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Abstract

Cardiovascular diseases have become the third leading cause of death in patients with systemic lu-
pus erythematosus (SLE). Conducting timely and comprehensive cardiovascular risk assessments
for SLE patients is crucial for improving their prognosis. This review aims to explore the predictive
value and clinical significance of electrocardiographic indices in SLE, with the hope of providing a
more substantial scientific basis for cardiovascular risk assessment and clinical management in SLE
patients.
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1. 518

R G4 BEIRJE (Systemic Lupus Erythematosus, SLE)& — & 2416 B B s thpcds , HIGR R 2
B, MMRARKEHEZANRG ., BIEEORE. OV OO LT RS, SLE S na &1L
M A FRE, O ML /& SLE B R = RFETJE A [1] . O R B2 I PRSI 8 v — ol FH AR 80 T 8 11
MR A T B I 4T SLE B MO HESHU AR, T DAL O 2R AT E A AE B, %5 #A
SITRATR SN Lk, QT BMHUE(QTd). T HIEARFMI(Tp-Te). T liEAR Y QT LLIEH(Tp-Te/QT).
QRS WZLL(FQRS). S0 # 7E %5 (HRT) 550 L IEIHE bR Bl 2 IAE T00I O 1L 8 o4 J O VR ME AR A8 D7 T LA
HER N ALER BAERD bRE T = o0 i B K302 O iR AR TE SLE 1 A FIANME S IR L, B
HAS SLE R8I0 0 257 JRURG: VT A AN AT B4R AL T 22 R B A0 3

2.SLE
2.1. BATIRF

SLE 535 0 ML XU & 3 A HE MY 2.6~10 £5[2] [3] AR 40RO ML A B DM 38 A e 56 = R R et
ZL BRI B3 R A ML B ) ARG 184 4T o 18R SE L S A WU OAR DAL Bl Ik S A A A 55 B e A
AT REAEH P EOCHEAMA (5], RAETEZ R, SLE S35 T REA R I H R A O L P RE R BTG B S I PR
R, HREEREIERE, HoO MU P (A R AR T R B M ]

2.2. FRIBETE

S8 SLE [ R A O Ve A BARBLE MR S A, (HOAT IRV, e RAE R A S
ARG 5 1 g0 U RS PR R 2 [ A ELAE S, S 3800 1 SLE R85 (o ML AE XS o 71 B G 2 2K 1,
a0 BRI R, BRI NBORURMAC TG AL 2 2 U R A 2 L AT s T
s ANSZ IR T 4005 b R BE (0 5 5 Ui AL AN G e TS VT BAS T RE R I Sl K AR A A0
JEMTEAE I 3 [6] -

2.3. RBEIFAh

TEVPl ROV BERE B 3 10 A XS 7, Bl OE8a S EFRbEs, SMEARME
FURr B AR A R R PR o O AE AR B, VS & E A0 B ZURIEARK(BNP) &S, 12 Wi IE 52 B FH T
B, BURE SRR RERK[7]. JRH, S5EH 0B, ENTABEA SO IO IE I RS . 308)
Jik A FE e 2 5L B2 (Intima-Media Thickness, IMT) ©44% )72 F 31744 SLE &35 51130 ik s A% 44, [8], 16 Croca
S N e B B[] 75 RS BB T A 2 IMT ST B 432 [9] . o0 I 14 3 4iR (Cardiovascular Magnetic Res-
onance, CMR) MY Pl O IE S5 R FIUS 45 D BB AST 8 EVPAS O LA SE . AR 4EAL AE A Dh R Fatts, 3k ]
DA NIV I R O UL 52 R ABL[9]. /R4 CMR s — Ao O By v O IE VPl TR, Hi TR, Ein
PRSZ b MR RS2 R o o0 A SO UL K (Endomyocardial Biopsy, EMB) /&2 W7 SLE 0 ILSZ B 145
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#, ERHEA RN 2 SLE (L2 RBURTERIR, AR/ VE AR E[10]. ML, OHEE
EEABRAERAE . TCeIMBARARRIE A, BT APPSO IR A s AR BRAS IR IRV S e I S5 R R
Dy M PRI PG T B

