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Abstract

Atrial Fibrillation (AF) is the most common arrhythmia following cardiac surgery, and contributes significantly to the post-
operative morbidity. However, an understanding of the molecular changes to the left atrium in patients requiring cardiovascular
surgery, which place them at greater risk for developing post-operative AF is not completely understood. We hypothesized that
there would be significant differences in K* channel transcript expression between patients with cardiovascular disease requiring
surgery and those with a structurally normal heart. Left atrial tissue biopsies were obtained from 10 patients with a structurally
normal heart and compared to previously obtain left atrial biopsies from patients having cardiac surgery. RT-PCR examined
the expression of K* channel transcripts between patients with and without cardiovascular disease. Specimens were stained with
hematoxylin and eosin and picrosirius red to quantify the percentage of fatty infiltration and fibrosis respectively confirming
that the left atrial tissue was devoid of cardiovascular disease. Fifty patients, 40 with cardiovascular disease requiring surgery,
10 of which developed AF, and 10 patients with a structurally normal heart were compared. Histology confirmed the absence
of fibrosis in all structurally normal left atrial samples. The expression of Kir 2.3, 3.1, 3.4 and Kv 1.5 were all significantly greater
within the structurally normal heart, with no specific differences between those with cardiovascular disease and either remained
in normal sinus rhythm or who developed AF. This demonstrates K* channel transcript differences between patients requiring
cardiac surgery and those with a structurally normal heart.
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cantly to the post-operative morbidity and mortality
[1-4]. The left atrium maintains AF following surgery
[1] and we have previously demonstrated that there
are significant structural differences in the left atrium o S
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Figure 1: Flow diagram of the patients with cardiovascular disease requiring surgery and those with a structurally normal heart.
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disease requiring surgery, without significant differenc-
es between those who remained in NSR and developed
AF [1]. A gradient in K* channel transcripts between the
left vs. right atrium may serve to shorten the effective
refractory period creating conditions favorable for the
stabilization of rotors in all patients requiring surgery,
implicating the greater importance of other proposed
mechanisms (Inflammation, fibrosis, etc).

However, a comparison of the expression of K* chan-
nel transcripts in patients without cardiovascular disease
and with a structurally normal heart was not possible at
that time of our previous publication [1]. This compar-
ison is essential to confirm that when compared to the
structurally normal heart, patients who developed AF
did not have any significant changes in K* channel ex-
pression.

Potassium ion channel transcripts can significantly
alter the action potential, creating conditions favorable
for both the initiation and maintenance of post-oper-
ative AF. Particularly changes in Kir 3.1 and 3.4 which
govern I, . can shorten the action potential duration,
and refractory period allowing for faster repolarization
[6,7]. In addition, changes to Kir 2.1 and 2.3 which gov-
ern I, determine the resting membrane potential [8].
These transcripts [6,7] and others [8] have been impli-
cated in the development of AF in animals [7]. However,
data comparing these transcripts between those who de-
veloped AF or remained in NSR following surgery to the
structurally normal heart are scant.

The purpose of the current study was to quantify the
expression of K* channel transcripts from human left
atrial tissue in the structurally normal heart compared
to a cohort of patients previously enrolled for surgery
[1]. We hypothesized that there would be significant
differences in K* channel transcript expression between
all patients with cardiovascular disease and those with a
structurally normal heart.

Following Institutional Review Board approval, a
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subset of patients who were previously reported [1] that
required surgery were compared to a group of patients
at the time of organ donation. A left atrial biopsy was
obtained at the time of organ donation following review
by the Finger Lakes Donor Network Organ Procure-
ment Organization and family consent for the use of
organs and tissue for research purposes. The left atrial
appendage was selected as the point of biopsy due to its
increased ease in surgical closure within patients requir-
ing cardiac surgery, and its relative unimportance and
common area for venting during cardiectomy. Briefly,
following the initiation of cardiopulmonary bypass, and
cardioplegic arrest, approximately a 0.5 x 0.5 cm biop-
sy was taken from the left atrial appendage, and the de-
fect sutured using a 5-0 prolene. A similar sized biopsy
was taken from the left atrial appendage at the time of
organ donation, following cardiectomy. The tissue was
immediately placed in 1 pl of RNA later (Thermo Fisher,
Waltham) for 12 hours, and frozen at -80 °C.

