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Reduced plasma level of basic fibroblast 
growth factor is associated with incomplete 
device endothelialization at six months 
following left atrial appendage closure
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Abstract 

Objectives:  To investigate whether inflammatory and growth factors (IGFs) were associated with incomplete device 
endothelialization (IDE) at 6 months after successful left atrial appendage closure (LAAC).

Background:  IDE after LAAC is correlated with device-related thrombus (DRT) formation and subsequent thrombo-
embolic events. However, biomarkers for early detection of IDE remain lacking.

Methods:  Plasma levels of IGFs including basic fibroblast growth factor (bFGF), platelet derived growth factor (PDGF), 
stromal cell derived factor (SDF)-1a, transforming growth factor (TGF)-β1, vascular growth factor receptor-1 (VEGF-
R1) and von Willebrand factor (vWF) were determined using ELISA kits in 55 consecutive patients with atrial fibrilla-
tion (AF) at 6 months after LAAC with Watchman devices. The status of device endothelialization was assessed by 
transesophageal echocardiography and cardiac CT.

Results:  IDE and complete device endothelialization(CDE)were detected in 38 and 17 patients, respectively. Among 
the six IGFs, only plasma level of bFGF was significantly lower in patients with IDE compared to those with CDE 
(303.49 ± 246.84 vs. 556.31 ± 197.84 pg/ml, p < 0.001). C-statistics of plasma bFGF for discriminating patients with IDE 
from those with CDE was 0.785 (95 % CI: 0.663–0.907, p < 0.001), with a cut-off value of 440.52pg/ml (sensitivity 0.765; 
specificity 0.789). Multivariate logistic regression model showed that lower bFGF was an independent factor for IDE 
(OR: 11.752, 95 % CI: 2.869–48.144, P = 0.001). bFGF improved the classification of patients (NRI: 0.677,95 % CI: 0.320–
1.033, p = 0.004).

Conclusions:  Reduced plasma bFGF level confers an increased risk for IDE after LAAC. Further prospective studies are 
warranted to examine if bFGF could serve as a biomarker for IDE post LAAC.
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Introduction
Left atrial appendage closure (LAAC) is recommended by 
the latest guidelines for stroke prevention in atrial fibril-
lation (AF) patients [1, 2]. At present, duration of post-
procedural antithrombotic therapy is mainly based on 
animal studies, showing that complete device endothe-
lialization (CDE) is achieved at 3 months after LAAC 
[3]. Nevertheless, incomplete device endothelialization 
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(IDE) often occurs in humans, which could result in 
device-related thrombus (DRT) formation and subse-
quent thromboembolic clinical events [4–7]. Thus, early 
detection of IDE is mandatory for adjusting antithrom-
botic strategies to prevent DRT formation. Currently, 
transesophageal echocardiography (TEE) and cardiac CT 
are clinically used for assessing device endothelialization 
following LAAC [8–12]. However, some individuals are 
intolerant to TEE and cardiac CT could increase the risk 
of contrast-induced nephropathy for patients with renal 
dysfunction, highlighting that certain easily accessible 
and clinically applicable blood biomarkers for diagnosing 
IDE after LAAC are strongly desirable.

Inflammatory and growth factors (IGFs) such as basic 
fibroblast growth factor (bFGF), platelet derived growth 
factor (PDGF), stromal cell derived factor (SDF)-1a, 
transforming growth factor (TGF) -β1, vascular growth 
factor receptor-1 (VEGF-R1) and von Willebrand factor 
(vWF) have been proved to regulate a variety of biologi-
cal functions during wound healing process [13, 14]. In 
humans, IGFs have been proposed as biomarkers for 
device neo-endothelialization after percutaneous closure 
of atrial septal defect [15]. Meanwhile, in early endothe-
lialization of cardiovascular devices including prosthetic 
heart valves and vascular stents, a set of biological cas-
cades promote platelet adhesion and release of bioac-
tive IGFs, which induce smooth muscle cell migration 
and proliferation [16]. Schwartz et  al. have observed a 

similar healing process after LAAC in canine model [3], 
suggesting that IGFs may also play a role in the device 
endothelialization after LAAC. However, the association 
between IGFs and LAAC device endothelialization in 
clinical practice has not yet been reported. In this study, 
we sought to investigate whether IGFs could serve as a 
biomarker for IDE after successful LAAC.

