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Anesthesia management in a patient with anomalous origin of left pulmonary artery from the descending aorta: A case report and literature review
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Anomalous origin of the left pulmonary artery from the descending aorta is an extremely rare congenital malformation. There were merely four case reports of such malformation in previous literature, and all four cases underwent surgical repair in their first year of life. Actually, long-term pulmonary arterial hypertension and irreversible pulmonary vascular changes make anesthesia management quite a challenge, while anesthesia for managing these cases has not been discussed before. We present a 15-year-old boy undergoing corrective surgery and try to provide some tips on anesthesia management for this surgical procedure. Through optimal perioperative management, successful outcomes can be achieved for this malformation.
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Introduction

Anomalous origin of single pulmonary artery branch from aorta is a rare anomaly, which accounts for 0.12% of congenital heart disease (1). In clinical scenarios, anomalous origin of the right pulmonary artery represents the majority of cases, making anomalous origin of the left pulmonary artery (AOLPA) even much rarer (2). For AOLPA, the left lung is perfused under systemic pressure and the right lung accepts the whole output of right ventricle. Therefore, patients with AOLPA from the aorta are usually associated with higher mortality, and most survival corrections are achieved within the first month of age (3). To the best of our knowledge, there have been four case reports of AOLPA from the descending aorta of those who underwent corrective surgery within the first year of life in the literature (Table 1) (4, 5). While these reports mostly focused on the surgical operations, discussions on anesthesia for these cases are lacking. Herein, we present an adolescent undergoing the correction for AOLPA from the descending aorta as the fifth case and try to provide some tips on anesthesia management.


TABLE 1 The demographic and clinical characteristics in five patients with AOLPA from the descending aorta.
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Case description

A 15-year-old boy (182 cm/90 kg) with a body mass index of 27 kg/m2, complaining of aggravated hemoptysis during recent 2 months, was scheduled to undergo selective corrective surgery for AOLPA from the descending aorta (Figure 1). There is no other medical history except for 10 years of stable immunoglobulin A vasculitis (serum creatinine = 47 μmol/L). Preoperative transthoracic echocardiography (TTE) indicated mild tricuspid regurgitation with estimated pulmonary artery systolic pressure of 38 mmHg of the right lung and left ventricular end diastolic dimension of 6.2 cm. Cardiac catheterization before surgery indicated that the pulmonary artery pressure (PAP) of the left lung was same as the systemic artery pressure. ECG and chest x-ray before the operation were normal (Figure 2). The remaining preoperative physical, imaging, and laboratory examinations were normal. Intubation was not difficult after airway evaluation by an anesthesiologist, and the patient was graded as American Society of Anesthesiologists grade III.


[image: Figure 1]
FIGURE 1
Preoperative three-dimensional angiography. Anomalous origin of the left pulmonary artery from descending aorta is indicated by the yellow arrow.
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FIGURE 2
Preoperative ECG (A) and chest x-ray (B). Preoperative electrocardiogram indicated sinus arrhythmia and chest x-ray showed normal chest image.


Supplemental oxygen was administrated at 5 L/min via a mask in the operating room. Noninvasive blood pressure, five-lead ECG, and pulse oxygen saturation were monitored with the baseline value at 120/50 mmHg, 97 bpm, and 100%, respectively. General anesthesia induction began after arterial and peripheral venous cannulation were available. The induction drugs included midazolam (0.05 mg/kg), etomidate (0.2 mg/kg), sufentanil (1.5 μg/kg), and cis-atracurium (0.2 mg/kg). Transesophageal echocardiography (TEE) probe and Swan–Ganz catheter were inserted after a double-lumen tube was intubated. The initial PAP was 42/15 mmHg (mean pulmonary artery pressure = 24 mmHg; pulmonary capillary wedge pressure = 15 mmHg) and the cardiac output was 5.6 L/min. Preoperative arterial blood gas (ABG) was as follows: pH 7.40, PaCO2 39.2 mmHg, PaO2 224 mmHg, hemoglobin 13.0 g/dL, hematocrit 39%, K+ 3.87 mmol/L, Ca2+ 1.30 mmol/L, glucose 5.54 mmol/L, lactate 1.5 mmol/L, and standard base excess 0.2 mmol/L (inspired oxygen fractions, FiO2 = 30%). There are no hemodynamic fluctuations before incision maintaining around 110/60 mmHg.

The detachment of AOLPA from the descending aorta was performed under one-lung ventilation with a right lateral recumbent position. FiO2 was increased to 90% to avoid hypoxemia. Meanwhile, proper positive end expiratory pressure (PEEP) (5 mmHg) and intermittent recruitment maneuvers were considered. Before the left pulmonary artery and descending aorta were clamped, intermittent intravenous nicardipine (0.1 mg) was administrated. Cross-clamp time of the descending aorta and left pulmonary artery were 20 min and 40 min respectively. After reperfusion of descending aorta, intravenous norepinephrine (5 μg) was administered for better peripheral circulation. During the whole process of detachment, mean arterial pressure (MAP) was maintained at the level of 60 mmHg.

