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ABSTRACT

OBJECTIVES The goal of this study was to examine prognostic relationships between cardiac imaging measures and
cardiovascular outcome in people living with human immunodeficiency virus (HIV) (PLWH) on highly active antiretroviral
therapy (HAART).

BACKGROUND PLWH have a higher prevalence of cardiovascular disease and heart failure (HF) compared with the
noninfected population. The pathophysiological drivers of myocardial dysfunction and worse cardiovascular outcome in
HIV remain poorly understood.

METHODS This prospective observational longitudinal study included consecutive PLWH on long-term HAART under-
going cardiac magnetic resonance (CMR) examination for assessment of myocardial volumes and function, T1 and T2
mapping, perfusion, and scar. Time-to-event analysis was performed from the index CMR examination to the first single
event per patient. The primary endpoint was an adjudicated adverse cardiovascular event (cardiovascular mortality,
nonfatal acute coronary syndrome, an appropriate device discharge, or a documented HF hospitalization).

RESULTS A total of 156 participants (62% male; age [median, interquartile range]: 50 years [42 to 57 years]) were
included. During a median follow-up of 13 months (9 to 19 months), 24 events were observed (4 HF deaths, 1 sudden
cardiac death, 2 nonfatal acute myocardial infarction, 1 appropriate device discharge, and 16 HF hospitalizations). Patients
with events had higher native T1 (median [interquartile range]: 1,149 ms [1,115 to 1,163 ms] vs. 1,110 ms [1,075 to
1,138 ms]); native T2 (40 ms [38 to 41 ms] vs. 37 ms [36 to 39 ms]); left ventricular (LV) mass index (65 g/m2

[49 to 77 g/m?] vs. 57 g/m? [49 to 64 g/m?]), and N-terminal pro-B-type natriuretic peptide (109 pg/L [25 to 337 pg/L] vs.
48 pg/l [23 to 82 pg/l]) (all p < 0.05). In multivariable analyses, native T1 was independently predictive of adverse
events (chi-square test, 15.9; p < 0.001; native T1 [10 ms] hazard ratio [95% confidence interval]: 1.20 [1.08 to 1.33];
p = 0.001), followed by a model that also included LV mass (chi-square test, 17.1; p < 0.001). Traditional cardiovascular
risk scores were not predictive of the adverse events.

CONCLUSIONS Our findings reveal important prognostic associations of diffuse myocardial fibrosis and LV remodeling
in PLWH. These results may support development of personalized approaches to screening and early intervention to
reduce the burden of HF in PLWH (International T1 Multicenter Outcome Study; NCT03749343).

(J Am Coll Cardiol Img 2021;14:1548-57) © 2021 The Authors. Published by Elsevier on behalf of the American College of
Cardiology Foundation. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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eople living with human immunodeficiency

virus (HIV, PLWH) have an increased risk of

developing cardiovascular disease compared
with the noninfected population. The increased prev-
alence of cardiovascular disease has been tradition-
ally attributed to the accelerated effects of
traditional cardiovascular risk factors, as well as the
dysmetabolic effects of the long-term highly active
antiretroviral therapy (HAART) (1,2). However,
studies increasingly suggest that myocardial inflam-
matory remodeling and fibrosis play a role in promot-
ing the high incidence of heart failure (HF) (3).
Several cardiac imaging studies provided insights
into the underlying pathophysiology by revealing
complex patterns of structural heart disease,
including impaired systolic and diastolic function
(4), reduced myocardial strain, and increased left
ventricular (LV) mass and remodeling (5,6). Studies
using cardiovascular magnetic resonance (CMR) also
exhibited a high incidence of microvascular disease,
cardiac steatosis, and higher rate and more extensive
myocardial scarring.

More recently, the contribution of HIV-related
chronic immune activation, dysregulation, and
inflammation in driving subclinical cardiac dysfunc-
tion and HF have also been recognized (7,8). No study
to date, however, has comprehensively evaluated
prognostic associations of cardiac imaging measures,
including native T1 and T2 mapping, or compared
them versus the conventional and modified cardio-
vascular risk scores. We hypothesized that CMR bio-
signatures of diffuse myocardial remodeling and
fibrosis provide predictive associations with cardio-
vascular outcome events.

