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Aims While atrial fibrillation (AF) is suggested to induce a prothrombotic state, increasing thrombotic risk, it is also hypothe-
sized that coagulation underlies AF onset. However, conclusive evidence is lacking. With this systematic review and meta-
analysis, we aimed to summarize and combine the evidence on the associations between coagulation factors with AF in
both longitudinal and cross-sectional studies.

Methods We systematically searched for longitudinal cohort and cross-sectional studies investigating AF and thrombosis. For lon-
and results gitudinal studies, pooled hazard ratios (HRs) and 95% confidence intervals (Cls) were calculated. For cross-sectional
studies, we determined pooled standardized mean differences (SMDs) and 95% Cls. A total of 17 longitudinal and 44
cross-sectional studies were included. In longitudinal studies, we found significant associations between fibrinogen
(HR 1.05, 95% Cl 1.00-1.10), plasminogen activator inhibitor 1 (PAI-1) (HR 1.06, 95% Cl 1.00-1.12), and p-dimer
(HR 1.10, 95% CI 1.02-1.19) and AF incidence. In cross-sectional studies, we found significantly increased levels of fi-
brinogen (SMD 0.47, 95% Cl 0.20-0,74), von Willebrand factor (SMD 0.96, 95% CI 0.28-1.66), P-selectin (SMD 0.31,
95% Cl 0.08-0.54), B-thromboglobulin (SMD 0.82, 95% CI 0.61-1.04), Platelet Factor 4 (SMD 0.42, 95% Cl 0.12—
0.7), PAI-1 (1.73, 95% ClI 0.26-3.19), and p-dimer (SMD 1.74, 95% Cl 0.36-3.11) in AF patients, as opposed to controls.

Conclusion These findings suggest that higher levels of coagulation factors are associated with prevalent and incident AF. These as-
sociations are most pronounced with prevalent AF in cross-sectional studies. Limited evidence from longitudinal studies
suggests a prothrombotic state underlying AF development.

Keywords Coagulation e Atrial fibrillation ® Thrombosis ® Haemostasis ® Tachyarrhythmia ® Meta-analysis
What’s new? Introduction
® Coagulation factors are related with atrial fibrillation (AF) presence, With a lifetime risk of over 22% in men and women at the age of 55,

as well as suggest a prothrombotic state underlying its development.
® A positive feedback loop may stimulate AF development and pro-
gression, and may worsen AF prognosis.
® Thereisalack of evidence from large longitudinal studies regarding co-
agulation and AF development. New research and replication are crit-
ical to improve AF risk assessment, prevention, and management. and death.>™® Several risk factors for AF onset are already identified,

including older age, male sex, and obesity.” While atrial remodelling is

atrial fibrillation (AF) is a highly prevalent disease, expected to in-
crease rapidly considering the ageing of the population.’? This is es-
pecially relevant since AF patients are at an increased risk to develop
stroke and heart failure, and have an increased risk of hospitalization
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generally considered to be the underlying cause of AF, the exact
pathways causing atrial remodelling are still largely unknown.”™""
Previous studies suggest that a prothrombotic state is associated
with prevalent AF, eventually leading to thrombotic events.® On
the other hand, it is also suggested that coagulation underlies AF on-
set."”>"* A possible mechanism underlying this association is immu-
nothrombosis, as coagulation may increase local inflammation,
stimulating atrial remodelling, and eventually AF development.”>~"”
However, studies investigating the relation of coagulation with inci-
dence AF are scarce and contradicting. Additionally, studies looking
into the association of coagulation and AF presence investigate a lim-
ited amount of biomarkers, and these studies generally have small
sample sizes. More conclusive evidence is warranted on the associ-
ation of coagulation and AF, to improve knowledge on AF risk, AF
prevention, and AF management.

We aimed to investigate the role of various markers of coagulation
in the development and presence of AF. For this, we performed a
systematic review and meta-analysis, summarizing and pooling all
available evidence from both longitudinal and cross-sectional studies.

Methods

Data sources and study selection

The methods in this systematic review are described based on the
Preferred Reporting Items for Systematic review and Meta-Analysis
(PRISMA) Checklist'® and the Prima-S extension to the PRISMA
Statement for Reporting Literature Searches in Systematic Reviews.'”
An exhaustive search strategy was developed by an experienced infor-
mation specialist (WB) in Embase, optimized for sensitivity, and trans-
lated to other databases.’’ The search was carried out in Embase,
Medline ALL via Ovid, Web of Science Core, and the Cochrane
Central Register of Controlled Trial via Wiley. Additionally, the 200
most relevant references from Google Scholar were downloaded using
Publish or Perish.*! The original search was performed in February
2020, and last updated on January 26th, 2022.*2 The search strategies
for Embase and Medline used relevant thesaurus terms from Emtree
and Medical Subject Headings, respectively. Titles and abstracts from
all databases were searched for the established search terms. The search
contained terms for (1) haemostasis and coagulation factors, (2) AF, and
(3) prediction, disease association, or prevalence. The full search strat-
egies of all databases are available in Supplementary material online,
Methods. Non-English articles and animal-only articles were excluded
from the search results. The reference lists of retrieved non-included
relevant articles and of the included studies have been scanned for refer-
ences missed by the search.?® No authors or subject experts were con-
tacted and we did not browse unindexed journals in the field.

The references were imported into EndNote and duplicates were re-
moved by the medical librarian.** All titles and abstracts were independ-
ently screened by at least two reviewers (MJ.T., S.G, or AMP.) in
EndNote.>® Any discrepancies in the verdict were resolved by discussion
with the third reviewer. The quality of all studies was scored based on the
Newcastle-Ottawa criteria.*®

Inclusion and exclusion criteria

All studies investigating one or more biomarkers of coagulation in hu-
mans with AF and controls in sinus rhythm were included. The outcome
of interest was defined as non-valvular AF or overall AF. Eligible study
types were cross-sectional studies and longitudinal studies. All reviews,
meta-analyses, case reports, and non-original studies were excluded.

