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Purpose: To understand the significance of variation in gradient beat-to-beat pressure gradients in patients with
significant aortic stenosis and concomitant atrial fibrillation and determine its relationship to severity.
Methods: Assess the beat-to-beat variability of pressure gradients in patients significant aortic stenosis and

concomitant atrial fibrillation from retrospective analysis of Doppler or catheter-based hemodynamic measurements
and correlate with the preceding RR interval based on the corresponding electrocardiogram. Results: There is a
direct correlation between the preceding RR interval and the mean pressure gradient in patients with significant
aortic stenosis and concomitant atrial fibrillation. The variation seems to be more prominent in those with severe
stenosis and preserved left ventricular function and may aid in classifying the degree of stenosis as severe in some

with seemingly more moderate stenosis based on traditional averaging of consecutive beats.
Conclusions: Variation in pressure gradients beat-to-beat are important to consider in patients with aortic
stenosis and concomitant atrial fibrillation and correlate with severity and contractile characteristics.

Background

Compared to those in sinus rhythm (SR), patients
with atrial fibrillation (AF) in the setting of aortic stenosis
(AS) have an elevated mortality risk whether managed
medically or surgically [1]. When evaluating these
patients, echocardiographic guidelines recommend
averaging the peak velocities (V) and velocity-time
intervals (VTI) over at least five beats [2]. Large patient
series have adhered to these recommendations [1, 3].
However, stenotic office gradients are flow dependent.
Variations in cardiac output, concomitant aortic or mitral
valvular regurgitation or increased metabolic rate will all
affect measured gradients for a given stenosis [2]. This
is exemplified in the setting of low-flow low-gradient
(LFLG) severe AS — dobutamine stress echocardiogra-

phy will result in an increase in both stroke volume (SV)
and mean gradient (AP ) [2, 4]. Likewise, in AF with a
short RR interval, there Is shortened ventricular relaxa-
tion and filling period, and a resulting smaller SV [3].
The AP__. measured by echo is therefore dependent on
heart rate and RR interval variability. This somewhat
explains why patients in AF, compared to those in SR,
will have lower peak velocities and gradients despite
similar aortic valve areas (as assessed by the continuity
equation) [5]. We sought to demonstrate the relationship
between preceding RR interval and gradients (V _ and
AP ) in AS with the hypothesis that the gradient that
most accurately reflects the true stenosis is the one after
the longest RR interval.

Acronyms: AF — atrial fibrillation, AS — aortic stenosis, LFLG — low-flow low-gradient, SR — sinus rhythm, SV — stroke volume, VTI -

velocity-time interval.
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Methods

We retrospectively identified patients with both AS and
AF during their echocardiogram or invasive valve assess-
ment. Patients were excluded if they were paced or if there
were < 5 recorded continuous wave Doppler envelopes
to re-analyze. Baseline characteristics and echocardio-
graphic or invasive parameters were also recorded.
Severe AS was defined as AP__ > 40 mmHg. Pearson
Correlation Coefficient was utilized to assess the relation-
ship between preceding RR interval and gradients
(Vmax and APmean).

Results

Twenty-one patients were reviewed for inclusion.
Nineteen echocardiograms from 16 patients were reviewed
for the analysis. Two studies were included from invasive
catheterization data. Seven patients were excluded

(insufficient data in five and permanent pacing in two). A
total of 186 data points were measured. The final original
assessment(averaging multiple beats) was severe (nor-
mal flow) AS in nine studies; LFLG severe AS in four;
LFLG (paradoxical normal EF) severe AS in two; and
moderate AS in six. There was a clear relationship bet-
ween the RR interval and both the AP__ (Figure 1) and
Vmax. In the severe and moderate AS groups, R correlates
ranged from 0.59-0.90 (APmean) and 0.31-0.94 (AP __ ),
respectively. This was not as robust in the low-flow low-
gradient group with R correlates ranging from 0.50-0.77
(AP_...) possibly a result of the impaired ventricular
systolic function. The overall mean R correlates were
0.71+0.15 (AP__ ) and 0.67+0.19 (V__ ). Utilizing the maxi-
mum measured gradient, instead of the standard ave-
raged gradient, the APmean increased by an average of
10.1 mmHg (range 2.1-30.4 mmHg) with two patients reclas-
sifying from moderate to severe AS (including one LFLG).
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Figure 1. Ttrendline and R2 correlates

