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Abstract

Aims Cardiovascular magnetic resonance (CMR)-derived pulmonary capillary wedge pressure (PCVWP) has demonstrated diag-
nostic and prognostic utility in heart failure patients. However, its clinical value in acute myocardial infarction (AMI) remains
undetermined. This study investigates the relationship between CMR-derived PCWP, myocardial injury, and left ventricular
(LV) remodelling in re-perfused acute ST-elevation myocardial infarction (STEMI).

Methods Sixty-nine patients with STEMI underwent CMR within 48 h and at 3 months. PCWP was estimated using the sex-specific

and results equation: CMR PCWP: 5.7591 + (0.07505 X left atrial volume) [0.05289 X left ventricular mass (LVM)] — (1.9927 x sex)
[female = 0; male = 1], where LAV is left atrial volume (mL) and LVM is left ventricular mass (g). LV remodelling was assessed
via changes in LV end-diastolic volume (LVEDV) and ejection fraction (LVEF). Patients with high CMR PCWP (>18 mmHg)
exhibited greater myocardial scar burden (28.5% vs. 17.2%, P=0.0008) and microvascular obstruction (7.6% vs. 2.5%,
P < 0.0001). They also had higher acute LVEDV (193.7 + 39.7 vs. 158.0 + 29.5 mL, P < 0.0001) and lower LVEF (41.4 +
10.4% vs. 48.5 + 9.2%, P = 0.0066). At follow-up, higher baseline CMR PCWP was associated with greater LV remodelling
(P <0.0001) and persistently reduced LVEF (45.4 + 10.2% vs. 55.0 + 10.3%, P =0.0005). Regression analysis confirmed
baseline PCWP as an independent predictor of follow-up LVEF (P = 0.0036).

Conclusion CMR-derived PCWP may be a valuable biomarker in STEMI, identifying patients at risk of adverse remodelling and LV
dysfunction. Its integration into clinical practice may enhance risk stratification and guide targeted therapies.

Keywords humans e ST elevation myocardial infarction ® prognosis ® follow-up studies ® heart failure ® left ventricular
dysfunction ® heart atria
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Introduction

Acute ST-elevation myocardial infarction (STEMI) remains a leading
cause of cardiovascular morbidity and mortality worldwide. A critical
determinant of prognosis in STEMI is left ventricular (LV) filling pres-
sure, often assessed as pulmonary capillary wedge pressure (PCVWP).
Elevated PCWP reflects impaired relaxation, increased ventricular stiff-
ness, and heightened myocardial oxygen demand—all of which contrib-
ute to adverse remodelling and higher short- and long-term
mortality."? Mechanistically, diastolic dysfunction in the infarcted myo-
cardium exacerbates pulmonary congestion and heart failure risk, while
elevated PCWP also impairs coronary microcirculation, further com-
promising myocardial perfusion.® Clinically, recognition of elevated
LV filling pressure is essential for guiding therapeutic interventions—
such as nitrates or other preload-reducing agents—that can mitigate
ventricular stress and potentially improve outcomes.

Cardiovascular magnetic resonance (CMR) has emerged as a power-
ful imaging modality for the comprehensive assessment of acute myo-
cardial infarction (AMI), providing precise quantification of volumes,
function, and infarct size. More recently, CMR-derived techniques
have been developed to estimate PCWP—a surrogate measure that
closely reflects LV filling pressure. This non-invasive method has been
demonstrated to have prognostic value, as elevated CMR-derived
PCWP is associated with an increased risk of mortality in patients
with heart failure.® Additionally, CMR-derived PCWP during exercise
stress testing has shown good diagnostic accuracy for detecting heart
failure with preserved ejection fraction (HFpEF) and can predict hospi-
talization within 24 months.® Even at the population level, data from the
UK Biobank indicate that CMR-derived PCWP is independently asso-
ciated with new-onset heart failure.” However, the specific haemo-
dynamic and clinical impact of CMR-derived PCWP in AMI has yet to
be fully characterized. Understanding this relationship could refine
risk stratification and guide targeted therapy, underscoring the urgent
need for further investigation into the haemodynamic consequences
of CMR PCWP.