METHODS

This study was a prospective, longitudinal, observa-
tional, investigator-led analysis of the prognostic
value of T1 mapping in adult participants undergoing
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a clinical CMR (NCT03749343). Consecutive
participants (n = 156) with an established
diagnosis of HIV infection were referred from
the specialist HIV Center at the University
Hospital Frankfurt (Frankfurt am Main, Ger-
many) for assessment of any heart involve-
ment due to an inherently high risk of
cardiovascular disease (9). Owing to the
known high prevalence of nonischemic car-
diac pathology, the presence of typical car-
diac symptoms was not mandatory. The HIV
specialist clinical care was provided in line
with current guidelines and recommenda-
tions from the European AIDS Clinical Society
(10), independently of the cardiac imaging
research team. Exclusion criteria were con-
traindications to CMR such as magnetic
resonance-unsafe implantable devices
(n = 0), history of previous allergic reaction to
gadolinium-based contrast agent (n = 1), and
inability to provide informed consent (n = 2).
An eGRF <30 ml/min/1.73 m? was not a
contraindication, in line with current recom-
mendations for diagnostic use of gadolinium-
based contrast agents (11).

The study protocol was reviewed and
approved by the institutional ethics commit-
tee, and written informed consent was ob-

ABBREVIATIONS
AND ACRONYMS

CI = confidence interval

CMR = cardiac magnetic
resonance

D:A:D = Data Collection on
Adverse Effects of Anti-HIV
Drugs

HAART = highly active
antiretroviral therapy

HF = heart failure

HIV = human
immunodeficiency virus

HR = hazard ratio

hs-TnT = high-sensitivity
troponin T

IGR = interquartile range
LV = left ventricular

LGE = late gadolinium
enhancement

MAGGIC = Meta-Analysis
Global Group in Chronic
Heart Failure Risk Score

MOLLI = modified Look-Locker
imaging

NT-proBNP = N-terminal pro-
B-type natriuretic peptide
PLWH = people living with
human immunodeficiency virus

tained from all participants. All procedures were
performed in accordance with the Declaration of
Helsinki (2013). Systematic risk scores for cardiovas-
cular disease (Framingham Risk Score of coronary
artery disease [12], the Data Collection on Adverse
Effects of Anti-HIV Drugs [D:A:D] score [13], and the
Meta-Analysis Global Group in Chronic Heart Failure
[MAGGIC] integer score [14]) were calculated by using
original online calculators.

IMAGING PROCEDURES. Participants underwent a
standardized CMR imaging protocol using a 3.0-T
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TABLE 1 Baseline Characteristics of the Study Participants

No CV Events (n = 132) CV Events (n = 24) p Value
Age, yrs 50 (42-57) 53 (43-58) 0.15
Male 83 (63) 14 (58) 0.64
White 105 (80) 17 (71) 0.73
Cardiovascular risk factors
Obesity (BMI >30 kg/m?) 32 (24) 4717) 0.56
Arterial hypertension 29 (22) 6 (25) 0.79
Diabetes 7 (5) 1(4) 0.64
Hypercholesterolemia 21 (16) 5(21) 0.56
Family history of CVD 10 (8) 1(4) 0.49
Smoking (current or previous) 46 (35) 11 (45) 0.56
Coronary artery disease 13 (10) 5(21) 0.16
Previous revascularization 13 (10) 521 0.16
Previous myocarditis 6 (5) 1(4) 0.86
Previous diagnosis of HF 19 (14) 4 (16) 0.73
Atrial fibrillation 43) 1(4) 0.53
Peripheral arterial disease 9(7) 2(8) 0.86
Previous stroke or TIA 4 (3) 0 (0) 0.65
Cardiovascular risk scores
NYHA functional class =1l 25 (19) 7 (29) 0.26
D:A:D (R) 5-yr risk score, % 21 (10-34) 22 (4-35) 0.16
D:A:D (F) 5-yr risk score, % 16 (9-34) 22 (4-34) 0.39
FRS 10 YRS, % 13 (7-25) 18 (11-30) 0.07
MAGGIC 1-yr risk score, % 4 (2-6) 52-7) 0.16
HIV characteristics
HIV CDC classification
Stage A1-A3 59 (45) 12 (50) 0.71
Stage B1-B3 42 (32) 7 (29) 0.94
Stage C1-C3 31(23) 5(21) 0.72
HIV treatment 131 (99) 24 (100) 0.62
Protease inhibitors 34 (26) 9 (38) 0.31
NRTIs 99 (75) 21 (87) 0.29
NNRTIs 16 (12) 7 (31) 0.04
Integrase inhibitors 57 (43) 3(13) 0.02
Fusion inhibitors 18 (14) 3(13) 0.91
CCRS5 antagonist 4 (3) 0 (0) 0.49
Post-attachment inhibitor 7(5) 0 (0) 0.36
Hepatitis B 8 (6) 1(4) 1.00
Hepatitis C 8 (6) 1(4) 1.00
Syphilis 33 (25) 9 (38) 0.27

