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Abstract

Bromocriptine has been proposed as a disease-modifying therapy for peripartum cardiomyopathy (PPCM). The long-term out-
comes of bromocriptine use remain uncertain. We conducted a systematic review, meta-analysis and trial sequential analysis
(TSA) to assess the long-term efficacy and safety of bromocriptine in combination with standard care versus standard care
alone in patients with PPCM. We systematically searched PubMed, Embase and Cochrane up until March 2025 for published
studies comparing bromocriptine plus standard care with standard care alone in patients with PPCM. The outcomes included
changes in left ventricular (LV) ejection fraction, LV end-systolic and end-diastolic dimensions, major adverse cardiovascular
events (MACE), all-cause mortality and rehospitalization. We computed mean differences (MDs) for continuous outcomes
and odds ratios (ORs) for binary endpoints with 95% confidence intervals (Cls). We used TSA to assess the conclusiveness
of the available evidence. A total of 12 studies [2 randomized controlled trials (RCTs) and 10 observational studies] and
1765 patients (age range 29-33.8 years) were included, of whom 474 (26.9%) received bromocriptine with standard care
and 1291 (73.1%) received standard care alone. Compared with standard care alone, bromocriptine with standard care was
associated with a significant improvement in LV ejection fraction (MD 9.98%; 95% Cl: 2.86 to 17.10; P < 0.001), LV
end-diastolic diameter (MD —2.51 cm; 95% Cl: —4.23 to —0.79; P = 0.004), and LV end-systolic diameter (MD —5.61 cm;
95% Cl: —10.03 to —1.18; P = 0.010). The proportion of patients with improved LV function was higher in those who received
bromocriptine with standard care than in those who received standard care alone (OR 0.35; 95% Cl: 0.16 to 0.75; P = 0.007).
There were no significant differences between groups regarding the incidence of MACE, all-cause mortality or heart failure
rehospitalization. The TSA showed that LV ejection fraction and diastolic dimension reached the required information size
(RIS); however, only LV ejection fraction crossed the monitoring boundary before the full sample size was achieved. In this
meta-analysis with TSA, the use of bromocriptine with standard care was associated with improved LV function and remodel-
ling in patients with PPCM compared with standard care alone, with a similar effect on mortality and re-hospitalization. TSA
indicated that current evidence is promising, but larger and adequately powered randomized trials are needed to confirm bro-
mocriptine’s cardioprotective effects.
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Graphical Abstract

In this meta-analysis of 12 studies (1,765 patients), adjunctive bromocriptine significantly improved left ventricular ejection
fraction and remodeling in peripartum cardiomyopathy without improving mortality or major adverse cardiovascular events.
Trial sequential analysis indicated that current evidence is suggestive but not yet conclusive, underscoring the need for larger
randomized trials to confirm its potential cardioprotective role.

Bromocriptine in peripartum cardiomyopathy:
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Introduction

Peripartum cardiomyopathy (PPCM) is a potentially
life-threatening cause of heart failure defined by new-onset
left ventricular (LV) systolic dysfunction in late pregnancy or
within 5 months postpartum, without another identifiable
cause of cardiac disease.™? It remains a major contributor
to pregnancy-associated morbidity and mortality.> Recent
pathophysiological evidence has implicated a cleaved
16-kDa prolactin fragment with anti-angiogenic and
pro-apoptotic effects that may drive myocardial injury and
adverse remodelling.**®

Bromocriptine, a dopamine D, receptor agonist that sup-
presses prolactin secretion, has therefore been investigated
as a potential disease-modifying therapy for PPCM. Random-
ized trials, observational studies and meta-analytic findings
suggest possible LV remodelling and recovery and improve-
ments in clinical outcomes with the use of bromocriptine in
patients with PPCM, but findings have been inconsistent.®™3
Prior meta-analyses focused mainly on short-term outcomes,
limited to the assessment of regional variations, and did
not incorporate trial sequential analysis (TSA), leaving un-

certain the long-term durability of treatment effects of
bromocriptine.**™* Consequently, the European Society of
Cardiology (ESC) guidelines have given a class llb recom-
mendation for bromocriptine use in patients with PPCM.**

Therefore, we conducted a systematic review and
meta-analysis evaluating the use of bromocriptine in
addition to standard therapy versus standard care alone in
PPCM.

