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Abstract

Objective: To investigate postoperative vascular changes
of patients with coarctation of the aorta (CoA). Methods:
Literature review of updated articles was performed in June
2023 through the following databases: PubMed, Web of
Science, EMBASE, Crohrane Library, CNKI and Wan-
fang database. All the case-control studies regarding the
postoperative changes of vascular structure and function
in patients with CoA were analyzed. Results: A total of
596 articles from the above databases were initially identi-
fied, with 10 articles being selected for meta-analysis. The
analysis showed that weighted mean difference (WMD) of
carotid intima-media thickness (cIMT) was 0.07 (95% CI
= 0.01~0.13, p < 0.01) and WMD of flow mediated dila-
tion (FMD) was –4.36 (95% CI = –7.49~–1.24, p < 0.01),
respectively. The postoperative cIMT of CoA patients was
higher than that of the control group, but the postoperative
FMD was lower than that of the control group. Conclu-
sions: The operation on CoA patients ameliorates anatom-
ical deformity in the vascular structures. However, intima-
media thickening and endothelial malfunction remain as the
key postoperative issues.

Keywords

coarctation of aorta; carotid intima-media thickness; flow
mediated vasodilation; meta-analysis

Introduction

Coarctation of the aorta (CoA) is characterized of con-
genital stenosis in the aortic isthmus, which is composed of
thickened and convoluted aortic wall [1]. Among all hered-
itary cardiac disease, its prevalent ratio is from 5% to 8%
and roughly 0.3% live-born neonates are diagnosed with it
[2]. The anomalies of aortic arch or beginning of thoracic
descending aorta arise alone or occur with cardiac defor-
mity such as aortic and supraoptic stenosis, ventricular sep-
tal defect and hypoplastic left cardia. The advancedmedical
application, intravascular intervention or modern surgery,

anatomical deformities of aorta are repaired, as well as the
mortality of CoA patients are decreased. However, approx-
imately 36% of CoA patients present postoperative compli-
cations, the most common of which are persistent hyperten-
sion, coronary atherosclerosis at early stage [3–5]. Besides,
endothelial dysfunction and thicker intima-media of vessels
appear, which could be potential mechanism for those post-
operative complications [1]. CoA might be a systemic dis-
ease of cardiovascular system, not only reference to aortic
isthmus.

The carotid intima-media thickness (cIMT) and
brachial flow mediated dilation (FMD) are usually used
to evaluate vascular structure and endothelial function for
adults and children [6]. Compared with other vascular pa-
rameters, these two can be measured and recorded by ultra-
sound in a non-invasive and repeatable manner. A previous
study reported that the median of FMD index is the bet-
ter independent predictor of long-term cardiovascular ad-
verse events in a cohort of 618 healthy subjects without
heart disease history [7]. FMD of congenital heart disease
(CHD) patients is less than that of healthy population. FMD
is negatively correlated with cIMT value indicate the mal-
function of vascular structures in CHD patients. In patients
with different heart defects, the increase of cIMT value is
most prevalent in children with CoA and transposition of
the great arteries (TGA) [8–10]. It is valuable to clarify
the changes of FMD and cIMT in postoperative CoA pa-
tients. This meta-analysis could provide reliable evidence
to use FMD and cIMT to evaluate life quality of postoper-
ative CoA patient.

Materials and Methods

The methods of this meta-analysis were applied by
PRISMA guidelines [11]. The main and abstract checklist
of PRISMA were completed (Supplementary material).

Search Strategy

Two authors searched the following databases in-
dependently: PubMed, Web of Science, EMBASE,
Crohrane Library, Chinese National Knowledge Infrastruc-
ture (CNKI) and Wanfang Database. Articles were iden-
tified by using the following keywords individually and

https://doi.org/10.59958/hsf.7001
https://journal.hsforum.com/


in various combinations: “Aortic Coarctation”, “Coarcta-
tion of the Aorta”, “Coarctation, Aortic”, “endothelial func-
tion”, “endothelial dysfunction”, “Flow-mediated dilation”,
“Endothelium”, “Intima-media thickness”. The references
included in the resulting literatures were perused manually.
All the literatures from the databases were updated to June
2023.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) the pa-
tients were diagnosed with CoA after cardiac surgery as en-
rolled subjects, (2) case-control studies that compared the
endothelial function and intima-media thickness between
postoperative CoA patients and healthy controls as clinical
trials were designed, (3) FMD of brachial artery and cIMT
of anterior wall of common carotid artery were measured by
ultrasound, and (4) the languages of the articles are limited
to Chinese or English.