Methods
Study population and design
A total of 58 consecutive patients with AF undergoing 
successful percutaneous LAAC from March to Decem-
ber 2019 at Shanghai East Hospital, Tongji University, 
China, were enrolled. Three patients were excluded 
because of unsuitable for cardiac CT due to renal failure 
(n = 1) or intolerance to TEE (n = 2). Thus, the remaining 
55 patients who had complete 6-month clinical follow-
up with TEE and cardiac CT post LAAC were eligible for 
final analysis. Among them, 23 had paroxysmal AF and 
32 patients were in persistent or permanent AF. Based on 
the quantitative results of cardiac CT, IDE and CDE were 
detected in 38 (69 %) and 17 (31 %) patients, respectively 
(Fig. 1).

This study was carried out according to the principles 
of the declaration of Helsinki and was approved by the 
hospital ethics committee.  All patients provided their 
written informed consents.

Fig. 1  Flowchart of patient selection
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LAAC procedure and medical treatment
LAAC was performed according to standardized pro-
tocol. Briefly, the procedure was done under conscious 
sedation, and guided by angiography and TEE in all 
cases. The size of the device was selected based on angio-
graphic and echo measurements, including LAA orifice, 
diameter, depth, and morphology [17].

All patients received anticoagulation (warfarin or non-
vitamin K antagonist oral anticoagulants) in the initial 45 
days post-procedure [18]. For those who underwent one-
stage LAAC and catheter ablation for AF, anticoagula-
tion was prescribed following the procedure for at least 
3 months [19]. If there was no DRT or peri-device leak of 
greater than 5 mm at 45-day or 3-month follow-up, anti-
coagulation was discontinued and dual antiplatelet ther-
apy with aspirin (100 mg) and clopidogrel (75 mg) daily 
was initiated until 6 months. Beta-blocker, angiotensin-
converting-enzyme inhibitor or angiotensin II-receptor 
blocker, calcium channel blocker, and statins were given 
according to the guideline recommendation and patient’s 
individual risk factors [20, 21].

Definitions of IDE and assessment of device 
endothelialization
The degree of left atrial appendage (LAA) occlusion and 
type of leak were assessed by cardiac CT and TEE. IDE 
was defined as LAA attenuation > 100 Hounsfield unit 
(HU) or LAA to left atrium attenuation ratio ≥ 0.25, 
and the presence of trans-fabric leak on cardiac CT [11] 
(Fig. 2).

Cardiac CT
ECG-gated (systolic-triggered) cardiac CT was per-
formed using a 320-detector row CT system (Aquilion 
ONE™, Toshiba Medical Systems Corporation, Tokyo, 
Japan) with a collimation of 320 × 0.5mm. Tube current 
was adapted automatically according to body mass index 
(BMI) (100 kV for BMI < 30; 120 kV for BMI > 30). Each 
patient received an injection of 50 to 70 mL of contrast 
medium (Iohexol, 350 mg iodine/mL) at 4.0 to 5.0 mL/s. 
For the purpose of this study, a double-phase protocol 
was applied. After first-pass imaging, the second set of 
images were acquired for 30 s to assess delayed contrast 
opacification. Images of all scans were reconstructed to 
generate 0.5mm slice thickness images with a 0.25mm 
increment and a medium sharp convolution kernel 
(FC47).

Image analysis was made using Vitrea Workstation™ 
(Vital, a Toshiba Medical Systems Group Company, 
Zoetermeer, Netherlands) by two blinded and experi-
enced radiologists. LAA patency was assessed by HU 
measurements in the LAA distal to the device and com-
parison of contrast density between LAA and left atrium. 
Trans-fabric leak was defined as contrast entering into 
the LAA through the fabric rather than around the 
device.

