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Atrial fibrillation as a
contributing factor in the
diagnostic algorithm for
coronary subclavian steal
syndrome and cardiac
tamponade following coronary
artery bypass graft surgery: a
case study

Coronary subclavian steal syndrome (CSSS) is a complica-
tion of coronary artery bypass graft (CABG) surgery in pa-
tients with coexistent significant subclavian artery stenosis
(SAS). Itis characterized by a retrograde blood flow through
the left internal mammary artery graft from the coronary
to subclavian circulation, leading to myocardial ischemia.
Current screening for CSSS includes bilateral blood pres-
sure measurement for the detection of a significant inter-
arm blood pressure difference. However, the commonly
used automated sphygmomanometers have limited accu-
racy in patients with atrial fibrillation. Consequently, these
patients are often underdiagnosed. We present a case of a
73-year-old man with a medical history of atrial fibrillation,
peripheral artery disease, and CABG surgery four months
before the current event, who came to the emergency de-
partment due to progressive dyspnea. The initial diagnos-
tic management showed a large circulatory pericardial ef-
fusion, so the patient was admitted to the coronary care
unit and underwent pericardial drainage. In the following
days, due to a sudden high increase in cardiac troponin,
the patient underwent an urgent coronary angiography,
which revealed severe left SAS with functional CABG, indi-
cating the occurrence of CSSS. Percutaneous transluminal
angioplasty was then performed with an optimal angio-
graphic result. The patient was discharged in good condi-
tion with adequate medicament therapy and instructions.
This case report highlights atrial fibrillation as a contribut-
ing factor for the diagnosis of CSSS and pericardial tam-
ponade after CABG surgery. Furthermore, we suggest a di-
agnostic approach that can reduce the incidence of both
these severe complications.
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CASE REPORT

Coronary subclavian steal syndrome (CSSS) occurs in the
presence of subclavian artery stenosis (SAS) or occlusion
and represents a reversal of blood flow in the left internal
mammary artery (LIMA) bypass graft, which leads to coro-
nary ischemia. It presents as a complication in 2.5-4.5% of

Medical history:

A 73-year-old man four months after CABG surgery
referred to the ED due to progressive dyspnea

ECG: atrial fibrillation with rate of 90 bpm

Radiology exams:

- the chest x-ray scan showed an enlargement of the
cardiac silhouette

-CT pulmonary angiography ruled out pulmonary
embolism and verified large circulatory pericardial
effusion

Bedside echocardiography:
-global hypocontractility (EF 40%)

-pericardial effusion with signs of hemodynamic
compromise

Control laboratory tests:

-markedly increased hsTnT

Pericardial drain removal

Control echocardiography:

-improvement in cardiac function
-absence of pericardial effusion

Modification of anticoagulant therapy (initiation of
DOAC instead of warfarin)
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patients undergoing coronary artery bypass graft (CABG)
surgery. The prevalence is even higher in patients with pe-
ripheral artery disease (PAD), who have a 5-fold increased
risk of SAS (1,2). It commonly presents as stable angina trig-
gered by left upper extremity activity, but can also mani-

DAY 1

Physical examination:
-mildly dyspnoic at rest

-hypotensive
-irregular and quiet heart sounds

The laboratory tests:
-significantly elevated levels of NT-pro BNP
-mildly elevated levels of hsTnT

-mildly increased D-dimers
-increased INR (on warfarin therapy)

DAY 1-4

Treatment:

-saline infusion
-vitamin K (used to reverse the effect of warfarin)
-pericardiocentesis and pericardial drain placement

DAY 5
Coronary angiography:
-subocclusive stenosis of the left subclavian artery

proximal to the functional LIMA graft to the LAD

DAY 6

PTA with successful stent implantation in the stenotic
subclavian artery

DAY 7-9

Control laboratory tests:

- decrease in hsTnT levels

DAY 10

v

FIGURE 1. Timeline of the disease and treatment course. CABG - coronary artery bypass graft; ED — emergency department; EF -
ejection fraction; ECG - electrocardiogram; CT — computed tomography; hsTnT - high-sensitive troponin; DOAC - direct oral antico-
agulant; NT-pro BNP — N-terminal probrain natriuretic peptide; INR - international normalized ratio; LIMA - left internal mammary
artery; LAD - left anterior descending artery; PTA - percutaneous transluminal angioplasty.
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fest as an acute coronary syndrome, acute heart failure,
ventricular arrhythmia, or even sudden cardiac death (3).
Digital subtraction angiography, the current gold stan-
dard in the imaging of CSSS, has lately been increasingly
replaced by other diagnostic tools, such as duplex ultra-
sound (DUS), computed tomography angiography (CTA),
and magnetic resonance angiography. The current guide-
lines recommend the endovascular approach as the first-
line treatment of CSSS and vascular surgery as the second
option (4).

