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[ Abstract] Objective To investigate the longitudinal changes in left ventricular (LV) structure and function
after bariatric surgery in obese individuals and their relationship with preoperative left ventricular ejection fraction
(LVEF) by cardiac magnetic resonance (CMR) imaging. Methods We prospectively enrolled 75 obese subjects
scheduled for laparoscopic sleeve gastrectomy and 46 age and sex-matched healthy controls (the control group). All
subjects underwent CMR examination to obtain LV structural parameters, LVEF, and strain parameters. According to
their preoperative LVEF, the obese subjects were divided into two obesity groups, including the group of patients with
LVEF=60% (n=43) and the group of patients with 50%<LVEF<60% (n=32). LV structural and functional differences
between the control group and the two obesity groups were compared. Eventually, 38 obese subjects completed the CMR
follow-up at 1 month and 12 months after bariatric surgery. The longitudinal changes in LV structure and function after
surgery in the LVEF=60% (n=20) group and the 50%<LVEF<60% group (n=18) were compared. Results Before
bariatric surgery, the global longitudinal strain was significantly lower in the LVEF=60% group than that in the control
group ([—18.36+1.86]% vs. [—19.50£1.53]%, P<0.05). The global radial ([27.70£3.52]% vs. [34.44+4.11]%, P<0.05),
circumferential ([—17.35£1.46]% vs. [—19.85+1.42]%, P<0.05), and longitudinal ([—16.22+1.81]% vs. [—19.50£1.53]%,
P<0.05) strain in the 50% <LVEF<60% group was significantly lower than that in the control group. At 12 months after
bariatric surgery, the global radial ([32.52+7.84]% vs. [30.92+4.27]%, P>0.05), circumferential ([—19.02+2.42]% vs.
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[—18.63£1.49]%, P>0.05), and longitudinal ([—18.18+2.06]% vs. [—17.78+1.66]%, P>0.05) strain in the LVEF=60%
group showed no significant difference compared with the baseline findings. In the 50% <LVEF<60% group, the global
radial ([32.73+5.86]% vs. [26.83+4.85]%, P<0.05) and circumferential ([—19.10+£2.00]% vs. [—16.91£2.09]%, P<0.05)

strain was significantly higher than that before surgery. Conclusion LV remodeling is reversed after bariatric surgery in

obese subjects, and the longitudinal changes in LV structure and function vary with the preoperative LVEF.

[ Key words] Magnetic resonance imaging

FEL R B 20 1 o0 B 2 36 T A A 2 2 pm) R Rn Bk A, S
NN IS fE R IR 3 2 —11, B kS 22 i O 4,
FE, SO IEF= AR AN RS0, A 45O MEEE A . I R0 L
TRERERT AL, B AT HoAt O i A fE R R, AT
S B ISR A I PRI RE A, R RY T
Jra TR AT AT L 29007 B E AR, K
W EF AR EEEC N EEERGT R A
BT Rl N AR 0 i, BRAIRSE T, BB
R BR A W] 38 3 el DA P g i OB e s A LA g 224
G, JOHR O A R G, FEIRT TR S IEIE B LA &
i 77 TR JRUA S T S 3 SR 0 U TR S R B Y 9
RN A B TR 2 200 O W A, Ko AR 00
SERFITNRE A At

720 ZE G113 %X (left ventricular ejection fraction,
LVEF) 7E AR K1), LVERR: B AY.0 5 B O
. XA 14 SN L PR 3R 457 THI A7 AE — 8 R B 10 22
Sl SULVEFRTES50% ~ 60%H, Oy FE R IO IR g
FIREAR . O WLEFLEAL RS 2 LVEF = 60%HT, 0 B 1Y
OB Rt AR, 25025 et K, i 67 oy
g/ BRI YRR B R A AL AR LVEF R
B, (HE BT 220 % WG R I RERRAIK, 30N L LR
AR AR . PENGEE™ & B A S5 A 0 2200 %
TG R RERE RS 232l . HATOC T AR R LVEEFE
A IS PR3 Vol AR S A 2 5 A8 RN TR 1) 2 1) e A 155 5
W ANTERE O HEREHEIE (cardiac magnetic resonance,
CMR)BHE 3 B AR AT 5 B DAl O WU AR, X6 AR 2 el 2
A 20 Z WG R RE AR HUR PR, A4 il
FHCMRI AL 53 T R BTLVEF = 60%f150% < LVEF< 60%!1]
JIE B 2 AT U AR I 20 ZE S AL RN T RE R A 1) A, R A
JHEF A A BRI IR R B