comparing mean gradient to R-R

interval in servere (A), LFLG servere (B), and moderate (C) aortic

stenosis.
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Discussion

Our study demonstrates the relationship between
preceding RR interval and aortic gradient in the setting
of concomitant AF and AS. When the RR interval is short
there is decreased ventricular filling and a decreased
SV resulting in a smaller gradient. In a number of our
cases there was extensive variability in measured gra-
dient depending on which cardiac cycle was included
resulting in potential reclassification from moderate to
severe stenosis. The relationship is not as robust in the
LFLG subset. This may be as a result of not considering
the pre-preceding RR interval, [3] the degree of mitral
regurgitation and reduced contractile reserve. It also
suggests that the slope of the RR interval and AP rela-
tionship is directly related to the left ventricular cont-
ractile reserve. In a similar vein, when differentiating
‘true' versus 'pseudo’ severe AS in a low-flow patient,
other authors have suggested using the post-extrasys-
tolic (therefore optimizing preload) gradient as a
potential alternative to dobutamine [6, 7]. Similar to this
or the use of dobutamine for LFLG aortic stenosis, the
most appropriate measure of systolic gradient in AS
with AF may occur with optimization of preload and SV
(usually after the longest RR interval).

Study limitations

Our study has a number of limitations. Firstly, it is
retrospective which has inherent bias. Secondly, we
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review a relatively small sample size, which makes
assessment of outcomes, which we did not do, of little
value. Thirdly, we do not directly measure other factors
that affect flow in the setting of AS and AF such as the
pre-preceding RR interval, concomitant aortic or mitral
insufficiency and a full assessment (no only ejection
fraction) of left ventricular contractility and function
(diastolic function, longitudinal strain). However, these
would incrementally reduce the practical applicability in
a busy echo lab. Lastly, we do not measure the post-
extrasystolic gradient which may further optimize pre-
load and stoke volume, however this data was not available
as our current practice is to avoid measurements port
ectopy and they were not saved.

Conclusions

There is a relationship between the RR interval and
measured gradient in the setting of AS and AF. Asses-
sing the gradient may be most accurate during optimal
ventricular preload and stroke volume, which is usually
after the longest RR interval. Rather than averaging gra-
dients and velocities, the highest recorded values may
more accurately reflect the degree of stenosis. A larger
study with simultaneous measurements of left ventri-
cular outflow tract (V.) and maximal orifice velocities
(V) are necessary to further explore this relationship.
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Ona UUTUPOBAHWA. Xaiiman Camioan, Auamantoypoc Mantenuc, bakyp Poapuro, Yy Maiikn,
Ksainn bo6, Anac bpaian, Tudpcom Mar!puk. Mbl He40OLEHNBAEM TPAANEHT LaBNEHUs Y NaLUEHTOB C
aopTanbHbIM CTEHO30M U hMbpUNNALMEn NpeLcepanii: NPULLO BPeMS U3Y4nTb NpesHarpy3Ky Xeny-
N0YKOB. HeoT10)KHasi KapAnonorus n KapamoackynsapHbie puckn, 2018, T. 2, Ne 1, C. 216-219.

Llenb pa6oThbl: yCTAHOBWTb 3HAYMMOCTb BAPUATUBHOCTU rPafveHTa AABEHWNS MEXAY COKPaLLEHUAMM Yy nauu-
EHTOB C BbIPaXEHHbIM aopTasibHbIM CTEHO30M M COMYTCTBYIOLLEA (hmbpunnsaumnein npeacepanii 1 onpegenvTs ero

B3aMMOCBA3b CO CTEerneHbo TAXECTU CTEHO3a.

