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Background: Coronary sinus (CS) blood sampling gives an insight into the localized pathophysiology of 
heart diseases. However, additional specifically-designed or modified catheters were needed in most previous 
studies, making the convenience of clinical application unsatisfactory. This study aimed to introduce a 
simple method for CS blood sampling without using additional catheters during catheter ablation (CA) of 
arrhythmias, and to investigate its feasibility and safety. 
Methods: A total of 119 patients undergoing CA were prospectively enrolled, including 25 with paroxysmal 
supraventricular tachycardia (PSVT), 30 with premature ventricular complexes (PVC), and 64 with atrial 
fibrillation (AF). Cannulation and sampling of CS was performed via the femoral vein using a conventional 
8F SR0TM or 8.5F SL1TM introducer sheath (St. Jude Medical) guided by a 6F steerable diagnostic catheter 
(St. Jude Medical). The success rate and any suspicious complications were recorded. Untargeted liquid 
chromatograph-mass spectrometer (LC-MS)-based metabonomics of CS samples versus peripheral venous 
samples were also performed.
Results: CS blood samples were successfully collected from 114 patients, with an overall success rate of 
95.8%. Among patients with different arrhythmias, the success rates were similar, with 96.0% in PSVT, 
96.7% in PVC, and 95.3% in AF (P=0.223). Adverse events occurred in four (3.4%) patients, including two 
patients with occasional atrial ectopic beats without causing any discomfort, and two patients with new-onset 
paroxysmal AF lasting for about 2 min. No serious complications were noted. Metabonomics analysis showed 
that CS samples provided a number of different metabolites (93 in PVST, 217 in PVC, and 109 in AF) versus 
peripheral samples.
Conclusions: Our method for CS blood sampling during CA is feasible and safe, and can provide useful 
cardiometabolic information that is significantly different from a peripheral sample.
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Introduction

Circulating factors can provide a wealth of valuable 
information regarding the pathophysiology of heart diseases. 
However, samples from peripheral blood only reflect a 
systemic rather than a heart-specific level. Therefore, other 
samples that specifically reflect the local cardiac micro-
environment are warranted. Coronary sinus (CS) is a venous 
channel that is connected to the largest cardiac veins, and 
receives most of the blood from the walls of the heart. 
Many cardiac procedures, such as ablation of arrhythmias, 
left ventricular pacing, retrograde cardioplegia, targeted 
drug delivery, and stem cell therapy, utilize CS (1), and 
provide opportunities for CS blood collection. CS samples 
can reflect heart-specific measurements of myocardial 
metabolism, offering important clinical information for the 
diagnosis, treatment, and prognosis of heart diseases (2,3).

Previous studies have shown a good correlation between 
indices from CS blood sampling and clinical outcomes of 
heart diseases, including heart failure (4,5), coronary artery 
disease (6), and Kawasaki disease. However, studies on 
CS blood sampling in patients with arrhythmia are rare. 
In addition, specifically-designed or modified catheters 
for CS blood sampling were additionally needed in most 
previous studies (7,8), and therefore, the convenience 
of clinical application is unsatisfactory. In recent years, 
technologies for intracardiac electrophysiologic study and 
catheter ablation (CA) for arrhythmias have been developed 
rapidly, making it possible to obtain CS blood samples 
using conventional electrophysiological catheters (9). In the 
present study, we aimed to introduce an easy and convenient 
method for CS blood sampling during CA for arrhythmias, 
without using specifically-designed or modified catheters. 
The feasibility and safety of this method was also assessed.

Metabolomics takes body fluids, cells and tissues as 
research objects, uses chromatography-mass spectrometry, 
magnetic resonance technology and other tools to 
qualitatively or quantitatively analyze endogenous low 
molecular weight compounds in the body, study abnormal 
metabolic pathways in the body, and provide scientific 
diagnosis basis. It has been successfully applied in the early 
diagnosis of cardiovascular disease, assessment of disease 
prognosis and treatment effect. In the present study, 
untargeted liquid chromatograph-mass spectrometer (LC-
MS) based metabonomics of CS samples versus peripheral 
venous samples were also performed. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-21-6973/rc).

