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Abstract

Objective: This study compares microvascular reactivity (MR) in chronic Chagas dis-
ease (CD) patients with healthy individuals, matched for sex and age. In addition, we
evaluated the association between MR and left ventricular ejection fraction (LVEF) in
patients.

Methods: Acetylcholine iontophoresis was performed on the forearm skin, using laser
speckle contrast imaging, to evaluate endothelium-dependent vasodilation. Clinical
data were obtained from medical records.

Results: Thirty-six patients were compared to 25 healthy individuals (controls).
Vasodilation was higher in controls, when compared to patients (p < .0001). There
was a significant association between LVEF, stratified into quartiles, and MR (p-value
for linear trend = .002). In addition, there was no difference in MR between patients
with normal LVEF and the control group. In patients, MR was independent of the
presence of arterial hypertension or diabetes.

Conclusions: We have shown for the first time that the reduction of MR is associ-
ated with a decrease of LVEF in a cohort of chronic CD patients. The results were
not affected by comorbidities, such as hypertension or diabetes. The evaluation of
systemic endothelial function may be useful to tailor therapeutic and preventive
approaches, targeted at systolic left ventricular failure associated with chronic CD

cardiomyopathy.
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1 | INTRODUCTION

Chagas disease (CD) represents the main infectious heart disease in
the world, currently affecting 6 million people.! Traditionally con-
fined to Central and South America, recent increases of immigra-
tion have transformed CD into a global concern.? The prognosis of
Chagas cardiomyopathy is worse, when compared with other eti-
ologies.3 After decades of an asymptomatic stage, the disease can
progress to systolic heart failure (HF).*

Endothelial dysfunction (ED) is present in a variety of cardiovas-
cular diseases, including the cardiomyopathies.® ED is modulated by
therapeutic strategies and is associated with worse prognosis, even
in asymptomatic individuals.®

The skin is an accessible region for the study of the microvas-
culature, with recent data suggesting the association of cutaneous
microvascular ED with other vascular beds, including the coronary cir-
culation.” In a previous study from our group,8 microvascular ED was
demonstrated in CD patients with reduced left ventricular ejection
fraction (LVEF), when compared to healthy individuals. At the pres-
ent study, we addressed whether ED is also present in patients with
preserved LVEF. These findings could bring insight to cardiovascular
pathophysiology of CD. In addition, microcirculation assessment could
be suggested as a possible target for therapeutic interventions and

with a possible role in the clinical evaluation of CD patients.

2 | METHODS
2.1 | Study design and patients

This was a cross-sectional study of 36 consecutive adult patients
treated at a CD outpatient clinic in a quaternary hospital. Eligibility
criteria were age 218 years, with two serologies (with different
methods) positive for CD. The exclusion criterion was decompen-
sated HF (New York Heart Association functional class IV or im-
pairment over the previous month). We also recruited 25 healthy
control subjects, matched for age and sex, without history of both
cardiovascular and metabolic diseases. The study was approved by
the local Institutional Review Board (IRB) under protocol # CAAE
47563415.9.0000.5272, and informed consent was obtained from
all participants; the study protocol was registered on clinicaltrials.
gov with the number NCT03524768.

Anthropometry (height, body weight, and body mass index), co-
morbidities, smoking history, plasma biochemistry, medications, and
electrocardiographic and echocardiographic parameters were ob-
tained from medical records. Data were analyzed when obtained in

the previous 12 months before recruitment.

2.2 | Evaluation of skin microvascular reactivity

Microvascular reactivity was evaluated as previously described,’

using a laser speckle contrast imaging (LSCI) system with a laser

TABLE 1 Clinical characteristics of patients with chronic Chagas
disease and sex- and age-matched healthy individuals

Chagas Healthy p-
Parameter (n=36) (n = 25) value
Age (years) 67.1+£99 65.2+5.5 .37
Male n (%) 11 (29.7) 12 (48) .18
Body mass index (kg/  26.2+4.7 26.2+5.1 97
m?)
Fasting glucose (mg/ 104.3 £ 19.2 98.6 £ 6.6 .18
dl)
Total cholesterol 183.9 £ 37.5 2114 +25.1 .004
(mg/dl)
MAP (mmHg) 104.8 + 14.1 96.2 +8.8 .009
NYHA class (I:11) 21:15 _ _
Electrocardiogram
Sinus rhythm/AF/PM  27/3/6 25/0/0
Echocardiogram
LVEF (%, Teicholz) 58.0+17.1 __ __
EDV (ml) 137.4 + 50.2
PASP (mmHg) 31.3+8.6

Note: The results are presented as the mean + SD or absolute numbers
and percentages. Comparisons of numerical variables were analyzed by
Student's t test, and categorical variables were analyzed by chi-square
or Fisher's exact test.