Methods
Protocol and registration

This systematic review and meta-analysis was designed fol-
lowing the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) reporting guideline.* This study
was registered in the International Prospective Register of
Systematic Reviews (PROSPERO) under protocol number
CRD420251004225.
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Search strategy and data extraction

MEDLINE, Embase and Cochrane databases were systemati-
cally searched from inception to 20 March 2025. The search
strategy employed in PubMed was: (‘Peripartum cardiomyop-
athy’ OR ‘Peripartum cardiomyopathy’[Mesh] OR ‘postpartum
cardiomyopathy’ OR ‘pregnancy-associated cardiomyopathy’
OR ‘pregnancy-related cardiomyopathy’ OR ‘pregnancy-in-
duced heart failure’ OR ‘maternal heart failure’ OR ‘cardiac
dysfunction during pregnancy’ OR PPCM) AND (Bromocriptine
OR ‘bromocriptine mesylate’ OR ‘Bromocriptine’[Mesh] OR
Parlodel OR Cycloset OR ‘2-Bromo-alpha-ergocryptine’ OR ‘do-
pamine agonist’ OR ‘ergot derivative’). In addition, we evalu-
ated the references of included studies and previous reviews
for additional studies. Two authors (U.G.A. and N.T.) indepen-
dently performed the search and extracted the data based on
pre-defined criteria. The full search strategy in all the data-
bases is provided in Table S1. Disagreements were resolved
by consensus between the authors. The data extraction from
eligible studies was independently conducted by two investi-
gators (U.G.A. and N.T.) using a standardized data extraction
sheet. Extracted data included study design, country, total par-
ticipants, age, follow-up duration, parity, functional class de-
fined by New York Heart Association (NYHA), definition criteria
of PPCM and outcomes.

Eligibility criteria

We included studies that met the following inclusion
criteria: (1) randomized controlled trials (RCTs) or observa-
tional studies, (2) recruited patients with PPCM, (3) com-
pared bromocriptine plus standard care versus standard care
alone, and (4) had a median follow-up duration of
>6 months. We excluded studies with (1) no clinical out-
comes of interest, (2) including other forms of heart failure,
(3) overlapping studies and (4) previous meta-analyses, edi-
torials, case reports or studies that did not use bromocrip-
tine. In cases of overlapping patient populations, we
included the most recent study that reported the largest
number of relevant outcomes.

Endpoints and subgroup analyses

The endpoints of interest were major adverse cardiovascular
events (MACE), all-cause mortality, rehospitalization, mean
change in LV function, persistent LV dysfunction and LV di-
mensions in systole and diastole. Due to the variations in
the definitions of key outcomes, including MACE and LV re-
covery, we adopted study-reported outcome definitions
along with details of the standardization applied in the
pooled analysis (Table S2). We performed subgroup analyses

of (1) data from RCTs and observational studies, (2) baseline
LV ejection fraction and (3) duration of follow-up.

Quality assessment

Randomized controlled trials (RCTs) were evaluated using the
Cochrane Risk-of-Bias tool (RoB 2), which assesses five do-
mains: selection, performance, detection, attrition and
reporting and classifies studies as ‘low risk,” ‘some concerns,’
or ‘high risk.*® Observational studies were assessed using the
Risk of Bias in Non-randomized Studies of Interventions
(ROBINS-1) tool.Y” Two authors (U.G.A. and N.T.) indepen-
dently assessed the risk of bias for all included studies. Any
disagreements between the reviewers were resolved through
discussion and consensus. Publication bias was assessed with
funnel-plot analysis of endpoints to evaluate the symmetrical
distribution of trials with similar weights. Egger’s regression
test was applied to quantify potential bias.

Statistical analysis

Treatment effects for continuous outcomes were compared
using mean differences (MDs), whereas binary endpoints were
pooled using odds ratios (ORs) with 95% confidence intervals
(Cls). We applied the Mantel-Haenszel test in all binary end-
points and the inverse variance for continuous outcomes. Het-
erogeneity was examined with Cochran’s Q test, Higgin’s I* sta-
tistics and T2 using the restricted maximum likelihood
estimator. Heterogeneity was reported as low (/> = 0-25%),
moderate (> = 26-50%), or high (1> > 50%). The DerSimonian
and Laird random effects model was used for all analyses.

A leave-one-out analysis was performed to explore the
source of heterogeneity when heterogeneity > > 50%.
Meta-regression was conducted to examine the relationship
between mean change in LV ejection fraction and LV diastolic
dimension, along with the covariates of study design and
baseline LV ejection fraction.