MeToabl: nNpoBeaeHa OLEHKA BapMaTMBHOCTW FPadueHTa AaBlieHNUs MeX[y COKPALUEHWsSIMK Y MauUeHTOB C

BbIPaXXEHHbIM aopTasbHbIM CTEHO30M U COMYTCTBYOLLEN (mbpunnaumen npefcepanin Ha OCHOBE PETPOCMEKTUB-
HOrO aHanunsa AONMNEepPOBCKUX UNWN KaTeTepHbIX reMOJMHaAMUYECKUX U3MEPEeHUn 1 13yyeHa ero Koppensuus c
npefLecTBYOLWMM MHTepBanomM RR Ha 0CHOBaHWM [aHHbIX COOTBETCTBYIOLLEW 3NIEKTPOKapAUorpammbl.
Pes3ynbrathbl: CyLlecTBYeT npsamMas Koppensumua Mexay npepLlecTByowmnm nHtepasanom RR u cpegHvm rpagues-
TOM [aBJieHMs y MaLMeHTOB C BbIPaXEHHbIM aopTasibHbIM CTEHO30M M COMNYTCTBYIOLEN mbpunnsaumnen npepcep-
OWiA. OTa BapyaTMBHOCTb, MO-BUAVMOMY, 60fiee 3Ha4MMa Y NaUMEHTOB C TSHXKESbIM CTEHO30M M COXPaHHOW (DyHKLWe
neBoro xenypoyka. Monyy4eHHble JaHHble MOTYT MOMOYb B pekrnaccupukaumm nauneHToB ¢ yMepeHHbIM aopTasib-
HbIM CTEHO30M, AMarHOCTUKa KOTOPOro OCHOBbIBaach Ha TPAOMLMOHHOM YCPEAHEHWUN NOCNefoBaTesbHbIX yaapos,
B KaTeropuio NauyeHToB C THKENbIM CTEHO30M. 3aK/OHEHVE: BaXHO Y4UTbIBATb BAPUATMBHOCTL rpaaneHTa aasre-
HUA MeX[y COKpaLLeHUsMW y MauyeHToB C aopTasibHbIM CTEHO30M W COMYTCTBYIOLEN dmbpunnauuer npegcepani n

COOTHOCUTb ee CO CTeNeHb TAXEeCTU CTeHO3a N COKPaTUTENIbHbIMU XapaKTepUCTUKaMN.

BeepneHune

Mo cpaBHEHWIO C MaUMEHTaMy C CUHYCOBLIM PUTMOM
(CP) naumeHTbl ¢ ubpunnaumnen npegcepauin (Or) Ha
thoHe aopTansHoro creHosa (AC) nmetoT 6051ee BbICOKUIA
PUCK CMEPTHOCTU HE3aBUCKMMO OT TaKTUKW NIeYeHns cTe-
HO3a — KOHCepBaTWBHOW unu xupyprudeckon [1]. Mpwu
o6cnefoBaHNM JaHHOW KaTeropuu nauMeHToB COrfiacHo
3XOoKapauorpaMyeckum pekomMeHpaumam cnegyet
yCPeaHATb MakcMMarbHble CKOPOCTM KpoBoToKa (V. ) v
MHTErpanbl JIMHEAHON CKOPOCTU MO MeHbLUel Mepe B
TeyeHue NATU cokpalleHuin [2]. B 6onblInHCTBE Kpyn-
HbIX UCCNELOBaHWNA aBTOPblI NPUAEPXMBANIUCL ITUX
pekomeHgauui [1, 3]. OgHaKo rpagueHTbl AaBieHus
Mpu CTEHO3€e 3aBMCAT OT NOTOKOBbIX NMOKa3aTenew.
N3meHeHne cepaeyHoro Bbi6poca, ConyTcTByloLas
aopTanbHas UM MUTpanbHasa KnanaHHas perypruraums,

