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Abstract

Background: Steal syndrome describes a condition in which a dilated vessel distal to a smaller
artery attempts to compensate for decreased blood flow by “stealing” from the smaller artery.
Steal syndrome is not uncommon and can be seen in certain physiologic and pathologic states.
The classic example is an occluded atherosclerotic coronary artery resulting in a misdirection
of blood flow into the open channels that have developed over time resulting in downstream
ischemia.

Case Report: A 66-year-old male fourteen years post 4-vessel coronary artery bypass grafting
using his left internal mammary artery to bypass a stenotic segment of the left anterior
descending artery, along with three saphenous venous conduits to the right coronary artery.
He also had a stent placement by PCI. He was on dual antiplatelet therapy with aspirin and
clopidogrel. An electrophysiology study revealed inducible VF and he underwent
implantation of a dual chamber ICD 9 months prior to presentation. He experienced an
unprovoked fall at home and a workup revealed the flow volume through the patient’s fistula
increased to such a degree that the patient developed a steal syndrome from his left internal
mammary artery graft. In addition, went into a state of electrical storm caused by ischemic
damage to cardiac tissue distal to the graft. By ligating the fistula, the patient’s steal syndrome
resolved and he did not suffer further ventricular arrhythmias.

Conclusion: Both coronary bypass grafting and fistula formation are common and necessary
interventions and providers should take care to monitor for interactions between these
proposed interventions to best serve their patients without causing additional harm.
Increased vascular flow through any portion of the body can induce a steal syndrome from
an upstream region. Patients who undergo arteriovenous (AV) fistula placement may develop

a steal syndrome from ipsilateral bypass grafts.
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Abbreviations

PCI: Percutaneous Intervention; VF: Ventricular Fibrillation; ICD: Implantable Cardioverter Defibrillator; AV: Arteriovenous;
LIMA: Left Internal Mammary Artery; LAD: Left Anterior Descending Artery; ES: Electrical Storm; VT: Ventricular Tachycardia;
CABG: Coronary Artery Bypass Graft

Introduction

Steal syndromes are a relatively common phenomenon that describes a flow dynamic present in certain physiologic and
pathologic states [1]. To compensate for atherosclerosis, certain stenotic vessels become permanently dilated. Unobstructed
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vessels respond to stress by themselves dilating and “stealing” blood flow from those stenotic vessels, causing downstream
ischemia. Coronary stress tests rely on steal phenomena to visualize potential ischemia. Steal syndrome is also seen in certain
pathologic conditions such as subclavian steal, wherein the dilated segment distal to a narrowed subclavian artery attempts to
compensate for increased demand by “stealing” blood flow from the ipsilateral vertebral artery. The reversal of vertebral blood
flow may induce vertebrobasilar insufficiency that classically presents as “drop attacks,” in which patients experience sudden
syncope related to upper extremity movements. Arteriovenous (AV) fistulas create a high-flow and low-resistance vascular
system that may also instigate steal syndromes. Temporary flow reduction in the internal mammary arteries has been observed
during hemodialysis using ipsilateral upper extremity AV fistulas [2]. When the Left Internal Mammary Artery (LIMA) is grafted
to the Left Anterior Descending Artery (LAD), patients may experience left ventricular hypokinesis with classic angina lasting
for the duration of hemodialysis from a right brachial AV fistula [2].

Myocardial ischemia is a precursor lesion for Electrical Storm (ES). ES is defined as three or more episodes of sustained
Ventricular Tachycardia (VT) or Ventricular Fibrillation (VF) within twenty-four hours or two or more episodes of VT or VF
within five minutes. Monomorphic ventricular tachycardia is the most common arrhythmia associated with ES [3]. ES is more
common in patients who obtain an ICD for secondary prevention, occurring in 10-20% of these patients compared to 4% of those
who obtain an ICD for primary prevention [4]. Low ejection fraction less than 25% or increased QRS greater than 120 ms may
also predict patients at higher risk for ES [5]. ES is usually a sign of severe endocardial damage that has created malicious
isthmuses through which recurrent deadly rhythms can flow [6]. ES is often treated medically with beta-blockers and
antiarrhythmic therapy with amiodarone as a first-line treatment [3]. Catheter ablation can also be an effective treatment for ES,
especially for patients presenting with monomorphic VT [4].