Methods

Study population

This is a single-center prospective study conducted in 
the Third Affiliated Hospital of Sun Yat-sen University 
between September 2020 and August 2021. Consecutive 
adult patients with arrhythmias who met guideline 
indications for CA were enrolled. Predefined arrhythmias 
included paroxysmal supraventricular tachycardia (PSVT), 
frequent premature ventricular complexes (PVC), and atrial 
fibrillation (AF). The diagnosis of PSVT, PVC and AF was 
based on the patients’ medical records and on a 12-channel 
ECG. ECGs were analysed by skilled physicians. Patients 
aged <18 years old, and those with hematopoietic diseases, 
malignant tumor, and pregnancy were excluded. The study 
was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). Ethical approval was obtained 
from the Ethics Committee of the Third Affiliated Hospital 
of Sun Yat-sen University [No. (2020)02-196-01]. Informed 
consent was obtained from all participants. 

Coronary sinus blood sampling

Cannulation of the CS was performed via the femoral 
vein during CA. After puncturing the right femoral vein, a 
conventional 8F SR0TM or 8.5F SL1TM introducer sheath (St. 
Jude Medical, USA), selected by the requirements of CA, 
was advanced over a guidewire into the lower right atrium 
and oriented toward the tricuspid valve. The guidewire 
and the inner sheath were removed, and the outer sheath 
was flushed with heparinized saline. Next, a 6F steerable 
diagnostic catheter (St. Jude Medical) was inserted into 
the outer sheath, advanced to the right atrium, flexed 
with applied torque, and placed stably into the CS using a 
routine method in a 45° left anterior oblique projection. 

The CS ostium was located by typical electrogram of 
the proximal CS 9.0 electrode pair. The introducer sheath 
was then slightly advanced over the diagnostic catheter, 
engaging the tip into the position of the CS 7.8 electrode 
pair. The position of the introducer sheath inside the CS 
was further confirmed and recorded with the injection of 
contrast medium; otherwise, the process was repeated until 
successful CS insertion was achieved. Once the position 
was realized, a 10 mL CS blood sample was drawn from 
the introducer sheath. Another 10 ml of peripheral venous 
sample was collected at the same time. The samples were 
allowed to clot for 15 min and centrifuged immediately at 
3,300 rpm for 10 min. The samples were then aliquoted and 

https://atm.amegroups.com/article/view/10.21037/atm-21-6973/rc
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stored at −80 ℃ until use. After sampling, the introducer 
sheath was gently removed from the CS and withdrawn 
into the lower right atrium, preparing for the further CA 
operation. 

The feasibility of CS blood sampling was assessed by 
calculating the success rate of CS cannulation, which was 
defined by the achievement of a stable introducer sheath 
position in a 45° left anterior oblique projection confirmed 
by CS angiogram, without causing patient discomfort. The 
safety of CS blood sampling was evaluated by recording any 
suspicious complications, including atrioventricular block, 
unexpected arrhythmias, atrial trauma, pericardial effusion, 
cardiac perforation, and hematoma or arteriovenous fistula 
of the femoral vein.

 

Metabonomics analysis

Untargeted LC-MS-based metabonomics analysis was 
performed in 35 patients (19 with AF, eight with PSVT, and 
eight with PVC), who were matched by age, gender, and 
risk factors. The high-performance liquid chromatography 
tandem high-resolution mass spectrometer Q-Exactive 
(Thermo, Germany) was used to perform metabolome 
detection of serum samples in positive and negative ion 
modes, combined with biological information analysis for 
mass spectrometry data interpretation. Bioinformatics 
analysis mainly employed XCMS software (Bioconductor) 
for substance detection, and metaX software for substance 
quantification and differential substance screening. MetaX 
software was also used to annotate the first-level mass 
spectrum of the substance, and the in-house library was 
used to annotate the metabolites of the second-level mass 
spectrum of the substance. Multiples and statistical tests 
for each comparison group were evaluated using a volcano 
map, and then a heat map was used to show the different 
substances screened by statistical methods. 

