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APPROACH TO THE PATIENT WITH DM AND

ATHEROMATOUS DISEASE IN OTHER
TERRITORIES: CAROTID ARTERIES

ABORDAGEM DO PACIENTE COM DM E DOENCA ATEROMATOSA

EM OUTROS TERRITORIOS: CAROTIDAS
ABSTRACT

Carotid atheromatous disease is responsible for up to 15% of all strokes. Diabetes is one
of the most important cardiovascular risk factors for the onset and progression of carotid
atherosclerosis. Early control of diabetes and other concomitant cardiovascular risk factors
is the most cost-effective intervention to prevent stroke in these cases. Clinical treatment is
currently considered the first choice for patients with asymptomatic carotid stenoses. However,
in patients with symptomatic stenosis with more than 70% of obstruction, endarterectomy
has a high impact on the cardiovascular outcome. The endovascular procedure with stent
with filter for neuroprotection is a good option when conventional surgery is not possible.

Keywords: Carotid stenosis; Stroke; Diabetes mellitus.

RESUMO

A doenga ateromatosa carotidea € responsavel por até 15% de todos os acidentes vascu-
lares cerebrais (AVC). O diabetes é um dos fatores de risco cardiovasculares mais importantes
para o inicio e progresséo da aterosclerose carotidea. O controle precoce do diabetes e dos
demnais fatores de risco cardiovasculares concomitantes constituem-se na intervencao mais
custo-efetiva para prevenir o AVC nesses casos. O tratamento clinico, atualmente, é consi-
derado como primeira escolha para 0s pacientes com estenoses carotideas assintomaticas.
Entretanto, nos pacientes com estenoses sintomaticas superiores a 70%, a endarterectomia
apresenta alto impacto no desfecho cardiovascular. O procedimento endovascular com stent
com filtro para neuroprotegcao é uma opgao quando a cirurgia convencional néo é possivel.

Descritores: Estenose carotidea; Acidente vascular cerebral; Diabetes mellitus.

CAROTID ATHEROSCLEROTIC DISEASE

Carotid atherosclerotic disease (CAD) is associated with
about 15% of all ischemic strokes.'2 Diabetes is an indepen-
dent risk factor for high-grade carotid stenosis.®

PATHOPHYSIOLOGY

Progression of CAD is strongly linked to type 2 diabetes
and can be measured by examination of intima-media thick-
ness.*® In arecent study determining the average intima-media
thickness, progression of CAD was noted in 87% of patients
with type 2 diabetes. This increase in intima-media thickness
was most common in patients with low high-density lipoprotein
level and associated peripheral arterial disease.® Glycemic
dyscontrol is an important inducer of atherosclerosis. Over-
production of reactive oxygen species (ROS) induced by
hyperglycemia inhibits the action of glyceraldehyde 3 phos-
phate dehydrogenase (GAPDH), a key enzyme in glycolysis.
When free radicals induce DNA breakage, ROS activates the
DNA repair enzyme, poly (ADP-ribose) polymerase (PARP).

Activated PARP modifies the GAPDH, resulting in endothelial
compromise. Endothelial lesion-induced vascular disease
related to chronic hyperglycemia results in accelerated athe-
rosclerosis inherent to diabetes.”8