Additionally, studies investigating the biomarkers of interest in an unin-
terpretable method (for example tertiles) and studies investigating pa-
tients in acute cardiovascular settings or after cardiac surgery were
removed. Lastly, if no English full text was available, the studies were
also excluded from this systematic review. To avoid individuals being
counted multiple times in the meta-analyses, if multiple studies investigat-
ing the same biomarker were conducted in the same study populations,
the largest study was included. Additionally, biomarkers only investigated
in one study were not included in meta-analyses.

Statistical analyses

For longitudinal studies, pooled hazard ratios (HRs) and 95% confidence
intervals (Cls) were calculated with log-transformed HRs and 95% Cls
using the generic inverse variance method. The most extensively adjusted
model per study was included in the meta-analysis. Additionally, sensitiv-
ity analyses were performed by grouping the analyses into univariate
models, simple multivariate models (adjusted for age, sex, race, and/or
cohort), and complex multivariate analyses (additionally adjusted for car-
diovascular risk factors).

For cross-sectional studies, means and standard deviation (SD) were
extracted from the studies. If the median and interquartile range (IQR)
were reported in the studies, the SD was manually calculated by dividing
the IQR with 1.35, as explained in the Cochrane handbook of a system-
atic review.” Inverse variance weighting was used for pooling.
Differences were reported as standardized mean difference (SMD) and
95% Cls. SMDs <0.2 are considered no effect, 0.2-0.5 as a small effect,
0.5-0.8 as an intermediate effect, and >0.8 as a large effect.

Due to the high probability of significant heterogeneity between the
studies, random-effect models were used in the meta-analyses.
Heterogeneity was assessed through [-statistics. If [* was above 75%,
additional sensitivity analyses were performed to identify causes of het-
erogeneity. Publication bias was assessed visually through funnel plots.
Statistical significance was considered at a two-tailed P-value <0.05.
Data management and statistical analyses were performed in IBM SPSS
Statistics for Windows, version 25.0 (IBM Corp., Armonk, New York,
USA) and R: A language and environment for statistical computing, ver-
sion 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria).

Results

Study selection

10,335 manuscripts were collected for title and abstract screening.
236 (2.3%) studies were eligible for full-paper reading. We excluded
studies with a study design other than cohort and case—control stud-
ies (n = 60), studies using populations in acute cardiovascular or sur-
gical settings (n = 34), studies without the biomarkers of interest (n =
56), studies investigating other outcomes than non-valvular or overall
AF as primary or secondary outcome (n=15), studies with uninter-
pretable data (for example tertiles) (n=7), and non-English full-text
available studies (n =5). Through reference checking, two additional
studies were included. An overview of the study selection is depicted
in Figure 1. Characteristics of the included studies are summarized in
Supplementary material online, Tables 1 and 2.

Coagulation and AF in longitudinal
studies

Fibrinogen

Nine population-based studies investigated the association of fibrino-
gen with incident AF, totalling 85282 individuals (mean age 54.6
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Studies found through
database search
n = 10,335

Included through

reference check
n=2

P
Excluded based on

title and abstract
n=10,101

~
[Eligible for full paper reading

n =236
)

Included
n=61

ﬁxcluded (n = 175), based on: \

- Wrong article type (n = 60)

- No useful exposures (n = 56)

- Postoperative or acute cardiovascular setting (n = 34)
- Missing or uninterpretable data (n = 7)

- Overlapping populations (n = 5)

- Outcomes other than non-valvular or overall AF (n = 5)
- No English full-text available (n = 5)

KDupIicates (n=3) /

Figure 1 Flowchart of the inclusion and exclusion of studies. AF, atrial fibrillation; n, number.

years, 60.0% women), of whom 4164 (6.1%) developed AF.'*28-3
The median follow-up from this set of studies ranged from 3.6 to
25.0 years. Combining all nine studies (Figure 2), our meta-analysis
showed no significant association between fibrinogen and incident
AF (HR 1.04, 95% Cl 0.99-1.08). When combining the more exten-
sively adjusted models, fibrinogen was minimally associated with the
incidence AF (HR 1.05, 95% CI 1.00-1.10).">%°733 |n contrast,
grouping the studies using simple multivariable analyses resulted in
no significant association (HR 1.08, 95% ClI 0.97-1.21),2%31323435
Similarly, combining the two univariable analyses, no significant asso-
ciations were found (HR 1.08, 95% Cl 0.90-1.29).%83

Von Willebrand factor

Two studies (total n=21032, AF events n=1938, mean age 58.6
years, 55.6% women) investigated the relation between Von
Willebrand factor (VWVF) and incidence AF. Pooled, we found no sig-
nificant association (HR 1.10, 95% Cl 0.98-1.23).2%3°

ADAMTS13

For a desintegrin and metalloproteinase with a thrombospondin type
1 motif, member 13 (ADAMTS13) no statistical significant associa-
tions were found with incidence AF (HR 0.89, 95% Cl 0.70-1.13),

after combining the results of two studies (total n =8059, AF events

n=1078, mean age 65.8 years, 56.3% women).>>3¢

P-selectin
The association of P-selectin and incidence AF was investigated by
two studies (total n= 3743, AF events n =265, mean age 59.9 years,
53.6% women).>**” The pooled effect of these studies showed no
significant association of P-selectin with AF (HR 1.10, 95% CI
0.87-1.18).