We performed TSA (program version 0-9.5-10 beta) for five
key outcomes: LV recovery, persistent LV dysfunction, MACE
and mean change in LV diastolic dimension and ejection frac-
tion. We quantified trial sequential monitoring boundaries
(TSMB) and required information size (RIS), adjusting for
diversity based on an overall type | error of 5% and 80%
statistical power. All analyses followed the guidelines of
the Cochrane Handbook for Systematic Reviews of
Interventions.® P-values < 0.05 were considered statistically
significant for treatment effects. All statistical analyses were
performed using R statistical software, version 4.2.2 (R Foun-
dation for Statistical Computing) and the RevMan version
5.4.1 for statistical analysis (Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, Denmark).
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Protocol changes

The following modifications were made to our registered
PROSPERO protocol. We modified the aim to include
long-term effects and safety of bromocriptine in combination
with standard care and standard care in patients with PPCM.
We also conducted TSA because most of the included studies
allocated fewer patients to the bromocriptine with standard
care group to further increase the robustness of our conclu-
sion. All included studies administered bromocriptine in addi-
tion to standard heart failure therapy. Comparisons were
therefore between bromocriptine and standard care versus
standard care alone, or between different bromocriptine dos-
ing regimens or durations on top of standard therapy. No
study evaluated bromocriptine as monotherapy.

Results
Study selection and baseline characteristics

Our systematic search yielded 670 results (Figure 1). After re-
moving duplicates, 49 studies remained for full review. Of

these, 2 RCTs®” and 10 non-RCT studies®®*¥2> were in-
cluded in our analysis. We included a total of 1765 partici-
pants, of whom 474 participants (26.9%) were assigned to
bromocriptine in addition to standard guideline-directed
medical therapy. Studies were conducted across Europe,
Africa and Asia, with publication years ranging from 2010 to
2023. The mean age of patients ranged from 28 to 33 years,
and baseline LVEF ranged between 23% and 32%. The dura-
tion of follow-up varied considerably, from 6 to 76 months.
Most patients received background GDMT, although the use
of anticoagulation and device therapy was inconsistently re-
ported across studies. Detailed study characteristics are pro-
vided in Table 1.

Pooled analysis of all studies

Mean change in LV ejection fraction

The mean change in LV ejection fraction was reported in 6
studies, two RCTs®’ and four observational studies.®>%%%%°
Compared with the standard care, bromocriptine plus
standard care was associated with a higher improvement in
LV ejection fraction (MD 9.98%; 95% Cl: 2.86 to 17.10;
P < 0.001; /* = 87.8%; Figure 2A). Subgroup analysis showed

Figure 1 PRISMA flow diagram of study screening and selection. The search strategy in PubMed, Embase, and Cochrane yielded 670 studies, of which
49 were fully reviewed based on pre-specified eligibility criteria. Twelve studies were included in the meta-analysis. PRISMA, preferred reporting items

for systematic reviews and meta-analysis.

| PubMed search: 161 results |

| Embase search: 495 results |

| Cochrane search: 14 results |

| Number screened: 670 results |

Duplicate reports (n = 146)
— Excluded by title/abstract (n =
475)

Full-text reviewed: 49 studies |

—| Study design (n = 17)

—| No control group (n = 2)

—| Others (n =5)

12 included studies

|
|
—| No outcome of interest (n = 12) |
|
|

ESC Heart Failure 2025; 12: 4041-4054
DOI: 10.1002/ehf2.70003

85U8017 SUOWWOD BAIEaID (dedl|dde 8Ly Aq peuenob ae Sapiie O ‘8sN JO Sa|nJ Joj ARiq1T8UIIUO AB]IM UO (SUONIPLOD-PL-SWLBYW0D A8 | 1M Afe.dl Ul [Uo//Sdny) SUORIPUOD Pue SWLB | 8U1 88S *[9202/20/8T] o Afeiq)aul|uo A8 |1 ‘Uotessay [OIPBIN Ueo LY YINos Ad £0002 Z4UB/Z00T 0T/I0p/W00" A8 1M Alelq 1 ul|uo//Sdiy Wwo.j pepeo|umod ‘9 ‘G202 ‘22855502



20555822, 2025, 6, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ehf2.70003 by South African Medical Research, Wiley Online Library on [18/02/2026]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

4045

Bromocriptine in peripartum cardiomyopathy: A meta-analysis with trial sequential analysis