Abbreviations: AF, atrial fibrillation; and PM, pacemaker; EDV, end-
diastolic volume; LVEF, left ventricular ejection fraction; MAP, mean
arterial pressure; NYHA, New York Heart Association; PASP, pulmonary
artery systolic pressure.

wavelength of 785 nm (PeriCam PSI system, Perimed). The meas-
urements were expressed in arbitrary perfusion units (APU).
The images were analyzed using PIM Soft software (Perimed).
Acetylcholine (Ach) 2% w/v (Sigma Chemical CO) iontophore-
sis was performed using a micropharmacology system (PF 751
Perilont USB Power Supply, Perimed) with increasing anodal
currents of 30, 60, 90, 120, 150, and 180 pA, administered for
10-second intervals. Skin blood flow measurements, expressed
in APU, were divided by the mean arterial pressure to yield the
cutaneous vascular conductance (CVC) in APU/mmHg. Results
were expressed as area under the curve (AUC) of Ach-induced
vasodilation.

2.3 | Statistical analysis

Variables were tested for normality using the Shapiro-Wilk normal-
ity test. Comparisons of numerical variables with normal distribution
were analyzed by Student's t test, and variables with non-Gaussian
distribution were analyzed by Mann-Whitney test. Categorical vari-
ables were analyzed by chi-square or Fisher's exact test. The effects
of increasing currents of Ach iontophoresis are shown as the mean
(95% confidence interval). Statistical analyses were performed using
two-way ANOVA followed by multiple comparisons (Sidak's multiple
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TABLE 2 Cardiovascular medication use in chronic Chagas
disease patients (n = 36)

Number of
Medication patients (%)
Angiotensin-converting enzyme inhibitors 6(16.7)
Angiotensin Il receptor antagonists 24 (66.7)
Aldosterone antagonists 8(22.2)
Diuretics 22 (61.1)
B-blockers 22 (61.1)
Coumarin derivatives/NOACS 1/2(2.8/5.6)
Antiplatelet drugs 9 (25)
Statin 22 (61.1)
Hydralazine 9 (25)
Methyldopa 5(13.9)
Nitrates 2(5.6)
Calcium channel blockers 5(13.9)

Abbreviation: NOACS, novel oral anticoagulants.

comparisons test), where we considered the interactions of Ach dose
and groups of individuals (patients and healthy volunteers). p-values
<.05 were considered significant. The results of normal distribution
variables were presented as mean + SD. Non-Gaussian variables
were presented as median and interquartile ranges. Statistical anal-
yses were performed using software Prism version 6.0 (GraphPad
Software).
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FIGURE 1 Effects of cutaneous iontophoresis of acetylcholine
(Ach) on cutaneous vascular conductance, expressed in percentage
increases from baseline values, in patients with chronic Chagas
disease (CHAGAS) and sex- and age-matched healthy individuals
(HEALTHY). The results are shown as the mean (95% confidence
interval). Statistical analyses were performed using two-way
ANOVA followed by multiple comparisons (Sidak's multiple
comparisons test), where we considered the interactions of Ach
dose and groups of individuals (patients and healthy volunteers).
**p < .01 and ****p < .0001 vs. patients with chronic Chagas disease
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FIGURE 2 (A) Linear trend of the area under the curve (AUC)
of microvascular vasodilation resulting from the cutaneous
iontophoresis of acetylcholine (Ach), expressed in quartiles of
left ventricular ejection fraction in patients with chronic Chagas
disease. (B) Comparison of AUC between Chagas patients with
preserved left ventricular ejection fraction and age- and sex-
matched healthy individuals. The results are shown as box and
whisker plots showing mean, interquartile range, and extreme
values. Statistical analyses were performed using one-way ANOVA
followed by posttest for linear trend (A) or two-tailed unpaired t
test (B)