1 #ABRERE

1.1 FERITE

AETEDN A20204F12 H 2022412 H L F R B 716
FEBE T B AR IR AR B RERER . AP E: O it
#(body mass index, BMI) =28.0 kg/m***;@FF & L LT
ARTE RRE™ S HEBRFRIE: o0 AR L AnC U L O JE

Left ventricle

Myocardial strain Bariatric surgery

EREAR 265 QLVEF< 50%; Q3 IFARVERT 2 S
Je S5 P RESE AL I AE R G R B s (DTRDRG Fc e s i FH 25
Y; ORI A A RUE . FTA LS T AR AR AR
JE 1A A K124 HATCMREG A AR Im R BERL . [m] A 44
NAFHS | PV BC A (R X IR . g0 AR E: D18.5 kg/m’<
BMI< 24.0 kg/m™™'; QA% £ # & CMREG A 1E % . HERR
s QO O 1 A8 9 B0 s At ] RS2 MO 1487 R 8 1Y
PN Qi B . RS @3 HA T
A @RGSR A AE R

AR ST EIG20 134T T Y (HE SR 2 S R R B
5 0 HT RS AR Y BE B A B £y 25 51 2 b (L HE S
2016355), Iy Z AR & 4 & A A R =45
12 BRRE

FJHVET] 3.0 TR R4 I (Magnetom Skyra,
Siemens Healthcare, Medical Solutions, Erlangen, Germany)
S5 18I IE AT AR LR Bl A T 44 . O R IR R
FHV-HEaAS B P A o S F A 20 2 R
BB AR S i ke —, = DU KM E G . A
SR EE R 3.4 ms; B A E 1.3 ms; IEF
320 ~ 380 mm?; JZ)E8 mm; JZ A B0 mm; FF; £
40° ~ 50°; FEFF256x144; I ] 73 HF 337 ~ 42 ms; 254
A
1.3 B&oSH
131 FHS RN

fEFHCVI 425 Ab B AR (cvid2® version 5.13.5, Circle
Cardiovascular Imaging, Canada) #4700 . 7RISR
ASAFNET AR, B PF A Sz i 2o 0 % N ANBAS I, TFAR
bR S Ay R AT T i s 13 A B EF ik
AR (left ventricular end-diastolic volume, LVEDV) |
ZE O A A 25 (left ventricular end-systolic volume,
LVESV) . Z.0>% Bid (left ventricular mass, LVMASS) .
LVEF. WRIEARFLVERF LR EH 73 A LVEF =60% Al
50% <LVEF< 60%M2H .
132 SUR B A T B EGHT

TEEPSRAI, B B 3720 iRt A e A PR 00 220
NI ER, IE AT TR o i il A B R
12 W W 7% (global radial strain, GRS) , F& {4 J&] [a] Jif A5



1412 PUN S22 (B2 )

5 554

(global circumferential strain, GCS) . Y4 HA #& 1442 ] 7
A5 % (systolic global radial strain rate, GRSR-S) , Ui 4%
A JE] ] i A% 2 (systolic global circumferential strain rate,
GCSR-S) | #F kIR A 42 7] 17 42 % (diastolic global radial
strain rate, GRSR-D) | 7 5K 4% {4 J&] 1] )i 2% 32 ( diastolic

global circumferential strain rate, GCSR-D); Hi K4l El{4 45
FI|#E AL 1) [ 4% (global longitudinal strain, GLS) | U 1]
ARG ] b AF 2K (systolic global longitudinal strain rate,
GLSR-S) | &F 7K 0] # 4 g\ 1) )i % ¢ (diastolic global
longitudinal strain rate, GLSR-D) (¥]1) .