The exclusion criteria were as follows: (1) animal ex-
periment or in vitro and in vivo cell experiment research, (2)
case report, review or systematic review, (3) studies with
repeated data from the same center or studies with missing
and unavailable data, and (4) the articles with low quality
design, data or analysis.

Data Extraction

Two authors independently extracted the data of the
included literatures. Their discrepancies were resolved
through consensus or a third reviewer. The following infor-
mation of literatures were extracted: first author, the publi-
cation year and the region where the study was conducted.
The variables were extracted from each article: sample size,
age, sex, surgical methods, cIMT and FMD.

Quality Assessment

Newcastle-Ottawa Scale (NOS) was employed to
evaluate the literature quality in that quality score include:
the standard of case selection (0~4 scores), the comparabil-
ity between case and control group (0~2 scores) and expo-
sure factors (0~3 scores). The total sum of score is 9 and
studies with a score≥6 were considered as high-quality re-
search.

Statistical Analysis

Heterogeneity test was carried out on the selected
studies. When there was no significant heterogeneity
among the studies, the fixed effect model was used to com-
bine the effect sizes. If not, the random effect model shall be
used to combine the effect sizes and the sensitivity analysis
was performed. Quantitative analyses were expressed by
Odds Ratio (OR), ratio (Odds) and 95% confidence inter-
val (95% CI), and the measurement data were expressed by
weighted mean difference (WMD) and 95% CI. The pub-

lication bias was assessed by funnel diagram and Egger’s
test. The statistical analysis were performed with R soft-
ware (version 3.5.1, R Foundation for Statistical Comput-
ing, Vienna, Austria) and its package “meta” [12].

Results

Study Selection

A total of 596 literatures were initially identified. Af-
ter eliminating duplicates, there were 300 remaining articles
for further filtering. According to the preliminary screening
of titles and abstracts, 34 literatures were selected for full
text perusal, and the ones with data duplication or unavail-
able data were eliminated. The filtering process resulted in
10 English literatures for final data retrieval and analysis.
Fig. 1 show the study selection process.

Characteristics and Quality Evaluation of Included Liter-
atures

The study characteristics are summarized in Table 1
(Ref. [13–22]). Among the 10 studies included for meta-
analysis, there were a total number of 744 enrolled sub-
jects including 402 CoA cases in the patient group and 342
healthy subjects in the control group. FMD measurement
was conducted in 9 studies and cIMT recording was per-
formed in 6 studies. The evaluation of literature quality
showed that the NOS scores of all studies were ≥6, indi-
cating the high qualities of the included studies.

Changes of FMD Parameter after CoA Operation

A total of 8 studies reported FMD measurement in
the postoperative patient. Heterogeneity test indicated that
there was significant heterogeneity among the studies (I2
= 96.78%, p < 0.01). Random effect model was adopted
for meta-analysis. The results showed that WMD of FMD
was –4.36 (95%CI = –7.49~–1.24, p<0.01) (Fig. 2A), sug-
gesting that postoperative FMD of CoA patients was signif-
icantly lower than that of control group. Fig. 2B shows risk
of bias in FMD changes in postoperative CoA.

Changes of cIMT Parameter after CoA Operation

Among the included studies, 6 reports after the opera-
tion and the heterogeneity test revealed a significant hetero-
geneity among the studies (I2 = 76.34%, p < 0.01). Meta-
analysis based on random effect model showed that the
WMD of cIMT was 0.07 (95% CI = 0.01~0.13, p < 0.001)
(Fig. 3A), indicating that the cIMT level of patients after
CoA operation was significantly higher than that of healthy
controls. The risk of bias summary plot in cIMT changes
are presented in Fig. 3B.
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Fig. 1. Flowchart of clinical trials selection.