3 | RESULTS

Thirty-six patients were recruited between April and October 2018.
Anthropometric and laboratory characteristics of CD patients and
the control group are presented in Table 1. Cardiovascular medi-
cations used by patients are presented in Table 2. There were no
current smokers in either group. The main comorbidities in the pa-
tient group were hypertension (n = 29, 80.5%), dyslipidemia (n = 26,
72.2%), and diabetes (n = 10, 27.8%). There were 25 healthy individu-
als in the control group, with no differences compared to patients
regarding age, sex, and body mass index. The endothelial-dependent
effects of microcurrents superior to 120 uA of Ach iontophoresis
were significantly higher in healthy individuals, compared with CD
patients (Figure 1). The maximum increase of CVC from baseline was
of 106% (95% Cl of mean 81-130) and 48% (95% CI of mean 32-64),
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TABLE 3 Assessment of the effects of

Parameters HYPERTENSIVE NORMOTENSIVE PATIENTS p-values
PATIENTS (n = 29) (n=7) cutaneous iontophoresis of acetylcholine
(Ach) on cutaneous microvascular
BASELINE CVC 0.32+0.10 0.31(0.25-0.32) .83 . .
(APU/mmHg) conduFtance'(CVC), expressed in arb{trary
perfusion units (APU, per mean arterial
AUC Ach (APU/s) 19,570 + 6,359 18,479 £ 7,211 69 pressure in mmHg), in subgroups of
Parameters DIABETIC PATIENTS NONDIABETIC PATIENTS p-values patients with chronic Chagas disease
(n=10) (n = 26) associated with arterial hypertension or
BASELINE CVC 0.28+0.12 0.32(0.26-0.36) 26 diabetes.
(APU/mmHg)
AUC Ach 19,124 + 7,722 19,457 + 6,069 .89
(APU/s)

Note: The results are shown as the mean + standard deviation or median (25th-75th percentile),
for parametric and nonparametric values, respectively (Shapiro-Wilk normality test). Statistical
analyses were performed using two-tailed unpaired t tests or two-tailed Mann-Whitney tests for

parametric and nonparametric values, respectively.

Abbreviations: Ach, acetylcholine; and CVC, cutaneous vascular conductance; APU, arbitrary
perfusion units (APU); AUC, area under the curve of vasodilation induced by Ach.

respectively, p <.0001. The values of AUC of Ach-induced vasodila-
tion in patients were stratified into quartiles of LVEF (n = 9 in each
group): quartile 1 (s40.6%), quartile 2 (>40.6 and <60.2%), quartile
3 (>60.2 and <71.6%), and quartile 4 (>71.6%). AUC in each quartile
was, respectively, of 15 456, 12 482, 20 656, and 27 302 APU/s.
There was a significant association between LVEF and endothelial-
dependent microvascular reactivity in CD patients (p-values for lin-
ear trend = .002) (Figure 2A). In addition, there was no difference in
vasodilation between patients with LVEF > 60.2% [n = 18; AUC val-
ues of 20 796 (16 770-27 445) APU/s] and the healthy group [n = 25;
AUC values of 21 049 (14 277-22 986) APU/s; p = .48, Figure 2B]. In
order to evaluate the possible contribution of hypertension and dia-
betes mellitus to endothelial function in CD patients, we compared
individuals with or without these two conditions, finding no differ-
ence in the response to Ach (Table 3).

4 | DISCUSSION

Microvascular ED has been recognized in systemic vessels of pa-
tients presenting advanced HF with reduced LVEF of either ischemic

or idiopathic etiologies, %!

and previously by our group in CD pa-
tients.® An issue of interest was to gain insight into the moment of
ED observation in the course of CD. Multiple lines of evidence link
the pathophysiology of ED in HF to the mechanisms underlying sys-
tolic dysfunction. Inflammation is a central element of Chagas car-
diomyopathy.'? Patients in the chronic phase of CD have increased
plasma levels of cytokines, primarily INF-y, IL-6, and TNF-o*"1% The
latter is considered one of the most potent inhibitory stimuli for
endothelial nitric oxide synthase (eNOS) expression in vascular en-
dothelial cells.*® In addition, cyclic GMP, the downstream mediator
of nitric oxide promoting vascular smooth muscle relaxation, attenu-
ates both ventricular remodeling and systolic dysfunction.”’ IL-6
induces vascular oxidative stress mediated by the key enzyme nico-

tinamide adenine dinucleotide phosphate (NAPDH) oxidase,*® which

synthesizes hydrogen peroxide, inactivating NO and converting it
to another oxidant which does not induce vasodilation, peroxyni-
trite. The decrease of cardiac output resulting from left ventricular
systolic dysfunction may be deleterious for microvascular function
per se, through two mechanisms. First, it is associated with chroni-
cally reduced endothelial shear stress, which down-regulates eNOS
expression.19 Second, chronically low cardiac output may induce a
mismatch between oxygen supply and consumption, favoring a state
of hypoxia in peripheral tissues.?’ Moreover, recent evidence ob-
tained from cultured human endothelial cells suggests that hypoxia
stimulates vascular oxidative stress with mitochondrial production
of superoxide.?!

