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Coronary microvascular dysfunction: the potential mechanism of non-obstructive coronary artery disease
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[Abstract] Coronary microvascular dysfunction (CMD) seriously affects human health. Non-obstructive coronary

artery disease (NOCAD) is common in patients undergoing coronary angiography for angina. CMD may be closely related to

the incidence of angina in NOCAD patients; however, the relationship between microvascular angina and CMD is still unclear.

This review focuses on the main risk factors (diabetes mellitus, inflammation, aging, gender, etc.), pathogenesis (endothelial

cell dysfunction, smooth muscle cell dysfunction, etc.) and treatment of CMD.

[Key words| coronary microvascular dysfunction; endothelial cell dysfunction; microvascular angina; coronary disease

VR NIl GBS R TR N 7 SN e T SN
DRI AN M A A . /Co USRI A i
T2 (AP 52 SR TR, 17220 U825 DL
LA T BE A TR SRR RERE AL O (1
PO ) AT AR S s fo A A, (EIE2Y 40% 17
ARSI AL 1 O LR R AT R R O
YRR IMAZ B ZE" . Lindahl 45 JFJ& i K A1

[ BHE] 2019-07-21 [#ZHHE] 2020-02-08

[Acad J Sec Mil Med Univ, 2020, 41(3): 315-320]

RIS IR R, 29 8% AR sk st A i 2tk
WIS G35 Ry el R Bl kAR R ZE 1 2k O WU AL

Cannon 25 4R T IMUMASPE 80 ( microvascular
angina, MVA) BYREE, F LA RE R 20 ki 5% 1F
BB, AT AR 2 DK IOE A RS ( coronary
microvascular dysfunction, CMD ) 1] §E 2 5| & 7
AR B IKAE B ZE 2 2t O WU SE I I R . FEad 21y

[(E£TE] FEZRANRFES (81473445,01539118,81611130092), MR AHARZ B2 52 A L AT (17XD1405000), FigTiEE
SESRAE N AR (LIRC2015-21), F R BEMERSTH 6 EE I PR MR S H [ZY(2018-2020)-FWTX-1102] . Supported by National Natural Science
Foundation of China (81473445, 91539118, 81611130092), Project of Outstanding Academic Leaders of Science and Technology Commission of
Shanghai Municipality (17XD1405000), Program for Medical Academic Leader of Shanghai (LJRC2015-21), and Clinical Collaboration Pilot Project
of Traditional Chinese Medicine and Western Medicine for Major and Difficult Diseases (ZY [2018-2020]-FWTX-1102).

[EERIAY]  skHaik, i/ fEBEREIT.  E-mail: zhangyandayanda@outlook.com

"l E# (Corresponding author). Tel: 021-81885302, E-mail: zongguiwu@smmu.edu.cn



° 316 -

BEERR 20204E3 H, 41 %

30 Z4E 8, K al TPk sh bk o ae kS =
AR R AR AR FBe iy th SRR 58 CMD i
Tl it A5 Bk 1M 96 728 JR R AT RE S . Camici i Crea '
CMD 43 4 25 gk CMD., CMD .0 LK
CMD FF:BH ZE M6 Lol AN R JEE CMD, B 8500 L
it 0 %) 28 AL ] R 2 koo A A Lk P 8RRk B0 ik
KA EEZESN, CMD A G WL I 55 3 i
TERLH . A SOt CMD Wfa i BRI ZR . A bIL il FiiG
I7 T B pF Tk e —25ik .