TEE imaging
Two-dimensional TEE was performed with a Philips 
Epiq7C machine (Phillips, IE). LAA imaging was acquired 
in 0°, 45°, 90°, and 135° views at the mid-esophageal level. 
All images were analyzed by a trained echocardiographer 

Fig. 2  Watchman device endothelialization assessed by cardiac CT. a complete occlusion of the left atrial appendage (no trans-fabric leak, LAA 
HU < 100 and LA/LAA < 0.25). b Incomplete endothelial coverage of the device (trans-fabric leak, LAA HU > 100)
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who was blinded to baseline clinical information of the 
patients and results of cardiac CT. Peri-device leak was 
defined as a peri-device flow by color Doppler, and 
DRT was determined on the luminal side of the device. 
Endothelial coverage of each device was further assessed 
by three-dimensional color-flow Doppler.

Biochemical assays
Blood samples for measuring IGFs were obtained in 
EDTA coated tubes and centrifuged for 15  min at 
3000  rpm within 20  min of collection. Plasma samples 
were then stored at -80 °C for ELISA. Commercially avail-
able sandwich ELISA kits for the inactive form of bFGF, 
PDGF, SDF-1a, TGF-β1, VEGF-R1 and vWF (Weiao Bio-
logical Company, Shanghai, China) were used, following 
the manufacturers’ instructions. The absorbance of each 
well was measured with a microtiter plate reader (DEN-
LEY DRAGON Wellscan MK 3, Thermo, Finland).

Statistical analysis
Continuous variables are presented as mean ± SD. Nor-
mally distributed variables were compared using inde-
pendent t test while Mann-Whitney U test used for 
non-normal distribution variables. Categorical data 
are summarized as frequencies and proportions, and 
Chi-square test was used to compare between the two 

subgroups. Logistic regression analysis was used to 
evaluate risk factors for IDE. Receiver operating char-
acteristic (ROC) analysis and the calculation of the area 
under the curve (AUC) were performed to examine the 
efficiency of distinguishing IDE patients from those with 
CDE. C-statistics with 95 % confidence interval (CI) were 
reported. Continuous net reclassification improvement 
(NRI) index was calculated by R 4.0.2 to assess the added 
value of bFGF in reclassification of the patients compared 
with TEE. Other analyses were done by the statistics soft-
ware SPSS (SPSS Inc, version 22.0, Chicago, IL, USA). 
P-value of < 0.05 was considered statistically significant.

Results
Baseline characteristics
Patients with IDE had lower BMI than those with CDE 
(25.12 ± 3.17 vs. 27.85 ± 4.32  kg/m2, p < 0.05), but there 
was no significant difference in terms of age, gender, 
disease history, persistent/permanent AF, echocardio-
graphic measurement and procedural characteristics 
between the two groups (Table 1). 

Plasma levels of IGFs
Level of bFGF in plasma was significantly lower in 
patients with IDE than that in patients with CDE 
(303.49 ± 246.84 vs. 556.31 ± 197.84 pg/ml, p < 0.001), 

Table 1  Baseline clinical characteristics

BMI, body mass index; AF, atrial fibrillation; TTE, transthoracic echocardiography; LA, left atrium; LVEF, left ventricular ejection fraction; LVEDD, Left ventricular end 
diastolic diameter; LVESD, left ventricular end systolic diameter

Total population
(n=55)

IDE
(n = 38)

CDE
(n = 17)