Sensitivity Analysis

To assess the influence of each study on the final anal-
ysis result, we eliminated each study at once and performed
the sensitivity analysis. The elimination of FMD-related
studies showed no significant effect on the total effective
seize, indicating a robustness and consistency among the
studies. In cIMT related studies, if Wybraniec et al. [22]
2014 was eliminated from the data, the heterogeneity of
combined effect was abolished (I2 = 0.0%). However, there
was no significant change in combined effect size (WMD
= 0.10, 95% CI = 0.08~0.12, p < 0.001). Collectively, the
elimination of each study did not show significant impact
on total effect size, which indicates the robustness of data
in these studies.

Publication Bias

The funnel diagram and Egger’s test were employed
to evaluate the publication bias for included studies. As
shown in Fig. 4, the funnel diagram displayed a roughly
symmetrical inverted funnel shape, suggesting no obvious
publication bias. The results of Egger’s test revealed a t
value = –1.01 (p = 0.3493) in FMD (Fig. 4A) and t value =
–1.33 (p = 0.2534) in cIMT (Fig. 4B), indicating publication
bias of both indicators were not significant.

Discussion

Previous studies suggested that although CoA patients
show postoperative improvement of the anatomical struc-
tures in the aorta, they are still prone to progressive dam-
age of vascular structure and function, which is the plau-
sible cause of complications and cardiovascular disorders
in postoperative CoA patients. These findings highlight
the importance of lifelong follow-up after CoA operation
[22–24]. FMD and cIMT are commonly used indicators
for evaluating the structural and functional damages in vas-
cular system, which provide valuable information for the
prognosis of cardiovascular diseases.

CIMT is one of the significant indexes for early car-
diovascular diseases, which is related to the progression of
hypertension and atherosclerosis. It was found that cIMT
value was elevated in CoA patient at all ages, especially in
children predisposed to coronary heart disease [18,24]. It is
generally believed that the change of cIMT in CoA results
from fetal congenital vascular structural abnormality and
hypertension [25], among which hypertension includes the
cases with high blood pressure in general measurement and
the abnormal blood pressure detected during exercise [5].
A recent study indicates that altered anatomical structure of
aortic arch is one of the major factors affecting cIMT [19].
However, there is discrepancy in the literatures with the
above notion. Previous studies showed that normal cIMT
was maintained in patients after CoA recovery [20,26–28].
In order to analyze the changes of cIMT in CoA patients
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Table 1. Characteristics and quality evaluation of included literatures.

Reference Region
Sample size Gender (male) Age Operational

procedure
Indicator of vascular
function and structure

NOS score
T C T C T C

Baykan 2018 [13] Turkey 20 20 4 5 14.2 ± 3.9 13.7 ± 2.7 SI cIMT 7
Cuypers 2013 [14] Norway 10 8 5 4 20.4 ± 3.2 20.9 ± 4 SU FMD 9
de Divitiis 2001 [15] England 64 45 43 - 19 ± 1.9 20 ± 8.1 SU, SI FMD 6
Gardiner 1994 [16] England 25 50 16 32 19.6 ± 3.2 19.6 ± 5.1 SU FMD 6
Heger 2005 [17] Austria 36 25 25 12 28 ± 9 28 ± 6 SU, SI FMD 6
Jesus 2016 [18] Brazil 21 21 13 13 15 ± 8 15 ± 7 SI FMD, cIMT 8
Meyer 2005 [19] Germany 28 30 20 12 12 ± 11 14 ± 6 - FMD, cIMT 8
Ou 2007 [20] France 63 63 34 33 15.9 ± 6.3 14.0 ± 6 SU FMD, cIMT 7
Trojnarska 2011 [21] Poland 85 30 53 18 34.6 ± 10.3 33.6 ± 8.2 SU FMD, cIMT 6
Wybraniec 2014 [22] Poland 50 50 31 31 33 ± 14 29 ± 13 SU cIMT 8
T, CoA group; C, Control group; SU, Operation; SI, Interventional Surgery; NOS, Newcastle-Ottawa Scale; cIMT, Carotid intima-media thick-
ness; FMD, flow mediated dilation.