In this study, we hypothesized that PCWP derived from CMR would
exhibit a haemodynamic correlation with markers of congestion and
functional impairment and would be able to predict ventricular remod-
elling following re-perfused ST-elevation myocardial infarction (STEMI).
Consequently, the primary objective of this study was to evaluate the
relationship between CMR-derived PCWP, acute myocardial injury,
and subsequent LV remodelling and function during the convalescent
phase.

Methods
Study population

This prospective cohort study recruited patients diagnosed with acute re-
perfused STEMI and this cohort has been described previously.®® Patient
recruitment was conducted at Leeds Teaching Hospitals NHS Trust
(Leeds, UK). As part of routine clinical care at the initial medical contact,
all participants received pre-treatment with acetylsalicylic acid, a P2Y12 in-
hibitor, and heparin, following current STEMI guidelines.'® Eligible patients
were in sinus rhythm and underwent CMR imaging within 48 h of the index
event and again at a 3-month follow-up. Exclusion criteria comprised
a history of myocardial infarction or prior coronary revascularization,
non-ischaemic cardiomyopathy, significant renal impairment (estimated
glomerular filtration rate < 30 mL/min/kg), haemodynamic instability, and
any contraindications to CMR imaging. Additionally, patients with valvular
disease (ranging from mild to severe) were excluded to avoid confounding
intra-cardiac flow disturbances.

Study ethics and regulations

This study adhered to the ethical principles outlined in the 1964 Declaration
of Helsinki and its subsequent amendments. Ethical approval for data

collection and management was granted by the National Research Ethics
Service of the United Kingdom (Reference: 12/YH/0169). Informed written
consent was obtained from all study participants.

CMR protocol and analysis

CMR imaging was performed using a 1.5 Tesla (T) scanner (Ingenia, Philips,
Best, The Netherlands) equipped with a 28-channel phased-array cardiac
receiver coil. The imaging protocol included cine imaging and late gadolin-
ium enhancement (LGE) imaging. Cine imaging was conducted using an
electrocardiogram (ECG)-gated, balanced steady-state free precession se-
quence obtained in the two-chamber, three-chamber, and four-chamber
views alongside a contiguous short-axis cine stack covering the entire LV.
Each cine acquisition was performed in a single breath-hold at mild expir-
ation. LV volumes, mass, and ejection fraction were calculated from the
short-axis cine stack.

LGE imaging was conducted 10-15min post-administration of a
gadolinium-based contrast agent (Dotarem, Guerbet; 0.2 mmol/kg), utiliz-
ing a T1-weighted segmented inversion-recovery gradient-echo sequence
in the same short-axis orientation as the cine images. Infarct size was deter-
mined using the full-width at half-maximum (FWHM) technique, which in-
volves identifying the peak signal intensity within the hyper-enhanced area
and applying a threshold at 50% of this maximum to delineate the infarcted
tissue. This method has been shown to provide reproducible and accurate
quantification of myocardial scar. Microvascular obstruction (MVO) was
identified on LGE images as hypo-enhanced regions within the hyper-
enhanced infarcted myocardium. The extent of MVO was quantified by
manual planimetry on each relevant short-axis slice, summing the areas of
hypoenhancement and expressing the total volume as a percentage of LV
mass. This approach allows for the assessment of the impact of MVO on
post-infarction remodelling and patient prognosis.

LV remodelling and functional changes

Given the absence of a universally accepted definition of LV remodelling, LV
remodelling over the 3-month follow-up period was assessed by measuring
absolute changes in LV end-diastolic volume (LVEDV) from baseline to
follow-up. Measuring absolute change in LV end-diastolic volume allows
for a nuanced analysis of the relationships between remodelling and clinical
outcomes. A similar approach was used for LV ejection fraction.
Importantly, we also planned to do relative delta-change analysis of LV
volumes.

Estimation of left ventricular filling pressure
using sex-specific CMR-derived equations

To estimate left ventricular filling pressure (LVFP), we utilized a sex-specific
equation derived from CMR metrics, as described previously. This equation
incorporates left atrial volume (LAV) and left ventricular mass (LVM) to cal-
culate the pulmonary capillary wedge pressure (PCWP), serving as a surro-
gate for LVFP."" LAV was measured using the biplane area-length method
from the 2two and four-chamber cine images at end-systole. Left ventricu-
lar mass was determined through short-axis segmentation in end-diastole
using established techniques. Papillary muscles were included in blood vol-
ume. These parameters were integrated into sex-specific equations to de-
rive estimates of PCWP, providing a robust method for evaluating diastolic
function. The sex-specific equation is as follows:

CMR PCWP =5.7591 + (0.07505%LAV)
+ (0.05289%LVM)—(1.9927xsex)[female = 0; male = 1]

where PCWP is the pulmonary capillary wedge pressure (mmHg), LAV is
the left atrial volume (mL), and LVM is the left ventricular mass (g).