Clinical data

In all cases, pre-operative demographics were record-
ed on all patients. A pre-operative echocardiogram was
used to measure the left ventricular ejection fraction. In
addition, the presence or absence of diastolic dysfunc-
tion was also compared between groups. Left atrial biop-
sies were obtained from 50 patients, all without a known
history of AF. Forty had significant cardiovascular dis-
ease requiring surgery, and 10 were from a structurally
normal heart ( ). From those patients requiring
cardiac surgery, 10 developed post-operative AF. Sam-
ples were also divided into three groups: 1) Cardiovascu-
lar disease requiring surgery and developed post-opera-
tive AF; 2) Cardiovascular disease requiring surgery and
remained in normal sinus rhythm and 3) Structurally
normal hearts used for cardiac transplant.

K* channel transcript PCR

An RN easy kit (Qiagen, Hilden) was used to extract
the RNA from each sample. Following RNA extraction,
samples were stored at -80 °C to prevent continued deg-
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radation until the time of use. Primers were designed to
cross an intron, and the forward and reverse primers (

) were reconstituted with RNA se free water. A SSIII
RT kit (Invitrogen, Waltham) was used according to the
manufacturer’s specifications to reverse transcribe 50 ng
of RNA. RT-PCR was performed using an Express SYBR
Green ER q PCR Super Mix (Thermo Fisher, Waltham),
in triplicate on a 48 well plate. Data was normalized to
GAPDH using the AA cT (cycle to threshold) method
[8]. The lowest A cT value was then used as a standard,
and subtracted from each sample’s A cT value to result in
a AA T value. The fold increase was then determined by
using the corresponding equation.

A cT = (cT value for the gene of interest) - (cT value
for GAPDH)

AA cT = (Gene of interest A cT) - (Lowest A ¢T value
for that gene within the cohort)

Fold Increase = 2 24<T

Structural heterogeneities

To confirm, that the left atrial tissue was from a struc-
turally normal heart, histology was preformed looking
for structural heterogeneities. The left atrial biopsies
were fixed in 10% formalin, imbedded, and sectioned at

Table 1: Primer sequences.

lon channel Sequence
Kir 2.1 Forward-CACTCGCTTTTTACAAACCAC
Reverse-GCAAAACGCTTTGGAGAAAC
Kir 2.3 Forward-TGTCACGCACCGGAACCCATAG
Reverse-GAAGAACGGCCAATGCAAC
Kir 3.1 Forward-TTCCTTCCCCTTGACCAAC
Reverse-AAACGATGACCCCAAAGAAC
Kir 3.4 Forward-GGACACCCCAGAAGTTAGCA
Reverse-GTGGCAATGGGGACATAATC
Kv 1.5 Forward-CAGTTCCCCAACACACTCCT
Reverse-CAGGGGCTTCTCCTCTTCTT
Kv 4.3 Forward-GCTGCTCCCGTCGTAGTAAG
Reverse-GTTTGGTCTCAGTCCGTCGT
GAPDH Forward-CGAGATCCCTCCAAAATCAA

Reverse-TTCACACCCATGACGAACAT

Table 2: Patient demographics.
Struc N ml heart CVD (n =40) p-Value

(n=10)
Age (years) 38.1+12.1 63.5+11.8 |<0.001
Male gender 66.6% (6) 59.1% (26) 0.7
Ejection fraction 60.5+ 3.9 541 +£11.7 0.005

Table 3: Mechanism for declaration of brain death.

Number of donors

Closed head injury/trauma 8
Liver failure 1
Resp arrest from allergic reaction 1
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6 um. Slides were stained with hematoxylin and eosin
and examined at 10X to measure the left atrial muscle
cell diameter. Data was obtained from 100 cells per sam-
ple. In addition, the presence and percentage of fatty in-
filtration per sample were also determined. Fatty infiltra-
tion was defined as greater than 2 adipocytes surrounded
by muscle. Last, slides were stained with picrosirius red
to qualify and quantify the presence of fibrosis at 10X.
Fibrosis was defined as interdigitating strands located
between muscle bundles. Evidence of fibrosis between
muscle bundles was classified as positive for the presence
of interstitial fibrosis. All microscopy was performed by
two blinded investigators using a Leica Microscope, and
image files saved and analyzed.