yBeSiM4eHre CKopocTn mMetabonuama 6yayT BAUATL Ha
N3MepPEHHbIE FPaaueHTbl 018 OaHHOro cteHosa [2]. B
KayecTBe npuMepa MOXHO MPUBECTU TSXKENbIN aopTasib-
HbliA CTEHO3 C HU3KMMW rpagueHTaMu U noTokom (low-
flow low-gradient) — cTpecc-axokapguorpadms ¢ goby-
TaMUHOM NPVBEMET K YBEIMYEHUIO Kak yaapHoro o6bema
(YO), TaK v cpeaHero rpaavenTa aaeneqns (OP ) [2, 4].
AHanoruyHo, npn O ¢ KopoTkum mHTepsanom RR
MPOUCXOAMT COKpaLLeHne nepuopoB penakcauum u Ha-
MOJIHEHUA XeNy[O4KOB U1, CllefoBaTenbHo, Cokpalle-
Hue YO [3]. Takum o6pasom, [P .. 13MepeHHbIi npy
3xoKapamorpadmyeckom uccnefoBaHuu, 3aBucuT OT
4acToTbl CepAeYHbIX COKpaLLleHWA U BapuaTUBHOCTU
RR-nHTepBana. O9To0 B HEKOTOPOW CTeMNeHW OOBACHSET,
noyemy naumeHTsl ¢ Ol No cpaBHEHWIO C NaumeHTamu
¢ CP, 6yoyT nmeTb 60onee HU3KME MaKCUMMasbHbIE CKO-

© Vol. 2,Ne 1 2018 [l EMERGENCY CARDIOLOGY AND CARDIOVASCULAR RISKS 219



Vi npegcepauii...

Coamioan XavimaH m Ap. — Mbi1 HegooyeHnBaem rpagueHT gaBJieHns y nalyneHToB ¢ aopTal/lbHbIM CTEHO30M U d)M6prII7FIL{Me

l OpurnHanbHble HayYHble NybnanKaLnum

POCTV W rpagueHTbl, HECMOTPA Ha aHanorMyHbIe MoLla-
OV aopTanbHOro knanaHa (B COOTBETCTBUM C ypaBHe-
HUeM HenpepbiBHOCTH) [5]. Mbl nonbITanMcb NPoaeMOoH-
CTpMpOBaTb B3aMMOCBA3b MEXAY NpeiLlecTBYLIMM
nutepsanom RR u rpagueHtamu pasnedus (V
AP _...) npu AC, BbIBMHYB rMNOTE3y O TOM, YTO rpajm-
€HT nocne camoro anauHHoro uHtepsana RR Hanbonee

TOYHO OTpaXaeT UCTUHHYIO CTeneHb CTeHOo3a.

MeToAbl

Mbl peTpocnekTMBHO oTo6pany naumeHToB ¢ AC u
@I no AaHHbLIM 3xokapauorpadun 1nu MHBa3UBHOIO
nccnefoBaHns KrnanaHa. beinu UckoYeHbl nauueHTsl ¢
KapauocTumynatopamu UM UMeBLLME MeHee 5 Henpe-
PbIBHO-BOJIHOBbLIX AOMMIEPOBCKMUX Orubatowmx ons
MOBTOPHOrO aHanu3a. Takxe 6blnn 3aperncTpupoBaHb!
6a30Bble [aHHble W 3xoKapauorpaduyeckune unm
MHBa3mBHble napameTpbl. Taxensii AC onpegensncs
kak AP . > 40 MM pT. cT. KoadpcpuumeHT Koppensuum
MNupcoHa ncnonb3oBanca As OLEHKW B3anMOCBA3M
Mexay npeplectsytolimm mHtepsanoMm RR v rpagueH-
Tamm (V__n P

max mean) .