Values are median (interquartile range) or n (%). Comparison between groups was made between participants
with and without events (p < 0.05 considered significant).

BMI = body mass index; CCR5 = C-C motif chemokine receptor 5; CDC = Centers for Disease Control and
Prevention; CV = cardiovascular; CVD = cardiovascular disease; D:A:D = Data Collection on Adverse Effects of
Anti-HIV Drugs; HF = heart failure; HIV = human immunodeficiency virus; NYHA = New York Heart Association;
FRS = Framingham Risk Score; MAGGIC = Meta-Analysis Global Group in Chronic Heart Failure Risk Score;
NRTIs = nucleoside reverse transcriptase inhibitors; NNRTIs = non-nucleoside reverse transcriptase inhibitors;

TIA = transient ischemic attack.

clinical scanner (Skyra, Siemens Healthineers, Erlan-
gen, Germany, Software Version VE11) for acquisition
of cardiac function, volumes, mass, myocardial T1 and
T2 maps, myocardial perfusion, and scar (15). All
sequence parameters have been published previously
(16-18) and are detailed in the Supplemental Appen-
dix. Myocardial T1 and T2 mapping were acquired in a
single midventricular short-axis slice by using a vali-
dated variant of a modified Look-Locker imaging
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(MOLLI) sequence (Goethe CVI, Frankfurt, Germany)
(16-18), whereas for T2 mapping, a validated sequence
for measurement of myocardial edema was used (T2-
FLASH) (19,20). Due to the proven sensitivity of
Goethe CVI MOLLI for abnormal myocardium and ev-
idence of superior diagnostic and prognostic perfor-
mance (16-18), post-contrast T1 mapping was not part
of the standardized protocol. Myocardial perfusion
imaging was performed during maximal vasodilation
(regadenoson, 400 pg/5 ml) and administration of
gadolinium contrast agent (0.1 mmol/kg body weight
gadobutrol [Gadovist, Bayer AG, Leverkusen, Ger-
many]). The presence of myocardial scar was visual-
ized by late gadolinium enhancement (LGE) imaging at
7 to 10 min after administration of gadolinium-based
contrast agent.

Analysis of cardiac volumes, function, and mass
was performed by using semi-automated contour
detection (suiteHEART, Neosoft, Pewaukee, Wiscon-
sin). Interpretation of myocardial perfusion and LGE
images was performed visually following standard-
ized procedures for data display and image interpre-
tation (21). Myocardial LGE was visually defined by
consensus of 2 observers based on the presence/
absence and the predominant pattern as ischemic or
nonischemic. Quantitative tissue characterization
analysis was performed by the core laboratory staff
(Goethe CVI Core Lab, Frankfurt am Main, Germany),
blinded to the underlying clinical information. Details
of post-processing and interpretation, including the
cutoff values, have been reported previously and are
included in the Supplemental Appendix. Myocardial
T1 and T2 relaxation times were measured by using a
standardized operating procedure (ConSept study),
by placing the region of interest conservatively
within the septal myocardium of a midventricular
short-axis slice in motion-corrected images (22,23).
Areas of LGE were excluded from regions of interest
to avoid mixing in the areas with replacement scar.
Myocardial perfusion was evaluated visually, and the
presence of significant ischemia was considered pos-
itive if 2 of 32 subsegments showed a perfusion defect
during vasodilator stress (24,25). LGE was quantified
by a semiautomatic detection method using full
width at one-half maximum method and is reported
as a percentage of the total LV mass.