CLINICAL APPROACH

Glycemic control

In isolation, an aggressive intervention in blood glucose
shows modest effectiveness in reducing major cardiovascular
events.® A meta-analysis of UKPDS, ACCORD, ADVANCE,
and VADT studies with 27,049 participants suggested a small
reduction in major cardiovascular events, but no difference
in cardiovascular and total mortality.® These results lead us
to be cautious about the intensification of glycemic control in
patients with type 2 diabetes and pre-existing cardiovascular
disease. Instead of treating one single factor, intensive inter-
vention should include the management of multiple cardiovas-
cular risk factors. The concept of outcome reduction, through
combined actions of cardiovascular prevention, has stood out
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in relation to simple glycemic control. With the emergence
of new oral and injectable antidiabetics in the management
of type 2 diabetes, the use of older agents when there is a
risk of hypoglycemia, such as sulfonylureas and glinides,
has fallen out of favor. While metformin and pioglitazone
showed cerebrovascular benefits in insulin-resistant patients,
SGLT2 inhibitors (empagliflozin and canagliflozin) and GLP1
analogues (liraglutide and semaglutide) have been proven
effective in reducing cardiovascular outcomes associated
with weight loss and blood pressure level reduction.'"* These
studies have also shown renal benefits, which can translate
into improvement in cardiovascular outcomes in patients with
type 2 diabetes and diabetic nephropathy. The LEADER and
SUSTAIN-6 studies, with GLP1 analogues, showed reduction
in the risk of stroke and cardiovascular events in patients with
type 2 diabetes and remarkably high cardiovascular risk. 114
The current recommendation is that, in patients with atheros-
clerotic disease, including carotid stenosis, control of glucose
levels should be optimized (Class |, Level C)."

Control of other cardiovascular risk factors

Active and passive smoking are strongly associated with
CAD. Current evidence supports the report that smoking ces-
sation is associated with reduced cardiovascular outcomes
and especially the prevention of recurrent stroke in patients
with carotid stenosis'®'” (Class I, Level B). In patients with
diabetes and CAD, it is recommended to optimize the con-
trol of low-density lipoprotein (LDL) cholesterol level (Class
I, Level A). In these patients, LDL levels below 70 mg/dL are
recommended (Class |, Level C). In patients with diabetes
and CAD, it is recommended to maintain the diastolic blood
pressure below 85 mmHg. Systolic blood pressure control
should be encouraged but with caution in the elderly indivi-
duals and in patients with marked carotid stenosis. Systolic
blood pressure levels below 110 mmHg were associated
with increased cardiovascular outcomes, especially AVCi, in
patients with CAD.'8 Studies of the Heart Outcomes Preven-
tion Trial (HOPE) and the Ongoing Telmisartan Alone and in
Combination with Ramipril Global Endpoint Trial (ONTARGET)
showed significant reduction in cardiovascular outcomes in
patients with atherosclerosis.'®2° On the basis of these studies,
angiotensin-converting enzyme inhibitors and angiotensin
receptor blockers might be considered first-choice options in
patients with diabetes and CAD (Class lla, Level B).?' The IN-
TERSTROKE study showed that 10 modifiable cardiovascular
risk factors relate to 90% of AVCis. In addition to diabetes, the
other associated factors were systemic arterial hypertension,
dyslipidemia, sedentary lifestyle, smoking, alcohol abuse,
diet poor in vegetables and legumes, increased waist and
hip circumference, stress/depression, and heart disease.?
Special attention must be paid to these factors in patients
with diabetes and CAD.

ANTITHROMBOTICS

Monotherapy

There is no evidence of reduction in cardiovascular outco-
mes with antithrombotic monotherapy in patients with asymp-
tomatic stenosis greater than 50%.2 However, patients with
CAD have a two-fold risk of acute myocardial infarction.?

Antithrombotic monotherapy may be performed in patients
with asymptomatic stenosis greater than 50% and low risk
of bleeding (Class lla, Level C). In patients with symptomatic
CAD, low-dose (100 mg) acetylsalicylic acid is recommended
(Class |, Level A). Clopidogrel (75 mg) is an option in cases
of intolerance.®

Dual therapy

In the randomized study, Clopidogrel for High Athero-
thrombotic Risk and Ischemic Stabilization, Management and
Avoidance (CHARISMA), 7% of patients had asymptomatic
CAD. In this subgroup, there was no difference in cardiovas-
cular outcomes between monotherapy and dual therapy,
even in patients with diabetes.?® The intervention used in the
Clopidogrel and Aspirin for Reduction of Emboli in Symptomatic
Carotid Stenosis (CARESS) study in patients with symptomatic
carotid stenosis showed a 37% reduction in the development
of silent microemboli with 7 days of therapy compared to
antithrombotic monotherapy.?” In patients undergoing an
endovascular procedure, dual therapy is recommended, with
100 mg acetylsalicylic acid and 75 mg clopidogrel, for at least
30 days after the procedure (Class I, Level B). %29