CASE REPORT

We report on a case of a 73-year-old man who presented
to our emergency department due to progressive short-
ness of breath (Figure 1). He was an ex-smoker (30 pack-
years of cigarette smoking), with a medical history of dys-
lipidemia, arterial hypertension, atrial fibrillation, PAD, and
left main coronary artery disease (CAD), which led to CABG
surgery four months previously. His medical therapy in-
cluded warfarin, antihypertensive drugs, statin, and a pro-
ton-pump inhibitor. Since surgery, he felt a gradual reduc-
tion in functional capacity with significant worsening of
dyspnea in the last three days. On physical examination,
the patient was mildly dyspnoic at rest and had low blood
pressure (BP) readings of 105/74 mm Hg on the right arm
and 97/69 mm Hg on the left arm. Heart sounds were qui-
et and irregular. Lung sound was clear bilaterally, with the

exception of fine crackles in the right base. Jugular venous
pressure was mildly elevated, and there was no evidence
of peripheral edema. The rest of physical examination was
unremarkable. Electrocardiogram (ECG) showed atrial fibril-
lation with a rate of 90 beats per minute (bpm), incomplete
left bundle branch block, and diffuse T wave inversion in
precordial leads. Laboratory tests demonstrated markedly
elevated NT-proBNP levels of 3564 ng/L (reference levels
<0.73 mg/L), mild increase in serial high sensitive troponin
essays (hsTnT) of 31 ng/Land 51 ng/L (reference levels <14
ng/L), and normocytic anemia of 115 g/L (reference levels
138-175 g/L). The chest x-ray displayed an enlargement of
the cardiac silhouette with mild pleural effusion and cranial
redistribution of pulmonary vasculature, suggesting heart
failure. Given the patient’s symptoms, CT pulmonary an-
giography was also requested to rule out pulmonary em-
bolism. The test did not show signs of pulmonary embolus
but showed a large circulatory pericardial effusion (Figure
2A).The patient was admitted to the coronary care unit. The
bedside echo showed global hypocontractility of the left
ventricle (ejection fraction of 40%) with a confirmed large
circulatory pericardial effusion and increased respiratory
variations in mitral and tricuspid inflow. Pericardiocentesis
was performed with the drainage of 1500 mL of sanguine-
ous effusion over a couple of days. The control laboratory
tests showed an hsTnT increase (1865 ng/L) without the
progression of clinical symptoms and without echograph-
ic or ECG changes. Coronary angiography showed signifi-

FIGURE 2. (A) Contrast-enhanced chest computed tomography (CT) image, multiplanar reconstruction, coronal plane, extensive
pericardial effusion (white arrows). (B) CT angiography, 3D Volume Render image, high-grade stenosis of the left subclavian artery
next to the left internal mammary artery (LIMA) bypass graft (black arrow), anomalous origin of the left vertebral artery from the

aorta (red arrow).
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CASE REPORT

cant stenosis of the left subclavian artery just proximal to
the functional LIMA graft to the left anterior descending
artery, which indicated the presence of CSSS. While the
sudden hsTnT increase could have been explained by peri-
cardiocentesis and consequential hemodynamic changes,
myocardial strain, or mild myocardial trauma, it is likely that
CSSS had significantly aggravated myocardial perfusion in
specific hemodynamic circumstances following pericardi-
ocentesis. Although subclavian bruit was absent, DUS of
upper extremities showed reduced blood flow in the left
arm, while CTA confirmed the previous angiographic find-
ing and the anomalous origin of the left vertebral artery
from the aorta (Figure 2B). As a result, percutaneous trans-
luminal angioplasty was performed. A stent was implant-
ed in the stenotic subclavian artery, followed by optimal
blood flow across the treated vessel (Figure 3). The proce-
dure’s success was later also confirmed with control DUS.
Control echocardiographic study revealed the absence of
pericardial effusion and improvement in cardiac systolic
function, which correlated with the patient’s clinical re-
covery. The patient was discharged from the hospital in a
stable condition.