BLOOD SAMPLING. Venous blood samples were
taken immediately before the CMR study and pro-
cessed according to standard procedures. Commer-
cially available test kits were used for analysis of
high-sensitivity troponin T (hs-TnT) and N-terminal
pro-B-type natriuretic peptide (NT-proBNP) (Elecsys
2010, Roche, Basel, Switzerland) levels.
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CARDIOVASCULAR OUTCOMES. Follow-ups were
performed by review of electronic databases and
telephone interviews, all of which were completed
before December 2019. Medical records were exam-
ined for details of clinical presentations, entries of
outpatient visits, hospitalizations, and medical pro-
cedures. All events were adjudicated by independent
physicians, according to the established and pre-
defined endpoint definitions (26). The primary
endpoint was a composite of adverse cardiovascular
events (cardiovascular mortality, nonfatal acute cor-
onary syndrome, an appropriate device discharge, or
HF hospitalization). Acute coronary syndrome was
defined by a significant rise in hs-TnT in the presence
of typical symptoms (27). HF hospitalization was
defined by an episode of hospitalization with symp-
toms and signs of HF that were accompanied by a
significant increase in NT-proBNP levels (26,28). An
appropriate device discharge was defined as a docu-
mented shock delivered through an implanted car-
dioverter device that terminated a life-threatening
ventricular arrhythmia (i.e., ventricular tachycardia
or fibrillation) (26). The first single event per patient
was included in the analysis.

STATISTICAL ANALYSIS. Analysis was performed by
using SPSS software version 25.0 (IBM SPSS Statistics,
IBM Corporation, Armonk, New York). All tests were
two-tailed, and a p value =0.05 was statistically sig-
nificant. Data are presented as counts (percentage) for
categorical data or median (interquartile range [IQR])
for continuous variables. The Fisher exact and
nonparametric tests were used to compare the groups
with events and without them (Mann-Whitney U
test). Time to-event analysis was performed from the
date of the index CMR study. Univariable Cox pro-
portional hazards models were used to examine the
association between the endpoint and baseline
covariates (unadjusted hazard ratio [HR] with 95%
confidence interval [CI]). Multivariable analysis was
performed with backward stepwise selection (Wald)
modeling to determine the independent associations
with the primary endpoint (adjusted HR [95% CI]);
the thresholds for the backward selection process in
the model included a p value of 0.05 for entry and
0.10 for removal of a variable. The rule of thumb for
Cox models with a minimum of 10 outcome events
per predictor variable was used. Variables with non-
normal distribution underwent log-transformation
before inclusion into the Cox regression models. The
final number of included subjects was ascertained by
using interim power analyses for the predefined
endpoints. A post hoc analysis is provided in the
Supplemental Appendix. Sequence-specific cutoff
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TABLE 2 Baseline Laboratory Markers and CMR Findings
No CV Events (n = 132) CV Events (n = 24) p Value
Routine blood biomarkers
Hemoglobin, mg/dl 15 (14-16) 14 (12-16) 0.33
eGFR, ml/min/1.73 m? 84 (70-99) 79 (60-95) 0.30
hs-CRP, mg/l 0.15 (0.08-0.27) 0.2 (0.08-1.12) 0.08
hs-TnT, ng/L 5.0 (3.0-8.1) 6.0 (3.0-14.8) 0.20
NT-proBNP, pg/l 48 (23-82) 109 (25-337) 0.003
Functional and structural measures
LV-EDVi, ml/m? 83 (74-94) 94 (72-101) 0.13
LV mass index, g/m? 57 (49-64) 65 (49-77) 0.04
LV EF, % 58 (54-62) 55 (49-64) 0.052
RV EF, % 56 (51-60) 55 (50-58) 0.61
LA area, cm? 23 (20-26) 22 (18-24) 0.81
Tissue characterization
Native T1, ms 1,110 (1,075-1,138) 1,149 (1,115-1,163) 0.001
Native T2, ms 37 (36-39) 40 (38-41) 0.009
Myocardial LGE present 24 (18) 11 (46) 0.002
Ischemic LGE 7 (5) 6 (25) <0.001
Nonischemic LGE 17 (13) 5(21) 0.30
LGE extent (% LV mass) 8.2 (6.0-10.7) 11.6 (7.9-12.1) 0.50
Significant ischemia 4 (3) 1(4) 0.80

LGE = late gadolinium enhancement; LV = left ventricular; RV = right ventricular.