"|el} pajjosuod paziwopuel ‘1Y ‘Ajiep ‘po !a|gejieAe Jou ‘yN ‘uondely
uora(d JejndLusA Y| ‘43AT ‘Ajlep 1My ‘pqg ‘s1yd0|q J101dedal UIsuloIBuyY ‘SqYY S101gIYul SwAzZUS BuILPAUOD UIsudlolbue ‘[3DV ‘snolediynw ‘, ‘el PaxIW ‘¢ yde|q ||e ‘# [|eldno ‘i

SHPIM ¢ £10T
4! 00L/00L  00L/00L 4001 104 piq bw g7 SLEITLE TEMQE  S6TL6L 8v/8y  oseqeunyng ‘| 1oy ‘0boaWIA
¥20T
9 6'78/596 V'I8/ESL  SVEE6L VN LEWE %08 = Z< 6°0€/S°LE 19Y/S8 S9LIUNOD 67 |eUONBAISSAQ  “JIBIN JOp ueA
S399M g 10} 610¢
po Bw gz ‘s)eam g HELIDS)
14 G8/88 78/88 VN loj piq buwi 57 0€/1lT +%06< Le/ze 89/8 epeue) /| |euonenlasqo -Rejquuai)
020¢
9 .68 18 £€/8¢ VN L€ %SL = < L€ €9v/v8 SSLIUNOD 67 [euonenlasqQ ‘emi|s
S)}o9M 9 10}
po bw gz ‘s)eam g 010z
9 00L/00L  00L/00L s001/001 10} piq Bw gz 6'92/T°LT [0 8T/ oL/oL B2V Yinos ‘| 1oy ‘emi|s
610¢
9/ .8'68 .8'68 VN/8'82 VN 1z VN .§'6¢ LS/T vsn ‘L |euoneAlssqo  ‘plemoyely
$3}99M ¢ 10} pO 020¢
4! ¥'98//'s8  00L/T'S6 ¥N Bbw gz 'piIgbw gz £ 9E/0VE L S'62/0°0€ [441%4 uespiRgzn ‘L |euoneasssqQ ‘nouequny
610¢
4! 9z ¥'56 sOV/€S VN €€ 4 61T v2/61 BDLJY UYINOS ‘L [euoneAldsqy  Uuew|and0H
puepods £10T
S399M {7 10} Bwi G'7 ‘ecl)y yinos PENIENN
89-9 66/18  00L/001 /LS uay} ‘po bw g-g°'¢ Le/ee €/€ L92/9° L€ 6/1C ‘Auewssn ‘e jeuonensasqo -IPUY|IH
ey YInos
SYoaM {7 ‘Auewiian €102
9 VN VN N 104 po Bw -5 9z/Lt 414 Lve/ges €79 ‘wnibjag ‘€ |euoneasssqo ‘exlybeH
S$399M 9 Joj po udy) 020¢
'ov LL €6 N ‘sy9am z pq Bbw g7 T4 9 8¢ LE/SL Aopny ‘| |euonenssqo ‘14119
B2V YInos 020¢
9 .88 98 147421% VN LT 4 L€ vS/L6 ‘Auewnssn ‘z |euoiensasqo "lueqizy
(syruowi) (%) (%) S42320[q (%) SHYAA sundudowo.q JN (%) 43AT1  D/I Aed  D/| ‘(ueipsw /| ‘syusned  SSLIIUNOD/SAMS ubisap Apnis Apms
dn-mojjo4 sayVv/I3DV -e1ag 2e|g adey Jo asoQ auleseg 10 ueaw) Jo JsquinN
sieadk ‘aby

S9IpN}S papndul JO sJlisuddeleyd duljeseg | djqel

ESC Heart Failure 2025; 12: 4041-4054

DOI: 10.1002/ehf2.70003



4046

U.G. Adamu et al.

Figure 2 Forest plots showing the odds ratio (OR) outcomes comparing bromocriptine and standard care with standard care alone in PPCM. (A) Mean
change in LV ejection fraction (B) Mean change in LV dimension in diastole (C) Mean change in LV dimension in systole (D) MACE (E) All-cause mortality
(F) LV recovery (G) HF-related hospitalization (H) Thromboembolism (I) NYHA CI: confidence interval, M-H: Mantel-Haenszel, OR: Odd ratio.
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Figure 2 Continued
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that the mean change in LV ejection was statistically driven
by the RCTs (MD 13.66%; 95% Cl: 0.79 to 26.53; P = 0.040;
I = 76%) compared with non-RCT studies (MD 8.42%; 95%
Cl: —0.96 to 17.81; P = 0.080; I*> = 90%; Figure S1A).