Statistical analysis

Statistical analysis was performed by using SPSS 22.0 for 
Windows (SPPS Inc., Chicago, IL, USA). Descriptive 
statistics were presented as means ± standard deviation 
for continuous variables, or as numbers and percentages 
for categorical variables. Differences between continuous 
variables were evaluated by the student’s t-test or analysis 
of variance, as appropriate. Differences between categorical 
variables were evaluated by the Pearson Chi-square test. 

Both the success rate and adverse event rate were calculated 
in all patients and compared among patients with different 
arrhythmias. 

The main purpose of metabolomics analysis was to 
screen out metabolites with statistical and biological 
significance from a large number of detected metabolites. 
Using the open source MetaX metabolomics analysis 
process, univariate and multivariate analysis can be 
performed to obtain differential metabolites between 
groups, using methods including parametric and non-
parametric tests, differential expression multiple analysis, 
principal component analysis (PCA), partial least squares 
multiplicative discriminant analysis PLS-DA (>3 samples), 
and so on. In all of the analyses, a two-tailed value of P<0.05 
was considered to indicate statistical significance.

Results

A total of 119 consecutive patients (75 male and 44 female; 
mean age: 55.7 years) who planned to undergo CA were 
enrolled within 1 year, including 25 with PSVT, 30 with 
PVC, and 64 with AF. Compared with the other two groups, 
patients in the AF group were older on average and had a 
higher proportion of hypertension and diabetes. There were 
no significant differences between the three groups in terms 
of gender, body mass index (BMI), and smoking. Regarding 
laboratory test indicators, patients in the AF group had 
lower low-density lipoprotein cholesterol (LDL-C) levels 
and longer prothrombin time, which is considered to be 
related to medication. In addition, compared with the other 
two groups of patients, the proportion of patients in the AF 
group taking hypoglycemic drugs, lipid-lowering drugs, and 
anticoagulants was significantly higher, while the proportion 
of patients taking antiplatelets was lower. The patients’ 
demographics and baseline characteristics are summarized 
in Table 1. 

Feasibility and safety of CS blood sampling

The steerable diagnostic catheter was successfully placed 
into the CS in all participants. In 114 of the 119 included 
patients, the introducer sheath was successfully engaged 
into the CS with a stable position and CS blood samples 
were collected, with a success rate of 95.8% (Figures 1,2; 
Table 2). The success rates of blood sampling were similar 
among patients with different arrhythmias (P=0.223). The 
reasons for failed cannulation included difficult advancing of 
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introducer sheath to the CS ostium (n=2, Figure 3), unstable 
sheath position (n=1), and patient discomfort (n=2). 

Adverse events occurred in 4 (3.4%) patients (Table 2). 

Occasional atrial ectopic beats were noted in two patients, 
without causing any discomfort. Paroxysmal AF occurred 
in two patients without previous history of AF, lasting for 
about 2 min and then spontaneously restoring sinus rhythm. 
No serious complications were noted. The adverse event 
rates were similar among patients with different arrhythmias 
(P=0.844). 

Metabonomics analysis

Metabonomic analysis of CS samples versus peripheral 
samples found various kinds of differential metabolites in 
patients with different arrhythmias. In general, there were 
217 kinds of differential metabolites in PVST patients, 93 
in PVC patients, and 109 in AF patients (Figure 4).