All CMR image analyses were conducted using dedicated research soft-
ware (MASS version 2021-Exp, Leiden University Medical Center, Leiden,
The Netherlands). CMR contour tracings, including volume/function assess-
ments and LGE segmentation, were performed by RJ.G at core-lab
(Leiden). All CMR analyses were conducted in a blinded fashion at an inde-
pendent core lab, with analysts masked to both clinical data and group allo-
cation to minimize bias.
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Statistical analysis

Normality testing was carried out for all continuous variables individually
using the Kolmogorov—Smirnov Test (see Supplementary data online,
Table S7). Most of the continuous variables demonstrated normality,
so parametric statistical methods were employed in the current study.
This decision was supported by prior evidence demonstrating that the
t-test and related parametric methods remain robust under moderate
deviations from normality.’® Since observed values did not show ex-
treme skewness or kurtosis, this approach was deemed reasonable
and efficient for detecting intergroup differences. All continuous variables
were expressed as mean =+ standard deviation.

Sample size determination

For the primary endpoint of follow-up left ventricular ejection fraction
(LVEF) differences between patients with PCWP < 18 mmHg and those
with PCWP > 18 mmHg, we assumed an intergroup difference of 9.6%
with an estimated standard deviation of 9%, yielding an effect size of
~1.07."3""® Based on standard parameters for a two-sided test with an
alpha of 0.05% and 80% power, the minimum required sample size was
estimated to be ~14 patients per group.

Data analysis and regression modelling

Group comparisons for continuous variables (e.g. volumetric indices, LVEF,
laboratory measures) were carried out using two-sample t-tests, while
categorical variables (e.g. sex, hypercholesterolaemia, medication use)
were compared with Pearson y* tests. All significance levels were set at
P <0.05. A stepwise multiple linear regression model was employed to
identify independent predictors of follow-up LVEF at 3 months, considering
baseline LVEF, baseline PCWP, MVO, age, sex, and scar burden as candidate
variables. Predictors were retained in the final model only if they satisfied
P < 0.05. Diagnostic plots of residuals confirmed linearity, normality, and
homoscedasticity. A conventional variance inflation factor threshold
of <5 was adopted for ruling out harmful multicollinearity. The adjusted
R* and overall F-test assessed model performance. Statistical analyses
were conducted with IBM SPSS Statistics (Version 29) and MedCalc
(Version 23.1.7).

Results

Study population

A total of 69 patients were included, of whom 46 (67%) had a
CMR-derived PCWP <18 mmHg and 23 (33%) had a PCWP >
18 mmHg (Table 7). Overall, mean age was comparable between
groups (about 61 years). However, the higher-PCWP group con-
sisted entirely of men, showed significantly larger body surface area
(21+£0.1 vs. 1.9+0.2m2, P<0.0001), prolonged QRS duration
(10754227 vs. 91.9+232ms, P=0.0456), and elevated serum
urea levels (6.9 +2.5 vs. 5.6 + 1.5 mmol/L, P=0.0109). In contrast,
the two cohorts had similar key clinical parameters, such as systolic
blood pressure, heart rate, and multi-vessel disease burden.
Medication use was high in both groups, although angiotensin-
converting enzyme inhibitors, beta-blockers, and aspirin each reached
statistical significance due to near-universal adoption in the
lower-PCWP arm.

Temporal change in wedge pressure

PCWP showed no significant change between the convalescent and
acute phases (16.74 +2.96 mmHg vs. 17.07 +2.53 mmHg, P=0.21).
LAV were significantly larger after 3 months post-indexed event
(92.198 + 32.97 mL vs. 84.58 +22.99 mL, P=0.02), while LVM were
significantly lower compared with the acute phase (105.93 £25.13 g
vs. 123.87 +31.31 g, P < 0.0001) (Figure 1).

