Supplementary Table 1. PICOTS criteria for screening of studies

PICOTS domain

Description

Population

Patients with chronic heart failure and a HF hospitalization or

equivalent in the past twelve months.

Intervention

Hemodynamically guided remote monitoring of pulmonary artery

pressures using the CardioMEMS HF system.

Comparator A separate control group without (use of) remote pulmonary artery
pressure monitoring.
Outcome (1) HF events (hospitalization or urgent HF visits with need for

intravenous diuretic therapy); (2) Mortality; (3) HF events and

mortality as combined endpoint.

Study design

Randomized Controlled Trials including at least 100 patients.

HF: Heart Failure.




Supplementary Table 2. Random- and fixed effects models for meta-analyses of clinical endpoints

Analysis Random effects model Fixed effects model

HR 95%CI p-value HR 95%ClI p-value
Total HF hospitalizations, urgent visits, and 0.75 0.61-0.91 0.0037 0.76 0.68-0.85 <0.0001
all—cause mortality
Total HF hospitalizations and all—cause 0.74 0.62-0.89 0.0010 0.75 0.67-0.84 <0.0001
mortality
Total HF hospitalizations and urgent visits 0.71 0.57-0.88 0.0018 0.73 0.64-0.82 <0.0001
Total HF hospitalizations 0.70 0.58-0.86 0.0005 0.72 0.63-0.81 <0.0001
All-cause mortality 0.92 0.73-1.16 0.4952 0.92 0.73-1.16 0.4952

HF: Heart Failure; HR: Hazard Ratio; 95% CI: 95 Confidence Interval.




Supplementary Table 3. Random effects models for meta-analyses of subgroups including interaction tests

(total heart failure hospitalizations, urgent visits, all-cause mortality)

Random effects model

Variable Subgroup analysis N, %* HR 95% ClI P interaction

Age Age>71 656 (49) 0.76 0.60-0.97 0.65
Age <71 692 (51) 0.80 0.51-1.25

Sex Women 611 (32) 0.77 0.49-1.21 0.89
Men 1287 (68) 0.73 0.47-1.14

Etiology Ischemic 571 (45) 0.84 0.66-1.07 0.52
Non-ischemic 688 (55) 0.64 0.28-1.46

Device Device (ICD or CRT) 765 (57) 0.78 0.63-0.98 0.68
No device (ICD or CRT) 583 (43) 0.83 0.58-1.18

LVEF LVEF >50% 609 (67) 0.55 0.26-1.15 0.84
LVEF <50% 297 (33) 0.64 0.44-0.94
LVEF >40% 675 (34) 0.69 0.47-1.00 0.65
LVEF <40% 1248 (66) 0.76 0.63-0.91

NYHA NYHA II 296 (16) 0.72 0.49-1.05 0.15
NYHA 1l 1548 (82) 0.73 0.60-0.88
NYHA IV 54 (3) 1.68 0.88-3.20

ICD: Implantable Cardioverter defibrillator; CRT: Cardiac Reschynchronization Therapy; LVEF: Left Ventricular Ejection Fraction; NYHA:
New York Heart Association; *Percentage based upon patients and studies with available subgroup data; HR: Hazard Ratio; 95% CI: 95
Confidence Interval.



Supplementary Figure 1. PRISMA flowchart of the included studies
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Supplementary Figure 2. Risk of bias assessment
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Supplementary Figure 3. Pre-COVID sensitivity analysis for clinical endpoints

PA Monitoring

Standard Care

Study N Events Rate N Events Rate  Weight Hazard Ratio RE, 95% CI
Total heart failure hospitalizations, urgent visits, and all-cause mortality
CHAMPION® 270 232 0.58 280 343 084 525% — . 0,60 [0.59, 0.82]
GUIDE-HF 497 177 0.55 503 224 068  352% — 0.81 [0.66, 1.00]
MONITOR-HF 176 159 052 172 257 082 12.3% - . 0.63 [0.44, 0.90]
Total 943 568 0.55 955 824 0.79  100.0% —— 0.72 [0.64, 0.82]
Heterogeneity: Tau® = 0.00; Chi® = 1.97, df = 2 (P = 0.3734); ¥ = 0.00%
Test for overall effect Z =-5.11 (P = 0.0000) I T I |
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Total heart failure hospitalizations and all-cause mortality
CHAMPION 270 232 0.58 280 343 084  524% —— 0.69 [0.59, 0.82]
GUIDE-HF? 497 154 0.45 503 201 061 5% — . 0.76 [0.61, 0.94]
MONITOR-HF 176 148 052 172 240 082 13.1% R — 0.63 [0.45, 0.89]
Total 943 534 0.52 955 784 0.76  100.0% —_— 0.70 [0.62, 0.80]
Heterogeneity: Tau® = 0.00; Chi® = 0.95, df = 2 (P = 0.6229); I* = 0.00%
Test for overall efiect Z = -548 (P = 0.0000) I T I |