1 CMD Rk EZE

11 ¥ BERR R — R e, Ak, B
JHE sk R TRCR A A AT AL SRR R A0, 2 80% 1)
PRI R A0 T O A T o BRI AL S 0
WE BTGP A O, ISR . R A4S B Y
TRAEFR I RER AR B UIARE ™ o W PR 5 10 A
RS 2P . R R IMAE . TNF-o 2 BERIEFIR
JiE S AT 38 3 R R — % AL A& (nitric oxide, NO )
TR R 2R 1, BRI A 5 0 P R AR i A
GFak, AT AR 2 o Sk
PR R A 1 AR M e R Sl ik 45T s T e T B
A0 R B U R ek I P B 4
Titig, g JC bR S K ok A A A R85 1O JU LR
MR o SRR A DT R, 7EHERR Al IR 2
PIZR 5, e e 5 2% I BB 5% = Akt 5 CMID oAl

K,
12 SUREE R — A BB
FRAIER R, R IR RRE . CRP ik

JEE T e 2 I PR A M e A M SR AT AR, IS
B2 L RS ) MIVA. FR 30 LI 1L 1 A0 2% 44
TIA 5, 48R JAE S AT fEE CMD i &4 . &
GEPELT BEARIE A2 RIS TT 4% R CMID 9 &0 %
Thim, HARRAE 2Bk SR sl bk i 37 £ 7% 5 CRP ¥
FERUR b, 1 — 25 BH G A N AT B8 T Ui 45 T
fig S 15100 Masi 61T AT 2 TUBEER
s R TR J Ak IAYT 6 A UG, sRALIRIT LR
I 3% TNF-o F1 1403y W B2 B AR VR Y7 41 b 25 1%
I, FLEP R D RERE AT A s

13 &% WRE/REEECINESRERLL . &
JEREEAER RS L ORI K2k ek
AR, QR BN . O E A AL DIRE T R
A5 PN Bz 45 46 I ) Bt 25 i A A 2 398 4 & AR ek

A, WO PR I T 5 R R A ] BN
EP IR IIBEREAR. NO FHHTS AR 4= 4 J &7 sk D fig
BUB RGN R, A4S L A AT (endothelial
nitric oxide synthase, eNOS ) 1 4 b % 4F % 35 K 1M
BEAR . B S miaR g e A B B 1, X T ik
SR 1 PLET SR D RE Rt Y B B, TR SR PN
20 Y 285 B0 1 2 T 1 B O IR YT I R AR Y T
A0 AR AR G A AT 5K D AE A CMD ] 3 3t
B4 2, 1B s ZRx ek 3l Bk 48
RERIR A A AT S N R Bl A 06"

1.4 wRgstw  WEEIIRNIRR . ARMR LG D IR A
T N ER AR SR R o M A 1 f B PR 2R
XSRS S AR 2 AR 1 R A R
Yo JE T i 2 U 15 1 017 19 T i 7 3h Do A A A
Lo I 5 & ot R Pl B T A U
JIE 105 R T v Bk Ry 55 I AE N B2 T REZR LA G, Hpd
TN B AN EIBL I AT BEVE B NO P2 A= 5240 . RIES
I . SR AR R P B A T L =R
TR 5 A 105 2 3 Tl e O B R - A R KR
ARG T HUMAE E AR, 5RO UG hE
ﬁ%ﬁ%uﬂc>ThnmakddsgguﬂTﬁﬂﬁ%ﬁﬁkﬁfﬁﬁﬂﬁﬁﬁﬁT
S M R NAAR DAY R 4 L R A 24 L P DR
CMD, $i7r AR R L -5 PN 5T IR R 50RO L4 0
AR VIR R, AR B R 28 s A BT I
7 PN A L T Sl Dk R AR R A A AR L R
fREEN R, MEmEEEEARATEL., 5t
AT PrRAPLNAIE AETRE, X W2 HEA N
Bz AR AR A SRR 27 L 2R FR IR (o
omega-3 ) TERFARABERLE . 2 BUWE R A A e U g
14 5 507 T BT TEARE Y