CMR characteristics in patients with high
PCWP

Patients in the higher-PCWP group showed more adverse cardiac
remodelling on both the acute-phase and 3-month follow-up CMR
studies. At the acute phase, patients with PCWP > 18 mmHg had
significantly larger left ventricular end-diastolic and end-systolic vo-
lumes (193.7 +39.7 vs. 158.0 +29.5 mL; and 115.7 +39.9 vs. 82.6 +
25.8 mL, respectively; both P=0.0001), lower LVEF (41.4 & 11.4% vs.
48.5 +9.2%, P=0.0066), and greater LVM (149.8 +24.4 vs. 110.9 +
26.0 g, P <0.0001) (Table 2). They also demonstrated higher myocar-
dial scar percentage and more pronounced microvascular obstruction.

Remodelling in convalescent phase

At convalescent phase, there was significant increase in absolute change
in left ventricular end-diastolic volume from acute stage (Table 2,
Figure 2, and Supplementary data online, Table S2). However, when
looking at relative delta change in percentage, the infarct patients
with PCWP < 18 mmHg exhibited a —1.2 + 15.9% change in LVEDV
at convalescence, whereas those with PCWP > 18 mmHg showed a
6.2 + 15.5% increase (P =0.0735). Left ventricular end-systolic volume
decreased by 19.1 & 32.4% in infarct patients with PCWP < 18 mmHg,
compared with a 1.6+21.7% reduction in those with PCWP >
18 mmHg (P =0.0227). Left ventricular stroke volume increased by
10.2 + 16.9% among infarct patients with PCWP <18 mmHg and by
14.0 +19.9% among those with PCWP > 18 mmHg (P =0.4043).
LVEF rose by 10.9+125% in infarct patients with PCWP <
18 mmHg vs. 8.6 +15.1% in those with PCWP > 18 mmHg (P=
0.5071). Finally, LVM declined by 12.0 + 15.6% in infarct patients with
PCWP < 18 mmHg, whereas it declined by 29.2 +22.1% in those
with PCWP > 18 mmHg (P = 0.0004).

Correlation of CMR-PCWP with clinically

relevant outcomes

In the acute infarct phase, CMR-PCWP correlated positively with mitral
regurgitation (R=0.26, P=0.03), scar size (R=0.25, P=0.04), and
microvascular obstruction (R =0.43, P < 0.01) (Figure 3). In the conva-
lescent phase, CMR-PCWP correlated positively with LVEDV (R=10.62,
P <0.01) and left ventricular remodelling (R=0.32, P=0.01), and nega-
tively with LVEF (R=—-0.46, P < 0.01).

Prediction of convalescent LV function

A stepwise multiple regression model revealed that baseline LVEF and
baseline CMR PCWP were the only two independent predictors of
follow-up LVEF (Figure 4 and Table 3). Baseline LVEF showed a strong
positive association (coefficient=0.76, P <0.0001), while baseline
PCWP exhibited a modest but significant negative effect (coefficient
=—1.01,P =0.0036) (Table 3). Microvascular obstruction and scar bur-
den were excluded from the final model due to a lack of independent
contribution. Overall, the model explained 65% of the variance in
follow-up LVEF (adjusted R? = 0.6542, P < 0.0001), with a multiple cor-
relation coefficient of 0.8151.

Discussion

This study provides novel insights into the role of CMR-derived PCWP
in the setting of STEMI. By leveraging a non-invasive, imaging-based es-
timation of LV filling pressure, we demonstrate that elevated
CMR-derived PCWP s significantly associated with larger infarct size,
greater MVO, and adverse LV remodelling following re-perfused
STEMI. Importantly, high PCWP was associated with persistently re-
duced LVEF at follow-up, underscoring its potential as an early marker
of ventricular dysfunction. Our findings reflect CMR-derived PCWP’s

20T 1890500 | U0 J8sn 000€6 Ad 2661 1.28/9804Ab/Z/¢/o101e/duwifys/woo dno-oiwepeoe)/:sdny woy papeojumoq


http://academic.oup.com/ehjimp/article-lookup/doi/10.1093/ehjimp/qyaf086#supplementary-data
http://academic.oup.com/ehjimp/article-lookup/doi/10.1093/ehjimp/qyaf086#supplementary-data
http://academic.oup.com/ehjimp/article-lookup/doi/10.1093/ehjimp/qyaf086#supplementary-data

