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Abstract: Bland-White-Garland syndrome (BWGS) is a rare congenital coronary artery
malformation. In adult patients with BWGS, left coronary artery is supplied by collateral
vessels from dilated right coronary artery. When high-pressure coronary flow drains into the
low-pressure pulmonary artery with little ventricle perfusion, it causes a “coronary steal”. In
this study, a 53-year-old man with untreated BWGS receiving choledochotomy under general
anesthesia was presented. The patient suffered from chronic biliary calculi, atrial fibrillation,
complete left bundle branch block, and chronic heart failure. The anesthetic management for
choledochotomy in this patient presented a special challenge. Moreover, relevant literature
search was performed for all the case reports of BWGS published in PubMed and MEDLINE
from 1990 to 2018. In addition, a summary of underlying pathophysiology and anesthetic
implications of patients with BWGS was provided.

Keywords: anesthesia, Bland-White-Garland syndrome, left main coronary artery, right
coronary artery, pulmonary artery, coronary steal

Background

Bland-White-Garland syndrome (BWGS), also known as anomalous origin of the
left coronary artery from the pulmonary artery (ALCAPA), is a rare congenital
malformation affecting 1 in every 300,000 live births and represents 0.24—0.46% of
all congenital cardiac diseases. It is characterized by high mortality due to chronic
myocardial ischemia, heart failure, ventricular arrhythmias, and sudden death. If the
adequate collateral circulation between right and left coronary artery exists, only
about 10-15% of the patients survive to adulthood.'” However, in 80-90% of the
BWGS cases, sudden cardiac death occurs within the first year of life. The survival
depends greatly on an adequate collateral circulation between the left and right
coronary arteries. Moreover, identification of dilated collaterals is often the first
indication of pathology. Survival to adulthood is unusual, and patients over the age
of 50 are rare.

Here, a rare case of a patient with BWGS will be presented, who also suffered
from chronic biliary calculi. Although his cardiac function was in poor status and
the risk of anesthesia was extremely high, choledocholithiasis was the only chance
for him to survive. This case is rare because it describes the anesthetic management
of a patient with BWGS, and as far as the author knows there are very few studies
that focus on the anesthetic management of patients with BWGS, especially ones
undergoing noncardiac surgery.
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Case presentation

A 53-year-old man, diagnosed with choledocholithiasis,
was scheduled for a choledochotomy under general
anesthesia in our hospital. Written informed consent has
been obtained by the patient and case details and accom-
panying images are allowed to be published by the patient
and our hospital.

The patient presented with a 10-month history of whole
body yellowing and severe abdominal pain and survived a
cardiac arrest 1 year ago. His medication included furose-
mide, spironolactone, and perindopril. The blood pressure
was 110/65 mmHg, heart rate 72 beats/min, oxygen satura-
tion 99%. Blood tests showed hemoglobin: 99 g/L, albumin:
35.7g/L, APTT: 459, TT: 14.9 s, total bilirubin: 55.3 umol/
L, gamma-glutamyltransferase: 554 u/L, PRO-BNP: 3262
pg/mL. The electrocardiogram showed fibrillation with a
ventricular rate of 96 beats per minute (Figure 1), complete
left bundle branch block, occasional premature ventricular
beats. Transthoracic echocardiography (TTE) showed left
main coronary artery (LMCA) originating from the pulmon-
ary artery (PA), systolic and diastolic blood flow signals at
the origin of LMCA, slightly decreased left ventricular func-
tion (ejection fraction 52%), enlargement of the ventricle and
atrium, moderate pulmonary hypertension with pulmonary
artery pressure of 56 mmHg, expansion of the right coronary
artery (RCA), and severe mitral and tricuspid regurgitation
(Figure 2). Then, PA computed tomography angiography
(CTA) and double source CT coronary angiography revealed

o

Figure | Electrocardiogram showed fibrillation, complete left bundle branch block,
and occasional premature ventricular beats.

a congenital anomalous LMCA originating from the PA with
no identified connection to the aortic root and a severely
dilated RCA originating from the normal sinus of Valsalva
along with abundant intercoronary collaterals circulation
(Figure 3). The diagnosis of BWGS was confirmed. Due to
the poor hepatic function, he could not wait for cardiac
surgery. Furthermore, he refused to undergo cardiac surgery
because of its high risk.