3. 1L EIEFR
3.1 T =SBLLEBE

3.1.1. QT [@#A. QTc 1 QT EEEF

QT [HIARER O AL R A I i (8], 2RO MRl OIS Il | B E 68 L
J ARG MR 2R, anZG9. rf@ i R AL . O T I B0 R AR QT [a) M & s m, BT84
FERT 28 QT KIEA, DME-TAERF FORIIG R S B 30T S i 1014l . R4 Bazett AXAFE—EH
JRBRPE, AH Tz A AR IR R, B AR B TR IZ A QT RIEA X2 —[11].
QT K QTc X i FAF A TN R, (2 GOSN A AT, BMOMHEFiE gt QT [l 2 #U%
QT I AR HLE /& QT M KME S B/ ME 2 22, "B R T O = MU AL TG B R R 1 I

QTc. QTd fEK CAIE SR LU IR FL AL fE G R R [12]-[14]. —BURALWE TR I SLE BHEE S
RAGWR R : 15.3% K1 E# QTe 1, 38.1%1 &3 QTd HIn[9]. JLEHL ro /SSA Fiifxffitt ) L.LlE B A
ANIBCOLERFEAEM (HX T SLE B3 B &btk 5 QTe K2 B KB AR 458 75 B A 41X [14]-[16].
HHT, ZHW5iRH SLE BELBMIENEE . WEKESES QT QTc & QTd Jx. A, WA /bt
FAFH AR SR . —BEE 177 5] SLE & W7 R/ QTd 5 SLEDAI #1273 B IEAHK(r = 0.176, P <
0.05), ¥t dsDNA IEAHI(r = 0.178, P < 0.05), 5iife 2 IEAHK(r = 0.172, P < 0.05) [17]. Bt4b, Bienias
SENIHTE SRR HE SLICC/ACR-DI P43 75 il SLE B 3t T WA 0 #r, 45 R4E7R SDI >3 732 QT (M]3 4E
KHEEE[18], B —HifL# 104 4 SLE £ A 7R HE SLEDAI Y4347 T24H 4> 1 $¢ 7~ SLEDAI > 10 43
ZH QTd B B3 K[19].

3.1.2. Tp-ev Tp-e/QT. Tp-e/QTc

Tp-e (A1, B T JTIEZE T 2RI, Sl 7O = PSR SR B, 2 = %0 ER HFLOUR
PEFEBE I AT SE T FE 45 [20] . Tp-e/QT LUARIEIS Lh#E Tp-e 5 QT A3, #&4E T —ANFHX R & M5 48 Ax
i Tp-e/QTc MR LIT O R R IE fG LA, T BRGSO = BHCRES . S Bt ML, SLE &
# Tp-e [HHA Tp-e /QT WWEEETHE, JFH, Tp-e [AI#(r=0.29, P=0.01). Tp-e/QT (r=0.24, P = 0.04)
Lt 2 EAHOC[21]. SRk, FE Bienias S5 NIBE AL KB, SO E G (HRT) R (TO > 0%A1/E; TS <
2.5 ms/RR)HJ 2 Tp-e (WA Tp-e/QT A m[18]. XK IEW, SLE £ Tp-e/QT [MIHIEK
Al Re 50 H A Th RE RS AR - B AR A .
3.1.3. fQRS

W2 QRS 2 — ML HIEIIL R, HAFERLE 12 FEGE SO BB EH I &M RSR A EBAFE Q
WY R XS O WA A B AR DG, R TR 00 5 o A 26 AR S0 — FE N PR IR 1 PR BE
HEERIRKE X[22]-[24]. 5@ AL, SLE SO HE fQRS ik 4 3 IH B 7 5(41% vs 21%, P
=0.03). fQRS FHPEEE Y C MK BIRIGEEITFIr . R LIRS fQRS TR T, XRM
fQRS RS SLE S&PNm g sl It Al AORERE FEA ¢ . (HAVER RS, i fl vy O i B R IAE 4 AR
BT JE R SLE B fQRS YK [25] [26]. XLk I — B iR | fQRS LELIEH I 12 Wi AlVG T BUR VAL
A . (H5T SLE B3 fQRS MIBF FAEX 8/, HRZHW AR AR AR, KSR Z MR
SRt — I UF IR L T
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3.2. EhFS L EIEHR
3.2.1. HRT