P. Garg et al.

Table 1 Patient demographics are stratified as per CMR PCWP

CMR PCWP < 18 mmHg

CMR PCWP > 18 mmHg

P-value

Number of patients
Age (years)
Body surface area (m?)
Male sex, n (%)
Smoking status, n (%)
Hypertension, n (%)
Hypercholesterolaemia, n (%)
Diabetes mellitus, n (%)
Family history of coronary artery disease, n (%)
Cerebrovascular accident, n (%)
Peripheral vascular disease, n (%)
Heart rate (bpm)
Systolic blood pressure (mmHg)
Killip class I, n (%)
Killip class Il, n (%)
Ventricular fibrillation, n (%)
Single-vessel disease, n (%)
Two-vessel disease, n (%)
Three vessel disease, n (%)
Left main stem disease, n (%)
Left anterior descending artery involvement, n (%)
Circumflex artery involvement, n (%)
Right coronary artery involvement, n (%)
QRS duration (ms)
TIMI grade flow pre-intervention
0
1
2
3
TIMI grade flow post-intervention
0
1
2
3
Red blood cell count (x10%/pL)
White blood cell count (x103/pL)
Haematocrit (%)
Sodium (mmol/L)
Potassium (mmol/L)
Urea (mmol/L)
Creatinine (mmol/L)

Estimated glomerular filtration rate (mL/min/1.73 m2)

Creatine kinase (U/L)

C-reactive protein (mg/L)

Peak troponin (ng/L)

Haemoglobin Alc (% or mmol/mol)
Angiotensin-converting enzyme inhibitor
HMG-CoA reductase inhibitor
Beta-adrenergic receptor blocker
Acetylsalicylic acid

Ticagrelor or clopidogrel

46
61.6+11.6
19402
35 (76%)
28 (61%)
14 (30%)
10 (22%)
7 (15%)
20 (43%)

2 (4%)
1.2%)
776 +172
14224378
40 (87%)
1.Q2%)
1.Q2%)
24 (52%)
13 (28%)

5 (11%)

2 (4%)

21 (46%)
7 (15%)
19 (41%)
91.9+232

31 (67%)
5 (11%)
3 (7%)
4(9%)

0 (0%)
1 (2%)
3 (7%)
39 (85%)
138.6 +13.1
11.3+£32
0.4 +0.04
1383+24
42+04
56+15
740179
82.7+124

2 2

1906.9 + 1303.2

19.7 +£20.1

37822 +17210.0

421+114
43 (93%)

40 (87%)
42 (91%)
43 (93%)
43 (93%)

23
618+ 109
21401
20 (87%)
10 (43%)

5 (22%)

8 (35%)

2 (9%)

9 (39%)

0 (0%)

1 (4%)
80.6 +28.2
1427 £31.0
17 (74%)
2 (9%)

2 (9%)

15 (65%)
4 (17%)

4 (17%)

0 (0%)

14 (61%)
6 (26%)

8 (35%)
107.5 £22.7

20 (87%)
1 (4%)
0 (0%)
2 (9%)

1 (4%)
0 (0%)
1 (4%)

21 (91%)
1455 +14.2
121433
04+0.05
1391 +27
43+05
69425
8124217
80.9+ 136
26185 + 2075.0
57.4+49.1

447959 +12016.0

4424172
20 (87%)
19 (83%)
20 (87%)
21 (91%)
19 (83%)

—~ o~ o~

0.9614
<0.0001
0.2934
0.1741
0.4492
0.2482
0.4516
0.7320
0.3137
0.6145
0.5935
0.9579
0.1849
0.1849
0.1849
0.5404
0.4262
0.4730
0.3029
0.3102
0.3208
0.5089
0.0456

0.4053

0.4617

0.0544
0.3834
0.1193
0.2275
0.3829
0.0109
0.1535
0.5873
0.1618
0.0616
0.1265
0.6247
<0.0001
0.601
<0.0001
<0.0001
0.196