A temporary pacemaker was implanted prior to the
induction of anesthesia. The arterial blood gas analysis
was normal (PH=7.39, PaCO,=35 mmHg, Pa0O,=88
mmHg, HCO3;=22.4 mmol/L, HCT=33%, K=3.4 mmol/L).
The patient was put under general endotracheal anesthesia
with steady intravenous induction. Fentanyl 8 pg/kg, atra-
curium 0.2 mg/kg, propofol 1.5 mg/kg, and midazolam 0.05
mg/kg were administered with syringe pumps separately,
and the duration of intravenous administration was more
than 10 mins. The infusion rate was slightly adjusted
according to the BIS value, so that the bispectral index
(BIS) value was slowly descended from 100 to 60, and
then the patient was intubated. Ultrasound-guided transver-
sus abdominis plane block and rectus sheath block were
performed to reduce the pain stress response with 0.5%
ropivacaine (0.5 mL/kg). Intraoperative transesophageal
echocardiagraphy (TEE) showed severely dilated RCA
and the LMCA originating from PA, 16 mm distal to the
pulmonic valve, with the retrograde flow draining from
dilated LMCA into the PA, causing coronary “steal phe-
nomenon” (Figure 4).

The anesthesia was maintained by sevoflurane sup-
plied at 1 minimum alveolar concentration, and continu-
ous infusion of 1% propofol with infusion rate around
15-20 mL/hr. Anesthetic depth was accurately monitored
by BIS (50-60). Oxygen was given by pressure-con-
trolled mechanical ventilation (airway pressure 13 cm
H,0, oxygen/air ratio 1:1, end-tidal CO, 35-38 mmHg).
The mean arterial pressure was maintained above 80
mmHg and the heart rate between 70 and 90/min, with
cardiac function monitored by TEE. Norepinephrine
0.03-0.08 pg/kg/min and dopamine 3-6 pg/kg/min were
required during the surgery.

The laparotomy lasted 2 hrs. The patient was extubated
shortly after surgery and was transported to intensive care
unit. His cardiac function remained stable and he was
transferred to the general ward on postoperative day 1.
He was subsequently discharged 7 days after surgery. A 6-
month follow up showed the patient was convalescencing
smoothly.

submit your manuscript

2168

Dove!

Journal of Pain Research 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Guo et al

LOGIQ
E9

LOGIQ
=]

SN
.
: } Ry

Figure 2 Transthoracic echocardiography. (A) Abundant collateral circulation. (B) Severe mitral regurgitation. (C) Dilated right coronary artery and severe tricuspid
regurgitation. (D) Moderate pulmonary hypertension with pulmonary artery pressure of 56 mmHg.
Abbreviations: MR, mitral regurgitation; TR, tricuspid regurgitation; RCA, right coronary artery.

Literature review

Recent literature on anesthetic management of patients
with BWGS were reviewed by conducting a thorough
search on PubMed and MEDLINE of all the case reports
of Bland-White-Garland syndrome published from 1950 to
2018. The keywords used included “Bland-white-Garland

CEINN3

Syndrome”, “ALCAPA”, “coronary anomaly”, “anaesthe-
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sia”, “anomalous origin of the left coronary artery from the
pulmonary artery”. The references of the selected literature
have also been included. In addition, cases without defini-
tive diagnosis of BWGS, reports only about surgical pro-
cedures, ultrasound or radiologic diagnosis were excluded.