S0 2 7B W (heart rate turbulence, HRT) /2 i 7786 52 14 i S5 o 25 P4 S48 5| e 7 10 o Tk e 473 i ke 1 .
RN, 3B 7E % W46 (turbulence onset, TO). 7 % 21 % (turbulence slope, TS)#H T &AL IEAL . TO 1H
S TS I A AT S S A RR TA] SRR CoBk 18] J) R~ 508 AR A AR A 23 EEoRAS AR 1T TS B0
AR RS 15 4 RR AR, JE4E 5 AN RR TR A 85 B 16 [0 VA 26 (9 R R B 2 1 . HRT 245 0] LA
VR R Sl 2 R T Ao PR PR A v AR B I B 24 bs, Hodh TS HAEVHAL B M KRG DR 7 ot A
HE27]. AW LR SLE B HRT % EEEHN TS 1H5215[28], EsL SLE & 38 & ohhg sk
YRR B2 1 R Bt o 573 A1 P TURE A S 5/ 1R 491 ) BEURE T 350427 TO J TS B4 AT g 32451 29] [30]
SR, JUFRrA W] SLE B HRT UF 55 SN fE LA B Srhiisf R e F8 bR 55 JF
TERBE[28]-[30]. IXELRILGEE T 1E SLE B, HRT {EN— AL T4 St 98 RE RN G 2 br B4 O 1 5
A VA L () B

3.2.2. HRV

H 02 D e 2k -5 A O LR T 1R XS 19 A7 5 [31] 0 /03878 % (Heart rate variability, HRV){E
N—FEBAERA L TR, Be B WA TIRERRE . S R4, SLE B#H TR
Z4((SDNN, SDANN, RMSSD, PNN50) & A Z 40 (HF) A T A %, {H LH & LF/HF ELAE B 2 T &
[29], XA K W] SLE 83 thEIZS AN A TG SIS, [ AP 45K 13 . jb4h, HRV 24 (JG LF/HF)
5 SLE iGN E A SIE bR S (AN T YE MR A TE R 7324k 11 (STNFRIDFIFHEE W81
(MIG)) B FAH K . X EIE HRV IS5 50015 30 FE G I AN S SE bR S /K- P T A R [32] . 5T HRV 2
HEWRRERRR, NEFFFRRLSE R A RRY, BERENLERK, HRV 2520 T &S,
T H AR 72 ) 2 R B Ff A DG PE[23]-[26]