0.25 05 075 1 125
Total heart failure hospitalizations and urgent visits
CHAMPION® 270 182 0.45 280 279 068  54.9% —— 0.67 [0.55, 0.80]
GUIDE-HF 497 147 0.45 503 199 060  346% —. 0.76 [0.61, 0.95]
MONITOR-HF 176 17 0.38 172 212 068  10.5% _— . 0.56 [0.38, 0.84]
Total 043 446 0.43 955 690 0.65  100.0% —— 0.69 [0.60, 0.78]
Heterogeneity: Tau” = 0.00; Chi® = 1.84, df = 2 (P = 0.3986); I = 0.00%
Test for overall effect Z = -5.61 (P = 0.0000) I T I |
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Total heart failure hospitalizations
CHAMPION 270 182 0.45 280 279 068  57.5% — 0.67 [0.55, 0.80]
GUIDE-HF 497 124 0.38 503 176 053 30.1% —- 0.72 [0.57, 0.92]
MONITOR-HF 176 106 0.35 172 195 062  12.4% — . 0.56 [0.38, 0.82]
Total 043 412 0.40 955 650 0.61  100.0% —— 0.67 [0.59, 0.77]
Heterogeneity: Tau® = 0.00; Chi® = 1.18, df = 2 (P = 0.5541); I¥ = 0.00%
Test for overall effect Z = -5.85 (P = 0.0000) f T I [

0.25 05 075 1 125
All-cause mortality
CHAMPION 270 50 013 280 64 016 45.1% — 0.80 [0.55, 1.15]
GUIDE-HF 497 a0 0.11 503 25 009 21.0% R 1.24 [0.73, 2.11]
MONITOR-HF 176 42 0.14 172 45 014 33.8% — 0.96 [0.63, 1.46]
Total 943 122 0.12 955 134 013 100.0% —— 0.93 [0.73, 1.19]
Heterogeneity: Tau® = 0.00; Chi® = 1.81, df = 2 (P = 0.4050); ¥ = 0.00%
Test for overall effect Z=-0.56 (P = 0.5776) [ T T ]

025 05 075 1 125

*CHAMPION did not report data on urgent visits; TCalculated and included as Incidence Rate Ratio
(IRR); PA: Pulmonary Artery; RE: Random Effects; 95% CI: 95% Confidence Interval; All rates are

reported as events per patient-year.



Supplementary Figure 4. Subgroup analysis - pre-COVID sensitivity analysis for clinical

endpoints - (Heart failure hospitalizations, urgent visits, and mortality)

Pe Montoring standard Care

Study M Ewvents Rate M  Events Rats  ‘Welght Hazard Ratio RE, 95% C1
Age =71
GUIDE-HF 65 041 24 0.5%  65.3% —a— 0.70 [0.50, 0.97]
MONITOR-HF 72 58 0.48 76 93 072 3% —_— 0.59 [0.43, 1.05]
Todtal 124 0.44 192 0.85  100.0% — 0.70 [0.53, 0.31]
Heterogeneity: Tau® = 0.00; Cni* = 0.00, df = 1 (P = 0.5500); I¥ = 0.00%
Test for overal effact: Z = -2.67 (P = D.007E) I T 1

0.25 05 075 1 135
Age <71
GUIDE-HF 112 071 130 0.7 B3.2% —— 0.30 [0.68, 1.18]
MONITOR-HF 104 100 054 = 159 D81 3.4% —_— 0.50 [0.37, 0.96]
Todtal 22 ns2 289 0.85  100.0% — 0.78 [0.53, 1.14]
Heterogeneity: Tau™ = 0.04; Chi¥ = 2.01, df = 1 (P = 0.1562); I" = 50.27%
Test for overdl affect: Z = -1.30 (P = 0.1532) I T T 1