Values are median (interquartile range) or n (%). The bold p values <0.05 were considered significant.

CMR = cardiac magnetic resonance; CV = cardiovascular; hs-CRP = high sensitivity C-reactive protein;
EDVI = end-diastolic volume index; eGFR = estimated glomerular filtration rate; hs-TnT = high-sensitivity
troponin T; NT-proBNP = N-terminal pro-B-type natriuretic peptide; EF = ejection fraction; LA = left atrial;

values for abnormal native T1 and T2 values at 3-T
were defined as >1,105 ms for T1 and >37.4 ms for
T2, respectively. These were based on previously
derived sequence-specific cutoffs of 2 SDs above the
respective means in an independent cohort of sub-
jects with no pre-existing conditions or regular
medication (n = 85; male subjects, n = 51 [60%]; age
[median (IQR)I], 45 years [31 to 54 years]), using the
exact same sequences and scanning equipment.

RESULTS

The baseline characteristics of the patient population
are summarized in Tables 1 and 2. Datasets of 156
subjects (62% male subjects; age [median (IQR)]: 50
years [42 to 57 years]; CD4 count: 652 cells/ul [403 to
949 cells/pl]) were included in the final analysis. The
median time from the original HIV diagnosis to the
date of CMR was 10.4 years (3.8 to 17.2 years). All pa-
tients were on stable HAART a minimum of 6 weeks
before the index CMR. Twenty-eight patients (18%)
received treatment of dyslipidemia with statins. A
single patient (0.7%) was lost to follow-up; 2 patients
died of multiorgan failure due to sepsis. Patients with
events were similar in age, sex, cardiovascular risk
factors, and scores to those without events. Patients
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TABLE 3 Results of Univariable and Multivariable Analyses in Prediction of the
Cardiovascular Endpoint

Univariable Analyses Hazard Ratio (95% CI) p Value
Cardiovascular profile

0.85 (0.68-1.06) 0.15

1.8 (0.78-5.50) 0.62

0.84 (0.31-2.30) 0.84

1.9 (0.54-6.90) 0.31

NYHA functional class =l 1.14 (0.4-3.3) 0.81
D:A:D 5y (R) (lg10) 1.68 (0.43-6.46) 0.46

D:A:D 5y (F) (lg10) 1.62 (0.52-5.13) 0.41

2.4 (0.67-8.62) 0.18

1.7 (0.46-5.13) 0.23

Hemoglobin (mg/dl) 0.79 (0.47-1.30) 0.37
NT-proBNP (lg10) 2.61 (1.42-4.80) 0.002
3.44 (1.31-9.07) 0.012

1.22 (0.53-2.82) 0.63

0.25 (0.01-10.21) 0.46

1.02 (1.00-1.04) 0.02

LV mass index g/m? 1.04 (1.01-1.07) 0.02
0.94 (0.90-0.97) 0.001
1.19 (1.09-1.29) <0.001

1.1 (0.99-1.23) 0.01

2.4 (1.07-5.39) 0.03

Multivariable Analysis

Hazard Ratio
Variable (95% Cl), p Value

Chi-square (p value)

Native T1 (10 ms) 1.20 (1.08-1.33), 0.001

Native T1 (10 ms)
LV mass (g/m?)

1.17 (1.05-1.30), 0.007
1.04 (1.00-1.07), 0.04

Multivariable analyses were performed with a backward (Wald) selection of variables; the thresholds for back-
ward selection process in the model included p value of 0.05 for entry and 0.10 for removal of a variable.
Adverse cardiovascular events included 4 HF deaths, 1 sudden cardiac death, 2 nonfatal acute myocardial
infarction, 1 appropriate device discharge, and 16 HF hospitalizations. The p values for variables tested in the
model (model 1, model 2) NT-proBNP (lg10; 0.33, 0.70), hs-TnT (lg10; 0.041, 0.69), LV EF (0.10, 0.48), LV EDVi
(0.25, 0.72), LGE present (0.84, 0.52), and native T2 (0.26, 0.49).