Continued
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Table 1 Continued

CMR PCWP < 18 mmHg CMR PCWP > 18 mmHg P-value
Mineralocorticoid receptor antagonist %) 3 (13%) 0.1797
Anticoagulant therapy %) 1 (4%) 0.574
Loop diuretic therapy 1(2%) 2 (9%) 0.2036
TIMI, thrombolysis in myocardial infarction grade after percutaneous coronary intervention.
P=0.02 P <0.0001 P=0.21
250 250+ 30+
200+ 251
T
= ~ 1501 :é 201
E E E
L L] b
: :
2 3 100F 2 15
= = H
a
501 101
-50E | | = ! I 5k I I
Acute phase Convalescent phase Acute phase Convalescent phase Acute phase Convalescent phase
Max LAV Max LAV LVM LVM PCWP PCWP

Figure 1 Violin plots demonstrating temporal changes in CMR-derived volumetric parameters and PCWP between acute and convalescent phases
post-myocardial infarction. Max LAV after 3-month post-indexed event was markedly larger; in contrast, LVM was significantly lower in the convales-
cent phase as compared with the acute phase. PCWP showed no statistically significant change between the acute phase and after 3-month post-
indexed event. LAV, left atrium volume; LVM, left ventricular mass; PCWP, pulmonary capillary wedge pressure.

untapped capacity as a risk stratification tool capable of identifying pa-
tients at heightened risk of adverse post-infarction remodelling and
heart failure progression. The significant correlation identified between
established markers of poor prognosis in acute myocardial infarction
(MI) patients and CMR estimated PCWP, coupled with the feasibility
of routine clinical implications, highlights CMR PCWP’s potential to re-
fine patient management and optimise targeted therapeutic interven-
tions in post-STEMI care.

Elevated LVFP is an independent predictor of adverse outcomes in
STEMI patients undergoing primary percutaneous coronary interven-
tion (PCI). Studies have shown that higher LVFP is associated with in-
creased mortality and adverse cardiovascular events. For instance,
patients with LVEDP >18 mmHg had higher hazard ratios for death
and re-infarction at both 30 days and 2 years compared to those
with LVEDP <18 mmHg.'"® Similarly, LVEDP >22 mmHg has been
linked to higher rates of congestive heart failure, cardiogenic shock,
and death at 90 days."

Both our study and Marc et al. investigate predictors of LV remodel-
ling post-STEMI, emphasizing early haemodynamic assessment for pre-
dicting significant clinical remodelling.'® Marc et al. utilized invasive
coronary wedge pressure (CWP) before revascularization as a surro-
gate for microvascular obstruction, showing that elevated CWP
(>38 mmHg) predicted greater LV dilation and reduced ejection frac-
tion over 60 months. In contrast, we employed non-invasive
CMR-derived PCWP within 48 h post-reperfusion, offering a safer,
more widely applicable alternative. While both methods assess LV filling
pressures, our approach circumvents procedural risks. However, our

shorter 3-month follow-up may not capture long-term remodelling,
and unlike Marc et al., who focused on high-risk anterior STEMI, our
broader STEMI cohort enhances generalizability. These differences
highlight the complementary value of both studies, with our findings re-
inforcing the potential of non-invasive CMR-derived PCWP for risk
stratification.

Acute myocardial infarction is characterized by interstitial myocardial
oedema that transiently augments LVM by roughly 10-20 g—equivalent
to an 8-12% rise during the first post-ischaemic week.'® Although
this oedema-related hypertrophy would tend to inflate the pres-
sure estimate, the multivariate model is deliberately weighted to-
wards the left atrial volume. The regression coefficient for LAV
(0.07505 mmHg mL™") exceeds that for LVM (0.05289 mmHg g™1)
by ~42%. Consequently, a 10-unit increment in LAV increases the pre-
dicted PCWP by 0.75 mmHg, whereas an identical (10-g) rise in oe-
dematous LVM elevates the estimate by only 0.53 mmHg. This
hierarchy of influence is physiologically appropriate as LAV integrates
the chronic haemodynamic load on the ventricle. In contrast, the
oedema-driven surge in LVM after AMI is transient and largely unre-
lated to steady-state filling pressures. The disproportionate weighting
of the atrial term therefore mitigates the systematic error introduced
by post-ischaemic myocardial swelling, ensuring that the CMR-derived
surrogate remains primarily a reflection of true left-ventricular preload
rather than of acute tissue water content.