1.5 ok PRUBERLO WL I 06 1T 61 7 7 AR 3
Tk 3 52 6 A 10 SR E T, 60%~70% 1 2o M 30%
0 5 M R AT AR ZE PTG 2 L — SRS M I
PR U ) T 8 S R B R, X2 T 2tk
S 4o ML A6 9 9 ) 3 P A BRI AR AN [] F 55 4
LV R IO 0 A TR Y I TR 3 A T M e
10~15 4, HHRE TERER (& imE., f
FRA . R FLAG SH ) RFRRRE RS TR L Y
PEA RO LB L A R IR AR AR B, 2 P Al BH 2
PRI U o S5 B0 PR SR B IR R B 3, O Il A
IREZEARLE ", R R Y L 2012 AESEELD

JIE 95 27 2> 3 4> 2 ( American College of Cardiology



55 3 0. okt A5 DR SR GRAGERRR - AR R ZE M TR AR HIL T

* 317 -

Foundation, ACCF) /3 [# .0 JE Pr 2 ( American
Heart Association, AHA ) / & E E N2> ( American
College of Physicians, ACP) /3 [& i 7b B} 22 &

( American Association for Thoracic Surgery,
AATS) /10 7 P 0 i 48 47+ B 25 (Preventive
Cardiovascular Nurses Association, PCNA ) /i[>
1L 48 1 52 1T Wi 2% 2 (Society for Cardiovascular
Angiography and Interventions, SCAI) /& 7b Bl B
2% 45 (Society of Thoracic Surgeons, STS) FiE
RS PO e S A2 W A B p B s, 725
2 CMD FIN K Dy fig 58 B a8 e b, ki
F O WU AR T

1.6 g skim SO IAESE . e L R R I
i 5 55 SR S DK A P RE R AL A DIAHOC . 24 90%
FEAR B ML AR & A e O 2 & sk, iR 30 ikl
TIRRT P ] BT B 0 A i) Bl ZH 2R kA R 1 1 A5 S
BN, ZEOEEF KA SR EERT . T
ARBHPK ML B A E TR OB ET R, B %S
SRS AT SRR B0 DK L R0 rh e 2 2 G Y
YEHT. TR BNk Py BESR w] At el AR Sh KA Fe i), i
T REARTEEIR S K At A5 . 0 O IR . e
ARSI NBEH 555 ) sl MO g . #R RO
SR RAEB YA E . Moccetti 25 P BFFY Kk 9 A bk
O WUEZE ] 5 EAME L — R4k, A4E BN
F ARIEFER o Rl /Ml — 8 S RER R ax s dh
ST A R AR AR AR i Mg IALE )17 00 TS R ) B
K, SREFREPIARKMAAE L AR C, JFH el
EL VAT i Jit 8 00 P fig JU e — A% HF R B2 ( reduced
nicotinamide-adenine dinucleotide phosphate,
NADPH ) ‘AL X — s

WAL, R, M RE. BRTE. RAER

NO. WEFR . MmEEKER T FMERERFEXT CMD
KRERETEREEMS .

2 CMD W& FHLE

21 ARFBREE  OIMETLIR SRR ZE S
FWIH Prinzmetal 2555 B H, Maseri 2559 E— 4
Hogst, MAEZE] KA TR AL e T TE R
S SR AR IR LA, el IR BN kR s T B0
IR Sk 0% 4 8.3 F . Ford %877 BP9 & B4
S PERIUMAE DI RE 575 7F MVA FIALE B 250 8
SRR L, HALHI SN R 1 R IR