Patients with baseline LV ejection fraction < 30% showed
a greater improvement (MD 19.10%; 95% Cl: 12.37 to 25.84;
P < 0.001; I> = 0%) compared with those with >30% (MD
5.95%; 95% Cl: —0.73 to 12.6; P = 0.08; I* = 87%; Figure
S1B). Studies with follow-up > 6 months also showed a
higher mean change (MD 10.79%; 95% Cl: 4.49 to 17.10;
P < 0.001; I* = 76%; Figure S1C).

Mean change in LV dimensions
Four studies including 711 participants reported on changes in
LV dimensions.®”?%?> Bromocriptine plus standard care signif-

icantly reduced LV diastolic dimension compared with stan-
dard care alone (MD —2.51 cm; 95% Cl: —4.23 to —0.79;
P = 0.004; I> = 0%; Figure 2B). This reduction was significant
for RCTs (MD —3.33 cm; 95% Cl: —5.57 to —1.10; P = 0.003;
I? = 0%) but not in non-RCT studies (MD —1.32 cm; 95% Cl:
—4.02 to 1.38; P = 0.340; I*> = 0%; Figure S2A).

Greater reductions were noted in patients whose baseline
LVEF > 30% (MD —2.46 cm; 95% Cl: —4.47 to —0.46;
P = 0.020; /> = 18%) and in follow-up > 6 months (MD
—3.36 cm; 95% Cl: —5.44 to —1.28; P = 0.002; 1> = 0%; Figure
S2B,0).

For LV systolic dimension, bromocriptine plus standard
care also led to a significant reduction (MD —5.61 cm; 95%
Cl: —10.03 to —1.18; P = 0.010; /> = 85%; Figure 2C), driven
by RCTs (MD —3.02 cm; 95% ClI: —4.88 to —1.17; P = 0.001;
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I = 0%), but not observed in non-RCTs (MD —7.90 cm; 95%
Cl: —19.34 to 3.54; P = 0.180; /> = 95%; Figure S3A). No signif-
icant difference was found based on baseline LVEF (MD
—4.20 cm; 95% Cl: —17.30 to 8.90; P = 0.530) or follow-up
duration (MD —8.23 cm; 95% Cl: —18.95 to 2.48; P = 0.130;
I? = 0%; Figure S3B,C).

MACE

The composite of MACE was reported in five studies. Among
the 765 participants,®%1%2> the incidence of MACE was not
statistically significant between the two groups (OR 0.47; 95%
Cl: 0.16 to 1.38; P = 0.170; I*> = 65.8%; Figure 2D), with a high
level of statistical heterogeneity. The incidence of MACE did
not vary based on study design, baseline LV ejection fraction
and follow-up duration (Figure S4A-C).

All-cause mortality

Data on the outcome of all-cause mortality were available
from seven studies.®”182921:2325 Among 1006 patients,
there were 64 (6.4%) cases of all-cause mortality, 19 patients
(7.2%) in the bromocriptine and standard care group and 47
patients (6.3%) in the standard care group. Bromocriptine in
addition to standard care did not reduce the risk of
all-cause mortality compared with standard care alone (OR
0.82; 95% Cl: 0.26 to 2.53; P = 0.781; I*> = 64.6%; Figure ZE).
In a subgroup analysis based on study design, there was a
tendency towards reduced incidence of all-cause mortality
with the RCTs (OR 0.42; 95% Cl: 0.17 to 1.04; P = 0.060;
> = 0%), but not with the non-RCTs (OR 1.86; 95% ClI: 0.22
to 15.87; P = 0.568; /> = 73.9%). In addition, the incidence
of all-cause mortality was not driven by the baseline LV ejec-
tion fraction (OR 1.26; 95% ClI: 0.17 to 9.16; P = 0.820;
I = 76%) or longer duration of follow-up (OR 2.43; 95% Cl:
0.31 to 18.94; P = 0.400; I*> = 77%; Figure SS5A—C). Notably,
the meta-regression analysis showed no relationship be-
tween the number of childbirths in women with PPCM and
all-cause mortality (coefficient = —0.04; Cl: —0.98 to 0.90;
P = 0.94; Figure S6).