In the study by Dregoesc et al,, the authors investigated the relation-
ship between echocardiographic parameters of MVO and LV remodel-
ling over a 5-year follow-up in STEMI patients.?® Their findings indicated
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Table 2 CMR characteristics are stratified as per CMR PCWP

CMR PCWP < 18 mmHg CMR PCWP > 18 mmHg P-value
Acute phase CMR study (within 48 h)
Left ventricular end-diastolic volume (mL) 1580 +£29.5 193.7+£39.7 0.0001
Left ventricular end-systolic volume (mL) 82.6 +25.8 1157 +39.9 0.0001
Left ventricular stroke volume (mL) 754 +152 78.0+19.2 0.5383
Left ventricular ejection fraction (%) 485+92 414+114 0.0066
Left ventricular end-diastolic mass (g) 110.9 +26.0 149.8 +24.4 <0.0001
Myocardial scar percentage (%) 172 +121 285+135 0.0008
Microvascular obstruction (%) 25+38 76+59 <0.0001
Mitral regurgitation volume (mL) 33+31 55+35 0.0084
Convalescent phase CMR study (at 3 months)
Left ventricular end-diastolic volume (mL) 159.8 +36.6 2128 +61.0 <0.0001
Left ventricular end-systolic volume (mL) 73.8+282 121.0+56.3 <0.0001
Left ventricular stroke volume (mL) 86.1+19.7 918+ 146 0.2259
Left ventricular ejection fraction (%) 55.0+103 454+ 10.2 0.0005
Absolute LV end-diastolic volume remodelling (mL) 18+222 19.2+ 391 0.02
Delta change in percentage (positive value: reflects increase at convalescent phase)
Left ventricular end-diastolic volume (A%) -12+159 62+155 0.0735
Left ventricular end-systolic volume (A%) -191+324 -1.6+217 0.0227
Left ventricular stroke volume (A%) 102+16.9 140+19.9 0.4043
Left ventricular ejection fraction (A%) 109 +£125 8.6+ 15.1 0.5071
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Figure 2 Impact of CMR-derived PCWP on acute infarct characteristics (top row) and long-term cardiac remodelling (bottom row). Patients with
elevated PCWP (>18 mmHg) during the acute infarct phase exhibited higher mitral regurgitation volume, increased myocardial scar burden, and great-
er microvascular obstruction compared to those with PCWP <18 mmHg. In the convalescent phase, higher baseline CMR-derived PCWP was asso-
ciated with reduced LV ejection fraction at follow-up, increased LV end-diastolic volume, and greater LV remodelling, indicating a sustained adverse
impact of elevated PCWP on myocardial structure and function post-infarction. PCWP, pulmonary capillary wedge pressure; MVO, microvascular ob-
struction; LV, left ventricular; EF, ejection fraction; EDV, end-diastolic volume.
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Figure 3 Associations between CMR-derived PCWP and key biomarkers in the acute infarct phase (top row) and structural cardiac changes in the
convalescent phase (bottom row). In the acute phase, PCWP correlates positively with mitral regurgitation volume (R = 0.26, P = 0.03), scar burden (R
=0.25, P =0.04), and myocardial microvascular obstruction (MVO, R =0.43, P < 0.01). In the convalescent phase, CMR-derived PCWP is strongly as-
sociated with increased LV end-diastolic volume (EDV, R =0.64, P < 0.01), reduced LV ejection fraction (EF, R=—-0.46, P < 0.01), and greater LV re-
modelling (R=10.32, P=0.01). PCWP, pulmonary capillary wedge pressure; MVO, microvascular obstruction; LV, left ventricular; EDV, end-diastolic

volume; EF, ejection fraction.
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Figure 4 Three-dimensional surface-plot relationship between baseline LVEF, CMR-derived PCWP, and LV remodelling. The surface plot demon-
strates that patients with higher CMR-derived PCWP and lower baseline LVEF exhibit the greatest LV remodelling (red regions), indicative of adverse
structural changes. Conversely, lower CMR-derived PCWP and higher baseline LVEF are associated with minimal or even reverse positive remodelling
(blue regions). Colour scale: The gradient from blue to red reflects the continuum of remodelling severity, with green and yellow regions representing
intermediate degrees of LV volume change. LVEF, left ventricular ejection fraction; CMR, cardiovascular magnetic resonance; PCWP, pulmonary ca-
pillary wedge pressure; LV, left ventricular.
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Table 3 Multiple regression analysis for predicting follow-up left ventricular ejection fraction (LVEF%)

