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Abstract

Background: Opium consumption is associated with increased risk of atherosclerosis and a hyper-inflammatory state which are
suggested as contributing factors to the development of coronary artery ectasia (CAE). We aimed to determine if opium consumption
is an independent risk factor of CAE. This study aimed to explore the relationship between opium consumption and CAE.
Methods: In this propensity score-matched study, we enrolled patients who underwent elective coronary angiography between
September 2004 and March 2017 in Tehran Heart Center. We studied patients with CAE and without coronary artery disease
(CAD) as cases. The control group, patients with normal coronary angiograms, were selected after applying the propensity score
matching to match for age, sex, diabetes mellitus, hypertension, hyperlipidemia, family history of coronary artery disease, and
cigarette smoking.

Results: We studied 242 patients with pure CAE and selected 968 control patients. The prevalence of opium consumption was
not significantly different across these groups: 17 (7.5%) in the pure CAE group compared to 76 (8.6%) in the control group
(Odds ratio: 0.81; P=0.455). Amongst the patients with pure CAE, Markis scores were not significantly different between opium
consumers and non-consumers (P=0.136).

Conclusion: We found no significant difference regarding opium consumption between patients with pure CAE and those with
normal coronary angiograms. In addition, there was no correlation between opium consumption and Markis scores in patients
with pure CAE.
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Introduction

According to the World Drug Report 2020, opioids,
including opiates and synthetic opioids, are the second
most commonly used drugs after cannabis globally;
however, they are the most harmful drugs in terms
of morbidity and mortality. In 2017, opioids were
responsible for about 66% of the mortality and 80% of
the disability-adjusted life years attributed to drug use
disorders worldwide. The prevalence of opioid use has
increased recently and it is estimated that about 57.8
million 15-64-year-old people use opium or other opioids
around the world in 2018. In this year, the prevalence
of past-year use of opiates including opium and heroin
was greater than the global average in the Middle East,
and South-West and South Asia in which almost one-
third of the world opiate users reside.! Opium is the
most commonly abused substance in many Asian and
Middle Eastern countries after cigarette smoking. This
fact may be attributed to its greater availability in these
regions which might arise from their proximity to the

production sources of opium like Afghanistan.>’ Another
reason may be a false traditional belief that opium
consumption ameliorates cardiovascular diseases (CVD)
and cardiovascular risk factors.*>

Studies have demonstrated the association between
opium and CVD and underscored the importance of
opium-induced inflammation in this regard.® Although
some studies have reported neutral or even beneficial
effects of opium consumption on cardiovascular health,
many investigators found its detrimental effects on CVD
and atherosclerosis.*®” A recent systematic review and
meta-analysis demonstrated that opium use is associated
with a 2.75-fold increased risk of coronary artery disease
(CAD) (odds ratio: 2.75; 95% confidence interval: 2.04
to 3.75).7 In addition, studies report that opium use is
associated with chronic inflammation and oxidative stress.
Opium may cause increased levels of reactive oxygen
spices and other inflammatory components. Moreover,
it is associated with decreased antioxidant capacity and
suppressed anti-inflammatory responses.*” Hence, opium
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consumption is interwoven with CVD and inflammation.

Coronary artery ectasia (CAE) is the dilatation of a
portion of a coronary artery with a prevalence of 1.2%-
4.9% on coronary angiograms.® Studies demonstrate that
CAE, similar to CAD, is a variant of atherosclerosis and
its diagnosis bears important prognostic implications
comparable with CAD in terms of mortality.**! To date,
the exact pathogenesis of CAE is not fully defined. In
addition to atherosclerosis, congenital anomalies, and
iatrogenesis, studies have suggested inflammation as a
contributing factor to CAE.'*!*

Investigators have found that opium consumption
is associated with increased risk of atherosclerosis
and a hyper-inflammatory state,*” which have been
suggested as contributing factors to the development of
CAE; however, few studies have examined the possible
association between opium use and CAE." In this study,
we aimed to evaluate this association and determine if
opium consumption is an independent risk factor of CAE.