SURGICAL AND ENDOVASCULAR
TREATMENT

Asymptomatic CAD

The Asymptomatic Carotid Atherosclerosis Study (ACAS)
and Asymptomatic Carotid Surgery Trial (ACST-1) compared
carotid endarterectomy (CE) and clinical treatment in asympto-
matic patients with carotid stenosis of 60-99%.%32 In the ACAS,
the rate of ipsilateral stroke or death in 5 years was 5.1% with
CE versus 11.0% with clinical treatment (p=.0001, NNT=18).
In 10 years of follow-up, the risk of stroke was 13.4% for CE
and 17.9% for clinical treatment (p=.009, NNT=22). ACST-1
reported a 5-year stroke rate of 6.4% for CE and 11.8% for
clinical treatment (P=.0001, NNT=19). Fatal/incapacitating
stroke developed in 3.5% and 6.1% of patients undergoing
CE and clinical treatment, respectively (P=.004, NNT=38).
In a combined analysis of these studies, women benefited
less from CE.* Current data are consistent with a meta-a-
nalysis of 41 studies that showed significant reduction in the
incidence of stroke in patients undergoing clinical treatment
in recent years.3 In studies completed before the year 2000,
the incidence of stroke with clinical treatment was 2.3 per 100
persons per year compared to a rate of 1 per 100 persons per
year in studies completed between 2000 and 2010 (p<.001).%
Despite the significant benefit of CE compared to clinical
treatment, the reduction in the risk of stroke was only 4.6%
in 10 years.®'38 Current evidence suggests that the annual
incidence of stroke in asymptomatic carotid stenosis is less
than 0.5%, which is similar to that observed in patients treated
invasively.** The presence of contralateral carotid occlusion or
more severe stenosis (70-99%) did not increase the benefit
of CE when compared to that of clinical treatment 3" %2 %7 Ex-
tremely elderly patients appear to benefit even less from CE,
as observed in patients over 75 years of age in the ACST-1
study.® For patients with asymptomatic strictures of 60-99%,
life expectancy greater than 5 years, risk of complications
<3%, and imaging evidence suggesting increased chances
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of stroke, CE may be indicated (Class lla, Level B).2' The en-
dovascular procedure with stent for asymptomatic strictures
was compared to CE in five large studies.®“ Current data
suggest that the endovascular procedure with stent, with distal
embolization protection, is an alternative to endarterectomy
in asymptomatic patients with a periprocedural risk of <3%
(Class llb, Level B).%40

Symptomatic CAD

Since the publication of the NASCET study, there has
been strong evidence to indicate CE in patients with a de-
gree of symptomatic carotid stenosis between 70 and 99%
and risk of complications lower than 6% (Class |, Level A,
and Class lla, Level A, for stenoses between 50 and 99%).
These recommendations remain despite the fact that clinical
treatment has greatly improved over the past 30 years.*'#
Endovascular treatment with stent is an alternative in patients
with contraindications to CE. A meta-analysis of symptomatic
patients in the CREST, EVA-3S, SPACE, and ICSS studies
showed higher stroke rates for up to 30 days with endovas-
cular treatment in patients over 70 years of age. Most strokes
were non-disabling. The use of stent with embolic protection
minimizes that risk.**% For patients with symptomatic carotid
stenosis and contraindication to CE, endovascular treatment
may be an option (Class lla, Level B).* 4647 The precise time
to perform CE or endovascular treatment remains controver-
sial, but when they are indicated, they are performed within
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CONCLUSIONS

Diabetes is associated with atherosclerosis, which is the
main cause of CAD. Early diagnosis of CAD in patients with
diabetes is of great importance in an aggressive approach to
the many modifiable cardiovascular risk factors. In selected
patients, an invasive strategy, preferably CE, may prevent
recurrent stroke.

CONFLICTS OF INTEREST

The author declares that he has no conflicts of interest
in this work.