N DI RE AL A PR 2e s . ebR Sk pa i 22
FA A a2 BENRG AT 5 K AR S ke 2, E i A
SRZEME U SR R OB AR A RER AL L 3R
PO RIS, LT L BRI R
BET, 2y VA fEERUN S EZE, B ISl
PO HLIEIFL . TERA A OAMB M A A AR
22 AR FEL NEZAEEASWNO,
HIFIAER . WAL Y IR, N R A0 i RE ik
Y NO ReA AN ISR AT . 9154 (reactive
oxygen species, ROS) = A= FUHMHI 4 5% g )
NO & AT DAREAR L M TS AL AR B 703k, AT
TR BRI A 0 2 AR s i Fie v
KA R AT RER R, NO B>, N 1,
M2 A2 FIIROS BERLIG N, XL A8 ] 5| L 41 41
PN, I AT G AR T VRO LA )
Weda e o FETECR Y, R P B BT 1A
LA FAMIE L4 PN e 2N D RE ZS LA DT RH 5,
23 FEMEmE R FEA AR UL R
TS BN/ INS FCRE (1) S R A, 38 A I 4 i AT
T JULAH e R A A A L 5 T 1 I A R 7 ot
AT HLZI0 %) 200 R 2 388 8 R R S IO T i 4
J DSBS 5 TR, S A R R I A 0 LA T 4
AN A ST A AR IR
YLy DNA b5 47 J5 B L V) B 18 2 T se B fs nf
FES- A E I, SRS A N Bk ok A
REARBRE B FOTE R 5 2 8 0 L I ST i UL B e
S TSR M AE 1 s FET I T RE, AR i A
BT, 2| et LG I 50
24 SWUKAF [EIFTIEAE b I
. B R M AE SR R HE T O M ZUK
Mg e . RN SRR S BRI A 37 TR S T S
St/ — R A e SR AR 1 22 RN bR S ki A
FHEENNEE . WK Mt o] i — 20 IR Stk ST Bedh
e A WLATE T, 58255 118 e bR s L o

BRutb =z b, o0 LI A F AL . T A i A 2
ik, A Bt METEH . SR
Jik A AR S A i ZE RO RS A AR S5 B2 CMID &
AL R RATTRER R ATEERLE -

3 CMD HJEIT IR

CMD (377 H AR A 20 s RO LB I A G
B, e R e, deRRE TR, DK



° 318 -

BEERR 20204E3 H, 41 %

SRR S RIS A RAHSC AR

AL A PN B A BE R L . A EL O AR
T A I PR 3R I f o A 1 5 RS BRAE CMID AR
HE. CMD &I MVA & A N 4 g
L. BB T BUR RS N R (e
MU BEPRIA . HERE S A A A i R IAE 25 )
B MVA SRR 0 T B o S Al
11225 8K & HA 25 M BaE S st ek sl bk
BH SR T/ Lo FE 3 114 A Bz 200 0 el LA i D RE 3R
FLACR 3 o 25T AR Sl B 4 P 2 KR B
2 A BEL R I, AT BT 5), R 26 25 ml o i i
RS AE Y o B _L IR REZ A PR Bk
AR . DA 7 5 i i O 3 A L
G, (HZ BRI B IR SRR i 25 Y0 i
MVA BEEIRAR il —FhoplAg Rt
IHIRTTI AR, AT Co LR i e 3ot el B P S A ke
FOWURIE, T B RER AT ahRE S
HATH O LA B 1 o 2 e gk i R i e
WGR, TR ERE FEVE T o 2o PR AL CTLBR £
CMD 4 [R5 AR Sk i St 4> . Villano
A 1 T R AP T B O B L B
PEZGH) ] REXTAERAE Hl AN K1 MVA & AR 1R
o TS0 (0 HEA 35 P I SZ ] B G 28 MVA
SR MR ) E BRI, = IR EHUMABLY N DK IR
B TR

4 N 2

HTPFAl CMD 1 FBeor IR AE bR 30 ik
MFAE . R 18 5055 ) FERR AME (o
MRI. PET-CT. /&S ) ik, (RIS
MERER . MERfMEZE IR AN . T ER= B4R A CMD
BWIRERY, PRITIL IR ML B 0 A 2 2 s A
M, AT EAFHAE T CMD, BEAEILL R A —
Jiifl, CMD RZFIERy . fEREE, (AIHEEK,
PRI REAN T, B RIEE S TAEE T LA &
Wy —J5m, AR, BB A A &
KR TAEE R A 5T CMD #2458 11, 75 AW
TRk BTl Bh 2= R R R

[& % X #]

[1] PATEL M R, PETERSON E D, DAI D, BRENNAN
J M, REDBERG R F, ANDERSON H V, et al. Low

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

diagnostic yield of elective coronary angiography[J]. N
Engl J Med, 2010, 362: 886-895.

