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ABSTRACT

Introduction: The role of losartan in prevent-
ing aortic root dilatation in Marfan syndrome
has been evaluated in many clinical trials;
however, the results are conflicting.

Methods: We performed a computerized search
of MEDLINE, EMBASE and COCHRANE data-
bases through February 2019 for randomized
clinical trials evaluating the effect of losartan in
patients with Marfan syndrome. The main out-
come was the change in the aortic root diameter
in the losartan versus control groups.
Results: Our final analysis included seven ran-
domized trials with a total of 1352 patients and
average weighted follow-up of 37.8 months.
Change in aortic root diameter was significantly
smaller with losartan compared with control
[weighted means: 0.44 vs. 0.58 mm, mean dif-
ference (MD) = -0.13; 95% CI -0.24 to -0.02;
p = 0.02]. Subgroup analysis according to the
control group showed no significant subgroup
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interaction when comparing losartan with beta-
blockers versus with standard therapy (pinterac-
tion= 0.27). The composite outcome of aortic
surgery, dissection or mortality did not differ
between the losartan and control groups (risk
ratio = 1.03; 95% CI 0.72–1.49, p = 0.86).
Conclusion: In thismeta-analysis including seven
randomized trials, the use of losartan was associ-
ated with a significantly smaller change in aortic
root diameter in patients with Marfan syndrome.

Keywords: Angiotensin receptor blocker; Aortic
dilatation; Beta-blocker; Losartan; Marfan
syndrome

INTRODUCTION

Aortic root dilatation and secondary aortic dis-
section is the most common cause of death
among patients with Marfan syndrome [1].
However, effective medical therapy for prevent-
ing aortic dilatation is lacking. The angiotensin
receptor blocker losartan emerged as a viable
option for preventing aortic root dilatation via
cellular andhemodynamic effects [1, 2]. This was
the basis for conduction of multiple randomized
trials to evaluate the clinical outcomes of losar-
tan in patients with Marfan syndrome. Some of
those clinical trials showed favorable benefits for
losartan on aortic root dilatation [3, 4], while
other trials failed to show beneficial effects for
losartan [2, 5]. Also, those trials were under-
powered to detect meaningful clinical end-
points. The only available meta-analysis of
randomized trials sufferedmajor drawbacks in its
methodology with double counting subjects
from one study [6]. The extended follow-up
results of the LOAT (losartan vs. atenolol) trial
and two other randomized trials were recently
presented [1, 7, 8]. Hence, we performed a meta-
analysis of the available randomized clinical tri-
als evaluating the efficacy of losartan in the
prevention of aortic dilatation.

METHODS

We performed a computerized search of MED-
LINE, EMBASE and COCHRANE databases,

without language restrictions, through May
2019, to identify randomized clinical trials that
evaluated the effect of losartan on patients with
Marfan syndrome. We further screened the
bibliographies of the retrieved studies, prior
meta-analyses and ClinicalTrials.gov for any
relevant studies not retrieved through the ini-
tial search.

We included only randomized trials clinical
trials evaluating the effect of losartan on aortic
root dilatation in patients with Marfan syn-
drome compared with a control group. We
excluded non-randomized trials and those with
no endpoint assessment for aortic root dilata-
tion. Two investigators (A.M. and M.O.)
extracted data on study characteristics and
main outcomes at the longest follow-up avail-
able. The main outcome was the change in the
aortic root diameter in patients receiving losar-
tan versus control. This meta-analysis was per-
formed in accordance with Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [9]. The quality of the
included trials was assessed on the basis of
adequate description of treatment allocation,
blinded outcome assessment and description of
losses to follow-up [10]. In cases of an ade-
quately described method of randomization
and allocation concealment, studies were con-
sidered to be at low risk of selection bias. In
cases of blinded outcomes assessment, studies
were considered to be at low risk of detection
bias, and in cases of complete reporting of losses
to follow-up, studies were considered at low risk
of reporting bias. Accordingly, the method-
ological quality of each study was classified as
‘‘low risk’’ (low risk of bias for each criteria),
‘‘high risk’’ (at least one criterion at high risk of
bias) or ‘‘unclear risk’’. Data were pooled using
fixed-effects and random-effects models and the
Mantel–Haenszel and inverse variance methods,
depending on degree of heterogeneity. Hetero-
geneity was assessed by I2 statistics. Outcome
measures were described using mean differences
for continuous variables and risk ratio for cate-
gorical variables. P values were two-tailed, and
were considered statistically significant at
p\0.05. Statistical analyses were conducted
using RevMan 5.0 software (Cochrane Collabo-
ration, Oxford, UK). This article is based on
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previously conducted studies and does not
contain any studies with human participants or
animals performed by any of the authors.