0.25 05 075 1 135
Famalke 56X
CHAMPICN® 76 4 .47 75 40 D43 33.0% — - 1.15 [0.83, 1.58]
GUIDE-HF 187 56 D24 183 85 D66 35.3% - 0.57 [0.47, 0.96]
MONITOR-HF 38 33 D44 47 73 D80 25.7% —_— 0.56 [0.30, 1.01]
Todtal 301 133 0.45 310 158 083 100.0% el 0.73 [0.51, 1.22]
Heterogeneity: Tau® = 0.11; ChI* = §.84, df = 2 (P = 0.0310); " = 71.20%
Test for overal effect: Z=-1.08 (P = 0.2621) I T T 1

0.25 D5 075 1 135
Male sex
CHAMPION 134 114 D.45 05 214 083  39.5% —a— 0.57 [0.48, 0.69]
GUIDE-HF 310 12 0.64 s 138 071 35.5% — . 0.50 [0.63, 1.16]
MONITOR-HF 123 125 0.55 125 184 DLE3  24.0% —_— 065 [0.43, 1.00]
Toital . g42 381 0.53 45 537 080 100.0% ——— 0.59 [0.50, 0.55]
Hieterogenaity: Tau® = 0.06; Chi¥ = 7.9€, df = 2 (P = 0.0187); I¥ = 74.89%
Test for overall effect Z = -2.26 (P = 0L0237) [ I I 1
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Ischamic smology
GUIDE-HF 207 23 0.63 130 ar 071 66.7% — 0.69 J0u65, 1.23]
MONITOR-HF 23 104 0.66 a1 102 072 33.3% [N 0.53 j0.58, 1.47]
Total . 300 . 187 0.85 7 189 071 100.0% — 0.30 [0.53, 1.18]
Hatarogenaity: Tau® = 0.00; Chi* = D.0OZ, df = 1 {P = D.ET7E] I = 0.00%
Test for overall effect 2 = -0.76 [P = [.2453) I T T 1

02s 05 075 1 125
Non-ischamic smology
GUIDE-HF 250 Ell D.52 3 125 065 54.7% —a—t 0,60 j0.60, 1.06]
MONITOR-HF B3 55 0.37 31 155 D81 453% @ 2— - 0.41 j0.25, 0.67]
Toital . I3 148 0.45 404 280 077 100.0% e —— 0.59[0.31, 1.13]
Hetzrogensity: Tau® = 0.18; Ch¥ = 5.36, df = 1 (P = 0.0206); I = 31.34%
Test for overall effect Z = -1.58 [P = 0L1140) I T T 1

025 05 075 1 135
Devics (ICD or CRT)
GUIDE-HF 17 065 144 078 7% —a—t 0.32 [0.63, 1.06]
MONITOR-HF 98 102 0.56 105 173 0.6 Z24% —_— 0.53 [0.35, 1.01]
Total 213 0.80 317 064 100.0% — 0.77 [0.62, 0.37]
Heterogeneity: Tau® = 0.00; Cni¥ = 0.82, df = 1 (P = 0.23363); IF = 0.00%
Test for overall efiect: Z = -2.25 (P = 0.0246) I T T 1

0.25 05 075 1 135
No devics {ICD or CRT)
GUIDE-HF &0 0.44 a0 055  B5.1% — 0.79 [0.55, 1.13]
MONITOR-HF 23 57 D.46 105 a4 071 34.5% —_— 0,65 [0.40, 1.06]
Toital . oo 0.45 . 164 0E2  100.0% —— 0.74 [0.55, 0.53]
Hatarogenaity: Tau® = 0.00; Ch* = 040, df = 1 (P = 0.5281); I* = 0.00%
Test for overall effect Z = -2.08 (P = 0LO353) f T T 1

025 0.5 Lrs 1 125



Supplementary Figure 4. Pre-COVID sensitivity analysis for clinical endpoints - (HF

hospitalizations, urgent visits, and mortality) — subgroup analysis (continued)