Materials and Methods
Design and Participants
We reported this study according to the STrengthening
the Reporting of OBservational studies in Epidemiology
(STROBE) statement.'® In this propensity score-matched
study, we enrolled patients who underwent elective
coronary angiography (CAG) between September 2004
and March 2017 in Tehran Heart Center in Tehran, Iran."
We considered all patients aged at least 18 years who
underwent elective CAG. We studied patients with CAE
and without CAD as cases. Patients with normal CAG were
designated as the control group. Patients with congenital
or valvular heart disease, autoimmune diseases including
scleroderma, systemic lupus erythematous and Behcet’s
disease, or connective tissue disorders including Marfan
syndrome and Ehlers-Danlos syndrome were excluded.
We retrieved all of the required data of the patients
from their electronic medical records using Tehran
Heart Center’s data registry. This data registry comprises
demographic, procedural, and post-procedural data
which are collected, reviewed, and fed into relevant data
bank systems by the treating physicians or trained general
practitioners/research nurses. Thereafter, the data are
refined and cleaned by experts as part of quality control."”
Based on the Tehran Heart Center’s angiography
database, the frequency of opium consumption among
control participants who showed normal result of CAG
was about 9%. Considering previous studies to detect an
odds ratio of at least 1.835, given a significance criterion
of 0.05 and 80% power, a sample size of 242 CAE cases
and 968 controls would be required for this study.

Definitions

CAE is the dilatation of a portion of a coronary artery 1.5
times greater than the diameter of the adjacent normal
coronary artery.’® We categorized CAE according to
the Markis classification into four groups: (1) Diffuse
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ectasia of two or three vessels; (2) Diffuse ectasia in one
vessel and localized ectasia in another vessel; (3) Diffuse
ectasia in one vessel only; (4) Localized or segmental
involvement.” All CAGs were reviewed by attending
cardiologists promptly after the procedure to determine
the diagnosis. In this study, another expert cardiologist
(AB) reviewed the CAGs with the diagnosis of CAE to
confirm the diagnosis and determine Markis scores.

We defined hyperlipidemia as total cholesterol>200
mg/dL, or high-density lipoprotein (HDL) <40 mg/dL in
men and < 50 mg/dL in women, or low-density lipoprotein
(LDL) 2100 mg/dL, or triglycerides > 150 mg/dL, or being
on lipid-lowering agents. Hypertension was designated
as systolic blood pressure>140 mm Hg, or diastolic
blood pressure >90 mmHg, or receiving antihypertensive
medications. Fasting blood sugar (FBS)>126 mg/dL on
two occasions, or 2-hour postprandial blood sugar =200
mg/dL on two occasions, or random blood sugar>200
mg/dL accompanied by symptoms of diabetes mellitus
(DM), or receiving either oral antidiabetic agents or
insulin were defined as DM. Opium users were the ones
who consume opium regularly either by inhalation or
ingestion, and opium non-users were the patients who
have never used opium.

Statistical Analysis

We described continuous variables as mean with standard
deviation for normally distributed variables and median
[interquartile range boundaries (IQR)] for non-normally
distributed variables. Continuous variables with normal
distribution were compared using independent samples
t-test and we used the Mann-Whitney U test to compare
non-normally distributed variables. Categorical variables
were presented as number (percentage) and compared by
the Chi-square test. Due to ordinal nature of the Markis
score, it was compared between opium consumer and
non-consumer groups applying a Mann-Whitney U-test.
Moreover, a Fisher’s exact test was used to compare the
frequency distribution of Markis scores between the
above-mentioned groups. We employed propensity score
matching (PSM), a statistical approach which attempts
to ensure balance between pure CAE and normal CAG
groups, by matching groups for possible confounders.
We matched pure CAE patients with a ratio of 1:4 using
the nearest neighbor technique on the propensity scores
derived from a logistic regression model of pure CAE
on age, sex, DM, hypertension, hyperlipidemia, family
history of CAD, and cigarette smoking. A conditional
logistic regression model was applied to assess the
association of opium consumption and pure CAE, and the
estimated effect was reported as odds ratio (OR) with 95%
confidence interval (CI). Data analyses were done using
IBM SPSS Statistics for Windows, version 25.0 (Armonk,
NY: IBM Corp.)

Results
We evaluated the results of 119218 elective CAGs from
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September 2004 to March 2017 in Tehran Heart Center.
Of these 119218 CAGs, there were only 242 patients
with CAE and without CAD designated as pure CAE.
Therefore, we included 242 pure CAE patients and
selected 968 individuals from 16,522 patients with normal
CAGs as the control group using PSM. There was no
data regarding opium consumption in 15 (6.2%) patients
with pure CAE and 80 (8.3%) patients with normal CAG.
According to the implementation of the PSM, baseline
characteristics were not statistically different across these
groups except for higher levels of plasma LDL, total
cholesterol, and triglyceride in patients with normal CAG
compared to patients with pure CAE (Table 1).