P value

Age (years) 70.71 ± 8.04 72.21 ± 8.141 69.56 ± 7.938 0.492

Male gender, n (%) 29 (52.7) 19 (50.0) 10 (58.8) 0.545

BMI (kg/m2) 25.97 ± 3.74 25.12 ± 3.17 27.85 ± 4.32 0.028

Hypertension, n (%) 44 (80.0) 31 (81.6) 13 (76.5) 0.662

Stroke, n (%), n (%) 23 (41.8) 16 (42.1) 7 (41.2) 0.949

Diabetes, n (%) 14 (25.5) 11 (28.9) 3 (17.6) 0.374

Coronary heart disease, n (%) 20 (36.4) 12 (31.6) 8 (47.1) 0.270

Persistent/permanent AF, n (%) 32 (58.2) 20 (52.6) 12 (70.6) 0.212

CHA2DS2-VASc score 4.45 ± 1.71 4.55 ± 1.639 4.24 ± 1.888 0.554

HAS-BLED score 2.67 ± 0.94 2.68 ± 0.933 2.65 ± 0.996 0.894

TTE measurement

 LA (mm) 44.65 ± 6.28 44.68 ± 4.662 44.59 ± 9.111 0.968

 LVEF (%) 61.18 ± 6.79 60.74 ± 7.325 62.18 ± 5.457 0.423

 LVEDD (mm) 47.35 ± 5.32 47.26 ± 5.51 47.53 ± 5.04 0.861

 LVESD (mm) 31.45 ± 5.07 31.61 ± 5.38 31.12 ± 4.44 0.727

Procedural characteristics of LAAC​

 Device size (mm) 26.82 ± 3.4 26.61 ± 3.33 27.29 ± 3.62 0.509

 Device compression ratio (%) 21.62 ± 4.68 21.66 ± 4.46 21.54 ± 5.40 0.945

 Peri-device leak (mm) 0.03 ± 0.23 0.04 ± 0.28 0.00 ± 0.00 0.324

Warfarin at discharge 19 (34.5) 13 (34.2) 6 (35.3) 0.938
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whereas VEGF-R1, vWF, SDF-1a, PDGF and TGF-β1 lev-
els were similar between the two groups (Fig. 3).

Performance of plasma bFGF for discrimination of IDE
ROC analysis was performed to evaluate the diagnostic 
ability of bFGF for IDE. Plasma bFGF held a C-statistics 
of 0.785 (95 % CI: 0.663–0.907, p < 0.001), with a cut-
off value of 440.52 pg/ml (sensitivity 76.5 %, specificity 
78.9 %) (Fig. 4).

In univariate analysis, IDE was associated with BMI 
(OR 4.982, 95  %CI 1.418–17.509, p = 0.009), and bFGF 
(OR 12.188, 95 % CI 3.111–47.738, p = 0.000). Multi-
variate logistic regression model including bFGF, BMI, 
left ventricular ejection fraction, history of diabetes and 
device size showed that lower level of bFGF was the only 
independent factor for IDE (OR: 11.752, 95 % CI: 2.869–
48.144, P = 0.001) (Table  2). More importantly, plasma 
bFGF levels allowed a significant reclassification of the 
patients compared with TEE (NRI: 0.677, 95 % CI: 0.320–
1.033, p = 0.004).

Fig. 3  Plasma levels of bFGF (pg/ml), PDGF (pg/ml), SDF-1a (ng/ml), TGF-β1 (pg/ml), VEGF-R1 (pg/ml) and vWF (mu/ml) in patients with incomplete 
(blue bar) and complete device endothelialization (white bar). (**means p < 0.05 )

Fig. 4  ROC curve analysis using plasma bFGF to distinguish 
incomplete device endothelialization
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Discussion
The results of this study show that reduced bFGF levels 
in plasma were associated with higher risk of IDE and 
may hold potential in IDE discrimination at 6 months 
post successful LAAC.

The exact timing of CDE after LAAC remains unclear 
but is likely to be variable. In canine models, com-
plete endothelialization occurred at 3 months [3, 22], 
whereas in humans delayed device endothelializa-
tion often existed after LAAC. In a case of hereditary 
hemorrhagic teleangectasia, IDE was present at 10 
months after Watchman implantation [23]. Sharma 
et  al. reported two cases of IDE at 1.5 and 2 years 
post LAAC, respectively [6]. Mcivor discovered that 
a Watchman device was not endothelialized even at 3 
years after the procedure [24]. In the present study, all 
patients were selected specially as they had success-
ful LAAC and received combined cardiac CT and TEE 
to assess device endothelialization. Interestingly, IDE 
defined as trans-fabric leak on cardiac CT at 6 months 
post LAAC was detected in more than two-thirds of 
patients (69.0 %). These findings support a notion that 
delayed device endothelialization was common in 
humans, and oral anticoagulation regimen post LAAC 
recommended by guidelines may not provide sufficient 
time for adequate endothelialization.