Plasminogen activator inhibitor 1

The pooled effect of three studies (total n=14 153, AF events n=
1197, mean age 60.1 years, 51.4% women) showed significant asso-
ciation of plasminogen activator inhibitor 1 (PAI-1) and AF risk in
complex multivariate models (HR 1.06, 95% CI 1.00-1.12).33383°

p-Dimer

Two studies (total n=9735, AF events n=1084, mean age 60.2
years, 53.2% women) examined the association of p-dimer with
new-onset AF in complex multivariate models.***° Pooled effect
showed a significant association of b-dimer with AF incidence (HR
1.10, 95% Cl 1.02-1.19).
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Author Total N AFN
Fibrinogen

Conen et al. 2010 24,734 747 (3.0%)
Kim et al. 2007 16,568 61 (0.4%)
Alonso et al. 2021 14,858 1,209 (8.1%)
Jang et al. 2021 6,602 859 (13.0%)
Nyrnes et al. 2021 6,315 566 (9.0%)
Tilly et al. 2021 6,174 729 (11.8%)
Eryd et al. 2011 6,031 667 (9.0%)
Schnabel et al. 2010 3,120 209 (6.7%)
Willeit et al. 2017 880 117 (13.3%)
Pooled 85,282 5,164 (6.1%)
VWF

Alonso et al. 2012 14,858 1,209 (8.1%)
Tilly et al. 2021 6,174 729 (11.8%)
Pooled 21,032 1,938 (9.2%)
ADAMTS13

Tilly et al. 2021 6,174 729 (11.8%)
Ko et al. 2019 1,885 349 (18.5%)
Pooled 8,059 1,078 (13.4%)
PAI-1

Mulder et al. 2018 8,265 267 (3.2%)
Schnabel et al. 2010 3,120 209 (6.7%)
Dewland et al. 2015 2,768 721 (26.1%)
Pooled 14,153 1,197 (8.5%)
D-dimer

Tattersall et al. 2020 6,615 875 (13.2%)
Schnabel et al. 2010 3,120 209 (6.7%)
Pooled 9,735 1,084 (11.1%)
P-selectin

Schnabel et al. 2009 2,863 148 (5.2%)
Willeit et al. 2017 880 117 (13.3%)
Pooled 3,743 265 (7.1%)

HR

1.10
1.00
1.13
0.99
0.98
1.00
1.07
1.09
0.91

1.04

1.16
1.03
1.10

1.00
0.78
0.89

1.03
1.13
1.06
1.06

1.10
111
1.10

0.94
1.10
1.01

0.5 1

Hazard ratio

Figure 2 Forest plot of the associations between various coagulation biomarkers and incident AF in longitudinal studies. 1* was 71.8% for fibrino-
gen, 83.9% for von Willebrand factor, 94.5% for ADAMTS13, 0.0% for PAI-1, 0.0% for p-dimer, and 40.4% for P-selectin. ADAMTS13, a desintegrin
and metalloproteinase with a thrombospondin type 1 motif, member 13; AF, atrial fibrillation; HR, hazard ratio; N, number; PAI-1, plasminogen

activator inhibitor 1.

Additional biomarkers

For B-thromboglobulin (HR 0.92, 95% ClI 0.67-1.27),*" platelet
count (HR 0.90, 95% Cl 0.73-1.10),** Factor VIl (HR 0.94, 95% Cl
0.88-1.00), Factor VIII (HR 1.17, 95% Cl 1.10-1.23), Protein C
(HR 1.05, 95% Cl 0.98-1.05),” tissue plasminogen activator (TPA)
(HR 1.03, 95% ClI 0.97—1.10),38 and soluble urokinase plasminogen
activator receptor (HR 1.20, 95% CI 1.01-1.42)* only one study
was available.

Coagulation and AF in cross-sectional

studies

Fibrinogen

The association of fibrinogen and AF was investigated in 15 cross-
sectional studies (1025 AF patients, 13261 controls, mean age
56.4 years, 51.2% women).**">® Mean fibrinogen in AF patients ran-
ged from 2.32 to 4.60 g/l, and from 2.26 to 4.08 g/l in controls, with
higher fibrinogen levels in AF patients in 13 out of 15 studies. Pooled
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results showed higher fibrinogen values in AF patients (SMD 0.47,
95% Cl 0.20-0.74) than in controls, as depicted in Figure 3.

Von Willebrand factor

VWEF was assessed in 16 studies (1439 AF patients, 4723 controls,
mean age 58.0 years, 46.3% women),*>#8:5051535456.59-67 \\\F |
vels were higher in AF patients (mean 153.6%, range 116.5—
210.3%) than in controls (mean 126.9%, range 89.0-153.2%).
Pooled analysis showed that elevated vVWVF is significantly associated
with AF (SMD 0.96, 95% Cl 0.27—-1.66). As visible in Figure 3, the re-
sults presented by Negreva et al®* were clear outliers. No explan-
ation was found despite meticulous review of the studies.
However, similar results were found in sensitivity analyses excluding
this study.

P-selectin

The association of P-selectin and AF was assessed in 10 studies
(871 AF patients, 793 controls, mean age 69.2 years, 39.6%
women).®3933¢7=71 Mean P-selectin was 84.7 ng/ml for AF patients
(range 31.2-219 ng/ml), and 43.3 ng/ml (range 29.2-145 ng/ml) in
the control group. Overall, we found that AF was associated with ele-
vated P-selectin, as compared with individuals without AF (SMD 0.31,
95% Cl 0.08-0.54).

p-Thromboglobulin

Seven studies investigated P-thromboglobulin in relation to AF
(358 AF patients, 299 controls, mean age 63.3 years, 35.5%
women).>>*¢%87275 \We found significantly higher values (SMD
0.82, 95% CI 0.61-1.04) for B-thromboglobulin in AF patients
(mean 83.29 ng/ml, range 36.0-181.0) than in controls (mean
44.32 ng/ml, range 22.80-91.0 ng/ml).

Platelet factor 4

Platelet factor 4 was examined in four studies (192 AF patients, 216
controls, mean age range 61.2 years, insufficient data on
sex).>¢*87273 | all studies platelet factor levels were higher in AF pa-
tients (mean 17.8 ng/ml, range 3.9-20.9 ng/ml) compared with the
controls (mean 11.5 ng/ml, range 2.6-15.3 ng/ml). Meta-analysis
showed a significantly elevated platelet factor 4 levels in AF patients
(SMD 0.42, 95% Cl 0.12-0.71) as compared with controls.