Variable Coefficient Standard error 95% ClI t-Value P-value
Constant 34.01 7.8 18.47 to 49.55 4,37 <0.0001
LV-EF baseline (%) 0.76 0.08 0.60 to 0.92 9.42 <0.0001
CMR PCWP (mmHg) -1.01 0.33 —1.67 to —0.34 -3.02 0.0036

Microvascular obstruction (%)*

Myocardial scar burden (%)*

Age (years)*

Sex (male/female)*

*Removed from stepwise regression due to lack of independent association

Adjusted R 0.6542
Multiple correlation coefficient 0.8151
F-ratio 65.3089
Significance Level P < 0.0001

Regression equation: LV-EF (%) = 34.01 +[0.76 X baseline LV-EF (%)] —[1.01 X baseline CMR PCWP (mmHg)]

This analysis was conducted using stepwise multiple regression, where variables were included if P < 0.05 and removed if P> 0.1.

no significant association between echocardiographic markers of MVO
and long-term LV remodelling. This contrasts with our study, where we
employed CMR, the reference standard for MVO assessment. We es-
tablished, for the first time, a direct correlation between MVO extent
and elevated PCWP, providing mechanistic insights into the haemo-
dynamic consequences of MVO post-STEMI. The discrepancy between
the two studies may be attributed to differences in imaging modalities
and methodologies. Echo, while widely accessible, may lack the sensitiv-
ity and specificity of CMR in detecting MVO, potentially leading to an
underestimation of its prevalence and impact. Our use of CMR allowed
for more precise quantification of MVO and its relationship with
PCWP, thereby addressing previously debated topics regarding the im-
pact of MVO on cardiac function. These findings underscore the im-
portance of utilizing advanced imaging techniques like CMR to
enhance risk stratification and management strategies in STEMI
patients.

Limitations

While our study provides valuable insights into the clinical significance
of CMR-derived PCWP in STEMI patients, several limitations warrant
consideration. First, the absence of invasive haemodynamic measure-
ments precludes direct validation of the non-invasive PCWP estimates,
potentially affecting the accuracy of our findings. However,
CMR-derived PCWP has been validated against invasive measures in
other clinical contexts, and its correlation with markers of adverse
LV remodelling in our study supports its clinical relevance. Second,
the study’s observational design limits our ability to establish causality
between elevated PCWP and adverse cardiac outcomes.
Nonetheless, the physiological plausibility of our findings strengthens
their clinical relevance. Following M|, increased preload leads to left at-
rium (LA) dilation as a compensatory response to elevated LV filling
|:>ressures,21 while increased LV mass reflects an after-loaded ventricle
due to sustained pressure overload, impacting myocardial relaxation
and compliance. The CMR-derived PCWP equation accounts for
both LA volume and LV mass—two key determinants of LV filling pres-
sures—reinforcing its mechanistic validity in this setting. However, our
study does not account for myocardial oedema, which is typically ele-
vated in the acute post-infarct phase and may transiently increase LV
mass, potentially influencing PCVVP estimation. Despite this, the limita-
tion primarily affects the early phase and is less relevant to the predict-
ive role of PCWP in long-term remodelling. Furthermore, the relatively

small sample size and single-centre setting may restrict the generaliz-
ability of our results, though the rigorous imaging protocol enhances in-
ternal validity. Additionally, potential selection bias cannot be excluded,
as patients with contraindications to CMR or those presenting with
haemodynamic instability were not included. However, excluding
such patients allowed for a more homogenous cohort, facilitating a
clearer interpretation of CMR-derived PCWP in the context of LV re-
modelling. Lastly, we noted that our study cohort with >18 mmHg
PCWP included mainly males. This is unlikely to represent sex-bias as
the PCWP equation already factors in sex of the patient. This is likely
because males tend to present with larger infarcts.*>** Future studies
incorporating invasive validation and larger and more diverse popula-
tions (with a female focus with higher PCWP), are necessary to confirm
and extend our findings.

Conclusions

CMR-derived PCWP may be a valuable clinical biomarker in STEMI,
identifying patients at risk of adverse remodelling and LV dysfunction.
Its integration into clinical practice may enhance risk stratification and
guide targeted therapies.

Supplementary data

Supplementary data are available at European Heart Journal - Imaging
Methods and Practice online.
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