LV recovery

Left ventricular recovery was reported in 7 studies involving
852 patients.®®91821.2225 Thare was no difference in LV re-
covery in patients who were on bromocriptine with standard
care compared with standard care alone (OR 1.72; 95% Cl:
0.81 to 3.65; P = 0.162; I> = 54%; Figure 2F). There was a high
level of statistical heterogeneity among the included studies
for the outcome of LV recovery. In a subgroup analysis based
on study design, there was no difference in LV recovery with
the RCTs (OR 1.79; 95% ClI: 0.76 to 4.21; P = 0.183;
I?> = 58.8%). Furthermore, the incidence of LV recovery was
significant based on baseline LV ejection fraction of >30%
(OR 9.98; 95% CI: 3.01 to 33.07; P < 0.001; P?= 0%) but not
with the duration of follow-up (OR 2.60; 95% Cl: 0.48 to
14.18; P = 0.270; I> = 71%; Figure STA—C).

Meta-regression analysis showed a non-significant nega-
tive association between the number of pregnancies and
the magnitude of recovery (coefficient = —0.57; Cl: —1.80
to 0.67; P = 0.37; Figure S8).

Heart failure rehospitalization

Heart failure (HF) re-hospitalization was reported in three
studies.”?%?> Among 724 patients, 71 experienced
HF-related hospitalization: 10 patients (14.1%) in the bromo-
criptine plus standard care group and 61 patients (86%) in the
control group.

The use of bromocriptine in addition to standard care did
not reduce HF-related rehospitalization (OR 0.72; 95% CI:
0.36 to 1.43; P = 0.347; P = 0%; Figure 2G). There was a
low level of statistical heterogeneity in the pooled analysis
for HF-related rehospitalization.

Thromboembolism

Thromboembolic events were reported in two studies.”*
Among 650 patients included in the pooled analysis, there
were 38 reported events: 9 patients (23.7%) in the bromo-
criptine plus standard care group and 29 patients (76.3%) in
the standard care group (OR 1.14; 95% CI: 0.50 to 2.62;
P = 0.758; I*> = 0%; Figure 2H). There was a low level of
statistical heterogeneity in the pooled analysis for
thromboembolism.

Persistence of NYHA class III/IV

The change in NYHA class with bromocriptine and standard
care was reported in three studies.®”*® In the pooled analy-
sis, there was no difference between the groups in terms of
the proportion of patients who remained in NYHA IlI/IV at
the end of follow-up (OR 0.53; 95% Cl: 0.19 to 1.45;
P =0.216; I> = 0%; Figure 2I). There was a low level of statis-
tical heterogeneity in the pooled analysis for
thromboembolism.

Quality assessment

The appraisal of RCTs is reported in Figure S9A while that of
observational studies is in Figure S9B. Patients and investiga-
tors were unblinded at randomization in both RCTs. Overall,
the RCTs were deemed to be at low risk of bias.>” One of
the observational studies performed propensity matching of
the interventional and control patients.?? All the non-RCT
studies were considered to be at moderate risk of bias due
to potential confounding and selection bias. No study was
rated at critical risk. The funnel plot analysis of the outcomes
showed a symmetric distribution of studies with similar
weights and point estimates that converged towards the
pooled treatment effect as weight increased, and therefore
no evidence of publication bias (Figure S10A-E). The Egger’s
regression test indicated no significant publication bias, sug-
gesting that funnel plot asymmetry is unlikely.
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Sensitivity analysis

A leave-one-out sensitivity analysis plot was performed for all
outcomes with > > 50% to evaluate the influence of individ-
ual studies on the overall effect estimates and heterogeneity.
Overall, the statistical significance of the outcomes remained
unchanged with the exclusion of each study across all out-
comes, indicating the robustness of the pooled results. This
analysis is illustrated for the outcome of the mean change
in LV ejection fraction in Table S2. Notably, for the outcome
of the mean change in LV dimension in diastole, the removal
of Kurbanov et al. led to a substantial reduction in heteroge-
neity, from /> = 85% to /> = 29% and Yemeogo et al. to /* = 0%
and lost statistical significance, while the removal of van de
Meer also eliminated the heterogeneity, > = 0%; however,
the significance level was still maintained (Table $3).7%2%4
No major shifts in heterogeneity were observed across other
outcomes in the leave-one-out analyses.

