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Abstract: Tetralogy of Fallot (TOF) with total anomalous pulmonary vein connections (TAPVC) is a rare type of complex congenital heart disease among all TOF cases. Co-presentation of major aortopulmonary collateral arteries (MAPCAs) compensates for the lack of central pulmonary blood flow and decreases the severity of right-to-left shunting in TOF. We present a case of a 2-year-old child with complex diagnoses of TOF, TAPVC, a large secundum atrial septal defect (ASD), and intraoperatively identified MAPCAs. She underwent surgery to repair the TAPVC, valve-sparing reconstruction of the right ventricular outflow tract, interventricular defect closure, and the creation of patent foramen ovale (PFO). After the operation, hemodynamic instability happened along with sudden blood pressure drop, desaturation, and increased central venous pressure, which subsided after administering inhalational nitric oxide (NO). A postoperative pulmonary hypertension crisis was suggested when the patient experienced recurrent symptoms after the termination of NO. Echocardiographic findings of a D-shaped left ventricle (LV), right-to-left PFO shunt and high tricuspid valve gradient firmly established the diagnosis. It was subsequently managed with continuous NO inhalation and sildenafil, which rendered a satisfactory outcome. Repaired TOF and TAPVC could be at particular risk of developing pulmonary hypertension crisis, especially in the presence of MAPCAs due to possible remodeling of the pulmonary vasculature. Furthermore, a relatively non-compliant LV function and small left atrial size may exacerbate the risk of developing postcapillary pulmonary hypertension after TAPVC repair. A successful postoperative outcome calls for a meticulous preoperative analysis of the anatomical lesions, as well as careful monitoring.
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1  Introduction

Tetralogy of Fallot (TOF) along with total anomalous pulmonary vein connections (TAPVC) is a rare form of congenital heart disease with an incidence of 0.25%–0.35% among all TOF cases [1]. Symptoms of TOF are associated with diminished pulmonary blood flow and low arterial oxygen saturation. In TAPVC, blood from pulmonary veins flows abnormally into the right atrium (RA) via its tributaries. Typically, an atrial septal defect (ASD) exists, allowing blood to pass from the RA to the left atrium (LA) [2]. However, the emergence of major aortopulmonary collateral arteries (MAPCAs) in TOF and TAPVC allows deoxygenated blood to flow through the lungs, compensating for the lack of central pulmonary blood flow and possibly decreasing the severity of right-to-left shunting. In this article, we present a case of a pediatric patient who was diagnosed with a combination of TOF and TAPVC, as well as intraoperatively identified MAPCAs. However, this patient then suffered from a postoperative pulmonary hypertension crisis during intensive care monitoring. Hence, this report aims to describe the rationale behind the development of postoperative pulmonary hypertension, as well as the anesthetic management that contributed to the successful outcome in this patient. We wrote this article in accordance with the CARE case report standards and checklist [3].

2  Case Description

A 2-year-old girl who weighed 10 kg presented with symptoms of dyspnea and cyanosis, which were exacerbated by physical activity. The symptoms were alleviated when the patient was performing a squatting position. During physical examination, blood pressure (BP) was 92/66 mmHg, heart rate (HR) 100 bpm, and room air oxygen saturation (SaO2) varied between 62%–69%. Chest radiograph showed cardiomegaly with cardiothoracic ratio of 55%, flat heart waist with downward apex, and oligemic vasculature appearance (Fig. 1).
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Figure 1: Preoperative chest radiograph revealing cardiomegaly with cardiothoracic ratio 55%, normal aortic segment, flat heart waist, downward apex, and oligemic vasculature appearance

Her clinical characteristics, chest radiograph, and bedside transthoracic echocardiography (Figs. 2A–2C) supported the diagnosis of tetralogy of Fallot (TOF). Additional lesions were also identified, consisting of mixed-type TAPVC with the end of the pulmonary veins connected to the superior vena cava (SVC) and right atrial junction, and a large secundum atrial septal defect (ASD) (Figs. 3A and 3B). The preoperative pressure gradient across the right ventricular outflow tract (RVOT) was 58 mmHg. LA chamber was 17 mm in diameter (z-score < −3 for BSA 0.489 m2), and LV chamber during diastole was 21 mm (z-score < −3 for BSA 0.489 m2) [4]. Additionally, a multi-slice CT scan confirmed the diagnosis of TOF with mixed TAPVC (Fig. 4). The McGoon ratio of this patient was 1.802, which was deemed acceptable for TOF repair. No diagnostic challenges were identified. The patient was then scheduled for total corrective repair for the TAPVC, right ventricular outflow tract and chamber defects reconstruction in TOF, and creation of patent foramen ovale.
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Figure 2: Preoperative echocardiography shows characteristics of tetralogy of Fallot (A) pulmonary stenosis, (B) overriding of the aorta, and (C) right ventricular hypertrophy
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Figure 3: Preoperative echocardiography demonstrates (A) total anomalous pulmonary valve connection with (B) atrial septal defect
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Figure 4: Preoperative MSCT shows supra cardiac connection where the two pulmonary veins from each lung converge to common pulmonary vein before joining the superior vena cava (arrow)