Abbreviations as in Tables 1 and 2.

with events had higher native T1 (median [IQR]:
1,149 ms [1,115 to 1,163 ms] vs. 1,110 ms [1,075 to
1,138 ms]), native T2 (40 ms [38 to 41 ms] vs. 37 ms [36
to 39 ms]), LV mass index (65 g/m?[49 to 77 g/m?] vs. 57
g/m? [49 to 64 g/m?]) and NT-proBNP (109 pg/l [25 to
337 pg/ll vs. 48 pg/l [23 to 82 pg/l]) (all; p < 0.05).
Participants with events had lower LV ejection fraction
(median (IQR): 55% [49 to 64] vs. 58% [54 to 62];
p =0.052). There was a significantly higher percentage
of LGE among PLWH with events (46% vs. 18%;
p = 0.002), with overall similar proportions of
ischemic and nonischemic patterns in patients with
events. A total of 5 patients had significant ischemia on
myocardial perfusion imaging and underwent percu-
taneous coronary revascularization within 2 weeks
from CMR.
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During a median follow-up of 13 months (9 to 19
months), 24 adverse events were observed (4 HF
deaths, 1 sudden cardiac death, 2 nonfatal acute
myocardial infarction, 1 appropriate device discharge,
and 16 HF hospitalizations) (Table 3). Baseline native
T1and T2, LV volumes, hs-TnT, and NT-proBNP were
all significant univariable predictors of the primary
endpoint. Respective Kaplan-Meier curves for imag-
ing variables using binary cutoffs are shown in
Figure 1. In multivariable analyses, native T1 was
independently predictive of adverse events (chi-
square test, 15.9; p < 0.001; native T1 [10 ms] HR
(95% CIJ: 1.23 [1.11 to 1.35]; p < 0.001), followed by a
model that also included LV mass (chi-square test,
17.1.00; p < 0.001; native T1 [10 ms] HR (95% CI): 1.17
[1.05 to 1.30]; p = 0.007; LV mass (g/m?) HR [95% CI]:
1.04 [1.00 t0 1.07]; p = 0.04). Traditional risk stratifiers
(Framingham Risk Score, D:A:D, and MAGGIC score) or
presence of ischemia on the baseline scan were not
associated with the outcome events. Proportionally,
more participants with events took non-nucleoside
reverse transcriptase inhibitors (p = 0.04) and fewer
used integrase inhibitors (p = 0.021). Two patients
underwent endomyocardial biopsy based on CMR
findings, revealing acute lymphocytic myocarditis and
chronic borderline inflammatory changes, respec-
tively (Figure 2).

DISCUSSION

The current study reports several important and
novel observations. In a cohort of consecutive PLWH
on stable long-term HAART, there was a 15% rate of
adverse cardiovascular events in a short-term follow-
up of 13 months. PLWH with and without adverse
events were similar for baseline traditional risk fac-
tors and risk scores. Cardiac structural measures were
on average only mildly abnormal. However, serum
biomarkers, hs-TnT and NT-proBNP, as well as the
myocardial tissue characteristics, native T1 and LGE,
were all significantly associated with the events.
Diffuse myocardial fibrosis and remodeling by native
T1 mapping and LV mass were independently pre-
dictive of cardiovascular events. These findings
together indicate a complex underlying pathophysi-
ology in the development of heart disease in PLWH,
with a prominent role of diffuse myocardial intersti-
tial fibrosis in driving the clinical outcome. Our find-
ings may support the development of novel
personalized approaches to cardioprotection,
including screening and anti-remodeling treatment in
pre-HF, to reduce the HF burden in PLWH receiving
long-term HAART.
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FIGURE 1 Kaplan-Meier Curves for CMR Parameters and Cardiovascular Outcome
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(A) Diffuse myocardial fibrosis by native T1 using Goethe CVI-modified Look-Locker imaging sequence (using a binary definition of 2 SDs above the mean of sequence-
specific normal range of >1,105 ms for native T1 at 3-T). (B) Myocardial inflammation by native T2 (using a binary definition of 2 SDs above the mean of sequence-
specific normal range; of >37.4 ms for native T2 at 3-T). (C) Myocardial scar by late gadolinium enhancement (LGE) (using a binary definition of present vs. absent LGE).