Trial sequential analysis

Trial sequential analysis showed that only LV ejection fraction
and LV end-diastolic dimension reached the RIS. Notably, the
cumulative Z-curve for LV ejection fraction crossed the TSMB
well before the RIS was achieved, whereas other outcomes,
including mortality and MACE, did not reach the RIS. The
overall sample size ranged from 159 to 852 participants, ap-
proximately 13-19% of the target RIS (Figure 3A-D).

Discussion

In this systematic review and meta-analysis of 12 studies with
1765 patients, the addition of bromocriptine to standard care
was compared with standard care therapy alone in patients
with PPCM. The main findings from the pooled analysis were:
(1) bromocriptine was associated with a significantly higher
change in mean LV ejection fraction compared with standard
care alone; (2) bromocriptine led to significantly greater LV
remodelling; (3) the incidence of MACE, all-cause mortality,
thromboembolism or HF-related rehospitalizations was not
significantly different between the groups, and (4) TSA sug-
gests the need for further adequately powered studies.

The four foundational heart failure medications are well
established for their disease-modifying properties, including
reducing heart failure rehospitalization, mortality and reverse
LV remodelling.?® However, for patients with PPCM, the
search for a disease-specific therapy remains ongoing. Bro-
mocriptine, a dopamine agonist that inhibits prolactin secre-
tion, has emerged as a promising candidate.®”*®%7 By
suppressing prolactin, bromocriptine reduces the formation
of the 16-kDa fragment and mitigates its deleterious effects
on the myocardium and vascular endothelium.?®%° Our study
showed that the mean change in LV ejection fraction was sig-
nificantly higher with the addition of bromocriptine to stan-

dard care therapy in PPCM. Additionally, bromocriptine was
associated with greater LV remodelling.

The recently published EURObservational Research Pro-
gramme (EORP) PPCM registry and other observational stud-
ies comparing treatment with bromocriptine and standard
care with standard care alone in PPCM found a reduction in
the composite endpoint of MACE that is made up of maternal
death, rehospitalization and persistent LV dysfunction.®2%2°
Similarly, RCTs and a meta-analysis have demonstrated that
adjunctive bromocriptine therapy is associated with signifi-
cantly improved survival at 6-month follow-up.®”*? However,
the findings of this meta-analysis contrast with those of earlier
individual studies with respect to the incidence of MACE, indi-
cating ongoing uncertainty regarding the broader clinical ben-
efit of bromocriptine beyond survival outcomes. MACE did not
differ with bromocriptine also in a recent meta-analysis.** The
inconsistency in MACE outcomes despite improved survival
and LV function and remodelling likely reflects limitations in
study design, variability in event definitions, follow-up dura-
tion, reliance on surrogate endpoints and low event rates.

In the meta-regression analysis, higher parity did not show a
significant association with LV function recovery or all-cause
mortality. Specifically, while the coefficient for LV recovery
was negative, suggesting a potential trend towards worse out-
comes with increasing parity, the association was not statisti-
cally significant (coefficient = —0.57; 95% Cl: —1.80 to 0.67;
P = 0.37). Similarly, no meaningful relationship was observed
between parity and all-cause mortality (coefficient = —0.04;
95% Cl: —0.98 to 0.90; P = 0.94). These findings suggest that
parity is unlikely to be a major determinant of left ventricular
recovery or survival outcomes in this population.

There are concerns of bromocriptine increasing the risk of
thromboembolism, particularly in the setting of PPCM, where
patients are already in a hypercoagulable state due to preg-
nancy and the puerperium.”3° Although a few case reports
have described acute vascular compromise in PPCM patients
treated with bromocriptine,®* a pooled analysis of three stud-
ies did not show a significantly higher incidence of thrombo-
embolic events in patients receiving bromocriptine compared
with standard care alone.’® The result of the present
meta-analysis is in keeping with this finding, albeit a wide
confidence interval. Importantly, the use of anticoagulation
varied across the included studies, with some studies
adopting routine prophylactic anticoagulation in all patients
receiving bromocriptine,®° others applied anticoagulation
selectively based on risk factors.®*>7%* This variability repre-
sents a potential confounder when interpreting thromboem-
bolism outcomes. Additionally, factors such as dilatation of
the LV, oxidative stress induced endothelial injury, and re-
duced mobility may contribute to the elevated thrombotic
risk in this population independent of bromocriptine use. Fu-
ture studies should standardize anticoagulation protocols to
more accurately assess the independent effect of bromocrip-
tine on thromboembolic risk.
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Figure 3 Trial sequential analysis (A) Mean change in LV ejection fraction, (B) Mean change in LV dimension in diastole, (C) LV recovery, (D) MACE.
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Figure 3 Continued
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Our findings suggest that the addition of bromocriptine to
standard care may be associated with significant improvements
in key echocardiographic parameters, particularly LV ejection
fraction and dimensions. Trial sequential analysis indicated that,
although LV ejection fraction and diastolic dimension showed a
potential signal of benefit by crossing the monitoring boundary,
the overall evidence remains underpowered, as most outcomes
did not reach the RIS. This suggests that current data are insuf-
ficient to draw definitive conclusions regarding the long-term
effects of bromocriptine for MACE, all-cause mortality,
HF-related rehospitalizations or thromboembolism in PPCM.