11.Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S,
et al. Empagliflozin, Cardiovascular Outcomes, and Mortality in
Type 2 Diabetes. N Engl J Med. 2015;373(22):2117-28.

12.Neal B, Perkovic V, Matthews DR. Canagliflozin and Cardio-
vascular and Renal Events in Type 2 Diabetes. N Engl J Med.
2017;377(21):2099.

13.Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann
JF, Nauck MA, et al. Liraglutide and Cardiovascular Outcomes in
Type 2 Diabetes. N Engl J Med. 2016;375(4):311-22.

14.Marso SP, Holst AG, Vilsball T. Semaglutide and Cardiovascu-
lar Outcomes in Patients with Type 2 Diabetes. N Engl J Med.
2017;376(9):891-2.

15. Rydén L, Grant PJ, Anker SD, Berne C, Cosentino F, Danchin N, et
al. ESC Guidelines on diabetes, pre-diabetes, and cardiovascular
diseases developed in collaboration with the EASD: the Task
Force on diabetes, pre-diabetes, and cardiovascular diseases
of the European Society of Cardiology (ESC) and developed
in collaboration with the European Association for the Study of
Diabetes (EASD). Eur Heart J. 2013;34(39):3035-87.

16.Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-
Rohani H, et al. A comparative risk assessment of burden
of disease and injury attributable to 67 risk factors and risk
factor clusters in 21 regions, 1990-2010: a systematic analy-
sis for the Global Burden of Disease Study 2010. Lancet.
2012;380(9859):2224-60.

17.Morris PB, Ference BA, Jahangir E, Feldman DN, Ryan JJ, Bahrami
H, et al. Cardiovascular Effects of Exposure to Cigarette Smoke
and Electronic Cigarettes: Clinical Perspectives From the Preven-
tion of Cardiovascular Disease Section Leadership Council and
Early Career Councils of the American College of Cardiology. J
Am Coll Cardiol. 2015;66(12):1378-91.

18. Bavry AA, Anderson RD, Gong Y, Denardo SJ, Cooper-Dehoff RM,
Handberg EM, et al. Outcomes Among hypertensive patients with
concomitant peripheral and coronary artery disease: findings from
the INternational VErapamil-SR/Trandolapril STudy. Hypertension.
2010;55(1):48-53.

19.Yusuf S, Sleight P Pogue J, Bosch J, Davies R, Dagenais G, et
al. Effects of an angiotensin-converting-enzyme inhibitor, ramipril,

Rev Soc Cardiol Estado de S&o Paulo 2018;28(2):193-6



on cardiovascular events in high-risk patients. N Engl J Med.
2000;342(3):145-53.

20.Yusuf S, Teo KK, Pogue J, Dyal L, Copland I, Schumacher H, et
al. Telmisartan, ramipril, or both in patients at high risk for vascular
events. N Engl J Med. 2008;358(15):1547-59.

21.Aboyans V, Ricco JB, Bartelink MEL, Bjérck M, Brodmann M,
Cohnert T, et al. 2017 ESC Guidelines on the Diagnosis and
Treatment of Peripheral Arterial Diseases, in collaboration with the
European Society for Vascular Surgery (ESVS): Document cover-
ing atherosclerotic disease of extracranial carotid and vertebral,
mesenteric, renal, upper and lower extremity arteriesEndorsed
by: the European Stroke Organization (ESO)The Task Force for
the Diagnosis and Treatment of Peripheral Arterial Diseases of the
European Society of Cardiology (ESC) and of the European Society
for Vascular Surgery (ESVS). Eur Heart J. 2018;39(9):763-816.

22.0’Donnell MJ, Chin SL, Rangarajan S, Xavier D, Liu L, Zhang H, et
al. Global and regional effects of potentially modifiable risk factors
associated with acute stroke in 32 countries (INTERSTROKE): a
case-control study. Lancet. 2016;388(10046):761-75.

23. Collaboration AT. Collaborative meta-analysis of randomised trials
of antiplatelet therapy for prevention of death, myocardial infarc-
tion, and stroke in high risk patients. BMJ. 2002;324(7329):71-86.