Subsequently, the process of anastomosing AOLPA to the main pulmonary was performed with the aid of cardiopulmonary bypass (CPB) under mild systemic hypothermia. During CPB, MAP was maintained above 50 mmHg. Hypotension was treated by fluid therapy including blood from the cell saver. After AOLPA was anastomosed to the main pulmonary artery trunk, MAP was maintained at a level of 80 mmHg via norepinephrine (0.04–0.06 μg/kg/min) and dopamine (3 μg/kg/min). The patient's temperature was maintained at approximately 36°C all the time. Tranexamic acid was continuous administrated at the rate of 800 mg/h after the bolus of 1,000 mg. Autologous blood transfusion was applied initially, and the patient did not receive allogeneic red blood cells. The surgery lasted for 470 min with fluid positive balance at 400 ml (intake volume 3,600 ml, blood loss 2,000 ml, urine volume 1,200 ml).



Follow-up

The patient survived the surgery with stable hemodynamics (110/58 mmHg, 98 bpm, 100%) and extubated 5 h after the surgery in the intensive care unit (ICU). He received patient controlled intravenous analgesia with a standard regimen of sufentanil (basal infusion at 2 mg/h, 3 mg bolus, and 15-min lockout intervals). Twenty-one hours later, he was transferred from ICU to the ward of Department of Cardiac Surgery. Warfarin was administrated to prevent the thrombosis after surgery, and the dosage was adjusted according to international normalized ratio (INR) constantly. Postoperative volume-rendered cardiac computed tomography (CT) angiography image indicated satisfying correction results (Figure 3). Postoperative TTE estimated pulmonary artery systolic pressure of 29 mmHg without regional wall motion abnormality. The patient was discharged 27 days after surgery under thorough medical care without postoperative complications.
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FIGURE 3
Postoperative volume-rendered cardiac CT angiography image. Repaired descending aorta with pericardium patch was showed as the blue arrow. AOLPA anastomosed to the main pulmonary artery via 18# synthetic vessel is indicated by the yellow arrow. AOLPA, anomalous origin of the left pulmonary artery; CT, computed tomography.




Discussion

Anomalous origin of a branch pulmonary artery from the aorta is a rare congenital malformation, which may occur in isolation or associated with cardiac defects such as Tetralogy of Fallot and patent ductus arteriosus (6). The definite pathogenesis about AOLPA is unknown and usually thought to be related to abnormal embryogenesis. Surgical corrective techniques for AOLPA include direct implantation or implantation via a synthetic graft or autologous pericardial patch with or without the aid of CPB, and stenosis is the major reason for reoperation (6, 7). The key of treating this malformation is early repair to avoid pulmonary arterial hypertension (PAH) (8). In addition, the left lung exposed to systemic pressure would develop irreversible vascular changes especially pulmonary obstructive disease (9). PAH and irreversible pulmonary vascular changes gradually make anesthesia with significant morbidity and mortality (10). Moreover, pediatric PAH has unique features different from adults, including parenchymal and vascular abnormalities in lung development (11). Multidisciplinary planning, sufficient preoperative assessment, rigorous monitoring tools, and careful intraoperative anesthesia management are paramount for handling this unique and challenging surgery successfully.

There is no doubt that induction of general anesthesia requires adequate opioid to avoid the stimulation of intubation especially using a double-lumen tube. The principle of airway management is a lung protection strategy, especially during one-lung ventilation. We increased FiO2 and adjusted mechanical ventilation parameters to avoid hypoxemia and hypercarbia, which would further aggravate PAH. PEEP and recruitment maneuvers would be applied to avoid atelectasis, meanwhile paying attention to their influence on PAP.

Among pivotal steps during the surgery, MAP should be adjusted to match the different steps of the procedure. Before AOLPA was detached from the descending aorta, MAP should be maintained at a relatively low but safe level to reduce blood loss. During CPB, hypotension was delt with by fluid volume, sufficient cardiac output and vascular resistance aiming to maintain the stability of PAP. The use of vasopressors and inotropic agents as well as its specific subtypes needed prudent considerations. After AOLPA was anastomosed to the main pulmonary artery trunk, MAP should be maintained at a relatively high level to guarantee the perfusion of left pulmonary artery.

During the whole procedure, blood management is another focus. Surgical correction for AOLPA needed effective hemostatic therapy especially after CPB. Tranexamic acid, factor VIIa, fibrinogen concentrates, and prothrombin complex can be applied if needed. Active temperature management has a positive effect on coagulation and blood loss (12). Cardiovascular surgeries and CPB are associated with intense inflammatory response, the use of ulinastatin and methylprednisolone would produce an anti-inflammatory efficacy (Table 2). However, the patient complained of moderate to severe pain at the initial days after surgery, and a polypill consisting oxycodone and acetaminophen was given as rescue analgesia, indicating that a multimodal analgesia including peripheral nerve block is warranted in the future. Moreover, general anesthesia combined with regional techniques may provide a better analgesia and reduce stress response for early recovery at the same time (13).


TABLE 2 A summary on the perioperative anesthesia management for AOLPA.
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Finally, a little pitfall should be emphasized. During the operation, the patient was initially in a lateral position for the manipulation of AOLPA originating from the descending aorta. Then, the patient was transferred to a supine position for anastomosing AOLPA to the main pulmonary. The airway pressure was suddenly raised with MAP changing from 72 to 46 mmHg at the same time. A possibility of pneumothorax was realized, because the surgeon did not insert a chest tube at the end of manipulation on AOLPA in the lateral position.



Conclusion

In summary, a case with AOLPA from the descending aorta is rare but important, a thorough preoperative evaluation and scrupulous perioperative anesthetic management would obtain an excellent outcome.
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