Our literature search showed a total of 6 cases
related to anesthetic management between 1996 and
2008. The characteristics of the reported cases of
BWGS patients undergoing general anesthesia are
listed in Table 1, and the clinical course of anesthetic
management in Table 2. These patients were between
the ages of 7 weeks and 68 years. Cardiovascular
surgery with CPB took place in 5 cases (5/6), and
noncardiac surgery took place only in 1 case (1/6).
Suspicion and diagnostic modalities of BWGS were

completed before surgery (5/6), during or after the

surgery (1/6). Five cases had symptoms of myocardial
ischemia (5/6).

Discussion

The hemodynamic changes of BWGS are based on the
pressure imbalance. Although the abnormal connection
between coronary artery and PA exists during the fetal
period, since there is a pressure balance between pulmon-
ary and systemic circulation, the direction of blood flow in
the left coronary artery (LCA) is still anterograde. After
birth, the pressure of pulmonary circulation decreases
rapidly. This “pressure imbalance” between the systemic
and pulmonary circulation leads to a significant decrease
of the antegrade blood flow and oxygen concentration in
the LCA, leading to myocardial ischemia. Infant-type
BWGS causes death of infants. If the lateral branches
between the left and right coronary arteries can form
rapidly, the blood of the RCA enters the LCA through
the collateral branches, and the perfusion of the left ven-
tricle can be improved. The mechanism of the high-pres-
sure coronary flow draining into the low-pressure PA with
little ventricle perfusion is called the “coronary steal”.’
Moreover, the perfusion of the left ventricle caused by
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Figure 3 Coronary computed tomography angiography (CTA)clearly identifies the anomalous origin of the left main coronary artery (LMCA) from pulmonary artery (PA)
(asterisks, A and B). The construction image of the double source coronary CTA shows the LMCA originating from the PA with no identified connection to the aortic root,
a severely dilated right coronary artery (RCA), and the abundant intercoronary collaterals.

(C) Anterior position; (D) posterior position.
Abbreviations: LA, left atrium; RA, right atrium; RCA, right coronary artery.

Figure 4 Intraoperative TEE. (A) Modified mid-esophageal aortic valve short view, color flow Doppler examination showed that the left main coronary artery (LMCA)
origin was showed arising from pulmonary artery (PA), with the retrograde flow draining from dilated LMCA into the PA. (B) Modified mid-esophageal aortic valve long view

showed severely dilated right coronary artery (RCA).

Abbreviations: RV, right ventricle; IAS, interatrial septum; LA, left atrium; RA, right atrium; TEE, transesophageal echocardiagraphy.

this retrograde blood flow is still inadequate. Therefore,
patients are at high risk of myocardial infarction, left
ventricular dysfunction, mitral regurgitation, recurring
ventricular arrhythmia, and even sudden death. Our patient
had no obvious physiological abnormalities after birth and
did not present with clinical symptoms throughout his

childhood. He has a right dominant coronary artery,
which is an important factor for the survival of BWGS
patients into adulthood, since this may be related to the
increased blood oxygen supply from the right dominant
coronary artery through the collateral vessels to the left
coronary artery.
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Coronary steal can be diagnosed by clinical symptoms,
ECG, cardiac ultrasound, and angiography.g’g Coronary
steal causes complications as the result of decreasing
myocardial perfusion, especially when there is an
increased myocardial oxygen demand combined with
reduced coronary perfusion, as well as a sudden drop in
the pulmonary vascular resistance. This is why careful
management is required during mechanical ventilation to
prevent a sudden drop in pulmonary vascular resistance,
which can be done by maintaining a reasonable arterial
saturation without causing hyperoxia or hypocapnia.”>®
Subsequently, unintentional excessive ventilation should
be avoided during mechanical ventilation to prevent the
coronary steal. Diastolic blood pressure and diastolic dura-
tion are the two most important factors to determine the
coronary blood flow. It is important to increase diastolic
pressure and decrease heart rate in order to maintain cor-
onary perfusion. A sharp increase of systemic vascular
resistance should be prevented, as it would influence the
forward output of the left ventricle, increasing mitral
regurgitation.