4. FHMRERSE)RE

AR, RO B EE AN bR OS2 50 i RS 38 I SO IR MR IER 5% . BL R $EAr 2Lk
UESERE S [ O T AR A 511 O QRS-T e fg 4y AN QRS-T J& A F7= (i) QRS-T Jeff, HAp%i
[l QRS-T K AMANEK R QRS W3 H il 5 T 3y sl 2 Z2 4868, LA A == /] QRS-T I
[33]. @ -CoJli AR BESF-47 45 % (Index of Cardiac Electrophysiological Balance, iCEB)/& QT [a]#15 QRS i i
[FIELAE, Chen X 2 NFIHWF 7L £ W] iICEBe (1% >4.57, Lotk >4.98)JE 4 N O MESE T B4 RSB T 1) ik
SRR E[34]. @ QT AR5 %(QT Variability Index, QTVI)II 2 & Me AR Sk 5 .00 348 T bk (R AR, %
IO . O BRSSO TR SE T I AT SE TOIFR AR [35] [36]. @ T A2 # (T-wave alternans, TWA)
VER—Flo IEE AT E AL SR« FA B /KPS A fo A7 I R A /B4 A8 B AE O HL I R IR IEH MO
B T BE, &% ORI R IER A JJ TR FR[37] &Ry B E A2
—Fh RERI, (AEHE R I R E R SR G AR SR R M B OB DG, LK R
LIS 0 4k[38]. B »= i HLAZ(Ventricular late potentials, VLP) &0y H1 B I QRS UK & K #3113 ST
B RER 1O BTGB, A O LR IE IR B B 51 R i A — 5 J7 ) M I v TR AR R I PR
Z0HET . B =ik B0 sl I AR, FA R PETRIAN A & B TR0 A0 PRy
M[39]. Hilt, Hnatkova K %5 N B FE4e tH —Flopr (0.0 L B A 73, K BT L F B S BE ) QRS B
PI=gepEd O, BEARGE S MERE S 2N ZE SRR QRS #(QRS “micro”-fragmenta-
tion, QRS-pf), IXIFATHEM: IR FCUESE QRS-pf .0 M FET MK 23 A 5C[40]. SRT, R IX L AL 0
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FL PRI b L o ML U T 78 rh EAS T R R R, (HIHLAE AR GEVE 2 BRI (SLE) AR ST 7 rh (82 1
RIFENZRER o XL 5 H AN 00 o IR AR I B AL B Rt O f BTN A0 AT B0R, 8
N ZGE LA AE A 10 ML XIS 1 M N B (3 A 8P XU DA

FEARVT R GUPELLPEARE (8 Oo U XURS If AR I e rh, DB SR A EEN L. RE
EARZH TS T ORKRE LR ERZET, E 50 B ESHUARAR 0T SO 8D, HIX w7
ZIRTHARBNI A S5, LREEESHMMERZ 5 —briE, A RFTER A R E RN
BT RESESH, XWRSEIE RO —St. WIRBLEERE 53 /M e Dl il & n) . 22 5ot ek
WS ALAL 5 1O i BB/ B T AR B % 2 O B BC BB R T VR > B R %z . a8 A
U FEL PR 25 B T A 1 A om0 2 BT B AT 00 5 A 934 DA e 00 B A Al PR AT — B

5. B4

R GNELL DA (O M S — SR B R T ey, 7T LIt B SR B0 SLE A HEAT A 2
o LB RS VA e PR R T A2 7 SR (R ARHR « (ELEE I PR S B b B 240 RO L iE s LA Bl Sk, 5 52
PR FIINE 25RO Be4h, SLE R DM REE BALHI AL, SR aifomio i B bR il RETC i 4
T S BRI XS 70 2T SR o DL, O 1 ik — 2D MY s I BePPAG 45 RN TSR PR A aE v, A58 V)75 ZIT R
EERART L. MEITNEELR Z homtst, DAL RS A .

SE

[1] Urowitz, M.B., Bookman, A.A.M., Koehler, B.E., Gordon, D.A., Smythe, H.A. and Ogryzlo, M.A. (1976) The Bimodal
Mortality Pattern of Systemic Lupus Erythematosus. The American Journal of Medicine, 60, 221-225.
https://doi.org/10.1016/0002-9343(76)90431-9

[2] Skaggs, B.J., Hahn, B.H. and McMahon, M. (2012) Accelerated Atherosclerosis in Patients with SLE—Mechanisms and
Management. Nature Reviews Rheumatology, 8, 214-223. https://doi.org/10.1038/nrrheum.2012.14

[3] Appleton, B.D. and Major, A.S. (2020) The Latest in Systemic Lupus Erythematosus-Accelerated Atherosclerosis: Re-
lated Mechanisms Inform Assessment and Therapy. Current Opinion in Rheumatology, 33, 211-218.
https://doi.org/10.1097/bor.0000000000000773