Fig. 2. Forest diagram of FMD changes after Coarctation of the aorta (CoA) operation (A) and its risk of bias (B). FMD, flow
mediated dilation.

after operation, we included 6 literatures to quantitatively
assess cIMT. The results showed that compared with the
control group, cIMT was increased in CoA patients after
operation. Based on the heterogeneity of cIMT studies, sen-
sitivity analysis was used to screen each study and it was
found that I2 decreased to 0.0% after Wybraniec et al. [22]

was eliminated. After further evaluating this study, there
were a small number of systemic hypertension patient in
the control group, which may be the main cause of the loss
of combined effect the heterogeneity.

FMD damage is associated with the progression of
early cardiovascular disorders, and long-term monitoring
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Fig. 3. Forest diagram of cIMT changes after CoA operation (A) and its risk of bias (B).

Fig. 4. Funnel diagram analysis of the included studies for FMD (A) and cIMT (B).

is necessary for evaluating the prognosis of cardiovascu-
lar diseases [19]. The alterations of vascular endothelial
function are controversial in the postoperative study of CoA
patients. Cuypers et al. [14] reported that there was no
difference in vascular endothelial function between control
group and CoA patients after operation. Other studies indi-
cated that even after anatomical malformation is improved,

postoperative CoA patients could still suffer from persis-
tent vascular endothelial function damage. The pathologi-
cal mechanisms underlying the change are inconclusive. It
is generally believed that the increase of collagen deposi-
tion and the decrease of smooth muscle content in the up-
per aorta of primary coarctation may account for the im-
pairment of arterial wall [14,17,18]. The defects in en-
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dothelial function may also result from long-term hyper-
tension caused by Coarctation, which culminates in irre-
versible changes in arterial wall [13,26,29–31]. In addi-
tion, the influence of age on postoperative endothelial re-
covery is controversial. de Divitiis et al. [15] suggested
that FMD was significantly reduced in patients undergoing
repair surgery above 9 years old, suggesting that age-related
recovery is a key determinant in postoperative vascular en-
dothelial function. In contrast, other studies failed to show
significant correlation between age and postoperative en-
dothelial repair. Neonatal who had undergone CoA surgery
in the first few months may still develop endothelial mal-
function, which may be caused by the abnormal hemody-
namics in the first few weeks after birth [20,32]. Therefore,
the influence of recovery age on vascular endothelial in-
jury warrants more validation. In our analysis, FMD values
from 8 compliant studies showed that the level of FMD in
patients after CoA operation was lower than that of the con-
trol. The elimination analysis showed no significant effect
on total effective size. Therefore, our analysis supports the
notion that vascular endothelial injury occurs in patients af-
ter CoA operation.

Several inherent limitations of this meta-analysis.
First, only eight literatures were included, which would in-
crease the level of Type II error and contribute less power in
meta-analyses. Second, inherent publication bias refers to
publish studies with positive findings than negative those.
Third, there is a discrepant mean of the age among group
from different publication. CoA present in infancy or dose
not present until later life, in consequence, various treat-
ments and follow-up duration would be chosen. Last, un-
equal sample size and gender distributions also caused high
heterogeneity leading to the justification for an integrated
result becomes more difficult.

This meta-analysis also demonstrated the intima-
media thickening and endothelial function impairment in
CoA patients after the recovery from anatomical malforma-
tions. Few studies employed FMD and cIMT as indexes to
assess the association between diffuse vascular injury and
complications after CoA operation. Therefore, we were not
able to retrieve a prospective cohort study to define the re-
lationship between vascular changes and the postoperative
complications in CoA patients. In addition, we adopted the
case-control analysis mode which has its own limitations
and needs to be interpreted with caution.

Conclusions

Irreversible vascular changes after CoA operationmay
be the cause of persistent hypertension and early onset of
coronary artery diseases. Long-term monitoring of vascu-
lar structure and function in postoperative CoA patients is
necessary. In the future, the heart center need to conduct
multicenter prospective studies to verify whether these in-

dexes could serve as prognostic indicators for postoperative
cardiovascular complications.
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