Statistical analysis

Data is presented as a mean + the standard deviation
or as a frequency and percentage. All data was compared
using one-way ANOVA. Categorical variables were
compared using a Fisher's exact test. A p value of < 0.05
was considered significant. All authors agree with the
manuscript as written.

Patient demographics

From the biopsies obtained, the majority of patients
requiring surgery had coronary artery disease (n = 16)
and/or isolated valve disease (n = 7), and there were no
significant differences in those who developed AF vs.
remained in NSR in the type of disease or correspond-
ing operation required. Pre-operative demographics be-
tween those who required surgery and those with a struc-
turally normal heart are listed in . The average
age of patients with a structurally normal heart was 38.1
+ 12.1 years, and was significantly younger than those
with cardiovascular disease requiring surgery and either
remained in normal sinus rhythm or developed atrial
fibrillation. Similarly, systolic and diastolic function was
lower in the cardiovascular disease group that required
surgery ( ). demonstrates the mechanism
of brain death for the cardiac donors.

Structural heterogeneities

Fatty infiltration was observed in a greater number of
patients requiring cardiac surgery compared to the struc-
turally normal samples, and although there was a numer-
ically greater percentage of patients who had evidence of
fatty infiltration and developed post-operative AF, this was
not significant ( ). The percent area of fatty infil-
tration was also not significant between groups ( )
One patient with a structurally normal heart had two adipo-
cyte cells within a muscle bundle. Although this was viewed
as abnormal, because there were no significant differences
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Figure 2: 2A and 2B Percent and percent area of patients with fatty infiltration and 2C Myocyte size between patients who
developed Atrial Fibrillation (AF) following surgery, remained in Normal Sinus Rhythm (NSR) following surgery, and those with
a structurally normal heart.
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Figure 3: 3A and 3B 10X images of a patient with cardiovascular disease requiring surgery and with a structurally normal
heart demonstrating fibrosis (red) and healthy muscle (green); 3C Percent of patients with fibrosis and 3D Percentage of
fibrosis by area.

in fatty infiltration between groups, this patient was not ex-  significantly lower within patients with a structurally nor-
cluded from the analysis. However, myocyte diameter was  mal heart ( ).
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Representative images from a patient with cardiovas-
cular disease ( ) and with a structurally normal
heart ( ) demonstrated dramatic differences.
The red-interdigitating strands of fibrosis can be seen in

, while is devoid of these signs. Simi-
larly, fibrosis was observed in 39/40 patients ( )
who required surgery, and the percentage of fibrosis was
significantly lower in those with a structurally normal
heart ( ) further validating that these heart were
structurally normal.

K channel transcript expression

Comparison of left atrial K channel transcripts be-
tween those patients who required cardiac surgery and
those with a structurally normal heart demonstrated
significant differences ( ). The expression of Kv
4.3 and Kir 2.1 were similar between groups. However,
there were significant differences when comparing Kir
2.3, 3.1 3.4 and Kv 1.5 between groups. In all cases the
expression of Kir 2.3, 3.1, 3.4 and Kv 1.5 was significantly
greater within patients with a structurally normal heart.

Atrial fibrillation is commonly encountered following
cardiac surgery. The mechanism(s) behind this arrhyth-
mia remain poorly understood. Our group and others
have previously have demonstrated the importance of
left atrial fibrosis in patients who developed AF [1-6]. Fi-
brosis within the left atrium is a common result from sus-
tained hypertension, diastolic dysfunction and resulting
atrial dilation. However, this is only one potential change
to the left atrium which could account for the develop-