Conventionally, TEE is recommended to evaluate 
device competency and complications during follow-
up after LAAC [25], but it is not quantitative and, to 
certain extent, operator-dependent. Recently, cardiac 
CT becomes a valid non-invasive alternative to TEE 
and is increasingly used for post-procedural surveil-
lance, especially to clarify the device endothelialization 
and residual leak into the LAA because of its supe-
rior spatial resolution, three-dimensional assessment 
and largely operator-independent nature [11, 12, 26]. 
However, this technique has several limitations includ-
ing contrast use and radiation exposure, precluding 
its extensive clinical use particularly in patients with 
severe renal impairment [10]. Hence, the quest for new 
clinically applicable biomarkers is highly desirable. The 

major finding of this study is that plasma bFGF level 
was significantly lower in patients with IDE. Reduced 
plasma bFGF provided relatively high accuracy in pre-
dicting IDE and remained an independent risk fac-
tor for IDE after adjusting for multiple confounders. 
These findings suggest that plasma bFGF may serve as a 
potential marker for diagnosing IDE after LAAC. Addi-
tionally, the result of NRI suggests that determination 
of plasma bFGF levels could provide better information 
than TEE in terms of reclassification of patients into 
more appropriate diagnostic groups.

The process of neoendothelialization and cellular heal-
ing of LAAC device is likely to be complex, involving 
early thrombus organization, newly formed granulation 
tissue comprising fibroblasts, blood vessels, inflamma-
tory cells and final healing by connective tissue [3, 22, 
27]. The entire dynamic process depends, at least partly, 
on a series of IGFs. As one of the most important IGFs 
involved in wound healing, bFGF stimulates angiogen-
esis by promoting endothelial cell morphogenesis [14]. 
Previous studies have identified that bFGF attenuates 
myocardial ischemia- reperfusion injury via activation 
of two downstream signaling pathways, namely PI3K/
Akt and ERK1/2 [28]. In view of that PI3K/Akt pathway 
is a classic one associated with a variety of cellular bio-
logical processes including wound healing [29, 30], it 
could be hypothesized that bFGF may promote cardiac 
device endothelialization through activation of PI3K/Akt 
pathway.

Our study has important clinical relevance. It is well-
recognized that early detection of IDE could result in a 
better safety and effectiveness of LAAC as DRT forma-
tion due to IDE may cause incident ischemic events [5, 
6, 23, 31–33]. Current practice on duration of antico-
agulant therapy (i.e., 45 days with warfarin immediately 
after LAAC [34]) was mainly based on the findings from 
animal models, showing that atrial-facing surface of the 
occluder is largely endothelialized at 45 days follow-
ing the procedure [3]. In this study, two patients with 
reduced bFGF level and IDE developed DRT detected 
by TEE and cardiac CT at 6 months post LAAC, which 
was dissolved with intense anticoagulant treatment, and 
no ischemic stroke occurred. This observation highlights 
that prolonged follow-up and anticoagulant therapy 
are encouraged particularly for patients with IDE and 
reduced plasma bFGF.

Limitations
The current study has several limitations. First, the num-
ber of patients was limited and data were all derived 
from a single center, so that some kind of selection bias 
could not be ruled out. Second, plasma bFGF was deter-
mined on the second day of admission only, therefore, 

Table 2  Multivariate analysis

bFGF, basic fibroblast growth factor; BMI, body mass index; LVEF, left ventricular 
ejection fraction

Variables OR 95 %CI P

bFGF 11.752 2.869–48.144 0.001

BMI 2.479 0.521–11.792 0.254

LVEF 2.293 0.423–12.438 0.336

Diabetes 0.485 0.083–2.850 0.424

Device size 0.916 0.741–1.133 0.420
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the relationship between change of bFGF levels and IDE 
after implantation remained unclear. Further studies with 
a large sample size and dynamic evaluation of bFGF are 
warranted to confirm the utility of plasma bFGF as a 
novel biomarker for IDE after LAAC.

Conclusions
The current study indicates that plasma bFGF with a 
level less than 440.52pg/ml confers a high risk of IDE at 
6 months after LAAC. These findings may provide novel 
insight in the management of patients with AF undergo-
ing LAAC.
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