Platelet count

Fourteen studies examined platelet count in AF and controls (868 AF
patients, 2269 controls, mean age 62.6 years, 39.5% wo-
men).50'52'56'6‘"68‘6’971‘74'76’81 The mean platelet count in AF patients
was 235 x 10%/I (range 174-277 x 10°/l), and 225 x 107 in controls
(range 212-270 % 10%). Pooled, we found no significant difference
between the two groups (SMD —0.41, 95% Cl —1.42 to 0.59).

Mean platelet volume

The relation of MPV with AF was investigated in three studies (264
AF patients, 202 controls, mean age 59.1 years, 41.0% wo-
men).¢>”77 MPV was higher in AF patients (mean 8.9 fl, range
7.76-10.0 fl) than in controls (mean 8.0 fl, range 7.39-8.4 fl), but
the pooled overall effect showed no significant difference (SMD
119, 95% Cl —1.26 to 3.64).

Tissue factor
We included two studies with data on tissue factor (165 AF patients,
81 controls).>"®® The studies were similar in mean age (64.6 and 62.6

years), but differed in sex ratio (37.4% and 51.5% women). Despite
comparable methodology, the studies differed largely in tissue factor
values in both AF (115 vs. 750 pg/ml) and healthy control patients (95
vs. 455 pg/ml), whereas the SMDs were similar (0.33 and 0.27). The
meta-analysis showed no significant differences between AF patients
and controls (SMD 0.31, 95% CI —0.06 to 0.67).

Factor VIII

Factor VIII levels were measured in 104 AF patients and 3211 con-
trols in two studies (mean age 54.1 and 59.7 years, 53.2% and
49.5% women).**** Pooled, Factor VIII levels were higher in AF pa-
tients than in controls (136.3% vs. 133.6%), albeit not significantly
(SMD 12.10, 95% Cl —88.0 to 112.2).

Thrombin-antithrombin complex

Two studies (151 AF patients, 29 controls, mean age 59.9 and 67.0
years, 23.3% and 46.0% women) assessed the association between
thrombin—-antithrombin complex (TAT) and AF.*%7% In AF patients,
the mean TAT values differed significantly (54.0+237 and 6.7 +
5.1 ng/l), whereas in control patients, the mean TAT was comparable
(2.7+3.3 and 3.1 +£1.9 ng/l). Pooled analysis showed no significant
difference between AF and controls (SMD 042, 95% Cl —2.91 to
3.75).

Thrombomodulin

Thrombomodulin levels were compared in 396 AF patients and
179 controls over five studies (mean age 66.2 years, 38.1%
women).>***627082 Mean (range) levels were 40.5 ng/ml (11.8—
52.2 ng/ml) and 35.3 ng/ml (5.9-44.0 ng/ml), respectively. Pooled
analysis showed no significant differences between AF patients and
controls (SMD 0.48, 95% Cl —0.48 to 1.44).

Tissue plasminogen activator

TPA was assessed in eight studies (370 AF patients, 6954
controls, mean age range 53.6-75.0 years, 17.5-55.4%
women).843465457.688384 Th 110k pooled analysis, we found no sig-
nificant difference (SMD 2.42, 95% Cl —2.02 to 6.85) in TPA value be-
tween AF (mean 11.43 ng/ml, range 2.31-20.37 ng/ml) and controls
(mean 8.50 ng/ml, range 2.88—15.5 ng/ml). We performed a sensitiv-
ity analyses excluding the study by Negreva et al.®* based on the dis-
tinctly higher values without a clear cause. However, similar to vVWF,

the pooled estimates did not change.

PAI-1

Six studies contained data on PAI-1 and AF (240 AF patients,
6796 controls, mean age 55.5 years, 51.9% women),*>46:5457.8485
AF patients had higher PAI-1 levels (mean 23.6 ng/ml, range
15.2-42.8 ng/ml) than the control group (mean 19.6 ng/ml,
range 5.4-22.9 ng/ml). Meta-analysis showed a large difference be-
tween PAI-1 in AF patients and controls (SMD 1.73, 95% Cl 0.26—

3.19).

p-Dimer

Twelve studies included b-dimer in the analyses (523 AF
patients, 535 controls, mean age 64.7 years, 383%
women),#9323436-38.67.72.74828386 |, AF patients, the mean
D-dimer was 0.47 pg/ml (range 0.13—1.15 pg/ml), as opposed to
0.16 pg/ml (range 0.01-0.59 pg/ml) in controls. AF patients had sig-
nificantly higher p-dimer levels than controls in the meta-analysis
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A Fibrinogen