ment of post-operative AF. Ion channel remodeling, has
long been implicated in the development of post-opera-
tive AF, particularly potassium ion channel remodeling
[9-21]. The potassium currents primarily determine the
action potential duration. Further, a decreased action po-
tential duration and lower effective refractory period are
conditions commonly associated with the development
of atrial fibrillation [10-12]. These conditions, however,
would result only during an increased expression of K*
channel transcripts. It is therefore, interesting that we
found that those patients who had cardiovascular disease
had a lower expression of K* channel transcripts com-
pared to the structurally normal heart. We are not the
first group to demonstrate this effect [10,11]. Compari-
son of human tissue from human patients with and with-
out AF, demonstrated lower Kv 1.5 expression from AF
patients [13]. Further, comparison of right atrial samples
from patients with and without heart failure (a disease
commonly associated with AF) demonstrated lower K*
channel expression within the heart failure cohort [12].
Some of these discrepancies may relate to the degree
of fibrosis between groups. Changing the left atrial cell
population to more fibroblasts and less myocytes may
in part be reflective of decreased expression of K* chan-
nel transcripts and would account for these differences.
Particularly, myofibroblasts often activated during heart
failure and chronic cardiovascular disease may increase
in proportion therefore altering the overall expression of
different ion channels.

Unfortunately, there were no right atrial biopsies
available for examination from the structurally normal
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4C: Kir 3.1; 4D: Kir 3.4; 4E: Kv 1.5; 4F: Kv 4.3.

Figure 4: Fold difference in K channel transcript expression between patients with cardiovascular disease developing Atrial
Fibrillation (AF), remaining in Normal Sinus Rhythm (NSR) and those with a structurally normal heart. 4A: Kir 2.1; 4B: Kir 2.3;
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heart to determine if the left to right atrial gradients of
K* channel transcripts remain in the structurally normal
heart. Although portions of the left atrium such as the
appendage are often discarded during cardiectomy, use
of the either the biatrial or bicaval approach to orthot-
opic heart transplant requires all of the right atrial tissue
from the tissue donor, for the anastomosis.

Left atrial samples were obtained following cardiecto-
my at the time of transplant, and therefore, the amount
of tissue available for study was limited. In addition, sam-
ples were unavailable from the right atrium. Further the
lack of tissue limited protein validation, and the timing
and location of cardiectomy outside of our institution
prohibited patch clamp data which could have validated
differences in K* channel transcripts. Last, those patients
without cardiovascular disease were significantly young-
er, and we were unable to account for any differences be-
tween groups based upon age.

We demonstrate that the incidence of structural het-
erogeneities and differences in K* channel transcript ex-
pression are significantly different when comparing pa-
tients with a structurally normal heart to those requiring
cardiac surgery. This suggests that left atrial changes may
be present in all patients with cardiovascular disease,
and that these changes may be partly responsible for the
development of post-operative AF. Further study, on a
larger cohort of patients may be warranted.

1. Swartz MF, Fink GW, Lutz CJ, et al. (2009) Left-versus-
right atrial difference in dominant frequency, K (+) channel
transcripts, and fibrosis in patients developing atrial fibrilla-
tion following cardiac surgery. Heart Rhythm 6: 1415-1422.

2. Bessissow A, Khan J, Devereaux PJ, et al. (2015) Postop-
erative atrial fibrillation in non-cardiac and cardiac surgery:
an overview. J Thromb Haemost 13: S304-S312.

3. Raiten JM, Ghadimi K, Augoustides JG, et al. (2015) Atrial
fibrillation after cardiac surgery: Clinical update on mech-
anisms and prophylactic strategies. J Cardiothorac Vasc
Anesth 29: 806-816.

4. Filardo G, Pollock BD, da Graca B, et al. (2017) Underesti-
mation of the incidence of new-onset post-coronary artery
bypass grafting atrial fibrillation and its impact on 30-day
mortality. J Thorac Cardiovasc Surg 154: 1260-1266.

5. Swartz MF, Fink GW, Sarwar M, et al. (2012) Elevated
pre-operative serum peptides for collagen | and Ill synthe-
sis result in post-surgical atrial fibrillation. J Am Coll Cardiol
60: 1799-1806.

DOI: 10.36959/582/411 | Volume 1 | Issue 1

Coello et al. J Cardiothorac Surg Ther 2017, 1(1):7-12

6.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Dobrev D, Wettwer E, Kortner A, et al. (2002) Human in-
ward rectifier potassium channels in chronic and postoper-
ative atrial fibrillation. Cardiovasc Res 54: 397-404.