After employing PSM and controlling for the effects
of potential confounders, the prevalence of opium
consumption was 17 (7.5%) in the pure CAE group
versus 76 (8.6%) in the normal CAG group which was not
significant after applying a conditional logistic regression
(OR:0.81,95% CI: 0.46 to 1.41; P=0.455). Among patients
with pure CAE, 17 patients were opium users who had
a median Markis score of 1.5 (IQR boundaries: 1-3),
and 210 patients were opium non-user with a median
Markis score of 2 (IQR boundaries: 1-4), which showed
no significant difference (P=0.136). The Markis classes
were also not significantly different between these groups

Table 1. Baseline Characteristics of Patients after Propensity Score Matching

(P=0.480) (Table 2).

Table 3 demonstrates the comparison of baseline
characteristics between opium consumers versus non-
consumers. Opium consumers were more likely to be
younger, male, and smoke cigarettes, while they were less
likely to have hypertension and hyperlipidemia compared
to non-consumers. Furthermore, the body mass index
(BMI), and the plasma level of HDL and total cholesterol
were significantly lower in opium consumers compared
to non-consumers.

Discussion
This study aimed to explore the relationship between
opium consumption and CAE. We selected patients with
CAE and withoutany co-existing CAD as our cases because
about 50% of CAE is attributed to concomitant CAD in
adult patients with CAE.?*® Moreover, we employed PSM
to consider the possible confounding effects of traditional
cardiovascular risk factors as indicators of atherosclerosis.
After taking these considerations into account, we found
that the frequency of opium consumption was not
significantly different between patients with pure CAE
and patients with normal CAG.

In a recent study, Bahrami et al reported that opium is
an important risk factor for CAE. In their cross-sectional

Characteristic* Normal CAG (n=968) Pure CAE (n=242) P Value
Age (y) 54.88+11.43 54.93+10.95 0.947
Gender (male) 559 (57.7%) 138 (57.0%) 0.839
DM 119 (12.3%) 27 (11.2%) 0.627
Hypertension 437 (45.2%) 116 (47.9%) 0.452
Hyperlipidemia 543 (56.3%) 131 (54.6%) 0.638
Family history of CAD 139 (14.5%) 30 (12.4%) 0.418
Cigarette smoking 136 (14.0%) 38 (15.7%) 0.512
Opium use 76 (8.6%) 17 (7.5%) 0.603
BMI (kg/m?) 29.62+5.59 29.62+5.75 0.987
FBS (mg/dL) 96.00 [89.00-107.00] 97.00 [89.00-107.00] 0.908
HDL cholesterol (mg/dL) 43.20+11.61 43.91+12.01 0.442
LDL cholesterol (mg/dL) 104.00 [81.00-129.00] 99.50 [75.00-122.50] 0.044
Triglyceride (mg/dL) 136.00 [99.00-186.00] 122.00 [90.00-168.00] 0.007
Total cholesterol (mg/dL) 172.00 [147.00-205.00] 165.00 [137.00-197.00] 0.011

Note. Data are presented as mean +standard deviation, median [percentile 25-percentile 75], or number (%).
BMI, Body mass index; CAE, Coronary artery ectasia; CAD, Coronary artery disease; CAG, Coronary angiography; DM, Diabetes mellitus; FBS, Fasting blood

sugar; HDL, High-density lipoprotein; LDL, Low-density lipoprotein.

Table 2. Markis Score in Patients with Pure Coronary Artery Ectasia

Opium Consumer? (n=17) Opium Non-Consumer? (n=210) P Value
Class 1 7 (41.2%) 68 (32.4%)
Class 2 3 (17.6%) 33 (15.7%)
Markis category 0.480
Class 3 2 (11.8%) 32 (15.2%)
Class 4 1(11.8%) 64 (30.5%)
Markis score 1.5[1-3] 2 [1-4] 0.136

Note. Data are presented as number (%), median [percentile 25-percentile 75].