Atrial fibrillation Control
Author N Mean SD N Mean SD SMD 95% Cl Weight
Schnabel et al. 2014 161 404.00 112.59 4837 345.00 70.37 R 0.82[0.66; 0.98] 7.8%
Feng et al. 2001 47 333.50 53.80 3515308.20 59.50 —- 0.43[0.14;0.71] 7.3%
Wang et al. 2001 53 315.00 76.00 3159 303.00 63.00 1 0.19 [-0.08: 0.46] 7.4%
Marcus et al. 2008 46 392.00 91.00 925408.00 72.00 = -0.22 [-0.52: 0.08] 7.2%
Lip et al. 1996 56 379.00 125.93 158260.00 57.04 —8— 147[1.13:1.80] 7.0%
Conway et al. 2004 106 257.00 76.30 41268.00 85.19 —!Ii' -0.14 [-0.50; 0.22] 6.9%
Karnath et al. 2002 87 270.00 60.00 29260.00 50.00 : -0.17 [-0.25; 0.59] 6.5%
Gustafsson et al. 1990 20 460.00 103.70 40 380.00 66.67 —#— 098 [0.41;1.55] 5.7%
Roldn et al. 1998 36 369.58 81.40 20311.50 60.90 — 0.77 [0.20; 1.33] 5.7%
Heeringa et al. 2006 162 232.00 70.00 324232.00 90.00 2 o 0.00 [-0.19;0.19] 7.7%
Fu et al. 2011 90 330.00 90.00 79300.00 60.00 —- 0.39 [0.08;0.69] 7.2%
Targonski et al. 2008 43 391.00 77.30  30360.10 76.60 i 0.40 [-0.07;0.87] 6.2%
Sohara et al. 1997 21 262.00 65.40 922570 37.50 —8— 0.60 [-0.19; 1.40] 4.4%
Li-Saw-Hee et al. 2000 52 290.00 90.00 60 260.00 80.00 . 0.35 [-0.02; 0.73] 6.8%
Mondillo et al. 2000 45 381.00109.00 35268.00 80.00 i —H#— 1.15 [0.67;1.63] 6.2%
Overall effect , — ? — 0.47 [0.20; 0.74]100.0%
12 a0
Heterogeneity: 1< = 89%, p < 0.01 15-1 05 0 05 1 15
B von Willebrand Factor Atrial fibrillation Control
Author N Mean SD N Mean SD SMD 95% CI Weight
Feng et al. 2001 47 142.00 46.20 3515 127.60 45.90 : 0.31[0.03;0.60] 6.4%
Ammash et al. 2011 414 157.00 53.00 100 144.00 48.00 ! 0.25[0.03;0.47] 6.4%
Heeringa et al. 2006 162 144.00 32.00 324 138.00 40.20 : 0.16 [-0.03: 0.35]  6.4%
Zhang et al. 2017 90 180.00 28.27 106 135.50 35.54 = 1.39[1.08:1.71]  6.3%
Freestone et al. 2008 52 122.00 80.00 138 89.00 59.00 = 0.50[0.18:0.83]  6.3%
Freestone etal. 2007 145 165.00 71.00 40 116.00 60.00 = 0.71[0.35,1.07]  6.3%
Fu et al. 2011 90 116.00 37.40 79 105.60 29.80 E 0.32[0.01;0.62] 6.3%
Conway et al. 2004 106 132.00 26.00 41 125.00 21.00 _ 0.28 [-0.08;0.64] 6.3%
Li-Saw-Hee et al. 2000 52 137.00 27.00 60 103.00 33.00 na 1.11 [0.71;1.51] 6.3%
Uemura et al. 2009 56 210.00 74.30 55 153.20 55.50 ] 0.86 [0.47;1.25] 6.3%
Negreva et al. 2020 51 178.00 12.95 52 11953 6.12 4| 579 [4.89;6.68] 5.7%
Freestone et al. 2005 59 157.00 71.11 40 118.00 60.74 = 0.58 [0.17;0.99] 6.3%
Bontekoe et al. 2020 24 134.80 528 72 13230 2.92 B 0.68 [0.21;1.15] 6.2%
Mondillo et al. 2000 15 164.04 43.80 35 93.44 32.04 3 1.79 [1.26;2.31] 6.2%
Gustafsson etal. 1990 20 183.00 77.78 40 145.00 37.78 L 0.69 [0.14;1.24] 6.1%
Hou et al. 2010 26 132.00 38.00 26 113.00 37.00 = 0.50 [0.05;1.05] 6.1%
Overall effect - 0.97 [0.27; 1.66] 100.0%
Heterogeneity: 12 = 93%, p < 0.01 o o
-6 -4 -2 0 2 4 6
C P-Selectin Atrial fibrillation Control
Author N Mean SD N Mean SD SMD 95% ClI Weight
Heeringa et al. 2006 162 31.30 10.10 324 31.80 13.10 i —0.04 [-0.23;0.15] 13.4%
Berge et al. 2013 63 31.20 11.04 126 31.40 9.11 -0.02 [-0.22;0.28] 11.4%
Choudhury etal. 2007 121 59.00 31.11 65 40.00 14.81 —— 071 [040;1.02] 11.2%
Fu et al. 2011 90 33.40 740 79 29.20 6.50 —— 060 [0.29;0.21] 11.3%
Acevedo et al. 2012 130 219.00 141.00 20 145.00 29.00 — 8 056 [0.08;1.03] 8.4%
Conway et al. 2004 106 54.00 17.78 41 50.00 20.00 —— 0.22 [-0.15; 0.58] 10.3%
Kamath et al. 2002 87 39.00 10.00 29 34.00 10.00 —@—— 050[0.07;0.92] 9.2%
Li-Saw-Hee et al. 2000 52 185.00 13556 60 126.00 51.11 ———  0.59[0.21;0.97] 10.0%
Kamath et al. 2002 34 37.00 10.00 23 36.00 9.00 L 0.10[-0.43;0.63] 7.6%
Hou et al. 2010 26 32.00 500 26 33.00 7.00 i -0.16 [-0.71;0.38]  7.3%
Overall effect —~— 0.31 [0.27; 1.66] 100.0%
Heterogeneity: 12 = 74%, p < 0.01 I : P
-1 -05 0 0.5 1

Figure 3 Forest plots of the associations between various coagulation biomarkers and AF presence in cross-sectional studies. (A) Fibrinogen;
(B) von Willebrand Factor; (C) P-Selectin; (D) B-thromboglobulin; (E) platelet factor 4; (F) platelet count; (G) thrombomodulin; (H) TPA. (I)
PAI-1; (J) o-dimer. Cl, confidence interval; N, number; PAI-1, plasminogen activator inhibitor 1; SD, standard deviation; SMD, standardized mean
difference; TAT, thrombin—antithrombin complex; TPA, tissue plasminogen activator.
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D b-thromboglobulin Atrial fibrillation Control
Author N Mean SD N Mean SD SMD 95% ClI Weight
Nozawa et al. 2004 78 72.60 35.70 110 44.30 30.30 —.— 0.86 [0.56;1.17] 23.6%
Yamauchi et al. 1986 73 40.40 35.80 57 31.20 14.00 —- 0.64 [0.28;0.99] 20.0%
Kamath et al. 2002 87 87.00 44.44 29 63.00 22.96 — 0.59 [0.17;1.02] 16.0%
Lip et al. 1996 51 181.00 88.89 26 91.00 74.81 —#@— 105 [0.55;1.56] 12.8%
Gustafsson etal. 1990 20 320.00 8.15 40 2590 7.78 + 1.26 [0.68;1.85] 10.2%
Minamino et al. 1999 28 79.70 57.26 28 41.60 24.67 — & 0.85 [0.30;1.40] 11.3%
Sohara et al. 1997 21 33.00 27.30 9 2280 7.85 & 0.63 [-0.17;1.43] 6.1%
Overall effect — I‘I | 0.82 [0.61;1.04] 100.0%