Ethical Statement
The project did not meet the definition of human subject research under the purview of the IRB according to federal regulations
and therefore was exempt.

Case Report

The patient is a 66-year-old male with a past medical history of hypertension, diabetes mellitus type 2, coronary artery disease
with prior Coronary Artery Bypass Grafting (CABG), Percutaneous Intervention (PCI), heart failure with reduced ejection
fraction of 35-40% at baseline, Implantable Cardioverter-Defibrillator (ICD) and end-stage renal disease on dialysis, who
presented after a fall. Fourteen years prior to presentation he underwent a 4-vessel CABG using his LIMA to bypass a stenotic
segment of the LAD, along with three saphenous venous conduits to the right coronary, first diagonal and left circumflex arteries.
Nine months prior to arrival he experienced an aborted sudden cardiac death, resulting in stent placement by PCI. He started
dual antiplatelet therapy with aspirin and clopidogrel. An electrophysiology study revealed inducible VF and he underwent
implantation of a dual chamber ICD.

Six months before presentation he started regular hemodialysis three days a week using a right tunneled dialysis catheter. A left
upper extremity AV fistula was placed and allowed to mature. He started using the mature AV fistula for treatments one week
prior to presentation. Several days before presentation he developed shortness of breath at rest, four-pillow orthopnea and
paroxysmal nocturnal dyspnea. On the day of his initial presentation, he suddenly became lightheaded with rapid palpitations
while walking in his home. He sat down to rest and these symptoms resolved after 15 to 30 minutes. He then stood up and was
walking to the bathroom when he fell. He denied loss of consciousness, but he also stated that he did not remember falling. He
suffered a laceration to his lower lip with no other injuries. He presented to a local hospital where computed tomography
demonstrated a right subdural hematoma. He was transferred to a nearby level one trauma center. Aside from his lip injury, he
was asymptomatic.

Labs revealed hypokalemia with potassium 3.1 mEq/L (reference range: 3.5 to 5.1 mEq/L) and hypomagnesemia at 1.6 mg/dL
(reference range: 1.8 to 2.5 mg/dL). His creatinine was 5.0 mg/dL (reference range: 0.6 to 1.2 mg/dL) and his BUN was 70 mg/dL
(reference range: 8 to 26 mg/dL). An electrocardiogram showed sinus tachycardia at 104 bpm with frequent premature
ventricular complexes and fusion complexes. An echocardiogram revealed left ventricular ejection fraction of 15-20% with
anterior and lateral wall motion abnormalities. Repeat head computed tomography showed anterior and posterior falx subdural
hematomas measuring up to 3 mm each.

http://dx.doi.org/10.46889/JCMR.2024.5108 https://athenaeumpub.com/journal-of-clinical-medical-research/


http://dx.doi.org/10.46889/JCMR.2024.5108
https://athenaeumpub.com/journal-of-clinical-medical-research/

Initial management included repair of his laceration and repletion of potassium and magnesium. His ICD was interrogated
revealing 3 episodes of polymorphic VT requiring shocks in the previous 24 hours, one of which coincided with his fall. Meeting
the criteria for ES, he was started on continuous intravenous amiodarone at 0.5 mg/min. Cardiac catheterization was deferred as
his subdural hematomas required holding his antiplatelet therapy.

Overnight his condition worsened and he experienced 13 episodes of recurrent polymorphic VT requiring ICD shocks. He was
started on continuous intravenous lidocaine at 1 mg/min. Despite the risks associated with his hematomas, his daily aspirin 81
mg was restarted to allow for urgent cardiac catheterization.

Coronary angiography and intravascular ultrasound revealed underexpansion and severe in-stent restenosis of the left main, left
circumflex and ramus intermedius. Balloon angioplasty was performed with no additional stent placement. These branches,
however, were of very small caliber and diffusely diseased. Saphenous venous conduits to the first diagonal and right coronary
arteries were found to be occluded, while the saphenous venous conduit to the first left posterolateral branch was patent.
Angiography of the left subclavian artery revealed very brisk flow with faint filling of the LIMA. The LIMA was patent on
selective angiography, with subtle retrograde flow to the subclavian artery noted at the ostium (Fig. 1).