[4] Asenjo-Lobos, C., Gonzélez, L., Bulnes, J.F., Roque, M., Mufioz Venturelli, P. and Rodriguez, G.M. (2023) Cardiovas-
cular Events Risk in Patients with Systemic Autoimmune Diseases: A Prognostic Systematic Review and Meta-Analysis.
Clinical Research in Cardiology, 113, 246-259. https://doi.org/10.1007/s00392-023-02291-4

[5] Prasad, M., Hermann, J., Gabriel, S.E., Weyand, C.M., Mulvagh, S., Mankad, R., et al. (2014) Cardiorheumatology:
Cardiac Involvement in Systemic Rheumatic Disease. Nature Reviews Cardiology, 12, 168-176.
https://doi.org/10.1038/nrcardio.2014.206

[6] Liu, Y., Yu, X., Zhang, W., Zhang, X., Wang, M. and Ji, F. (2022) Mechanistic Insight into Premature Atherosclerosis
and Cardiovascular Complications in Systemic Lupus Erythematosus. Journal of Autoimmunity, 132, Article ID: 102863.
https://doi.org/10.1016/j.jaut.2022.102863

[71 Croca, S.C., Griffin, M., Farinha, F., Isenberg, D.A., Nicolaides, A. and Rahman, A. (2021) Total Plaque Area and Plaque
Echogenicity Are Novel Measures of Subclinical Atherosclerosis in Patients with Systemic Lupus Erythematosus. Rheu-
matology, 60, 4185-4198. https://doi.org/10.1093/rheumatology/keaa905

[8] Thanou, A., Stavrakis, S., Dyer, J.W., Munroe, M.E., James, J.A. and Merrill, J.T. (2016) Impact of Heart Rate Varia-
bility, a Marker for Cardiac Health, on Lupus Disease Activity. Arthritis Research & Therapy, 18, Article No. 197.
https://doi.org/10.1186/s13075-016-1087-x

[9] Colombo, B.M., Murdaca, G., Caiti, M., Rodriguez, G., Grassia, L., Rossi, E., et al. (2007) Intima-Media Thickness: A
Marker of Accelerated Atherosclerosis in Women with Systemic Lupus Erythematosus. Annals of the New York Academy
of Sciences, 1108, 121-126. https://doi.org/10.1196/annals.1422.014

[10] Anderson, L. and Pennell, D. (2008) The Role of Endomyocardial Biopsy in the Management of Cardiovascular Disease:
A Scientific Statement from the American Heart Association, the American College of Cardiology, and the European
Society of Cardiology. European Heart Journal, 29, 1696-1696. https://doi.org/10.1093/eurheartj/ehn189

[11] Rabkin, S.W. (2015) Nomenclature, Categorization and Usage of Formulae to Adjust QT Interval for Heart Rate. World

DOI: 10.12677/acm.2025.1561693 18 Il R 125 23k i


https://doi.org/10.12677/acm.2025.1561693
https://doi.org/10.1016/0002-9343(76)90431-9
https://doi.org/10.1038/nrrheum.2012.14
https://doi.org/10.1097/bor.0000000000000773
https://doi.org/10.1007/s00392-023-02291-4
https://doi.org/10.1038/nrcardio.2014.206
https://doi.org/10.1016/j.jaut.2022.102863
https://doi.org/10.1093/rheumatology/keaa905
https://doi.org/10.1186/s13075-016-1087-x
https://doi.org/10.1196/annals.1422.014
https://doi.org/10.1093/eurheartj/ehn189

Wiidi, JE IBER

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Journal of Cardiology, 7, 315-325. https://doi.org/10.4330/wjc.v7.i6.315

Straus, S.M.J.M., Kors, J.A., De Bruin, M.L., van der Hooft, C.S., Hofman, A., Heeringa, J., et al. (2006) Prolonged
QTC Interval and Risk of Sudden Cardiac Death in a Population of Older Adults. Journal of the American College of
Cardiology, 47, 362-367. https://doi.org/10.1016/j.jacc.2005.08.067

Kautzner, J. and Malik, M. (1997) QT Interval Dispersion and Its Clinical Utility. Pacing and Clinical Electrophysiology,
20, 2625-2640. https://doi.org/10.1111/j.1540-8159.1997.tb06112.x