Heterogeneity: 12 = 0%, p = 0.49
-15-1 -05 0 05 1 15

E Platelet Factor 4 Atrial fibrillation Control
Author N Mean SD N Mean SD SMD 95% Cl Weight
Nozawa et al. 2004 78 20.90 15.60 110 15.30 17.80 —- 0.33 [0.04;0.62] 41.0%
Yamauchi et al. 1986 73 18.60 27.20 57 11.60 8.20 — 0.33 [-0.02; 0.68] 33.2%
Gustafssonetal. 1990 20 3.90 3.19 40 260 1.33 — 0.60 [0.06;1.15] 17.1%
Sohara et al. 1997 21 16.40 18.20 9 337 226 ———%—— 0.82 [0.01;1.63] 8.7%
Overall effect [ | | ’I | | 0.42[0.12; 0.71] 100.0%

Heterogeneity: 12 = 0%, p = 0.58
-15 -1 -05 0 05 1 15

F Platelet count Atrial fibrillation Control
Author N Mean SO N Mean SD SMD 95% Cl Weight
Otake et al. 2021 72 187.00 44.00 1575 217.00 62.00 —0.49 [-0.73; -0.25] 7.3%
Colkesen et al. 2008 103 242.00 73.00 87 236.00 62.00 0.09[-0.19;0.38] 7.3%
Berge et al. 2013 63 230.00 22.22 126 261.00 18.52 -1.56 [-1.90; -1.22] 7.2%
Choudhury et al. 2007 121 259.90 66.30 65 266.90 56.10 -0.11[-0.41;0.19] 7.3%
Fu et al. 2011 90 210.00 55.50 79 221.10 51.10 -0.21[-0.51;0.10] 7.3%
Pfluecke et al. 2016 67 219.00 8.00 50 212.00 7.00 0.92[0.53; 1.30] 7.2%
Kamath et al. 2002 87 266.00 67.00 29 252.00 49.00 0.22[-0.20; 0.64] 7.2%
Negreva et al. 2020 51 244.70 8.41 52 228.42 7.24 2.06 [1.58; 2.54] 7.2%
Akylz et al. 2015 40 277.00 79.00 50 264.00 82.00 0.16 [-0.26; 0.58] 7.2%
Sonrnez. et al. 2014 52 231.00 60.00 33 247.00 67.00 -0.25[-0.69; 0.19] 7.2%
Lip et al. 1996 51 242.00 7.00 26 224.00 63.00 0.48 [0.01; 0.96] 7.2%
Gustafsson etal. 1990 20 174.00 25.93 40 241.00 46.67 -1.61[-2.23;-1.00] 7.1%
Kamath et al. 2002 34 253.00 76.00 23 270.00 53.00 -0.25[-0.78; 0.28] 7.1%
Alberti et al. 2009 17 185.60 10.00 34 243.30 9.50 —H— -5.88 [-7.20; —4.56] 6.3%

Overall effect
Heterogeneity: 12 = 96%, p <0.01

-0.41 [-1.41; 0.59] 100.0%

[ T T I T T
-6 -4 -2 0 2 4 6

G Thrombomodulin Atrial fibrillation Control
Author N Mean SD N Mean SD SMD 95% CI Weight

Freestone et al. 2007 145 31.00 23.70 40 43.00 20.00
Acevedo et al. 2012 130 52.20 111.00 20 44.00 13.00
Li-Saw-Hee etal. 2000 52 52,00 16.00 60 44.00 13.00
Mondillo et al. 2000 45 39.14 13.20 35 26.86 14.60
Marin et al. 2004 24 11.80 460 24 5.90 2.70

-0.52 [-0.87; -0.17] 20.9%
0.08 [-0.39; 0.55] 20.0%
0.55[0.17; 0.93] 20.7%
0.88[0.42;1.34] 20.1%
1.54[0.89;2.19] 18.4%

Overall effect
Heterogeneity: 12 = 91%, p < 0.01

0.48 [ -0.48; 1.44] 100.0%

Figure 3 Continued

(SMD 1.74, 95% Cl 0.36-3.11). As visualized in Figure 3, Roldan Discussion

et al>’ presented a disparate result as compared with the other stud-

ies, without an obvious cause. The pooled result of the sensitivity With this systematic review and meta-analysis, we aimed to identify
analyses showed similar tendencies after excluding Roldan et al. markers of coagulation associated with AF incidence and AF
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HTPA Atrial fibrillation Control
Author N Mean SD N Mean SD SMD 95% Cl Weight
Feng et al. 2001 47 11.80 4.00 3515 9.30 4.90 051 [0.22;0.80] 12.6%
Wang etal. 2001 53 11.02 1.65 3159 7.39 1.65 220 [1.92;2.48] 12.6%
Berge etal. 2013 63 15.00 5.33 12615.50 4.44 —-0.10 [-0.41;0.20] 12.6%
Negreva et al. 2016 51 11.25 0.35 52 6.05 0.31 15.62 [13.41;17.83] 12.6%
Mondillo et al. 2000 45 20.37 7.80 35 9.80 3.21 1.68 [1.16;2.20] 12.6%
Jabatietal. 2018 46 4.14 2.09 18 4.50 3.80 -0.13 [-0.68;0.41] 12.6%
Kahn et al. 1997 29 13.10 4.90 2910.60 3.50 0.58 [0.05;1.11] 12.6%
Roldénetal. 1998 36 2.31 0.90 20 2.88 1.58 -0.47 [-1.03;0.08] 12.6%
Overall effect 2.42 [-2.02; 6.85] 100.0%
Heterogeneity: 12 = 98%, p < 0.01 ' ' '