RESULTS

The final analysis included seven clinical trials
[1–5, 7, 8], with a total of 1352 patients and
average weighted follow-up of 37.8 months
(Fig. 1; Supplemental Table 1). The imaging
modality was cardiac magnetic resonance in
two studies [1, 3] and echocardiogram in the
others. After quality assessment, all included
studies were classified as low risk of bias
(Table 1). The baseline characteristics of the
trials are presented in Table 2. Composite clin-
ical outcomes included aortic dissection, aortic
surgery, and all-cause mortality in all studies
except Groenink et al., who reported cardio-
vascular-related mortality [3]. Change in aortic
root diameter was significantly smaller with
losartan compared with control [weighted
means: 0.44 vs. 0.58 mm, mean difference
(MD) = -0.13; 95% CI -0.24 to -0.02;
p = 0.02], with global heterogeneity (I2) of 98%

Fig. 1 Flow chart of included studies

Table 1 Risk of bias assessment in included trials

Study Year Method of
randomization

Blinded outcome
assessment

Description
of loss to
follow-up?

Completion of
follow-up (%)

Risk of
bias

Teixido-

Tura

2018 Computer-generated

sequence

Yes Yes 95.3/90.6 Low

Muiño-

Mosquera

2017 Computer-generated

sequence

Yes Yes 83.3/100 Low

Bhatt 2015 Computer-generated

sequence

Yes Yes 100/100 Low

Milleron 2015 Computer-generated

sequence

Yes Yes 95.4/97.3 Low

Lacro 2014 Computer-generated

sequence

Yes Yes 87.5/88.4 Low

Chiu 2013 Computer-generated

sequence

Yes Yes 93/100 Low

Groenink 2013 Computer-generated

sequence

Yes Yes 67.2/57.3 Low
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(Fig. 2). We conducted multiple sensitivity
analyses by excluding one/two studies at a time
to see which studies contributed most to the
heterogeneity. The results showed a lower
degree of heterogeneity by excluding the stud-
ies by Lacro et al. [2] and Chiu et al. [4] (MD =
-0.07; 95% CI -0.08 to -0.05; p\ 0.001;
I2 = 24%). Subgroup analysis according to the
control group showed no significant subgroup
interaction when comparing losartan with beta-
blockers [1, 2, 4, 7] versus with standard therapy
[3, 5, 8] (pinteraction = 0.27). A change in the
diameter of the ascending aorta was reported in
six studies, and analysis showed no significant
difference between the losartan and control
groups (MD = -0.02; 95% CI -0.14 to -0.11;
p = 0.78; I2 = 98%). There was no difference in
the composite outcome for aortic surgery, dis-
section or mortality between the losartan and
control groups (risk ratio = 1.03; 95% CI
0.72–1.49, p = 0.86; I2 = 0%) (Fig. 2).

DISCUSSION

The enthusiasm surrounding the use of losartan
to halt aortic root dilatation in Marfan patients
stems from the theoretical benefit of antago-
nizing transforming growth factor-beta and the
initial results from animal models and small
observational human studies [1]. In this meta-
analysis of seven randomized trials, we found a
significantly smaller (24%) change in aortic root
diameter in the losartan group compared with
the control group. This is even more relevant
when considering the otherwise limited medi-
cal therapies to halt aortic root progression.
There was a significant degree of heterogeneity
in the assessment of aortic root changes; how-
ever, sensitivity analysis showed a similar ben-
efit with losartan after excluding the studies
contributing to the heterogeneity, Laro et al.
and Chiu et al. Both studies comprised mainly
pediatric populations with average ages of 11
and 13 years. Also, in the study by Lacro et al.,
the mean aortic root z scores in the losartan and
atenolol groups (4.4 and 4.2, respectively) were
the highest among the study populations [2].
There was no subgroup difference based on the
type of control arms, i.e. beta-blockers or
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standard therapy. On the other hand, we found
no significant difference between losartan and
the control group in the composite outcome of
aortic surgery, dissection or mortality.

The results of this meta-analysis suggest a
potential benefit for losartan in reducing aortic
root dilatation among Marfan patients. How-
ever, we found no significant effect on the
progression of ascending aorta dilatation and
no effect on the composite outcome of aortic
surgery, dissection or mortality. We hypothe-
size that the trials conducted to date might not
have been sufficiently powered to measure the
beneficial effects of losartan, or that longer fol-
low-up durations were needed to capture those

effects. In that context, further clinical trials
might still be warranted to explore the real
effects of losartan on aortic root dilatation and
clinical endpoints in patients with Marfan,
perhaps with larger samples and longer follow-
up durations. The losartan doses used in human
studies are lower than those in the initial mouse
models that showed more pronounced benefits
[1]. Efforts should also be directed to addressing
the optimal dosing of losartan and the patient
subsets who might benefit the most from
introducing losartan.

The present study had certain limitations.
Some endpoints were applicable for evaluation
in only a portion of included studies. Also,

Fig. 2 Forrest plot for change in aortic root diameter, composite clinical events and ascending aorta diameter with losartan
versus control
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follow-up periods differed across studies. There
was some variability among the included stud-
ies in patient characteristics and imaging
modalities. Finally, lack of patient-level data
precluded further analyses to explore the sub-
groups or patient characteristics which might
benefit from losartan.

CONCLUSION

In this meta-analysis of seven randomized trials,
the use of losartan was associated with a sig-
nificantly smaller change in aortic root diame-
ter in patients with Marfan syndrome. Further
clinical trials are warranted to explore the real
effects of losartan on aortic root dilatation in
this patient population.
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