To the best of our knowledge, this study is the
largest outcome trial to date in PLWH using CMR. A
body of evidence previously highlighted detectable
differences in blood biomarkers and cardiac imaging
measures obtained in HIV-infected individuals
compared with noninfected control subjects and
related these with cardiovascular dysfunction and
poor outcome (as reviewed elsewhere [29]). More
recently, the role of inflammatory remodeling in

addition to fibrosis by demonstrating elevated Ti
mapping values was also put forward as an explana-
tion for an increased incidence of HF in PLWH
(3,7,29,30). Our current findings corroborate the pre-
vious observations regarding the prognostic role of
the blood biomarkers and expand parallel in-
vestigations of the imaging markers, relating them
comprehensively with short-term outcome. Our
findings show that patients with events had more
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Native T11215 ms

Cc

Myocardial perfusion

FIGURE 2 Representative Case of a PLWH and Evidence of a Diffuse Inflammatory Myocardial Remodeling

Native T241ms

Late gadolinium enhancement

lateral segments of the myocardium.

Endomyocardial biopsy panels reveal active lymphocytic myocarditis (lymphocytic markers: lymphocyte function associated antigen [LFA-1];
CD34RO lymphocyte T memory cells). Corresponding native T1 and T2 maps, myocardial perfusion, and late gadolinium enhancement images.
Significantly raised native T1 and T2 in measurements by mid-ventricular septal sampling indicate diffuse fibrosis and inflammation. Myocardial
perfusion and late gadolinium enhancement images reveal an area of hypoperfusion (yellow arrowheads) and scar (blue arrowheads) in

myocardial scar, although ischemic and nonischemic
patterns were present in equal proportions. This
finding suggests that ischemic heart disease is un-
likely the sole pathophysiological driver of cardiac

impairment. The disparity in diffuse processes of
fibrosis and inflammation, measured in nonscarred
myocardium by native T1 and T2, respectively, was
proportionally even greater between patients with
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CENTRAL ILLUSTRATION Proposed Cardiovascular Care in People Living With Human Immunodeficiency Virus
Supported by Cardiac Magnetic Resonance

Chronic HIV Cardiovascular Ischemic Other

risk factors injury causes

Healthy Heart ' Myocardi.al Myocardial. remodelipg Myoca.rdial
inflammation  and fibrosis, ischemia scarring

N
L

Intervention

' Native T1, LV m.';ss,

Native T1 and T2 Myocardial perfusion

Screening Cardioprotection

de Leuw, P. et al. J Am Coll Cardiol Img. 2021;14(8):1548-57.

Our results suggest that cardiac magnetic resonance (CMR) may provide a potentially helpful noninvasive tool to support personalized cardiovascular care in people
living with human immunodeficiency virus (PLWH). This tool may help with screening for early inflammatory involvement, to cardioprotection by intensive cardio-
vascular risk factor management and anti-remodeling treatment, to therapeutic intervention in early heart failure, to reduce the overall burden of heart disease in
PLWH on long-term antiretroviral therapy. LGE = late gadolinium enhancement; LV = left ventricular; LVEF = left ventricular ejection fraction.

and without events. This finding substantiates transcriptase inhibitors (32). Although we found that

the hypothesis linking intrinsic myocardial inflam-
matory processes and HF complications in PLWH (3),
as well as draws parallels with inflammatory cardio-
myopathies, linking diffuse inflammation with
structural heart remodeling and dysfunction, and
prognostic association with worse cardiovascular
outcome (18) (as summarized by Winau et al. [31]).
Results of endomyocardial biopsy, performed in
selected patients with imaging findings of active
myocarditis (Figure 2), lend further support to this
notion.