-15 -10 -5

| PAI-1 Atrial fibrillation Control
Author N Mean SD N Mean SD SMD 95% Cl Weight
Feng et al. 2001 47 24.20 10.70 3515 22.90 17.00 -] 0.08 [-0.21;0.36] 17.2%
Wang et al. 2001 53 20.09 2.26 3159 16.44 2.72 -] 1.34 [1.07;1.62] 17.3%
Mondillo et al. 2000 45 15.20 6.20 35 9.33 4.80 i ¥ 1.03 [0.56; 1.50] 16.9%
Jabati et al. 2018 29 1955 2.17 50 5.39 3.77 —8— 4.28 [3.45;5.10] 15.9%
Roldan etal. 1998 36 42.78 2285 20 8.80 5.04 - 1.80 [1.15;2.44] 16.5%
Bontekoe et al. 2018 30 22.12 2.07 17 16.42 3.66 - 2.04 [1.31;2.78] 16.2%
Overall effect — 1.73[0.26; 3.19] 100.0%
Heterogeneity: 12 = 96%, p < 0.01 [ I I I

-4 =2 0 2 4

J D-dimer Atrial fibrillation Control
Author N Mean SD N Mean SD SMD 95% CI Weight
Lip et al. 1996 56 0.15 0.11 158 0.08 0.04 1.07 [0.75;1.40] 8.6%
Nozawa et al. 2004 82 0.13 0.11 111 0.07 0.09 0.59 [0.30;0.88] 8.6%
Karnath et al, 2002 87 115 177 29 059 0.55 0.36 [-0.07;0.78] 8.5%
Negreva et al, 2016 51 053 0.07 52 0.33 0.02 3.87 [3.21;04.54] 8.4%
I.1ondillo et al. 2000 45 041 052 35 0.15 0.07 0.65 [0.20;1.10] 8.5%
Lip et al. 1996 51 0.22 0.17 26 0.10 0.07 0.83 [0.34;1.33] 8.5%
Gustafsson etal, 1990 20 0.28 0.20 40 0.18 0.10 0.69 [0.13;1.24] 8.5%
Roldan et al, 1998 36 055 0.08 20 0.01 0.00 - 8.27 [6.59;9.95] 7.4%
Hou et al, 2010 26 0.33 010 26 0.21 0.08 1.33 [0.72;1.93] 8.4%
|~arin et al, 2004 24 112 0.65 24 0.39 0.28 1.43 [0.79;2.07] 8.4%
So hara et al, 1997 21 014 0.21 9 0.07 0.03 1 0.41 [-0.38;1.20] 8.3%
Kumagai et al, 1990 24 0.16 0.05 5 0.06 0.01 - 2.21 [1.07;3.35] 8.0%

- . 0,

Overall effect —t 1.74[0.36; 3.11] 100.0%

Heterogeneity: 12 = 94%, p < 0.01

Figure 3 Continued

prevalence. In longitudinal studies, we found significant associations
between fibrinogen, PAI-1, and b-dimer levels at baseline with AF in-
cidence. Additionally, in cross-sectional studies, we found significant
differences between AF patients and controls for fibrinogen, PAI-1,
D-dimer, P-selectin, VWF, B-thromboglobulin, and platelet factor
4. By investigating the association between coagulation and AF in lon-
gitudinal and cross-sectional studies separately, we strived to further
clarify the direction in which coagulation and AF development and
prognosis are dependent.

Our results give insight to the role of primary and secondary
haemostasis, and fibrinolysis in the development of AF. Fibrinogen
is an acute-phase reactant that indicates inflammatory processes

or tissue damage, and has been associated with ischaemic heart dis-
ease in prior studies.®”®® We found a borderline significant associ-
ation between fibrinogen and AF incidence by combining studies
with extensive multivariable models. However, after including mod-
els with less adjustments for confounding in the meta-analysis, this
association attenuated. One possibility for this is that there are
discrepancies in the quality of study designs between studies with
more robust statistical models, and studies only investigating the
associations in univariable models. On one hand, this suggests that
fibrinogen is associated with new-onset AF, but other cardiovascular
risk factors such as BMI or comorbidities may attenuate this associ-
ation. On the other hand, it is possible that underlying confounders, if
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not sufficiently corrected for, biased the association of fibrinogen
with AF. PAI-1, a fibrinolysis inhibitor and established risk factor
for atherosclerosis and thrombosis, was also significantly associated
with AF incidence.®? Increased PAI-1 causes decreased fibrinolysis,
and thus a reduced degradation of thrombi. This could imply that co-
agulation, potentially promoted due to tissue damage or inflamma-
tion, is further sustained and perpetuated, as fibrinolysis is
inhibited. PAI-1 is also associated with adiposity and inflammation,
both of which may also contribute to AF development. To investi-
gate the independent association between the role of PAI-1 in coagu-
lation and AF, the studies investigating these associations all adjusted
extensively for these potential confounders, such as BMI, sex, and
medication use, mitigating the confounding role of adiposity and
traditional cardiovascular risk factors. Lastly, we found a significant
association of D-dimer, a marker of coagulation cascade activation,
with incidence AF.”® Increased p-dimer is associated with increased
fibrin synthesis, and therefore increased coagulability. This implies
that a hypercoagulable state underlies AF development, which is in
line with the previously mentioned association between primary
haemostasis and fibrinolysis. In contrast, vVWF, ADAMTS13, and
P-selectin were not significantly associated with AF. VWF and
ADAMTS13 are inversely correlated with each other, and while a
trend where higher VWF and lower ADAMTS13 levels are asso-
ciated with increased AF risk, the pooled HR was non-significant.
For P-selectin, the two studies contradicted each other. While this
contradicts our hypothesis of the role of coagulation in AF develop-
ment, these results could be due to low power, as only two studies
investigated these associations. More evidence from large, prospect-
ive cohort studies is warranted before conclusive conclusions can be
made on the associations between AF and these single markers of
coagulation.