PA Monitoring

Standard Care

Study M  Events Rate Events Rate Weight RE, 85% CI
LVEF 250%
CHAMPION" 35 13 0.41 31 138 35.7% 0.20 [0.18, 0.48]
GUIDE-HF 45 0.35 71 0.50 3B.6% 0.70 [0.47. 1.03]
MONITOR-HF 24 17 0.60 44 0.91 25.7% 0.63 [0.28, 1.37]
Total . . 75 0.40 146 069  100.0% 0.50 [0.28, 0.91]
Heterogeneity: Tau® = 0.20; Chi” = 7.76, df = 2 (P = 0.0206); 1 =74.23%
Test for overall effect 7 = -2 27 (P = 0.0229) I I I 1

0.25 0.5 7S 1 125
LVEF =50%
MONITOR-HF 152 142 0.51 145 213 076 10D.0% — 0.64 [0.43. 0.84]
Total . 152 142 0.51 145 213 076  100.0% —_—— 0.64 [0.43, 0.94]
Heterogeneity: Tau™ = 0.00; Chi”~ = 0.00, df = 0 (P = 1.0000}); I* = 0.00%
Test for overall effect 7 = -2 28 (P = 0.0229) I I I 1

0.25 0.5 7S 1 125
LVEF >40%
CHAMPION"t= 62 ] 0432 57 59 0.88 40.5% — 0.50 [0.35, 0.70]
GUIDE-HF &7 0.32 85 0.53 30.4% — . 0.73 [0.51, 1.03]
MOMNITOR-HF 4z a3 0.69 45 TO 084 20_1% —_— . 0.79 [0.45, 1.38]
Total 169 0.50 214 069  100.0% | — 0.54 [0.48, 0.85]
Heterogeneity: Tau™ = 0.02; Chi" = 3.13, df = 2 (P = 0.2090); P =36.12%
Test for overall effect Z = -3.09 (P = 0.0020) ! T T 1

0.25 0.5 D7s 1 125
LVEF =40%
CHAMPICON® 222 162 048 234 27 089 56.4% —— 0.72 [0.58, 0.88]
GUIDE-HF 273 120 0.71 258 139 084 31.2% ——— 0.24 [0.85, 1.10
MOMNITOR-HF 134 121 042 127 187 0.74 12.4% —_— 0.60 [0.28, 0.93]
Total ; 629 403 0.54 613 563 074  100.0% —— 0.74 [0.64, 0.88]
Heterogeneity: Tau® = 0.00; Chi” = 1.84, df = 2 (P = 0.3876); I* = 0.00%
Test for overall effect Z=-3.04 (P = 0.0001) I T T 1

0.25 0.5 D7s 1 125
NYHA It
GUIDE-HF 146 43 040 150 T0 080 100.0% — 0.66 [0.45. 0.96]
Total . 148 43 0.40 150 T0 060  100.0% — 0.66 [0.45, 0.95]
Heterogeneity: Tau™ = 0.00; Chi” = 0.00, df = 0 (P = 1.0000; I* = 0.00%
Test for overall effect: Z=-2.01 (P = 0.0444) [ I | 1

0.25 0.5 D75 1 125
NYHA Il
CHAMPION® 270 182 048 280 ] 0.88 5B.7% —— 0.67 [0.55, 0.80]
GUIDE-HF 322 114 0.57 aza 141 0.71 26.8% — = 0.20 [0.62, 1.04]
MONITOR-HF 176 150 0.52 172 257 082 14.5% —_— 0.63 [0.44, 0.90]
Total . 768 455 0.50 780 BT 074 100.0% — 070 [0.61, 0.80]
Heterogeneity: Tau® = 0.00; Chi” = 1.56, df = 2 (P = 0.4526); 1* = 0.00%
Test for overall effect 7 = —5 22 (P = 0.0000) I I I 1

0.25 0.5 7S 1 125
NYHA IV
GUIDE-HF 28 20 283 25 13 137  100.0% — 1.82 [D.88, 4.18]
Total . 29 20 263 25 13 137 100.0% B B —— 192 [0.88, 4.18]
Heterogeneity: Tau™ = 0.00; Chi”~ = 0.00, df = 0 (P = 1.0000}); I* = 0.00%
Test for overall effect 7 = 1,64 (P = 0.1003) I I I 1

0.25 0.5 7S 1 125

*CHAMPION did not report data on urgent visits; TCalculated and included as Incidence Rate Ratio
(IRR); 1CHAMPION only reported data for LVEF =40%; PA: Pulmonary Artery; RE: Random
Effects; 95% CI: 95% Confidence Interval; All rates are reported as events per patient-year.