Table 1 Baseline characteristics of study participants

Characteristics Overall (n=119) PSVT (n=25) PVC (n=30) AF (n=64) P value

Age, years 55.7 [45–69] 49.8 [38–58] 46.2 [31–59] 62.4 [56–71] 0.001

Male 75 (63.03) 17 (68.00) 13 (43.33) 45 (70.31) 0.035

BMI, kg/m2 24.10±3.84 23.31±3.21 23.64±3.99 24.62±3.96 0.402

Smokers 24 (20.17) 8 (32.00) 3 (23.08) 13 (20.31) 0.129

Hypertension 42 (35.23) 5 (20.00) 5 (16.67) 32 (50.00) 0.001

Diabetes mellitus 15 (12.61) 0 1 (3.33) 14 (21.88) 0.004

Coronary artery disease 10 (8.40) 0 1 (3.33) 9 (14.06) 0.051

Laboratory tests

AST (mmol/L) 23.08±10.60 26.68±14.03 22.97±13.10 21.73±7.02 0.141

ALT (mmol/L) 25.48±17.76 35.16±27.19 25.80±16.64 21.56±11.37 0.004

FBG (mmol/L) 5.21±1.23 5.18±1.45 5.01±0.82 5.32±1.30 0.717

LDL-C (mmol/L) 2.65±0.91 3.12±0.88 2.72±0.77 2.43±0.92 0.002

Platelets (×109/L) 228.71±54.14 242.8±63.14 241.3±48.08 217.3±51.21 0.028

creatinine (μmol/L) 74.95±21.64 70.93±14.66 66.31±20.46 80.55±23.01 0.002

Prothrombin time (s) 14.07±2.90 12.69±0.59 12.92±0.74 15.15±3.58 0.001

Medications

Hypoglycemic drugs 57 (47.90) 11 (44.00) 8 (26.67) 38 (59.38) 0.129

Antilipemic 20 (16.81) 0 2 (6.67) 18 (28.13) 0.001

Anticoagulants 66 (55.46) 1 (4.00) 1 (3.33) 64 (100.00) 0.001

Antiplatelet 29 (24.37) 11 (44.00) 12 (40.00) 6 (9.38) 0.001

Data are presented as mean (SD), median [25th to 75th percentile] or n (%). AF, atrial fibrillation; PSVT, paroxysmal supraventricular 
tachycardia; PVC, premature ventricular complexes; BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; FBG, fasting blood glucose; LDL-C, low-density lipoprotein cholesterol. 

8F SR0TM Guiding Introducer

Guidewire

Decapolar Steerable

Diagnostic Catheter

8.5F SL1TM Transseptal Guiding Introducer

Figure 1 Guidewire and catheters used in CS cannulation. CS, 
coronary sinus.
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Table 2 Feasibility and safety of CS blood sampling 

CS sampling Overall (n=119) PSVT (n=25) PVC (n=30) AF (n=64) P value

Success, n (%) 114 (95.8) 24 (96.0) 29 (96.7) 61 (95.3) 0.223

Adverse events, n (%) 4 (3.4) 1 (4.0) 1 (3.3) 2 (3.1) 0.844

CS, coronary sinus; PSVT, paroxysmal supraventricular tachycardia, PVC, premature ventricular complexes; AF, atrial fibrillation.

45° LAO

45° LAO

45° LAO

45° LAO

45° LAO

45° RAO

A B C D

E F G H

Figure 2 Cannulation of CS via the femoral vein in a 25-year-old female with frequent premature ventricular complexes. (A) An 8F SR0TM 
introducer sheath was advanced over a guidewire into the lower right atrium. (B) The guidewire and the inner sheath were removed. 
(C) A 6F steerable diagnostic catheter was inserted into the outer sheath and placed into CS. (D) The CS ostium was located by typical 
electrogram of CS 9-0 electrode pair. (E) The introducer sheath was advanced over the diagnostic catheter, engaging the tip into the position 
of CS 7-8 electrode pair. (F,G) The position of the introducer sheath was confirmed by CS angiography. (H) Ten mL CS blood sample was 
drawn from introducer sheath. CS, coronary sinus.

A B C

45° LAO 30° RAO 45° LAO

Figure 3 Failed cannulation of CS in a 71-year-old female with persistent atrial fibrillation. (A,B) The introducer sheath was difficult to 
be advanced to the CS ostium over the diagnostic catheter due to the narrow angle between the CS and the right atrium; (C) angiography 
showed that the tip of the introducer sheath was not placed in the CS. CS, coronary sinus.
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Figure 4 Metabonomics analysis. Univariate statistical tests were demonstrated using a volcano map. The abscissa is the mean intensity ratio 
of the two phenotypes, and the ordinate is the p-value of statistical test, and the −log10 was taken. A heat map was used to show each peak 
of the differential matter. Each row is a decaying peak, and each column is a sample. (A) Differential metabolites between CS and peripheral 
blood in PVST patients; (B) differential metabolites between CS and peripheral blood in PVC patients; (C) differential metabolites between 
CS and peripheral blood in AF patients. CS, coronary sinus; PVC, premature ventricular complexes; AF, atrial fibrillation.