The findings of this study suggest that coagulation is associated
with AF development through multiple pathways of coagulation. A
possible explanation for this is immunothrombosis, which comprises
the complex interaction of the innate immune system and the coagu-
lation system.">™"” Prior studies found that markers of inflammation
and endothelial damage, such as fibrinogen and vVWF, underlie AF de-
velopment and progression, but the exact pathophysiology remained
unclear.”?73 Therefore, it is unsure if the association is causally re-
lated, or if these biomarkers are also related to another process
causally related to AF. The synergy between inflammation and coagu-
lation, creating a hypercoagulable and hypofibrinolytic state, may lead
to structural and biochemical changes, eventually resulting in AF.

AF presence was also significantly associated with multiple bio-
markers of primary and secondary haemostasis, and fibrinolysis.
Distinctly higher levels of indicators of platelet activation
(B-thromboglobulin and platelet factor 4), platelet aggregation (von
Willebrand factor and P-selectin), as well as the aforementioned
markers underlying a hypercoagulable and hypofibrinolytic state,
were found in AF patients, as compared with healthy controls.
These findings corroborate that AF further propels the haemostatic
balance towards a prothrombotic state, by promoting not only hy-
percoagulability, but also hypofibrinolysis.>”

Given these results, one might state our study underwrites the of-
ten phrased ‘AF begets AF’.>* Immunothrombosis, as a potential
underlying cause of increased coagulation, may stimulate AF develop-
ment. Consequently, the restricted blood flow, atrial structural

changes, and inflammatory processes related to AF further stimulate
a prothrombotic state.”™” In other words, a hypercoagulable, in-
flammatory, and hypofibrinolytic state can promote AF develop-
ment, which in turn further stimulates its own underlying
pathophysiological pathways through a positive feedback loop.

However, despite our comprehensive search, it is clear that longi-
tudinal population-based cohort studies investigating the association
of coagulation and AF are lacking. With only two studies investigating
VWF, ADAMTS13, P-selectin, and D-dimer, there remains a possibil-
ity of publication bias in our meta-analyses. In the cross-sectional
meta-analyses, asymmetry and outliers were visually assessed
through funnel plots, especially for vWF, platelet count, TPA,
PAI-1, and p-dimer (see Supplementary material online, Figures S1
and S2). However, while funnel plots may assist in identifying publica-
tion bias, there have been increasing critiques on the added va-
lue.”®? Due to the low number of studies and the potential
publication bias as depicted in the funnel plots, the results of this
meta-analysis, especially in the longitudinal studies, must be inter-
preted with caution, and more studies investigating the relation of
coagulation and AF are warranted. Population-based research and
early recognition and prevention or people at risk are critical in
the modern day society. Especially in large, longitudinal population-
based studies, replication, resulting in the uncovering of supporting
or contradicting evidence, can be crucial in risk stratification, even
more so in different populations.

Besides the lack of studies investigating the role of coagulation bio-
markers in AF development and AF presence, it is possible that single
biomarkers are not sensitive or specific enough to accurately predict
AF risk. Especially in a large, population-based study, subclinical ele-
vation of single coagulation markers may not be strong enough to de-
pict the elevated AF risk it is potentially associated with. However,
combinations of biomarkers may give us a new insight. The
International Society of Thrombosis and Haemostasis has previously
developed a score to identify the degree of disseminated intravascu-
lar coagulation in individuals, using easy to test coagulation markers
such as fibrinogen, p-dimer, and platelet count.'® Our systematic re-
view and meta-analysis suggest that other markers associated with
primary and secondary haemostasis and fibrinolysis play a role in
AF, and therefore could play a role in risk stratification and even
AF prevention. We hope that our findings further stimulate re-
searchers to assess these potential associations, opening the door
to improved AF risk prediction, management, and prognosis.
While we cannot reject the hypothesis of inflammation and coagula-
tion preceding AF, coagulation is mostly increased after AF initiation.
Additionally, the included studies were highly heterogeneous. While
we carefully assessed the studies, and performed sensitivity analyses
and step-by-step exclusion of potential causes, we were not able to
significantly reduce the heterogeneity. To address this heterogeneity,
we used random-effects models.

Conclusion

Higher levels of coagulation factors are associated with prevalent and
incident AF. These associations are most pronounced with prevalent
AF in cross-sectional studies. Limited evidence from longitudinal
studies suggests a prothrombotic state underlying AF development.
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These findings support the hypothesis of a prothrombotic and hypo-
fibrinolytic state as both an underlying cause of AF, as well as further
inducing atrial structural remodelling, in turn perpetuating AF.

Supplementary material

Supplementary material is available at Europace online.
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The scenicroute: dilated left superior intercostal vein following acute left
brachiocephalic venous obstruction
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*Corresponding author. Tel: +1 507 255 1051, E-mail address: deshmukh.abhishek@mayo.edu

A 62-year-old man was scheduled for left-sided permanent pacemaker A
implantation for post-operative complete heart block. A peripheral
venogram showed patency of the axillary and proximal subclavian
veins. After access was obtained, the micropuncture wire did not fol-
low the typical course expected of a left brachiocephalic vein. A veno-
gram was therefore performed through a 5 Fr short sheath—this
revealed a U-shaped course with eventual drainage into the superior
vena cava (Panels A and B).

These represent a dilated left superior intercostal vein that drains

into the accessory hemiazygous vein, followed by the azygous vein
and finally the superior vena cava. The prominence of this vessel can occur with congenital or acquired obstruction of the proximal veins. In
this case, a dialysis catheter-associated thrombus likely caused acute left brachiocephalic vein occlusion and consequent increase in collateral
flow.

Pursuing left-sided device implantation was not deemed feasible, given the long and meandering venous course visualized. Hence, a dual-
chamber pacemaker was implanted on the right side instead. The invasive electrophysiologist should be aware of these uncommon but
impressive venous anomalies in the planning and execution of cardiac device implantations.

The full-length version of this report can be viewed at: https:/www.escardio.org/Education/E-Learning/Clinical-cases/Electrophysiology.

© The Author(s) 2022. Published by Oxford University Press on behalf of the European Society of Cardiology. All rights reserved. For permissions, please email:
journals.permissions@oup.com.
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