DISCUSSION

In the modern era, improved life expectancy increased the
prevalence of CABG surgeries, with LIMA as the most uti-
lized conduit. This resulted in an overall higher number of
postoperative adverse events. CSSS is a serious and poten-
tially lethal complication with underestimated incidence,
especially in some high-risk subgroups (2). Ever since it was
first reported by Tyras and Barner (5), various clinical pre-
sentations of this syndrome resulting in severe outcomes
have been described (1,3). For this reason, several author
groups proposed diagnostic approaches to evaluate SAS
and prevent this syndrome. For instance, the algorithm
provided by Cua et al incorporated different diagnostic
tests according to the patient's risk factors such as PAD,
arterial hypertension, dyslipidemia, and smoking (2). How-
ever, current SAS screening recommendations guidelines
propose further investigation of SAS only after an inter-arm
BP asymmetry of =15 mm Hg is found (4,6). Although bilat-
eral blood pressure measurement is a valuable component
of physical examination, it has a poor sensitivity in SAS de-
tection. The absence of significant inter-arm BP variation
could be explained by the presence of equal bilateral ath-
erosclerosis or a development of extensive collaterals on
the diseased side (2). Furthermore, automated sphygmo-
manometers have limited accuracy in patients with atri-

al fibrillation (7). The mean time between CABG sur-
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gery and the development of CSSS symptoms is 9.0+ 8.4
years (8). In our patient, CSSS was diagnosed only four
months after CABG, indicating that SAS might have been
overlooked in the preoperative assessment. Since we doc-
umented equal preoperative bilateral BP, we assume that
atrial fibrillation contributed to the diagnostic oversight of
pre-existing unilateral SAS. Therefore, we suggest that pa-
tients with atrial fibrillation, especially those with concomi-
tant risk factors, should undergo DUS of the upper extremi-
ties before CABG surgery, independently of their difference
in bilateral brachial BP recordings.

FIGURE 3. (A) Transradial digital subtraction angiography
(DSA) access. (B) Selective DSA shows high-grade stenosis of
the left subclavian artery next to the left internal mammary
artery bypass graft (white arrow). (C) Selective DSA of the left
subclavian artery shows successful dilation and stent implan-
tation (black arrow).
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In addition, postoperative pericardial effusion isa common
complication of cardiac surgery, which can delay recovery.
The effusion is often mild and clinically insignificant but
can become large and life threatening, as was the case in
our patient (9). Additionally, it has been reported that anti-
coagulants increase the risk of tamponade in patients who
develop PE. Our case supports this observation as the pa-
tient was on warfarin therapy due to atrial fibrillation (10).
Echocardiography is a well-utilized diagnostic tool in the
assessment of pericardial effusion (9). Nevertheless, post-
operative echocardiography is not always performed be-
fore hospital discharge after cardiac surgery. Consequently,
pericardial effusion may often go unnoticed. In conclusion,
we present this case to emphasize CSSS as a serious com-
plication of CABG surgery and to highlight the need for
SAS screening as a standard part of the preoperative evalu-
ation in patients undergoing CABG surgery that includes
LIMA, especially those with a medical history of both atrial
fibrillation and PAD. Moreover, we also point out the im-
portance of control echocardiographic study shortly after
cardiac surgery, particularly in patients on anticoagulation
therapy, in order to prevent potential complications such
as cardiac tamponade.

Funding None.

Ethical approval The patient consented to the publication of data and im-
ages.

Declaration of authorship LP and MVK conceived and designed the study;
all authors acquired the data; LP and MVK analyzed and interpreted the
data; LP, DP, and MVK drafted the manuscript; all authors critically revised
the manuscript for important intellectual content; all authors gave approval
of the version to be submitted; all authors agree to be accountable for all
aspects of the work.

Competing interests All authors have completed the Unified Competing
Interest form at www.icmje.org/coi_disclosure.pdf (available on request
from the corresponding author) and declare: no support from any organi-
zation for the submitted work; no financial relationships with any organiza-
tions that might have an interest in the submitted work in the previous 3
years; no other relationships or activities that could appear to have influ-
enced the submitted work.