Discussion

The detection of heart-specific biomarkers can help us 
understand the pathogenesis of many cardiovascular 
diseases, and guide the treatment of related diseases and 
the analysis of prognosis (3). Although these biomarkers 
can be measured in peripheral blood, they lack sufficient 
sensitivity and specificity due to dilution in the entire 
systemic circulation (10). Sampling from the CS is a more 
accurate reflection of cardiometabolic conditions, but it is 
more invasive, time-consuming, and technically difficult 

than peripheral sampling; thus, it has not been widely 
implemented.

CS sampling using a 6.5F Simmons II catheter was 
described in 1986 (11). Ten years later, Winters et al. 
published a comparative study using multipurpose, 
Simmons I or II or a modified Simmons catheters through 
the right femoral vein (12). In 2014, Martínez et al. (8) 
modified the technique described by Dehmer et al. (11) 
using a 5F right femoral vein sheath and 5F Simmons I (for 
females) and II (for males) catheters. Overall, they reported 
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a 99% success rate in 82 cases, and 2.43% rate of minor 
complications, as well as two cases of non-sustained atrial 
arrhythmias whilst manipulating the catheter in the right 
atrium (8). The above-mentioned studies all required the 
use of specially-designed catheters for blood collection. The 
innovation of this study is that the sheath tube that should 
be used for catheter ablation is used for blood collection. 
This method is simple and convenient, and does not 
increase the economic burden. At the same time, this study 
used a steerable catheter to guide, locate, and stabilize the 
position of the sheath inside the CS, which is a less reported 
method in the literature.

In previous studies, CS intubation is relatively safe, and 
the main complications include transient supraventricular 
arrhythmias and catheter position instability. In addition, 
activation of platelets and thrombin production remains a 
potential drawback of CS intubation and operation, although 
this effect can be attenuated with the use of heparin-bound 
catheters. In this study, a conventional radiofrequency 
ablation catheter was used for CS blood collection, and the 
position of the catheter was confirmed by CS angiography. 
The operation was simple, the success rate was high, and no 
serious complications occurred, and thus, should encourage 
research groups to assay CS blood when studying cardiac 
biomarkers. This simple method of blood collection was 
initiated by our center and has been widely used in our 
center. We plan to popularize it to other hospitals.

Metabolomics is considered a tool for the study of 
biomarkers, mainly used to describe metabolites in 
biological fluids, cells and tissues (13). Metabolomics based 
on untargeted and targeted mass spectrometry is the main 
method for metabolite recovery and identification (14).  
Metabolomics research methods are mainly based on 
gas chromatography or liquid chromatography mass 
spectrometry (GC-MS or LC-MS), which reveal changes in 
metabolic pathways including glycolysis, fatty acid oxidation, 
and lipid biosynthesis.

At present, metabonomics is widely used in the study 
of cardiovascular diseases such as myocardial infarction, 
heart failure, and arrhythmia. A prospective cohort study in 
2017 found that the concentration of arginine in the serum 
samples of patients with myocardial infarction increased, 
and the decrease of lysophosphatidylcholine (LPC) 17:0 
and LPC 18:2 increased the risk of myocardial infarction 
(MI) which can be used as a potential biomarker for the 
diagnosis of MI (15). Murashige et al. used metabolomics 
on artery, CS, and femoral vein blood in 110 patients with 
or without heart failure to quantify the uptake and release 

of 277 metabolites, including all major nutrients, by the 
human heart and leg. They found that the failing heart 
consumed more ketones and lactate, and had higher rates 
of proteolysis. These data provide a comprehensive and 
quantitative picture of human cardiac fuel use (2). However, 
CS serum metabolomics analysis of patients with arrhythmia 
has not been reported in previous literatures. We found that 
there were 217 kinds of differential metabolites in PVST 
patients, 93 in PVC patients, and 109 in AF patients. In 
future research, we will further investigate these differential 
metabolites, which can provide a potential target for follow-
up diagnosis, treatment, and prognosis research.

Limitations

There were some cases of failure in this study, mainly in 
patients with small angle of CS sinus. For these patients, an 
improved sheath tube with more curved sheath head can be 
considered.
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