 
abnormalities in the peripheral coronary microvasculature 
identified by NFC and PPG may be indicative of coronary 
endothelial dysfunction. Moreover, such methods can be 
used to inform the start of timely treatment aimed at impro
ving endothelial function.

It should be noted that this study is limited by a relatively 
small sample of examined patients. Moreover, endothelium-
independent dilatation was not evaluated. Therefore, it 
is possible that patients with HCM may have a primary 

vasomotor abnormality of smooth musculature, which 
contributes to vasodilation disturbance.

Conclusion
Microvascular dysfunction and increased vascular 

stiffness are important pathophysiological factors of hyper
trophic cardiomyopathy. In this study, structural and 
functional abnormalities were demonstrated in peripheral 
vessels of various sizes. These abnormalities in the 
peripheral microvasculature in patients with hypertrophic 
cardiomyopathy are likely to reflect abnormalities developing 
in the coronary arteries. Thus, nailfold capillaroscopy and 
finger photoplethysmography can be used to perform an 
inexpensive, non-invasive and straightforward evaluation 
of endothelial dysfunction. Despite the current abundance 
of data on microcirculation disturbance, further research 
is required to determine the link between microvascular 
dysfunction, ischemia, fibrosis and prognosis, since these 
processes are treatable.
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