Cardiovascular outcomes in the current study were
primarily composed of HF-related events, concordant
with the notion that PLWH are more likely to develop
HF compared with noninfected individuals (8). A
previous study suggested a connection between an
ongoing low-grade systemic inflammation and
severity of LV dysfunction (7). Whereas patients with
events had overall only relatively mild functional
impairment, the univariate predictive association of
measures of structural heart disease and blood bio-
markers provide a pathophysiological parallel to this
previous observation. Evidence suggests that HAART
reduces the systemic inflammation in PLWH, and
integrase inhibitors seem to reduce inflammation to a
greater degree than the non-nucleoside reverse

patients with events took fewer integrase inhibitors,
this was only mildly significant and not predictive of
events. Larger studies are required to verify this ef-
fect. In the current cohort, a minority of participants
had evidence of previous ischemic heart disease,
suggesting that individuals at risk of HF may be
difficult to identify using population-derived risk
scores, which specifically relate to the ischemic out-
comes. This is also supported by the lack of predictive
power of the D:A:D and the MAGGIC scores. Never-
theless, our findings lend support to the underlying
pathophysiological commonality by linking myocar-
dial inflammation, extracellular matrix remodeling,
and fibrotic repair, which seem to be ongoing despite
the stable HAART (Supplemental Figure 1S).
Troponin and NT-proBNP have both been predic-
tive of outcome in univariate analyses, drawing par-
allels between the injury and HF; however, neither
marker has surpassed the native T1 in predictive
relationship, reiterating the high sensitivity of native
T1 for detection of intrinsic myocardial pathology. As
emphasis on identifying pre-HF stages is growing, our
findings may inform the development of necessary
approaches of personalized care in this population at
risk, by screening for heart disease, guiding preven-
tion, and intervention with anti-remodeling
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treatment in early HF (Central Illustration). Whether
intervention based on native T1 improves outcome
must be assessed in a future study. Because CMR can
inform on ischemic and nonischemic pathophysio-
logical components, it is uniquely placed to capture
the diverse underlying pathophysiology encountered
in PLWH.

STUDY LIMITATIONS. A relatively small sample size
and a composite endpoint are the major limitations of
this study. Cardiovascular endpoints were ascertained
by physician-based adjudication and biomarker re-
sults (7,8). Larger future studies are needed to recon-
firm our findings and establish the benefit for the
patient population in question. The participants were
recruited from a single tertiary center with high-level,
dedicated specialist care and unlimited access to a
wide range of HAART medication. The differences
observedin HAART between patients with and without
events need to be reconfirmed in a bigger sample.
Expanding future studies to less homogeneous cohorts
isnecessary to gain insightsinto factors that may affect
cardiovascular outcomes in other settings. Biopsies
were performed in selected patients, based on a num-
ber of clinical markers, indicating a high likelihood of
clinically relevant myocarditis, and not CMR alone.
Hence, it could not be performed in all patients. The
Goethe CVI-MOLLI sequence used for T1 mapping has
been rigorously validated and employed in numerous
previous publications in single, multicenter, and
multivendor settings using standardized protocols
and quality assurance. This sequence is known to be
uniquely T2 sensitive and influenced by magnetization
transfer; the measurements are sensitive to detect
inflammation-driven myocardial pathophysiology
(31,33). Our findings, this sequence-specific normal
and cutoff values, cannot be transferred to other T1-
mapping sequences or vendor products as these
strive for high T1 accuracy (34,35).

Taken together, our findings show that native T1
measured noninvasively by CMR is the strongest
predictor of cardiovascular events, followed by a
model that also included LV mass, together reflecting
the pathological myocardial remodeling. Our results
support that monitoring using CMR is a potentially
helpful noninvasive tool without radiation for the

JACC: CARDIOVASCULAR IMAGING, VOL. 14, NO. 8, 2021
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development of novel approaches to car-
dioprotection, with the goal of reducing the burden of
HF in PLWH and long-term antiretroviral therapy.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:
PLWH have increased risk of HF compared with the
noninfected population. In addition to traditional
cardiovascular risk factors or atherosclerotic compli-
cations, diffuse myocardial inflammation and fibrosis
have been proposed to play a role in the underlying
pathophysiological remodeling.

TRANSLATIONAL OUTLOOK: CMR provides in-
sights into diverse pathways of pathological myocar-
dial remodeling. Native T1 measured noninvasively by
CMR is the strongest predictor of cardiovascular
events, followed by a model with LV mass, together
reflecting the pathological myocardial remodeling.
These findings may inform personalized approaches to
screening and early intervention to reduce the burden
of heart failure.
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