This is a rare case about description of the anesthetic
management of a patient with BWGS, especially ones
undergoing noncardiac surgery. The difference or origin-
ality of this case compared to other case reports regarding
anesthetic management for patients with BWGS syndrome
is the concern about myocardial blood supply and coron-
ary steal phenomenon throughout the whole anesthetic
process. Anesthetic management was done to ensure ade-
quate coronary perfusion and prevent coronary steal.

We searched both successful and unsuccessful cases
that were relevant and organized our understanding of
the underlying pathophysiologies and anesthetic implica-
tions with BWGS (summarized in Table 3). BWGS can be
diagnosed by cardiac ultrasound, CTA, left heart catheter-
ization, cardiac magnetic resonance imaging, and angio-
graphy, which were significant for anomalous LMCA
originating from the PA and an enlarged right coronary
artery''? Genomics correlates of this rare disease are
particularly missing, four mutations in three candidate
genes potentially related to the ALCAPA phenotype,
reporting the existence of mutations in CFTR, MENI,
and PKP2." The anesthetic technique influences myocar-
dial ischemia with BWGS. Fentanyl, has vagotonic effects
that sometimes result in severe bradycardia, combined
with propofol the result is particularly hypotensive.'
Bolus injection for anesthesia induction was not adopted,
because blood concentration would rise sharply, and then

the side effects of all the drugs are superimposed, leading
to unwanted tachycardia and hypotension.'®™'® Volatile
agent for maintaining anesthesia is believed to have pleio-
tropic effects on protecting against myocardial ischemia,
as well as maybe reduce the incidence of intraoperative
awareness.>**?' The possible problems about the co-
administration of inhalation and intravenous anesthetics
for this patient are the decreases in systemic vascular
resistance, which would decrease diastolic blood pressure
and drop in left coronary artery blood flow from intercor-
onary collaterals.>** Less inhalation sevoflurane might
have led to greater hemodynamic stability, so only 1%
sevoflurane was used in this patient. Inotropes such as
dopamine, dobutamine, and epinephrine should be used
with extreme caution as they might result in tachycardia.?’
Adequate dose of noradrenaline can increase coronary
perfusion  pressure by  stimulation of alpha-
adrenoreceptors.

In addition to routine monitoring, other equipment
needs should be considered. Anudeep Jafra® suggested
the routine use of TTE in managing perioperative care
when the underlying cardiac disease is rare, but the evi-
dence base is insufficient. Anesthesiologists with a cardiac
and echocardiography background can successfully per-
form TTE or TEE, which provides valuable new diagnos-
tic information guiding changes in perioperative
management.”> In our case, echocardiography was per-
formed to assess the preload and ventricular function.

For surgical procedures that may promote bradycardia,
and particularly in patients with pre-existing severe cardi-
ovascular disease (ie, NYHA C and D), cardiac pacing is
indicated.** Since sudden death may occur in adult type
BWGS, especially in patients with preexisting bundle
branch block, the usage of temporary transvenous or trans-
cutaneous pacing as a routine prophylactic measure is
suggested, though it is an invasive procedure. In our
patient, bradycardia did occur during the laparotomy,
which may have been the result of anesthetics’ vagal
reflex, and when the heartbeat became slower than 70

per/min, the pacemaker was turned on.

Conclusion

Chronic ischemia in adult type BWGS leads to impaired
myocardial function, which has potential for devastating
outcomes. A successful management of anesthesia in an
adult with diagnosed, but untreated BWGS was described
in this study. Anesthetic management was done to ensure
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adequate coronary perfusion, use a vasopressor, and pre-
vent coronary steal. Comprehensive monitoring is sug-
gested in perioperative management, as well as the
routine use of pacemaker during surgery in managing
this type of patients to prevent bradycardia and sudden
cardiac arrest.
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