E 1 AR EAFE

Fig 1 Pseudo-color maps of left ventricular myocardial strain

Short-axis (A), two-chamber (B), three-chamber (C), and four-chamber (D) cine images of an obese subject at baseline. Short axis (E), two-chamber (F), three-

chamber (G), and four-chamber (H) cine images of an obese subject after bariatric surgery.
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Table1 Comparison of the control and the obesity groups

Obesity group
Parameter Control group (n=46) F/H p
LVEF=60% (n=43) 50% < LVEF<60% (n=32)

Agelyr. 30.24+7.51 31.30+8.76 30.13+8.50 0.188 0.910
Body mass/kg 56.3549.07 97.46£17.91° 105.06:24.12° 82.459 <0.001
BMI/(kg/m”) 20.89+1.82 36.1045.38" 36.97+6.01" 85.064 <0.001
BSA/m’ 1.60+0.17 2.02+0.20" 2124026 70.012 <0.001
SBP/mmHg 118.43+10.50 130.02+12.43" 127.97+15.38 12.451 <0.001
DBP/mmHg 75.37+6.86 86.28+11.94" 87.38+13.26" 20.598 <0.001
HR/min™" 70.36+9.48 88.04+16.10" 91.03+18.10" 30.668 <0.001
LVEDV/mL 130.15+22.89 142.44+24.47 152.36+32.84° 13.555 0.001
LVESV/mL 48.81+9.59 52.63+9.33 66.22+16.70"" 29.281 <0.001
LVMASS/g 67.73+17.84 90.82+21.85" 103.90+33.12° 41,059 <0.001
LVEF/% 62.45+3.87 63.06+1.57 56.75+2.82"" 56.510 <0.001
GRS/% 34.44+4.11 33.43+4.38 27.70+3.52"° 28.495 <0.001
GCS/% —19.85+1.42 —19.48+1.49 —17.35+1.46"" 30.654 <0.001
GLS/% —19.50+1.53 —18.36+1.86" —16.22+1.81"° 34.184 <0.001
GRSR-S/s ™" 1824031 1.80+0.29 1644027 4219 0.017
GCSR-8/s™" —1.07+0.14 —1.08+0.14 —1.04+0.14 0.825 0.662
GLSR-S/s™" —1.01+0.18 —0.97+0.14 —0.88+0.13"" 12.286 0.002
GRSR-D/s ™" —2.2140.43 —1.89+0.70" —1.55+0.35"" 36.584 <0.001
GCSR-D/s ™" 1.17+0.20 1.0420.18" 0.89+0.19"" 21.365 <0.001
GLSR-D/s™" 1.2140.23 1.0740.20" 0.93+0.19"° 18.242 <0.001

BMI: body mass index; BSA: body surface area; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; LVEDV: left ventricular end-

diastolic volume; LVESV: left ventricular end-systolic volume; LVMASS: left ventricular mass; LVEF: left ventricular ejection fraction; GRS: global radial strain;

GCS: global circumferential strain; GLS: global longitudinal strain; GRSR-S: systolic global radial strain rate; GCSR-S: systolic global circumferential strain rate;

GLSR-S: systolic global longitudinal strain rate; GRSR-D: diastolic global radial

strain rate; GCSR-D: diastolic global circumferential strain rate; GLSR-D:

diastolic global longitudinal strain rate. ~ P<0.05, vs. control group; * P<0.05, vs. LVEF=60% group.
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Table2 Changes in body mass and left ventricular parameters in the LVEF=60% group