LINDAHL B, BARON T, ERLINGE D,
HADZIOSMANOVIC N, NORDENSKJOLD A, GARD
A, et al. Medical therapy for secondary prevention
and long-term outcome in patients with myocardial
infarction with nonobstructive coronary artery disease[J].
Circulation, 2017, 135: 1481-1489.

CANNON R O 3™, LEON M B, WATSON R M,
ROSING D R, EPSTEIN S E. Chest pain and “normal”
coronary arteries—role of small coronary arteries[J].
Am J Cardiol, 1985, 55: 50B-60B.

CANNON R O 3", EPSTEIN S E. “Microvascular
angina” as a cause of chest pain with angiographically
normal coronary arteries[J]. Am J Cardiol, 1988, 61:
1338-1343.

CREA F, CAMICI P G, BAIREY MERZ C N. Coronary
microvascular dysfunction: an update[] . Eur Heart J,
2014, 35: 1101-1111.

CAMICI P G, CREA F. Coronary microvascular
dysfunction[J]. N Engl J Med, 2007, 356: 830-840.
HAYAT S A, PATEL B, KHATTAR R S, MALIK R A.
Diabetic cardiomyopathy: mechanisms, diagnosis and
treatment[ J]. Clin Sci (Lond), 2004, 107: 539-557.
BARRETT E J, LIU Z, KHAMAISI M, KING G L,
KLEIN R, KLEIN B E K, et al. Diabetic microvascular
disease: an endocrine society scientific statement[J]. J
Clin Endocrinol Metab, 2017, 102: 4343-4410.
KIBEL A, SELTHOFER-RELATIC K,
DRENJANCEVIC I, BACUN T, BOSNJAK I, KIBEL
D, et al. Coronary microvascular dysfunction in diabetes
mellitus[J]. J Int Med Res, 2017, 45: 1901-1929.

DI CARLI M F, JANISSE J, GRUNBERGER G, AGER
J. Role of chronic hyperglycemia in the pathogenesis
of coronary microvascular dysfunction in diabetes[J]. J
Am Coll Cardiol, 2003, 41: 1387-1393.

JADHAV S, FERRELL W, GREER I A, PETRIE J R,
COBBE S M, SATTAR N. Effects of metformin on
microvascular function and exercise tolerance in women
with angina and normal coronary arteries: a randomized,
double-blind, placebo-controlled study[J]. J Am Coll
Cardiol, 2006, 48: 956-963.

VALENZUELA-GARCIA L F, MATSUZAWA Y, SARA
J D, KWON T G, LENNON R J, LERMAN L O, et al.
Lack of correlation between the optimal glycaemic control
and coronary micro vascular dysfunction in patients
with diabetes mellitus: a cross sectional study[J/OL].
Cardiovasc Diabetol, 2015, 14: 106. doi: 10.1186/s12933-
015-0269-1.

CASTAGNO D, BAIRD-GUNNING J, JHUND P S,
BIONDI-ZOCCAI G, MACDONALD M R, PETRIE M



5 3 . RHIk A RS DIRAR PR R - 3 B IV O TR R HIL

* 319 -

[14]

[15]

[16]

[17]

[19]

[20]

(21]

[22]

(23]