Kovoor P, Wickman K, Maguire CT, et al. (2001) Evalua-
tion of the role of IKACh in atrial fibrillation using a mouse
knockout model. Journal of the American College of Cardi-
ology 37: 2136-2143.

Zaritsky JJ, Redell JB, Tempel BL, et al. (2001) The con-
sequences of disrupting cardiac inwardly rectifying K+ cur-
rent (IK1) as revealed by the targeted deletion of the murine
Kir2.1 and Kir2.2 genes. J Physiol 533: 697-710.

Finet JE, Rosenbaum DS, Donahue JK (2009) Information
learned from animal models of atrial fibrillation. Cardiol Clin
27: 45-54.

Dobrev D, Friedrich A, Voigt N, et al. (2005) The G protein-gat-
ed potassium current | (K, Ach) Is constitutively active in pa-
tients with chronic atrial fibrillation. Circulation 112: 3697-3706.

Brundel BJ, Van Gelder IC, Henning RH, et al. (2001) lon
channel remodeling is related to intraoperative atrial effec-
tive refractory periods in patients with paroxysmal and per-
sistent atrial fibrillation. Circulation 103: 684-690.

Pandit SV, Workman AJ (2016) Atrial electrophysiological
remodeling and heart failure. Clinc Med Insights Cardiol 10:
41-46.

Van Wagoner DR, Pond AL, McCarthy PM, et al. (1997) Out-
ward K current densities and Kv 1.5 expression are reduced in
chronic human atrial fibrillation. Circ Res 80: 772-781.

Lee YS, Hwang M, Song JS, et al. (2016) The contribution
of ionic currents to rate-dependent action potential duration
and pattern of reentry in a mathematical model of human
atrial fibrillation. PLoS One 11: e0150779.

Wijffels MC, Kirchhof CJ, Dorland R, et al. (1995) Atrial
fibrillation begets atrial fibrillation. A study in awake chron-
ically instrumented goats. Circulation 92: 1954-1968.

Darbar D, Roden DM (2013) Genetic mechanisms of atrial
fibrillation: impact on response to treatment. Nat Rev Car-
diol 10: 317-329.

Hibino H, Inanobe A, Furutani K, et al. (2010) Inwardly rec-
tifying potassium channels: their structure, function, and
physiological roles. Physiol Rev 90: 291-366.

Liu L, Nattel S (1997) Differing sympathetic and vagal ef-
fects on atrial fibrillation in dogs: role of refractoriness het-
erogeneity. Am J Physiol 273: 805-816.

Remillard CV, Tigno DD, Platoshyn O, et al. (2007) Func-
tion of Kv1.5 channels and genetic variations of KCNA5 in
patients with idiopathic pulmonary arterial hypertension.
Am J Physiol Cell Physiol 292: 1837-1853.

Mays DJ, Foose JM, Philipson LH, et al. (1995) Localiza-
tion of the Kv1.5 K + channel protein in explanted cardiac
tissue. J Clin Invest 96: 282-292.

Franqueza L, Valenzuela C, Eck J, et al. (1999) Functional
expression of an inactivating potassium channel (Kv4.3) in
a mammalian cell line. Cardiovasc Res 41: 212-219.

P SCHOLARS.DIRECT

ISSN: | «Page 12 »