24. Pickett CA, Jackson JL, Hemann BA, Atwood JE. Carotid bruits
as a prognostic indicator of cardiovascular death and myocardial
infarction: a meta-analysis. Lancet. 2008;371(9624):1587-94.

25.Sacco RL, Diener HC, Yusuf S, Cotton D, Ounpuu S, Lawton WA,
et al. Aspirin and extended-release dipyridamole versus clopido-
grel for recurrent stroke. N Engl J Med. 2008;359(12):1238-51.

26.Bhatt DL, Flather MD, Hacke W, Berger PB, Black HR, Boden
WE, et al. Patients with prior myocardial infarction, stroke, or
symptomatic peripheral arterial disease in the CHARISMA trial. J
Am Coll Cardiol. 2007;49(19):1982-8.

27.Markus HS, Droste DW, Kaps M, Larrue V, Lees KR, Siebler M,
et al. Dual antiplatelet therapy with clopidogrel and aspirin in
symptomatic carotid stenosis evaluated using doppler embolic
signal detection: the Clopidogrel and Aspirin for Reduction of
Emboliin Symptomatic Carotid Stenosis (CARESS) trial. Circula-
tion. 2005;111(17):2233-40.

28.Gensicke H, van der Worp HB, Nederkoorn PJ, Macdonald S,
Gaines PA, van der Lugt A, et al. Ischemic brain lesions after
carotid artery stenting increase future cerebrovascular risk. J Am
Coll Cardiol. 2015;65(6):521-9.

29. McKevitt FM, Randall MS, Cleveland TJ, Gaines PA, Tan KT, Ven-
ables GS. The benefits of combined anti-platelet treatment in ca-
rotid artery stenting. Eur J Vasc Endovasc Surg. 2005;29(5):522-7.

30. Endarterectomy for asymptomatic carotid artery stenosis. Executive
Committee for the Asymptomatic Carotid Atherosclerosis Study.
JAMA. 1995;273:1421-28.

31.Halliday A, Harrison M, Hayter E, Kong X, Mansfield A, Marro
J, et al. 10-year stroke prevention after successful carotid end-
arterectomy for asymptomatic stenosis (ACST-1): a multicentre
randomised trial. Lancet. 2010;376:1074-84.

32. Halliday A, Mansfield A, Marro J, Peto C, Peto R, Potter J, et al,
Prevention of disabling and fatal strokes by successful carotid
endarterectomy in patients without recent neurological symptoms:
randomised controlled trial. Lancet. 2004;363:1491-502.

33. Rothwell PM, Eliasziw M, Gutnikov SA, Warlow CP, Barnett HJ.
Sex difference in the effect of time from symptoms to surgery on
benefit from carotid endarterectomy for transient ischemic attack
and nondisabling stroke. Stroke. 2004;35:2855-61.

34.Naylor AR. Why is the management of asymptomatic carotid
disease so controversial? Surgeon. 2015;13(1):34-43.

35.Hadar N, Raman G, Moorthy D, O’'Donnell TF, Thaler DE, Feld-
mann E, et al. Asymptomatic carotid artery stenosis treated with
medical therapy alone: temporal trends and implications for risk

assessment and the design of future studies. Cerebrovasc Dis.
2014;38:163-73.

36.Gupta A, Kesavabhotla K, Baradaran H, Kamel H, Pandya A,
Giambrone AE, et al. Plague echolucency and stroke risk in
asymptomatic carotid stenosis: a systematic review and meta-
analysis. Stroke. 2015;46:91-97.

37.Baker WH, Howard VJ, Howard G, Toole JF. Effect of contralateral
occlusion on long-term efficacy of endarterectomy in the Asymp-
tomatic Carotid Atherosclerosis Study (ACAS). ACAS Investigators.
Stroke. 2000;31:2330-4.