C, et al. Intensive glycemic control has no impact on the
risk of heart failure in type 2 diabetic patients: evidence
from a 37,229 patient meta-analysis[J/OL]. Am Heart J,
2011, 162: 938-948. 2. doi: 10.1016/j.ahj.2011.07.030.
COSIN-SALES J, PIZZI C, BROWN S, KASKI J C.
C-reactive protein, clinical presentation, and ischemic
activity in patients with chest pain and normal coronary
angiograms[J]. J Am Coll Cardiol, 2003, 41: 1468-1474.
ISHIMORI M L, MARTIN R, BERMAN D S,
GOYKHMAN P, SHAW L J, SHUFELT C, et al.
Myocardial ischemia in the absence of obstructive coronary
artery disease in systemic lupus erythematosus[J]. JACC
Cardiovasc Imaging, 2011, 4: 27-33.
RECIO-MAYORAL A, RIMOLDI O E, CAMICI
P G, KASKI J C. Inflammation and microvascular
dysfunction in cardiac syndrome X patients without
conventional risk factors for coronary artery disease[J].
JACC Cardiovasc Imaging, 2013, 6: 660-667.

MASI S, ORLANDI M, PARKAR M, BHOWRUTH
D, KINGSTON I, O’ROURKE C, et al. Mitochondrial
oxidative stress, endothelial function and metabolic
control in patients with type Il diabetes and
periodontitis: a randomised controlled clinical trial[J].
Int J Cardiol, 2018, 271: 263-268.

1ZZ0O C, CARRIZZO A, ALFANO A, VIRTUOSO N,
CAPUNZO M, CALABRESE M, et al. The impact of
aging on cardio and cerebrovascular diseases[J/OL]. Int
J Mol Sci, 2018, 19: E481. doi: 10.3390/ijms1902048]1.
CAU S B, CARNEIRO F S, TOSTES R C. Differential
modulation of nitric oxide synthases in aging:
therapeutic opportunities[ J/OL ]. Front Physiol, 2012, 3:
218. doi: 10.3389/fphys.2012.00218.

CHANG F, FLAVAHAN S, FLAVAHAN N A. Impaired
activity of adherens junctions contributes to endothelial
dilator dysfunction in ageing rat arteries[J]. J Physiol,
2017, 595: 5143-5158.

HOTTA K, CHEN B, BEHNKE B J, GHOSH P,
STABLEY J N, BRAMY J A, et al. Exercise training
reverses age-induced diastolic dysfunction and restores
coronary microvascular function[J]. J Physiol, 2017,
595:3703-3719.

LAWS A, HOEN H M, SELBY J V, SAAD M F,
HAFFNER S M, HOWARD B V. Differences in insulin
suppression of free fatty acid levels by gender and
glucose tolerance status. Relation to plasma triglyceride
and apolipoprotein B concentrations. Insulin Resistance
Atherosclerosis Study (IRAS) Investigators[J].
Arterioscler Thromb Vasc Biol, 1997, 17: 64-71.
GHOSH A, GAO L, THAKUR A, SIUP M, LAI C W K.
Role of free fatty acids in endothelial dysfunction[J/OL].
J Biomed Sci, 2017, 24: 50. doi: 10.1186/s12929-017-

[24]

[26]

[27]

(28]

[29]

(30]

[(31]

0357-5.

YASU T, MUTOH A, WADA H, KOBAYASHI M,
KIKUCHI Y, MOMOMURA 8§, et al. Renin-angiotensin
system inhibitors can prevent intravenous lipid infusion-
induced myocardial microvascular dysfunction and
leukocyte activation[J]. Circ J, 2018, 82: 494-501.
TAMPAKAKIS E, TABIT C E, HOLBROOK M,
LINDER E A, BERK B D, FRAME A A, et al.
Intravenous lipid infusion induces endoplasmic
reticulum stress in endothelial cells and blood
mononuclear cells of healthy adults[J/OL]. ] Am
Heart Assoc, 2016, 5: ¢002574. doi: 10.1161/
JAHA.115.002574.

ZHANG GQ, TAOY K,BAIY P, YANST, ZHAO S P.
Inhibitory effects of simvastatin on oxidized low-density
lipoprotein-induced endoplasmic reticulum stress and
apoptosis in vascular endothelial cells[J]. Chin Med J
(Engl), 2018, 131: 950-955.

TRAN-DINH A, DIALLO D, DELBOSC S, VARELA-
PEREZ L M, DANG Q B, LAPERGUE B, et al. HDL
and endothelial protection[J]. Br J Pharmacol, 2013,
169: 493-511.