* There was no data regarding CAG in 3 (17.6%) opium consumers and 13 (6.2%) opium non-consumers.
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Table 3. Comparison of Baseline Characteristics between Opium Consumers vs Non-consumers

Characteristic* Opium Consumer (n=93) Opium Non-consumer (n=1022) P Value
Age (years) 53.04+9.06 55.25+11.45 0.030
Gender (male) 90 (96.8%) 551 (53.9%) <0.001
DM 9 (9.7%) 127 (12.4%) 0.438
Hypertension 29 (31.5%) 483 (47.3%) 0.004
Hyperlipidemia 39 (41.9%) 579 (56.9%) 0.005
Family history of CAD 8 (8.6%) 147 (14.5%) 0.118
Cigarette smoking 54 (58.1%) 107 (10.5%) <0.001
BMI (kg/m?) 27.72+5.85 29.85+5.61 0.001
FBS (mg/dL) 95.50 [90.00-104.50] 97.00 [90.00-108.00] 0.740
HDL cholesterol (mg/dL) 40.72+9.56 43.50+£11.98 0.016
LDL cholesterol (mg/dL) 98.00 [81.00-115.00] 104.00 [80.00-128.00] 0.242
Triglyceride (mg/dL) 121.00 [89.00-168.00] 130.50 [97.00-180.00] 0.238
Total cholesterol (mg/dL) 161.50 [138.00-188.00] 170.00 [146.00-203.00] 0.015

* Data are presented as mean +standard deviation, median [percentile 25-percentile 75], or number (%).
BMI, Body mass index; CAE, Coronary artery ectasia; CAD, Coronary artery disease; CAG, Coronary angiography; DM, Diabetes mellitus; FBS, Fasting blood

sugar; HDL, High-density lipoprotein; LDL, Low-density lipoprotein.

study, they enrolled 46 patients with CAE, 30 patients
with CAD, and 42 cases without CAE and CAD. That
study revealed that opium consumption was significantly
greater in patients with CAE and CAD compared to
controls. The number of participants in their study was
much smaller than ours and it can be one of the reasons
to explain the different results. Moreover, in that study,
they did not adjust for other CVD risk factors including
age, sex, DM, hypertension, hyperlipidemia, family
history of CAD, and cigarette smoking between cases and
controls while we used PSM to control the effect of any
confounders and it could be another reason to explain the
difference.”

The role of opium consumption in the pathogenesis of
CVD and the mechanisms involved in increasing the risk
of CVD are not yet fully defined. Some studies suggest that
inflammation caused by opium may play the main role in
developing CVD, especially atherosclerosis, but whether
this factor can cause CAE without any co-existing stenosis
by itself has not yet been considered.’” In this study, we
found that opium consumers were more likely to be male
and smoke cigarettes, and had lower plasma levels of HDL
cholesterol that make them more susceptible to CVD;
nevertheless, they were younger, had lower plasma levels of
total cholesterol, and were less likely to have hypertension
or hyperlipidemia which are cardioprotective. We may
hypothesize that these contradictive factors eventually
resulted in no significant association between opium
consumption and CAE. It is noteworthy that due to using
PSM to match pure CAE and normal CAG groups, these
results are not representative of our database and they can
only describe the characteristics of the patients included
in this study.

Hyperlipidemia is another possible mechanism that can
be induced by opium to develop CVD. Some studies have
shown that opium may affect the level of HDL, LDL, total

cholesterol, and triglyceride and with these effects, it may
playaroleindeveloping CVD.* Inaddition, theassociation
between CAE and traditional cardiovascular risk factors
is still controversial but some studies have reported that
CAE appears to be associated with these risk factors
including hyperlipidemia.?? Although we used PSM to
match baseline characteristics regarding hyperlipidemia,
the levels of LDL, triglyceride, and total cholesterol were
lower among CAE patients in comparison to normal
CAGs (Table 1). Despite these statistical differences, there
may not be a clinically significant difference. It should be
noted that the lower levels of these three in patients with
CAE could impact the relationship between opium and
CAE in our study.

Tothebestof our knowledge, thisisone of the first studies
dedicated to evaluating the association between opium
use and CAE. We tried to conduct it as methodologically
soundly as we were able; nevertheless, it has several
limitations. First, it is an observational study that bears
some inherent biases and falls short in establishing the
causal relationship. Second, the missing data on opium
consumption might result in bias in our findings. Due
to the rarity of pure CAE, we acknowledge that the small
number of pure CAE in our database would certainly be
one of our limitations. Accordingly, future prospective
cohort studies with larger sample sizes will address these
limitations. Finally, the amount, frequency, and duration
of opium consumption and cigarette smoking could have
had an impact on the results of the study which did not
quantify in the present study due to database limitations
and this could be an issue to investigate in further studies.