https://www.ncbi.nlm.nih.gov/pubmed/12062344
https://www.ncbi.nlm.nih.gov/pubmed/12062344
https://www.ncbi.nlm.nih.gov/pubmed/12062344
http://www.sciencedirect.com/science/article/pii/S0735109701013043
http://www.sciencedirect.com/science/article/pii/S0735109701013043
http://www.sciencedirect.com/science/article/pii/S0735109701013043
http://www.sciencedirect.com/science/article/pii/S0735109701013043
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2278659/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2278659/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2278659/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2278659/
https://www.ncbi.nlm.nih.gov/pubmed/19111763
https://www.ncbi.nlm.nih.gov/pubmed/19111763
https://www.ncbi.nlm.nih.gov/pubmed/19111763
https://www.ncbi.nlm.nih.gov/pubmed/16330682
https://www.ncbi.nlm.nih.gov/pubmed/16330682
https://www.ncbi.nlm.nih.gov/pubmed/16330682
https://www.ncbi.nlm.nih.gov/pubmed/11156880
https://www.ncbi.nlm.nih.gov/pubmed/11156880
https://www.ncbi.nlm.nih.gov/pubmed/11156880
https://www.ncbi.nlm.nih.gov/pubmed/11156880
https://www.ncbi.nlm.nih.gov/pubmed/27812293
https://www.ncbi.nlm.nih.gov/pubmed/27812293
https://www.ncbi.nlm.nih.gov/pubmed/27812293
https://www.ncbi.nlm.nih.gov/pubmed/26964092
https://www.ncbi.nlm.nih.gov/pubmed/26964092
https://www.ncbi.nlm.nih.gov/pubmed/26964092
https://www.ncbi.nlm.nih.gov/pubmed/26964092
https://www.ncbi.nlm.nih.gov/pubmed/7671380
https://www.ncbi.nlm.nih.gov/pubmed/7671380
https://www.ncbi.nlm.nih.gov/pubmed/7671380
https://www.ncbi.nlm.nih.gov/pubmed/23591267
https://www.ncbi.nlm.nih.gov/pubmed/23591267
https://www.ncbi.nlm.nih.gov/pubmed/23591267
https://www.ncbi.nlm.nih.gov/pubmed/20086079
https://www.ncbi.nlm.nih.gov/pubmed/20086079
https://www.ncbi.nlm.nih.gov/pubmed/20086079
https://www.ncbi.nlm.nih.gov/pubmed/9277498
https://www.ncbi.nlm.nih.gov/pubmed/9277498
https://www.ncbi.nlm.nih.gov/pubmed/9277498
https://www.ncbi.nlm.nih.gov/pubmed/17267549
https://www.ncbi.nlm.nih.gov/pubmed/17267549
https://www.ncbi.nlm.nih.gov/pubmed/17267549
https://www.ncbi.nlm.nih.gov/pubmed/17267549
https://www.ncbi.nlm.nih.gov/pubmed/7615797
https://www.ncbi.nlm.nih.gov/pubmed/7615797
https://www.ncbi.nlm.nih.gov/pubmed/7615797
https://www.ncbi.nlm.nih.gov/pubmed/10325968
https://www.ncbi.nlm.nih.gov/pubmed/10325968
https://www.ncbi.nlm.nih.gov/pubmed/10325968
https://www.ncbi.nlm.nih.gov/pubmed/19656731
https://www.ncbi.nlm.nih.gov/pubmed/19656731
https://www.ncbi.nlm.nih.gov/pubmed/19656731
https://www.ncbi.nlm.nih.gov/pubmed/19656731
https://www.ncbi.nlm.nih.gov/pubmed/26149040
https://www.ncbi.nlm.nih.gov/pubmed/26149040
https://www.ncbi.nlm.nih.gov/pubmed/26149040
https://www.ncbi.nlm.nih.gov/pubmed/26009291
https://www.ncbi.nlm.nih.gov/pubmed/26009291
https://www.ncbi.nlm.nih.gov/pubmed/26009291
https://www.ncbi.nlm.nih.gov/pubmed/26009291
https://www.ncbi.nlm.nih.gov/pubmed/28697894
https://www.ncbi.nlm.nih.gov/pubmed/28697894
https://www.ncbi.nlm.nih.gov/pubmed/28697894
https://www.ncbi.nlm.nih.gov/pubmed/28697894
https://www.ncbi.nlm.nih.gov/pubmed/23040566
https://www.ncbi.nlm.nih.gov/pubmed/23040566
https://www.ncbi.nlm.nih.gov/pubmed/23040566
https://www.ncbi.nlm.nih.gov/pubmed/23040566

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Methods
	Clinical data 
	K+ channel transcript PCR 
	Structural heterogeneities 
	Statistical analysis 

	Results
	Patient demographics 
	Structural heterogeneities 
	K channel transcript expression 

	Discussion
	Limitations
	Conclusion
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	References