SOKOLA-WYSOCZANSKA E, WYSOCZANSKI T,
WAGNER J, CZYZ K, BODKOWSKI R, LOCHYNSKI
S, et al. Polyunsaturated fatty acids and their potential
therapeutic role in cardiovascular system disorders—a
review[J/OL]. Nutrients, 2018, 10: E1561. doi: 10.3390/
nul0101561.

JESPERSEN L, HVELPLUND A, ABILDSTROM S
7, PEDERSEN F, GALATIUS S, MADSEN J K, et
al. Stable angina pectoris with no obstructive coronary
artery disease is associated with increased risks of major
adverse cardiovascular events[J]. Eur Heart J, 2012, 33:
734-744.

PEPINE C J, FERDINAND K C, SHAW L J, LIGHT-
MCGROARY K A, SHAH R U, GULATI M, et al.
Emergence of nonobstructive coronary artery disease: a
woman’s problem and need for change in definition on
angiography[J]. J Am Coll Cardiol, 2015, 66: 1918-1933.
KOTHAWADE K, BAIREY MERZ C N. Microvascular
coronary dysfunction in women: pathophysiology,
diagnosis, and management[J]. Curr Probl Cardiol,
2011, 36: 291-318.

FIHN S D, GARDIN J M, ABRAMS J, BERRA K,
BLANKENSHIP J C, DALLAS A P, et al. 2012 ACCF/
AHA/ACP/AATS/PCNA/SCAI/STS guideline for
the diagnosis and management of patients with stable
ischemic heart disease: executive summary: a report
of the American College of Cardiology Foundation/
American Heart Association task force on practice

guidelines, and the American College of Physicians,



e 320 -

BEERFFR 2020463 A, 41 %

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

American Association for Thoracic Surgery, Preventive
Cardiovascular Nurses Association, Society for
Cardiovascular Angiography and Interventions, and
Society of Thoracic Surgeons[J]. Circulation, 2012,
126: 3097-3137.

PAULUS W J, TSCHOPE C. A novel paradigm for heart
failure with preserved ejection fraction: comorbidities
drive myocardial dysfunction and remodeling through
coronary microvascular endothelial inflammation[J]. J
Am Coll Cardiol, 2013, 62: 263-271.

MOCCETTI F, BROWN E, XIE A, PACKWOOD W,
QI'Y, RUGGERI Z, et al. Myocardial infarction produces
sustained proinflammatory endothelial activation in remote
arteries[J]. T Am Coll Cardiol, 2018, 72: 1015-1026.
PRINZMETAL M, KENNAMER R, MERLISS R,
WADA T, BOR N. Angina pectoris | . A variant form of
angina pectoris: preliminary report[J]. Am J Med, 1959,
27:375-388.

MASERI A, L’ABBATE A, CHIERCHIA S, PARODI
0. Coronary artery spasm—diagnostic and therapeutic
implications[]] Am Heart J, 1978, 96: 554-555.
FORD T J, ROCCHICCIOLI P, GOOD R,
MCENTEGART M, ETEIBA H, WATKINS S, et al.
Systemic microvascular dysfunction in microvascular and
vasospastic angina[ J]. Eur Heart J, 2018, 39: 4086-4097.
BENAMER H, MILLIEN V. [Coronary spasm a
diagnostic and therapeutic challenge][J]. Presse Med,
2018, 47: 798-803.

ONG P, ATHANASIADIS A, BORGULYA G,
VOKSHI I, BASTIAENEN R, KUBIK 8, et al. Clinical
usefulness, angiographic characteristics, and safety
evaluation of intracoronary acetylcholine provocation
testing among 921 consecutive white patients with
unobstructed coronary arteries[J]. Circulation, 2014,
129: 1723-1730.