Peaynbtathl

Ha artane BkntoyeHus B uccrefoBaHne 6binv nay-
YyeHbl OaHHble 21 nauueHTa. [Ona aHanusa 6biny pac-
cMmoTpeHbl 19 axokapguorpamm 16 naumeHToB. 2 nauu-
eHTa ObINN BKNOYEHbI HA OCHOBAHUW AaHHbIX UHBA3WB-
HOM KaTeTepu3auuun. 7 NaumeHToB ObINN UCKITYEHbI
(HepocTaTo4Hble JaHHble Y 5 NaumeHTOB U NOCTOsHHAs
KapanocTumynsauma y 2 nauueHtos). Becero 6b1no u3y-
4yeHo 186 mapameTpoB. [NepBoHavanbHas oueHka (ycpen-
HEHME MHOXECTBEHHbIX YAApOB) BbiBUNA THXENbIA (C
HopMasbHbiM noTokoM) AC B 9 criyyasx; Tsaxensin AC ¢
HU3KVIMW rpagueHTaMm 1 NMOTOKOM B 4 cnyyasix; TSXenbli
AC C HM3KUMW rpagveHTaMu 1 NOTOKOM (napagokcasib-
Has HopmanbHas gpakuus Bbibpoca) y 2 MauueHToB U
ymepeHHbIt AC y 6 naumeHToB. Bbina yeTkas B3ammo-
cBA3b Mexay uHtepsanom RR, AP - (pucyHok 1 — cMm.
B opuruHane) u V . B rpynnax nauueHToB ¢ TXesbiM
1 ymepeHHbiM AC KO3 LMEHTLI KOPPENALMU Bapbi-
posanu ot 0,59-0,90 (AP, . ) v ot 0,31-0,94 (OP ),
COOTBETCTBEHHO. JTa Koppenauwa 6bina He CTOMb Bblpa-
XeHa B rpynrne nauueHToB C HU3KUMU rpagueHTamu u
MOTOKOM (KO3(hhULMEHTbI KOPPENALMN B AMana3oHe OT
0,50-0,77 (OP_.), BO3MOXHO, B pesyriTate HapyLleHWst
CUCTONNYECKON (DYHKLMK XenypoykoB. O6Lume cpefHue
KoahuumneHTsl Koppensumm coctasmnm 0,71+0,15
(OP ....) 1 0,67+0,19 (V__ ). Wcnonbays makcumasbHbli
N3MEpPEHHbIV rpafueHT BMeCTO CTaHJapTHOro ycpea-
HeHHoro rpapuenTa, [P - yBenuM4uBancs B CpefHem
Ha 10,1 MM pT. CT. (ouanasoH 2,1-30,4 MM pT. CT.), Ipy 3TOM
[Ba naumeHTa 6binv nepexnaccuuLmMpoBaHbl U3 rpynmbi
¢ ymeperHbiM AC B rpynny ¢ Txenbim AC (BKIHo4ast OgHOro
U3 rpynnbl MAUMEHTOB C HU3KVMM IPaAUEHTAMU 1 MOTOKOM).

O6cyxpaenune

Halue nccnepgosaHne [eMOHCTPUPYET B3aMMOCBA3b
Mexay npepllectsytolmm mHTepsanoMm RR v aoptans-
HbIM rpagveHToM y nauueHtoB ¢ AC 1 conyTCTBYIOLLEN
@r1. Mpu kKopoTkoM uHTepsanie RR ymeHblwaeTcs
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HanonHeHwe xenyno4kos 1 YO, 4TO NPUBOANT K CHIUXE-
HUIO rpagueHTa gasneHusa. B page cnyvaes 6bina
3HauMTeNbHaa Bapuauusa B U3MEPEHHOM rpafueHTe B
3aBUCUMMOCTM OT TOr0, Kakon cepheydHbln LK 6bin
BKJIIOYEH B UCCMiefoBaHWe, YTO NPUBOAMIO K MOTEH-
LmanbHOM nepeknaccugukaumum yMEPEHHOro CTEHO3a
B TAXenblii. B3anmocBs3b 6bina He CTOMb BblpaXeHa B
rpynne naumeHtoB ¢ AC 1 HU3KUMW FpagveHTamy 1 noTo-
KOM. 3TO MOXET ObITb CBI3AHO C TEM, YTO HE Y4uThbIBa-
nuce npepwecTsyowmini uHtepean RR [3], cTeneHb
MUTPanbHOW peryprutauum U CHUXEHHbIA COKpaTUTESb-
HbIi pe3epB. JTO Takxe Mpeanosaraet, YTo cuna B3avmo-
cea3n nHtepsana RR v OP Hanpsmy cBfizaHa c
COKpaTuTENbHbIM PE3epPBOM NEBOrO Xenyaoyka. AHaso-
rMYHO, MpY AndepeHLmaLmmy «MCTUHHOrO» U «MCEBA0»
Tsxkenoro AC y nmaumeHTOB C HU3KMM MOTOKOM gpyrue
aBTOPbI NPensIoXnUInM UCNosib30BaTb MOCT-3KCTpaCUC-
TONMYECKU (ONTUMU3UPYIOLLMIA NpegHarpysKy) rpagu-
€HT B Ka4yeCTBe MOTEHLMANbHON ansTepHaTuBbl fobyTa-
MUHY [6, 7]. [100OGHO MCMONBb30BaHMIO NOCT-3KCTPaCUC-
TONMUYECKOro rpagueHTa unu gobytamuHa y nauueHToB
¢ AC 1 HM3KMMKM rpagveHTamm 1 NOTOKOM, AN MauueH-
ToB ¢ AC 1 @I Hanbonee npuemnembiM 6yLeT nsmepe-
HUE CUCTOSIMYECKOro rpagveHTa npu ontuMmnsaummn nped-
Harpy3ku 1 YO (Kak npaswio, nocne camoro AfvMHHOro
nHtepsana RR).