In conclusion, in this propensity score-matched
study, we found that there was no significant difference
regarding opium consumption between patients with
pure CAE and patients with normal CAG. Additionally,
there was no correlation between opium consumption
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and Markis category in patients with pure CAE. Future
studies are needed to determine the exact role of opium
consumption in CAE.

Acknowledgements

Research reported in this publication was supported by the Tehran
University of Medical Sciences under grant number 96-04-217-
36626.

Authors’ Contribution

MS contributed in design of the work, analysis, interpretation of
data, writing the draft, and revised it. AA contributed in analysis,
writing the draft, and revised it. AVF contributed in design of the
work and interpretation of data. AJ contributed in design and
analysis. AB contributed in in design of the work and interpretation
of data. All authors read and approved the final manuscript.

Conflict of Interest Disclosures
The authors declare that they have no conflicts of interest.

Ethical Statement

The protocol of this study conforms to the Declaration of Helsinki
2013 and was approved by the research and ethics committee of
Tehran University of Medical Sciences with the ID of IR.TUMS.
VCR.REC.1398.1021.2 All of the participants gave written informed
consent for the use of their electronic medical records for research
purposes.

Funding

This study was funded by Tehran University of Medical Sciences
(Grant number: 96-04-217-36626). The funding source had
no role in the study design, data collection, data analysis, data
interpretation, writing of the manuscript, or decision of submission.

References
1. Nations U. World drug report. United Nations Publ. Published
online 2020.

2. Karbakhsh M, Zandi NS. Acute opiate overdose in Tehran:
the forgotten role of opium. Addict Behav. 2007;32(9):1835-
1842. doi: 10.1016/j.addbeh.2006.12.014

3. Roayaei P, Aminorroaya A, Vasheghani-Farahani A, et al.
Opium and cardiovascular health: A devil or an angel? Indian
Heart). Published online 2020. doi:10.1016/}.ihj.2020.10.003

4. Rahimi N, Gozashti MH, Najafipour H, Shokoohi M, Marefati
H. Potential effect of opium consumption on controlling
diabetes and some cardiovascular risk factors in diabetic
patients. Addict Heal. 2014;6(1-2):1.

5. Farahani MA, Mohammadi E, Ahmadi F, Maleki M, Hajizadeh
E. Cultural barriers in the education of cardiovascular
disease patients in Iran. Int Nurs Rev. 2008;55(3):360-366.
doi:10.1111/j.1466-7657.2008.00635.x

6. Khalili P, Ayoobi F, Mohamadi M, Jamalizadeh A, La
Vecchia C, Esmaeili-nadimi A. Effect of opium consumption
on cardiovascular diseases — a cross- sectional study based
on data of Rafsanjan cohort study. BMC Cardiovasc Disord.
2021;21(1):2. doi:10.1186/s12872-020-01788-4

7. Nakhaee S, Ghasemi S, Karimzadeh K, Zamani N,
Alinejad-Mofrad S, Mehrpour O. The effects of opium on
the cardiovascular system: a review of side effects, uses,
and potential mechanisms. Subst Abuse Treat Prev Policy.

20.

21.

22.

23.

2020;15(1):1-13. doi:10.1186/513011-020-00272-8
Devabhaktuni S, Mercedes A, Diep ], Ahsan C. Coronary

artery ectasia-a review of current literature. Curr
Cardiol Rev. 2016;12(4):318-323. doi:10.2174/157340
3x12666160504100159

Shakerian F, Sanati H, Kiani R, Khezerlou N, Firouzi A,
Zahedmehr A. Comparison of outcomes of diseased coronary
arteries ectasia, stenosis and combined. Res Cardiovasc Med.
2015;4(1). doi:10.5812/cardiovascmed.25206

Doi T, Kataoka Y, Noguchi T, et al. Coronary artery ectasia
predicts future cardiac events in patients with acute myocardial
infarction. Arterioscler Thromb Vasc Biol. 2017;37(12):2350-
2355. doi:10.1161/ATVBAHA.117.309683

Kriger D, Stierle U, Herrmann G, Simon R, Sheikhzadeh A.
Exercise-induced myocardial ischemia in isolated coronary
artery ectasias and aneurysms (“dilated coronopathy”). ] Am
Coll Cardiol. 1999;34(5):1461-1470. doi:10.1016/s0735-
1097(99)00375-7