38.Hawkins BM, Kennedy KF, Aronow HD, Nguyen LL, White CJ,
Rosenfield K, et al. Hospital variation in carotid stenting out- comes.
JACC Cardiovasc Interv. 2015;6:858-63.

39. Kallmayer MA, Tsantilas P, Knappich C, Haller B, Storck M, Stadl-
bauer T, et al. Patient characteristics and outcomes of carotid
endarterectomy and carotid artery stenting: analysis of the German
mandatory national quality assurance registry — 2003 to 2014. J
Cardiovasc Surg (Torino). 2015;56:827-36.

40. Werner N, Zeymer U, Hochadel M, Hauptmann KE, Jung J, Janicke
|, et al. Fifteen-year experience with carotid artery stenting (from the
carotid artery stenting-registry of the Arbeitsgemeinschaft Leitende
Kardiologische Krankenhausarzte). Am J Cardiol. 2015;115:360-6.

41. Silver FL, Mackey A, Clark WM, Brooks W, Timaran CH, Chiu D, et al.
Safety of stenting and endarterectomy by symptomatic status in
the Carotid Revascularization Endarterectomy Versus Stenting
Trial (CREST). Stroke 2011;42:675-80.

42. Economopoulos KPR, Sergentanis TN, Tsivgoulis G, Mariolis AD,
Stefanadis C. Carotid artery stenting versus carotid endarterec-
tomy: a comprehensive meta- analysis of short-term and long-term
outcomes. Stroke. 2011;42:687-92.

43.Howard G, Roubin GS, Jansen O, Hendrikse J, Halliday A, Frae-
drich G, et al. Association between age and risk of stroke or
death from carotid endarterectomy and carotid stenting: a meta-
analysis of pooled patient data from four randomised trials. Lancet.
2016;387:1305-11.

44.Bonati LH, Dobson J, Featherstone RL, Ederle J, van der Worp
HB, de Borst GJ, et al. Long-term outcomes after stenting versus
endarterectomy for treatment of symptomatic carotid stenosis:
the International Carotid Stenting Study (ICSS) randomised trial.
Lancet. 2015;385:529-38.

45. Brott TG, Howard G, Roubin GS, Meschia JF, Mackey A, Brooks
W, et al. Long- term results of stenting versus endarterectomy for
carotid-artery stenosis. N Engl J Med.2016;374:1021-31.

46. Yadav JS, Wholey MH, Kuntz RE, Fayad P, Katzen BT, Mishkel GJ,
et al. Protected carotid-artery stenting versus endarterectomy in
high-risk patients. N Engl J Med. 2004;351:1493-501.

47.Brott TG, Hobson RW 2nd, Howard G, Roubin GS, Clark WM,
Brooks W, et al. Stenting versus endarterec- tomy for treatment
of carotid-artery stenosis. N Engl J Med. 2010;363:11-23.

48. Rothwell PM, Eliasziw M, Gutnikov SA, Fox AJ, Taylor DW, Mayberg
MR, et al. Analysis of pooled data from the randomised con- trolled
trials of endarterectomy for symptomatic carotid stenosis. Lancet.
2003;361:107-116.

49. Barnett HJ, Taylor DW, Eliasziw M, Fox AJ, Ferguson GG, Haynes
RB, et al. Benefit of carotid endarterectomy in patients with symp-
tomatic moderate or severe stenosis. North American Symptom-
atic Carotid Endarterectomy Trial Collaborators. N Engl J Med.
1998;339:1415-25.

50. Rothwell PM, Eliasziw M, Gutnikov SA, Warlow CP, Barnett HJ, Col-
laboration CET. Endarterectomy for symptomatic carotid stenosis
in relation to clinical subgroups and timing of surgery. Lancet.
2004;363(9413):915-24.

51. Adegbala O, Martin KD, Otuada D, Akinyemiju T. Diabetes Mellitus
with Chronic Complications in Relation to Carotid Endarterectomy

and Carotid Artery Stenting Outcomes. J Stroke Cerebrovasc Dis.
2017;26(1):217-24.

Rev Soc Cardiol Estado de Sao Paulo 2018;28(2):193-6