3aknw4yeHue

CyuiectByeT B3aMMOCBA3b Mexay uHTepeanom RR
N U3MEPEHHbIM rpafMeHTOM [AaBfEHNs Y NauueHToB C
AC 1 OI1. OueHka rpagueHTa gaBneHnst MOXeT ObITb
Hambosiee TOYHON BO BpeMsi ONMTUMAIIbHOM NpefHarpysku
xenynoykos n YO, koTopble 06bI4HO HACTynatloT nocne
camoro anuHHoro uHtepsana RR. Bmecto ycpenHeHus
rpafueHToB U CKOPOCTEW caMble BbICOKME 3aperucTpu-
pOBaHHble 3HAaYEHWsi MOTyT 60oMnee TOYHO OTpaxartb CTe-
NeHb CTeHo3a. [ns fanbHenLwero n3yy4eHus 3Tom B3auMo-
CBSI3U HEO6X0AMMO 60Jiee KpynHoe uccnefoBaHue ¢
O[JHOBPEMEHHBIMU N3MEPEHUSMU BbIXOAHOIO TpakTa
NeBOro Xenynoyka v MakcuMarbHbIX CKOPOCTEN.

OrpaHWIeHMH nccneposaHuAa

Hawe nccnepnosanne vmeet pag orpaHudexunin. Bo-
nepBblX, OHO PETPOCMEKTUBHO U UMEET HEKOTOPYHO
OLLMG6KY. BO-BTOPbIX, Mbl paccMaTpvBan OTHOCUTENBHO
He60MNbLOW padMep BbIOGOPKKU, YTO AenaeT OUEHKY
MCXOLOB Mano3Ha4vMomn. B-TpeTbux, Mbl HE M3y4anu
Lpyrve napameTpbl, KOTOPbIE BAMSAIOT HA KPOBOTOK MNpw
AC n OI1, Takue Kak npea-npeaLlecTBYOLLMA MHTEPBaN
RR, conyTcTBylowas aopranbHas unu mutpanbHas
HEAOCTaTOYHOCTb U HEKOTOpble Opyrue nokasarenu (He
TOMbKO (hpakums Bbi6poca) COKPaTUMOCTU U (PYHKLMUK
NEeBOro Xenypo4ka (guacrtonuyeckas QyHKUMS, npo-
ponbHaa gedopmauysi). OgHaKo OHW HEN3BEXHO YMEeHb-
wanu 6bl NPakTUYECKY0 3HAYMMOCTb MOSYHEHHbIX
pesynbTaToB B 3arpy>XeHHOW 3xo-nabopaTtopuun. Hako-
Hel, Mbl He M3Mepsann MOCT-3KCTPACUCTONIMYECKUI rpa-
OVEHT, KOTOPbIA MOXET OOMOMHUTENBHO ONTUMU3MPO-
BaTb ypoBeHb npepHarpy3ku 1 YO, Tak Kak 37U JaHHble
B HalLlen TEKyLLEN NpakT1ke Obln HEJOCTYIMHbI.

KOHGNKT MHTEPECOB — He BbISIBIIEH.
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