Dahhan A. Coronary artery ectasia in atherosclerotic coronary
artery disease, inflammatory disorders, and sickle cell disease.
Cardiovasc  Ther. 2015;33(2):79-88. doi:10.1111/1755-
5922.12106

Syed M, Lesch M. Coronary artery aneurysm: a review. Prog
Cardiovasc  Dis. 1997;40(1):77-84. doi:10.1016/s0033-
0620(97)80024-2

Hosseinsabet A, Faal M, Shafiee A, et al. Comparing Serum
Level of Vitamin D3 in Patients With Isolated Coronary Artery
Ectasia and Normal Coronary Artery Individuals. Arch Iran
Med. 2018;21(9):393-398.

Bahrami N, Asadikaram G, Masoumi M. Association of Opium
Addiction with Coronary Artery Ectasia and Coronary Artery
Disease. Addict Heal. 2021;13(2):77-84. doi:10.22122/ahj.
v13i2.294

Von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC,
Vandenbroucke JP. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. Bull World
Health Organ. 2007;85:867-872. doi:10.2471/blt.07.045120
Poorhosseini H, Abbasi SH. The Tehran Heart Center. Eur
Heart J. 2018;39(29):2695-2696. doi:10.1093/eurheartj/
ehy369

Hartnell GG, Parnell BM, Pridie RB. Coronary artery ectasia.
Its prevalence and clinical significance in 4993 patients.
Heart. 1985;54(4):392-395. doi:10.1136/hrt.54.4.392

Markis JE, Joffe CD, Cohn PF, Feen DJ, Herman MV, Gorlin R.
Clinical significance of coronary arterial ectasia. Am J Cardiol.
1976;37(2):217-222. doi:10.1016/0002-9149(76)90315-5
Ozcan OU, Gulec S. Coronary artery ectasia. Cor Vasa.
2013;55(3):e242-e247. doi:10.1016/j.crvasa.2013.01.003
Najafipour H, Beik A. The impact of opium consumption
on blood glucose, serum lipids and blood pressure, and
related mechanisms. Front Physiol. 2016;7:436. doi:10.3389/
fphys.2016.00436

Qin Y, Tang C, Ma C, Yan G. Risk factors for coronary artery
ectasia and the relationship between hyperlipidemia and
coronary artery ectasia. Coron Artery Dis. 2019;30(3):211-
215. doi:10.1097/MCA.0000000000000709

World Medical Association. World Medical Association
Declaration of Helsinki: ethical principles for medical research
involving human subjects. Jama. 2013;310(20):2191-2194.
doi:10.1001/jama.2013.281053

©_® 2022 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

546 Arch Iran Med, Volume 25, Issue 8, August 2022


https://doi.org/10.1016/j.addbeh.2006.12.014
https://doi.org/10.1016/j.ihj.2020.10.003 
https://doi.org/10.1111/j.1466-7657.2008.00635.x
https://doi.org/10.1186/s12872-020-01788-4
https://doi.org/10.1186/s13011-020-00272-8
https://doi.org/10.2174/1573403x12666160504100159
https://doi.org/10.2174/1573403x12666160504100159
https://doi.org/10.5812/cardiovascmed.25206
https://doi.org/10.1161/ATVBAHA.117.309683
https://doi.org/10.1016/s0735-1097(99)00375-7 
https://doi.org/10.1016/s0735-1097(99)00375-7 
https://doi.org/10.1111/1755-5922.12106 
https://doi.org/10.1111/1755-5922.12106 
https://doi.org/10.1016/s0033-0620(97)80024-2 
https://doi.org/10.1016/s0033-0620(97)80024-2 
https://doi.org/10.22122/ahj.v13i2.294
https://doi.org/10.22122/ahj.v13i2.294
https://doi.org/10.2471/blt.07.045120
https://doi.org/10.1093/eurheartj/ehy369 
https://doi.org/10.1093/eurheartj/ehy369 
https://doi.org/10.1136/hrt.54.4.392
https://doi.org/10.1016/0002-9149(76)90315-5
https://doi.org/10.1016/j.crvasa.2013.01.003
https://doi.org/10.3389/fphys.2016.00436
https://doi.org/10.3389/fphys.2016.00436
https://doi.org/10.1097/MCA.0000000000000709
https://doi.org/10.1001/jama.2013.281053
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