Bourré-Tessier, J., Urowitz, M.B., Clarke, A.E., Bernatsky, S., Krantz, M.J., Huynh, T., et al. (2014) Electrocardio-
graphic Findings in Systemic Lupus Erythematosus: Data from an International Inception Cohort. Arthritis Care & Re-
search, 67, 128-135. https://doi.org/10.1002/acr.22370

Bourré-Tessier, J., Clarke, A.E., Huynh, T., Bernatsky, S., Joseph, L., Belisle, P., et al. (2011) Prolonged Corrected QT
Interval in Anti-Ro/SSA-Positive Adults with Systemic Lupus Erythematosus. Arthritis Care & Research, 63, 1031-
1037. https://doi.org/10.1002/acr.20470

Gamazo-Herrero, J., Medina-Luezas, J.A., Cusacovich, I., Martin-Asenjo, M., Gonzélez-Montagut-Gémez, C., Sanchez-
Gonzalez, M.D., et al. (2024) Should Physicians Be Aware of Rhythm Disturbances in Adults with Systemic Autoim-
mune Diseases and Anti-Ro52 Antibodies? A Cross-Sectional Study. Journal of Clinical Medicine, 13, Article 3510.
https://doi.org/10.3390/jcm13123510

EE, B, T, F REMARREEE QT HIHE BN KImRE L [J]. 2B, 2012, 16(1):
63-65.

Bienias, P., Ciurzynski, M., Kisiel, B., Chrzanowska, A., Kalinska-Bienias, A., Ciesielska, K., et al. (2020) Influence of
Disease Severity and Cardiac Autonomic Tone on Ventricular Repolarization and Dispersion in Electrocardiographic
Assessment of Patients with Systemic Lupus Erythematosus. Lupus, 29, 913-923.
https://doi.org/10.1177/0961203320928402

Kojuri, J., Nazarinia, M.a., Ghahartars, M., Mahmoody, Y., Rezaian, G.r. and Liaghat, L. (2012) QT Dispersion in Pa-
tients with Systemic Lupus Erythematosus: The Impact of Disease Activity. BMC Cardiovascular Disorders, 12, Article
No. 11. https://doi.org/10.1186/1471-2261-12-11

Lubinski, A., Kornacewicz-Jach, Z., Wnuk-Wojnar, A.M., Adamus, J., Kempa, M., Krélak, T., et al. (2000) The Termi-
nal Portion of the T Wave: A New Electrocardiographic Marker of Risk of Ventricular Arrhythmias. Pacing and Clinical
Electrophysiology, 23, 1957-1959. https://doi.org/10.1111/j.1540-8159.2000.tb07061.x

Avci, A., Demir, K., Altunkeser, B.B., Yilmaz, S., Yilmaz, A., Ersecgin, A., etal. (2014) Assessment of Inhomogeneities
of Repolarization in Patients with Systemic Lupus Erythematosus. Annals of Noninvasive Electrocardiology, 19, 374-
382. https://doi.org/10.1111/anec.12145

Das, M.K., Khan, B., Jacob, S., Kumar, A. and Mahenthiran, J. (2006) Significance of a Fragmented QRS Complex
versus a Q Wave in Patients with Coronary Artery Disease. Circulation, 113, 2495-2501.
https://doi.org/10.1161/circulationaha.105.595892

Das, M.K,, Saha, C., El Masry, H., Peng, J., Dandamudi, G., Mahenthiran, J., et al. (2007) Fragmented QRS on a 12-
Lead ECG: A Predictor of Mortality and Cardiac Events in Patients with Coronary Artery Disease. Heart Rhythm, 4,
1385-1392. https://doi.org/10.1016/j.hrthm.2007.06.024

Das, M.K. and Zipes, D.P. (2009) Fragmented QRS: A Predictor of Mortality and Sudden Cardiac Death. Heart Rhythm,
6, S8-S14. https://doi.org/10.1016/j.hrthm.2008.10.019