GUTTERMAN D D, CHABOWSKI D S, KADLEC
A O, DURAND M J, FREED J K, AIT-AISSA K, et
al. The human microcirculation: regulation of flow and
beyond[J]. Circ Res, 2016, 118: 157-172.
INGELSSON B, SODERBERG D, STRID T,
SODERBERG A, BERGH A C, LOITTO V, et al.
Lymphocytes eject interferogenic mitochondrial
DNA webs in response to CpG and non-CpG
oligodeoxynucleotides of class C[J/OL]. Proc Natl
Acad Sci USA, 2018, 115: E478-E487. doi: 10.1073/
pnas.1711950115.

SCHAFER A, BAUERSACHS J. Endothelial
dysfunction, impaired endogenous platelet inhibition
and platelet activation in diabetes and atherosclerosis[J].
Curr Vasc Pharmacol, 2008, 6: 52-60.

GIMBRONE M A Jr, GARCIA-CARDENA G.

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

Endothelial cell dysfunction and the pathobiology of
atherosclerosis[J]. Circ Res, 2016, 118: 620-636.
SIASOS G, SARA J D, ZAROMYTIDOU M, PARK
K H, COSKUN A U, LERMAN L O, et al. Local low
shear stress and endothelial dysfunction in patients with
nonobstructive coronary atherosclerosis[J]. J Am Coll
Cardiol, 2018, 71: 2092-2102.
TYKOCKI N R, BOERMAN E M, JACKSON W F.
Smooth muscle ion channels and regulation of vascular
tone in resistance arteries and arterioles[J]. Compr
Physiol, 2017, 7: 485-581.
SHAH A, GRAY K, FIGG N, FINIGAN A, STARKS
L, BENNETT M. Defective base excision repair of
oxidative DNA damage in vascular smooth muscle cells
promotes atherosclerosis[J]. Circulation, 2018, 138:
1446-1462.
GARCIA-DORADO D, ANDRES-VILLARREAL M,
RUIZ-MEANA M, INSERTE J, BARBA 1. Myocardial
edema: a translational view[J]. J Mol Cell Cardiol,
2012, 52: 931-939.
CAMICI P G, D’AMATI G, RIMOLDI O. Coronary
microvascular dysfunction: mechanisms and functional
assessment[J]. Nat Rev Cardiol, 2015, 12: 48-62.
STAMPFER M J, HU F B, MANSON J E, RIMM E B,
WILLETT W C. Primary prevention of coronary heart
disease in women through diet and lifestyle[J]. N Engl J
Med, 2000, 343: 16-22.
ZHANG X, LI Q, ZHAO J, LI X, SUN X, YANG H, et
al. Effects of combination of statin and calcium channel
blocker in patients with cardiac syndrome X[J]. Coron
Artery Dis, 2014, 25: 40-44.
ROGACKA D, GUZIK P, WYKRETOWICZ A,
RZEZNICZAK J, DZIARMAGA M, WYSOCKI H.
Effects of trimetazidine on clinical symptoms and tolerance
of exercise of patients with syndrome X: a preliminary
study[J]. Coron Artery Dis, 2000, 11: 171-177.
BAIREY MERZ C N, HANDBERG E M, SHUFELT
C L, MEHTA P K, MINISSIAN M B, WEI J, et al. A
randomized, placebo-controlled trial of late Na current
inhibition (ranolazine) in coronary microvascular
dysfunction (CMD): impact on angina and myocardial
perfusion reserve[J]. Eur Heart J, 2016, 37: 1504-1513.
VILLANO A, DI FRANCO A, NERLA R, SESTITO A,
TARZIA P, LAMENDOLA P, et al. Effects of ivabradine
and ranolazine in patients with microvascular angina
pectoris[J]. Am J Cardiol, 2013, 112: 8-13.
ROSEN S D, PAULESU E, WISE R J, CAMICI P G.
Central neural contribution to the perception of chest pain
in cardiac syndrome X[7]. Heart, 2002, 87: 513-519.
(AXHmE]  FRDY