Systematic search adapted for each database
Medline

((cardiomem* OR ((pulmonar* OR lung) ADJ9 (arter*) ADJ9 (pressur*) ADJ9 (sensor* OR
monitor*)) OR ((intravascular) ADJ9 (haemodynamic OR hemodynamic) ADJ9 (monitor* OR
sensor*))).ab,ti,kf.) AND (exp "Heart Failure"/ OR (((heart* OR cardiac OR cardial) ADJ3 (fail* OR
insuffic*)) OR HF).ab,ti,kf.) NOT (exp animals/ NOT humans/) NOT (news OR congres* OR
abstract* OR book* OR chapter* OR dissertation abstract*).pt. NOT ((exp "Child"/ OR exp "Infant"/
OR "Adolescent"/) NOT (exp "Adult"/)) NOT ("Case Reports".pt. OR "Case Reports as Topic"/ OR
(case-report).ti.)

Embase

('implantable pulmonary artery pressure monitoring system'/de OR 'cardiovascular monitoring
device'/de OR (cardiomem* OR ((pulmonar* OR lung) NEAR/9 (arter*) NEAR/9 (pressur*) NEAR/9
(sensor* OR monitor*)) OR ((intravascular) NEAR/9 (haemodynamic OR hemodynamic) NEAR/9
(monitor* OR sensor*))):ab,ti,kw) AND (‘heart failure’/exp OR (((heart* OR cardiac OR cardial)
NEAR/3 (fail* OR insuffic*)) OR HF):ab,ti,kw) NOT ([animals]/lim NOT [humans]/lim) NOT
([Conference Abstract]/lim OR [Conference Review]/lim) NOT (‘child/exp NOT (‘adult/exp OR
‘adolescent'/de)) NOT (‘case report/de OR (case-report):ti)

Web of Science

TS=(((cardiomem™* OR ((pulmonar* OR lung) NEAR/9 (arter*) NEAR/9 (pressur*) NEAR/9
(sensor* OR monitor*)) OR ((intravascular) NEAR/9 (haemodynamic OR hemodynamic) NEAR/9
(monitor* OR sensor*)))) AND ((((heart* OR cardiac OR cardial) NEAR/3 (fail* OR insuffic*)) OR
HF)) NOT ((animal* OR rat OR rats OR mouse OR mice OR murine OR dog OR dogs OR canine
OR cat OR cats OR feline OR rabbit OR cow OR cows OR bovine OR rodent* OR sheep OR ovine
OR pig OR swine OR porcine OR veterinar* OR chick* OR zebrafish* OR baboon* OR nonhuman*
OR primate* OR cattle* OR goose OR geese OR duck OR macaque* OR avian* OR bird* OR fish*)
NOT (human* OR patient* OR women OR woman OR men OR man))) NOT DT=(Meeting Abstract
OR Meeting Summary) NOT Tl=(case-report*) NOT TI=((child* OR baby OR infant OR infants OR
babies) NOT (adult* OR men OR man OR woman OR women OR female* OR male*))

Cochrane Central

((cardiomem* OR ((pulmonar* OR lung) NEAR/9 (arter*) NEAR/9 (pressur*) NEAR/9 (sensor* OR
monitor*)) OR ((intravascular) NEAR/9 (haemodynamic OR hemodynamic) NEAR/9 (monitor* OR
sensor*))):ab,ti,kw) AND ((((heart* OR cardiac OR cardial) NEAR/3 (fail* OR insuffic*)) OR
HF):ab,ti,kw) NOT ((case-report):ti) NOT ((child* OR baby OR infant OR infants OR babies) NOT
(adult* OR men OR man OR woman OR women OR female* OR male*)):ti

Google Scholar

Cardiomems "heart|cardiac|cardial failure|insufficiency" -"case report" -"case reports™ -child -children