Demur, K., Avcl, A., Yilmaz, S., Demur, T., Ersecgin, A. and Altunkeser, B.B. (2014) Fragmented QRS in Patients with
Systemic Lupus Erythematosus. Scandinavian Cardiovascular Journal, 48, 197-201.
https://doi.org/10.3109/14017431.2014.935801

Hosonuma, M., Yajima, N., Takahashi, R., Yanai, R., Matsuyama, T., Toyosaki, E., et al. (2020) Fragmented QRS
Complex in Patients with Systemic Lupus Erythematosus at the Time of Diagnosis and Its Relationship with Disease
Activity. PLOS ONE, 15, e0227022. https://doi.org/10.1371/journal.pone.0227022

Cygankiewicz, I. (2013) Heart Rate Turbulence. Progress in Cardiovascular Diseases, 56, 160-171.
https://doi.org/10.1016/j.pcad.2013.08.002

Bienias, P., Ciurzynski, M., Kisiel, B., Chrzanowska, A., Ciesielska, K., Siwicka, M., et al. (2018) Comparison of Non-
Invasive Assessment of Arrhythmias, Conduction Disturbances and Cardiac Autonomic Tone in Systemic Sclerosis and
Systemic Lupus Erythematosus. Rheumatology International, 39, 301-310. https://doi.org/10.1007/s00296-018-4207-x

Yorgun, H., Canpolat, U., Aytemir, K., Ates, A., Kaya, E., Akdogan, A., et al. (2011) Evaluation of Cardiac Autonomic
Functions in Patients with Systemic Lupus Erythematosus. Lupus, 21, 373-379.
https://doi.org/10.1177/0961203311425518

Poliwczak, A.R., Waszczykowska, E., Dziankowska-Bartkowiak, B., Kozirég, M. and Dworniak, K. (2017) The Use of

DOI: 10.12677/acm.2025.1561693 19 Il R 125 23k i


https://doi.org/10.12677/acm.2025.1561693
https://doi.org/10.4330/wjc.v7.i6.315
https://doi.org/10.1016/j.jacc.2005.08.067
https://doi.org/10.1111/j.1540-8159.1997.tb06112.x
https://doi.org/10.1002/acr.22370
https://doi.org/10.1002/acr.20470
https://doi.org/10.3390/jcm13123510
https://doi.org/10.1177/0961203320928402
https://doi.org/10.1186/1471-2261-12-11
https://doi.org/10.1111/j.1540-8159.2000.tb07061.x
https://doi.org/10.1111/anec.12145
https://doi.org/10.1161/circulationaha.105.595892
https://doi.org/10.1016/j.hrthm.2007.06.024
https://doi.org/10.1016/j.hrthm.2008.10.019
https://doi.org/10.3109/14017431.2014.935801
https://doi.org/10.1371/journal.pone.0227022
https://doi.org/10.1016/j.pcad.2013.08.002
https://doi.org/10.1007/s00296-018-4207-x
https://doi.org/10.1177/0961203311425518

Wiidi, JE IBER

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Heart Rate Turbulence and Heart Rate Variability in the Assessment of Autonomic Regulation and Circadian Rhythm in
Patients with Systemic Lupus Erythematosus without Apparent Heart Disease. Lupus, 27, 436-444.
https://doi.org/10.1177/0961203317725590

Luo, S., Dou, W.Q., Schoepf, U.J., Varga-Szemes, A., Pridgen, W.T. and Zhang, L.J. (2023) Cardiovascular Magnetic
Resonance Imaging in Myocardial Involvement of Systemic Lupus Erythematosus. Trends in Cardiovascular Medicine,
33, 346-354. https://doi.org/10.1016/j.tcm.2022.02.002

Tselios, K., Gladman, D.D., Harvey, P., Akhtari, S., Su, J. and Urowitz, M.B. (2018) Abnormal Cardiac Biomarkers in
Patients with Systemic Lupus Erythematosus and No Prior Heart Disease: A Consequence of Antimalarials? The Journal
of Rheumatology, 46, 64-69. https://doi.org/10.3899/jrheum.171436