Parameter Baseline (n=20) 1 month (n=20) 12 months (n=20) F P

Body mass/kg 98.46+16.33 84.96:14.16 70.06£10.75" 77.915 <0.001
BMI/(kg/m’) 36.94+5.73 31.89+5.07 26.18+3.17"° 76.668 <0.001
BSA/m’ 2.03£0.17 1.90+0.16" 1.7740.15"" 79.515 <0.001
LVEDV/mL 154.35%22.36 145.87+21.31 138.76£15.01° 9.606 <0.001
LVESV/mL 56.64+8.77 58.62+12.43 55.01+7.19 2.115 0.135
LVMASS/g 92.84+21.43 77.64+19.81° 75.17£17.17° 24.400 <0.001
LVEF/% 63.25+2.91 60.00+4.61" 60.244.26" 19.300 <0.001
GRS/% 30.92+4.27 29.18+4.67 32.52+7.84 2.991 0.084
GCS/% —18.63+1.49 —17.91+1.81 —19.02+2.42 3.382 0.060
GLS/% —17.78+1.66 —17.67+1.60 —18.18+2.06 0.479 0.623
GRSR-S/s™" 1.75+0.37 1.530.32" 1.63+£0.45 9.923 0.007
GCSR-S/s™" —1.0740.14 —0.97+0.13" —0.97+0.16 10.831 0.004
GLSR-S/s™" —0.96+0.13 —0.87+0.13" —0.84+0.17" 11.221 0.004
GRSR-D/s ™" —1.8340.33 —1.60+0.36 —1.9820.67" 6.700 0.035
GCSR-D/s”™"! 1.000.13 0.9020.17 1.04+0.19" 4835 0.013
GLSR-D/s™" 1.06+0.14 0.98+0.20 1.08+0.18" 3.982 0.027

The abbreviations are explained in the note to Table 1.” P<0.05, vs. baseline; * P<0.05, vs. one month after surgery.
F3 50%<LVEF<60%AEKEREFM L OERT
Table 3 Changes in body mass and left ventricular parameters in the 50% < LVEF<60% group

Parameter Baseline (n=18) 1 month (n=18) 12 months (n=18) F P

Body mass/kg 111.97+22.05 99.65+19.42° 76.24£14.17"" 88.207 <0.001
BMI/(kg/m’) 38.1145.29 33.92+4.64" 26.03+3.73"" 104.237 <0.001
BSA/m’ 2214025 2.10+0.23" 1.91£0.20" 74.139 <0.001
LVEDV/mL 163.55%£30.95 156.69+23.97 153.07+26.24° 3.889 0.030
LVESV/mL 72.03+14.95 66.96+13.41 61.92+14.44" 9.033 0.002
LVMASS/g 110.72+29.81 94.35+25.44" 92.20+23.72° 16.444 <0.001
LVEF/% 56.06+2.90 57.35+4.67 59.70+4.99" 4.873 0.014
GRS/% 26.83+4.85 28.77+5.76 32.73+5.86 7.971 0.007
GCS/% —16.91£2.09 —17.71%2.33" —19.10+2.00" 7.758 0.007
GLS/% —16.43+1.98 —16.92+1.67 —17.94+1.88 4.778 0.092
GRSR-S/s™" 1.59+0.29 1.71+0.44 1.62+0.29 1.000 0.607
GCSR-S/s ™" —1.03+0.18 —1.08+0.18 —0.99+0.12 6.676 0.036
GLSR-S/s~" —0.93+0.14 —0.93+0.19 —0.87+0.14 0.778 0.678
GRSR-D/s ™" —1.5040.41 —1.68+0.53 —1.9020.40" 5.506 0.008
GCSR-D/s ™" 0.87+0.22 0.92+0.24 1.00+0.16" 3.893 0.028
GLSR-D/s™" 0.89+0.20 0.99+0.22" 0.99+0.22" 3.940 0.029

The abbreviations are explained in the note to Table 1.” P<0.05, vs. baseline; * P<0.05, vs. one month after surgery.

LVEF< 60%%LGRS(r=-0.492, P=0.038) . GRSR-
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