Given the findings of coronary angiography and the drop in left ventricular ejection and wall motion abnormalities, there was
concern for subclavian steal syndrome, with an excessive arterial flow through the left subclavian and AV fistula leading to
“steal” from the LIMA. Vascular surgery was consulted and performed duplex ultrasound, which revealed a widely patent left
upper extremity AV fistula with flow volume estimated at an extraordinarily high rate of 6,075 mL/min (reference range: 600-
1,500 mL/min) [4,7]. He underwent ligation of the left AV fistula. Following ligation, patient was successfully weaned off
antiarrhythmic therapy. Telemetry revealed frequent premature ventricular complexes and occasional short runs of non-
sustained VT that did not require ICD shocks. He had symptomatically improved and experienced no further syncope. He was
discharged home with plans to obtain a right upper extremity AV fistula as an outpatient.

Figure 1: Coronary Steal Syndrome from the patent LIMA graft. Left heart catheterization images in chronological order of (a-
b,d) a patent LIMA graft with; (c) retrograde flow from the LIMA to the subclavian (white arrow).
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Discussion

This case illustrates an example of steal syndrome from a CABG caused by a high flow ipsilateral left upper extremity AV fistula.
Myocardial ischemia caused by iatrogenic steal syndrome related to this high-output AV fistula was likely a strong contributing
factor to this patient’s ES.

The most likely etiology for this patient’s ES is ischemic damage secondary to the visualized steal syndrome. The acute reduction
in left ventricular ejection fraction by echocardiography in addition to anterior and lateral wall motion abnormalities suggest
ischemic damage related to the LAD. Cardiac catheterization demonstrated a patent LIMA to LAD bypass graft with brisk
subclavian flow and proximal retrograde flow to the subclavian artery (Fig. 1). Moreover, consistent with his presentation,
coronary steal is likely exacerbated during hemodialysis sessions [2]. High AV fistula flow may also contribute to subendocardial
ischemia due to supply-demand mismatch.

The timing of his symptom onset and resolution also suggests ischemia from steal syndrome as the etiology of his ES. His AV
fistula’s maturation for use with dialysis therapy coincided with the onset of his symptoms of shortness of breath and orthopnea
and his ES resolved once regular flow was restored by AV fistula ligation. Other potential etiologies of this patient’s ES include
electrolyte abnormalities or a malfunctioning pacemaker [8]. These causes are less likely for this patient who had a normally
functioning pacemaker and who experienced 13 additional episodes of polymorphic ventricular tachycardia after his mild
hypokalemia and hypomagnesemia were corrected.

This patient was initially treated with antiarrhythmic therapy until his ES trigger was resolved. Alternative management for ES
includes catheter ablation. This method is more commonly used for patients who experience monomorphic VT during their ES,
since this arrhythmia is often associated with a mechanism of scar-mediated reentry [4]. Additionally, surgical management
options are emerging as potential protective therapies, including left cardiac sympathetic denervation for refractory ES patients
who have failed maximal medical therapy and catheter ablation [4]. This patient demonstrated polymorphic VT and his ES had
an identifiable trigger with successful targeted management, so catheter ablation and surgical intervention were not performed.

Clinical Implications and Future Directions

A 13% minority of ES patients have identifiable triggers for ES, which can include acute myocardial ischemia, electrolyte
disturbances or sepsis [9]. This patient had a clear trigger of myocardial ischemia secondary to iatrogenic steal syndrome that
resolved once his AV fistula was ligated. This case further demonstrates the importance of trigger identification and management
for ES patients as he was ultimately able to discontinue antiarrhythmic therapy once his trigger had resolved.

Patients who develop ES have an increased mortality risk even compared to those with unclustered episodes of sustained
ventricular arrhythmias [10]. They also have increased risk of worsening heart failure [3]. This patient’s ejection fraction had a
clear reduction from his baseline 35-40% to 15-20% at the time of his ES. He also experienced multiple ICD shocks. Although
patients with ES clearly experience an increased risk of mortality, the identification of ES as a risk factor for increased mortality
remains controversial since other associated factors such as ICD shocks and worsening heart failure may also contribute to
increased mortality [10]. Further research is needed to identify any potential causative link between ES and mortality risk.

Conclusion

CABGs and AV fistulas are both common vascular interventions against chronic disease. Understanding the effects that these
procedures have on flow dynamics within the body is crucial to understanding their potential complications. In patients with
CABG undergoing AV fistula creation, the arm contralateral to the LIMA should be selected for the fistula.
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