It is important to note the differences between RCTs and
observational studies included in this meta-analysis. While ob-
servational studies consistently demonstrated significant im-
provements in LV function and remodelling with bromocrip-
tine and standard care, the RCTs yielded more modest or less
consistent effects. This discrepancy may reflect differences in
study design, patient selection, background therapy and sam-
ple size, all of which can influence the estimates of treatment
effect. Given that RCTs generally provide higher-quality evi-
dence, the divergence highlights the need for cautious inter-
pretation of the pooled results. We therefore emphasize that,
although our findings are encouraging, they remain
hypothesis-generating and require confirmation in adequately
powered RCTs before firm clinical recommendations can be
made. The ongoing Randomized Evaluation of Bromocriptine
in Myocardial Recovery Therapy for Peripartum Cardiomyop-
athy (REBIRTH) trial may help to clarify the net clinical benefit
of bromocriptine, provide evidence-based recommendations
for its use, and determine whether universal or selective anti-
coagulation should be adopted alongside therapy.

Limitations

This study has several limitations. First, there was moderate to
high heterogeneity observed across several outcomes, particu-
larly mean change in LV ejection fraction. This may reflect dif-
ferences in study design, patient populations and outcome def-
initions, as well as the inclusion of observational studies with
the inherent risk of bias. In addition, the timing of follow-up
echocardiographic assessments was not uniform across stud-
ies, and in many cases exact intervals were not reported, which
limited our ability to standardize follow-up periods and may
have contributed to the variability in pooled estimates. Never-
theless, sensitivity analyses, including leave-one-out testing,
suggested that no single study disproportionately influenced
the overall findings. Second, several outcomes, including mor-
tality and rehospitalization, were associated with wide confi-
dence intervals, reflecting imprecision and limiting the cer-
tainty of these estimates. Third, despite efforts to exclude
duplicate publications, some included studies may have re-
ported overlapping patient populations, potentially introducing
data duplication. To address this, we included the most recent

report when overlap was suspected and performed a sensitiv-
ity analysis excluding studies with potential duplication. Finally,
our analysis suggested that parity did not significantly influence
LV recovery or survival; however, this finding should be
interpreted cautiously due to the lack of individual
patient-level data and variable follow-up protocols. Similarly,
the lack of access to individual patient data limited our ability
to perform detailed subgroup analyses, such as distinguishing
between first-time and recurrent cases of peripartum cardio-
myopathy. Nonetheless, we conducted a meta-regression to
explore the effect of first-diagnosed PPCM on all-cause mortal-
ity and found no statistically significant association. It should
be acknowledged that the performance of multiple subgroup
and sensitivity analyses may increase the risk of type | error.
Therefore, some statistically significant findings from these ex-
ploratory analyses should be interpreted with caution and con-
sidered hypothesis-generating rather than definitive.

Conclusions

In this meta-analysis of 12 studies, adjunctive bromocriptine
plus guideline-directed medical therapy was associated with
improvements in left ventricular function and favourable car-
diac remodelling in patients with PPCM. However, effects on
mortality, MACE and rehospitalization remain uncertain, and
while TSA indicates that some outcomes may be robust, the
overall evidence is still inconclusive. This work represents
the most comprehensive long-term evaluation of bromocrip-
tine to date, extending beyond prior reviews that focused
mainly on short-term or regional differences in care. These
findings may provide exploratory evidence for a potential
disease-modifying role of bromocriptine and underscore the
need for large, adequately powered randomized trials to clar-
ify its long-term clinical impact.
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Table S2. Leave-one-out sensitivity analysis for LV ejection
fraction.

Table S3. Leave-one-out sensitivity analysis of LV dimension
in diastole.
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