References

1 Sintek M, Coverstone E, Singh J. Coronary subclavian steal
syndrome. Curr Opin Cardiol. 2014;29:506-13. Medline:25159280
doi:10.1097/HCO.0000000000000109

2 Cua B, Mamdani N, Halpin D, Jhamnani S, Jayasuriya S, Mena-
Hurtado C. Review of coronary subclavian steal syndrome.
J Cardiol. 2017;70:432-7. Medline:28416323 doi:10.1016/j.
jjcc.2017.02.012

CM) 287

De Roeck F, Tijskens M, Segers VFM. Coronary-subclavian steal
syndrome, an easily overlooked entity in interventional cardiology.
Catheter Cardiovasc Interv. 2019;e++:1-6. Medline:31179616
Aboyans V, Ricco JB, Bartelink MEL, Bjorck M, Brodmann M,
CohnertT, et al. 2017 ESC Guidelines on the Diagnosis and
Treatment of Peripheral Arterial Diseases, in collaboration with the
European Society for Vascular Surgery (ESVS): Document covering
atherosclerotic disease of extracranial carotid and vertebral,
mesenteric, renal, upper and lower extremity arteries Endorsed
by: The European Stroke Organization (ESO)The Task Force for
the Diagnosis and Treatment of Peripheral Arterial Diseases of
the European Society of Cardiology (ESC) and of the European
Society for Vascular Surgery (ESVS). Eur Heart J. 2018;39:763-816.
Medline:28886620 doi:10.1093/eurheartj/ehx095

Tyras DH, Barner HB. Coronary-subclavian steal. Arch

Surg. 1977;112:1125-7. Medline:901185 doi:10.1001/
archsurg.1977.01370090107023

Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP,
Benedetto U, et al. 2018 ESC/EACTS Guidelines on myocardial
revascularization. Eur Heart J. 2019;40:87-165. Medline:30165437
doi:10.1093/eurheartj/ehy394

Orme S, Ralph SG, Birchall A, Lawson-Matthew P, McLean K,
Channer KS. The normal range for inter-arm differences in

blood pressure. Age Ageing. 1999;28:537-42. Medline:10604505
doi:10.1093/ageing/28.6.537

Faggioli G, Pini R, Cremonesi A, Grattoni C, Longhi M, Mauro

R, et al. Endovascular treatment of late coronary-subclavian

steal syndrome. J Thorac Cardiovasc Surg. 2014;148:2112-6.
Medline:24952819 doi:10.1016/j.jtcvs.2014.05.036

Nguyen HS, Nguyen HD, Vu TD. Pericardial effusion

following cardiac surgery. A single center experience. Asian
Cardiovasc Thorac Ann. 2018;26:5-10. Med|ine:29171276
doi:10.1177/0218492317744902

Meurin P, Weber H, Renaud N, Larrazet F, Tabet JY, Demolis P, et
al. Evolution of the postoperative pericardial effusion after day
15: the problem of the late tamponade. Chest. 2004;125:2182.
Medline:15189940 doi:10.1378/chest.125.6.2182

www.cmj.hr


www.icmje.org/coi_disclosure.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25159280&dopt=Abstract
https://doi.org/10.1097/HCO.0000000000000109
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28416323&dopt=Abstract
https://doi.org/10.1016/j.jjcc.2017.02.012
https://doi.org/10.1016/j.jjcc.2017.02.012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31179616&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28886620&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28886620&dopt=Abstract
https://doi.org/10.1093/eurheartj/ehx095
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=901185&dopt=Abstract
https://doi.org/10.1001/archsurg.1977.01370090107023
https://doi.org/10.1001/archsurg.1977.01370090107023
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30165437&dopt=Abstract
https://doi.org/10.1093/eurheartj/ehy394
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10604505&dopt=Abstract
https://doi.org/10.1093/ageing/28.6.537
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24952819&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24952819&dopt=Abstract
https://doi.org/10.1016/j.jtcvs.2014.05.036
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29171276&dopt=Abstract
https://doi.org/10.1177/0218492317744902
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15189940&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15189940&dopt=Abstract
https://doi.org/10.1378/chest.125.6.2182