Another mechanism proposed as related to the progression of
CD cardiomyopathy and observed in patients with preserved LVEF is
vascular dysautonomy,?? which is also associated with ED in chronic
CD patients.?®

In order to evaluate the degree of microvascular ED in chronic
CD patients, we compared the patient group with healthy individ-
uals, matched for sex, age, and body mass index. To the best of our
knowledge, the current study is the largest comparing microcircula-
tion in chronic CD patients with healthy counterparts, and the first
comprising a spectrum of patients displaying different degrees of
left ventricular function.

Hypertension and diabetes are extensively recognized as condi-
tions associated with ED.?*%> We found no difference between CD
patients with and without these comorbidities, suggesting that the
endothelial-dependent vasodilation results observed are related to
CD per se.

Chronic chest pain is a common complaint in CD patients.?¢
Coronary microvascular ED has been observed in CD animal mod-

27 and patients.28 Accordingly, coronary microcirculatory dys-

els
function may play a role in the progression of chronic CD, inducing
recurrent episodes of ischemia, which could contribute to HF devel-
opment.?’ Studies comparing simultaneously cardiac and cutaneous

microcirculation in the same group of patients could further clarify
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whether systemic ED advances in conjunction with left ventricular
failure in CD.

Although microvascular ED has been previously proposed as a
risk factor for adverse cardiovascular outcomes, including angina
and stroke, our present findings are hypothesis generating, and do
not support the prognostic use of cutaneous microvascular evalu-
ation in CD patients. Indeed, in the present study ED was absent
in patients with preserved LVEF, even though most of them dis-
played electrocardiogram and echocardiogram abnormalities typical
of CD according to Guidelines,?%3! like regional wall motion defi-
cits (Figure S1). Our current findings, at the microcirculation level,
support previous data, which found no ED in the brachial artery of
chronic CD patients with preserved LVEF.%? Follow-up studies in
patients with preserved LVEF may further ascertain the temporal
correspondence between endothelial and ventricular dysfunction in
the chronic phase of CD.

4.1 | Limitations of the study

The present study was undertaken in a single healthcare center with
36 patients, and therefore may not be representative of a large popu-
lation of CD patients. Medications could not be interrupted for ethical
reasons, and may interfere with the vascular reactivity results. In ad-
dition, as a cross-sectional study, this investigation cannot address a
cause-and-effect relationship between ED and LVEF reduction. Our
present findings suggest that MR deteriorates in parallel with LVEF.
Whether these are epiphenomena related to the same mechanism
(i.e., inflammation) or MR dysfunction precedes (or even follows) LVEF
decrease is beyond the scope of the present study. Microcirculation
reactivity was assessed using skin iontophoresis for noninvasive
transdermal drug delivery, which is based on the transfer of charged
molecules using a low-intensity electric current.®® In this method,
the intensity and the duration of the current, as well as the nature of
the skin surface (thickness, glabrous or not), may play a crucial role.
Nevertheless, it is noteworthy that Ach iontophoresis has been stand-
ardized’ and extensively used by our research group to assess micro-
vascular endothelium-dependent vasodilation in cardiovascular and
metabolic diseases, including arterial hypertension®*, and diabetes.®’

5 | CONCLUSIONS

Our data suggest, for the first time, that the decline of systemic en-
dothelial microvascular reactivity is associated with the degree of
LVEF reduction in chronic CD patients. Patients with preserved LVEF
had similar endothelium-dependent microvascular reactivity when
compared to healthy volunteers. The results were not influenced by
coexisting arterial hypertension or diabetes. Systemic microvascular
endothelial function measured at the cutaneous circulation may be
a useful noninvasive tool in the clinical assessment of patients with
the cardiac form of CD.

Microcirculation N I Ra s

6 | PERSPECTIVES

e Systemic microvascular reactivity (SMR) is impaired in chronic
Chagas disease (CD) patients.

e SMR dysfunction is associated with left ventricular ejection frac-
tion reduction.

e Microvascular endothelial function may be useful to tailor thera-

peutic approaches in CD patients.
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