Ocehler, A., Feldman, T., Henrikson, C.A. and Tereshchenko, L.G. (2014) QRS-T Angle: A Review. Annals of Noninva-
sive Electrocardiology, 19, 534-542. https://doi.org/10.1111/anec.12206

Chen, X., Wang, Z., Liu, L., Zhang, W., Tang, Z., Liu, B., et al. (2023) Prognostic Value of Index of Cardiac Electro-
physiological Balance among US Middle-Aged Adults. Frontiers in Cardiovascular Medicine, 10, Article 1139967.
https://doi.org/10.3389/fcvm.2023.1139967

Berger, R.D., Kasper, E.K., Baughman, K.L., Marban, E., Calkins, H. and Tomaselli, G.F. (1997) Beat-to-Beat QT In-
terval Variability: Novel Evidence for Repolarization Lability in Ischemic and Nonischemic Dilated Cardiomyopathy.
Circulation, 96, 1557-1565. https://doi.org/10.1161/01.cir.96.5.1557

Tereshchenko, L.G. and Berger, R.D. (2011) Towards a Better Understanding of QT Interval Variability. Therapeutic
Advances in Drug Safety, 2, 245-251. https://doi.org/10.1177/2042098611421209

You, T., Luo, C., Zhang, K. and Zhang, H. (2021) Electrophysiological Mechanisms Underlying T-Wave Alternans and
Their Role in Arrhythmogenesis. Frontiers in Physiology, 12, Article 614946.
https://doi.org/10.3389/fphys.2021.614946

Bourier, F., Denis, A., Cheniti, G., Lam, A., Vlachos, K., Takigawa, M., et al. (2018) Early Repolarization Syndrome:
Diagnostic and Therapeutic Approach. Frontiers in Cardiovascular Medicine, 5, Article 169.
https://doi.org/10.3389/fcvm.2018.00169

Santangeli, P., Infusino, F., Sgueglia, G.A., Sestito, A. and Lanza, G.A. (2008) Ventricular Late Potentials: A Critical
Overview and Current Applications. Journal of Electrocardiology, 41, 318-324.
https://doi.org/10.1016/j.jelectrocard.2008.03.001

Hnatkova, K., AndrSov4, I., Novotny, T., Britton, A., Shipley, M., Vandenberk, B., et al. (2022) QRS Micro-Fragmen-
tation as a Mortality Predictor. European Heart Journal, 43, 4177-4191. https://doi.org/10.1093/eurheartj/ehac085

DOI: 10.12677/acm.2025.1561693 20 Il R 125 23k i


https://doi.org/10.12677/acm.2025.1561693
https://doi.org/10.1177/0961203317725590
https://doi.org/10.1016/j.tcm.2022.02.002
https://doi.org/10.3899/jrheum.171436
https://doi.org/10.1111/anec.12206
https://doi.org/10.3389/fcvm.2023.1139967
https://doi.org/10.1161/01.cir.96.5.1557
https://doi.org/10.1177/2042098611421209
https://doi.org/10.3389/fphys.2021.614946
https://doi.org/10.3389/fcvm.2018.00169
https://doi.org/10.1016/j.jelectrocard.2008.03.001
https://doi.org/10.1093/eurheartj/ehac085

	心电图指标在系统性红斑狼疮中的应用
	摘  要
	关键词
	The Application of Electrocardiographic Indices in Systemic Lupus Erythematosus
	Abstract
	Keywords
	1. 引言
	2. SLE
	2.1. 流行病学
	2.2. 病理生理
	2.3. 风险评估

	3. 心电图指标
	3.1. 标准十二导联心电图
	3.1.1. QT间期、QTc和QT离散度
	3.1.2. Tp-e、Tp-e/QT、Tp-e/QTc
	3.1.3. fQRS

	3.2. 动态心电图指标
	3.2.1. HRT
	3.2.2. HRV


	4. 新的研究进展与问题
	5. 总结
	参考文献