In the operating room, the patient was sedatively induced with 1 mg of midazolam, 30 μg of fentanyl, and 2 mg of vecuronium. An arterial line was inserted into the left radial artery, followed by a central venous catheter (CVC) insertion in the right internal jugular vein. A mixture of 50% oxygen and sevoflurane 1 vol% on air, as well as increasing doses of induction agents, were used to maintain a balanced anesthesia. Tidal volume and respiratory rate were also adjusted to maintain stable expired carbon dioxide concentration. During cross-clamping of the aorta, blood was found flowing into the heart chamber, which indicated the presence of major aortopulmonary collateral arteries (MAPCAs). The valve-sparing technique was used by the surgeon, in addition to surgical repair of the anomalous pulmonary veins and the atrial septal defect. The procedures were performed within 142 min. After rewarming, the patient was successfully removed from cardiopulmonary bypass machine (duration: 191 min), and was electively supported with adrenaline 0.1 mcg/kg/min and milrinone 0.375 mcg/kg/min. The vital signs were BP 95/64 mmHg, HR 100 bpm, central venous pressure (CVP) 5 mmHg, and SaO2 100%.

In the postoperative period, the patient was admitted to the intensive care unit (ICU) with stable hemodynamics and blood gas analysis. Twelve hours after admission, blood pressure (BP) dropped to 50/30 mmHg, and CVP increased to 18 mmHg. Simultaneously, arterial blood gas analysis showed mixed acidosis with pCO2 76 mmHg, pO2 57 mmHg and SaO2 85.6%.

Nitric oxide (NO), as a specific pulmonary artery vasodilator, was immediately given for the patient as the symptoms were suggestive of a pulmonary hypertension crisis. 20 ppm of NO was administered along with a bolus of 500 mL 5% albumin and starting dose of norepinephrine 0.1 mcg/kg/min, resulting in improvement of hemodynamics (BP increased to 92/63 mmHg, CVP reduced to 15 mmHg) and blood gas analysis (pH 7.37, pCO2 33 mmHg, pO2 123 mmHg, SaO2 99%). Gradual weaning of NO therapy was performed until postoperative day (POD) 2, but the patient experienced similar recurrent symptoms. Bedside echocardiography showed a D-shaped left ventricle (LV) and second grade LV diastolic dysfunction [5]. Furthermore, there was right-to-left shunt across the PFO with tricuspid valve gradient of 54 mmHg (Figs. 5A and 5B). No pulmonary regurgitation was observed, and the postoperative right ventricular outflow tract (RVOT) gradient persisted at 16 mmHg. No obstructed flow was seen between the repaired common pulmonary chamber and the left atrium. All these findings confirmed the diagnosis of pulmonary hypertension crisis in a relieved RVOT.
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Figure 5: Postoperative day 2 echocardiography in intensive care unit demonstrates (A) left ventricle D-shaped with (B) tricuspid valve gradient 54 mmHg

20 ppm of NO was readministered followed by each 30 μg bolus of vecuronium and fentanyl. Anesthesia was maintained via combination of 5 μg/kg/hr of fentanyl, 0.1 mg/kg/hr of midazolam, and 0.1 mg/kg/hr of vecuronium. During monitoring, the patient’s BP increased to 82/65 mmHg, pO2 increased to 97 mmHg, and CVP reduced to 14 mmHg. We started treatment of sildenafil with an incremental dose increase over the next few days, indicated for pulmonary hypertension. On POD 10, echocardiography indicated a marked reduction of right ventricular (RV) pressure and left-to-right shunting across PFO along with tapering off the NO. The patient showed improvement in hemodynamic parameters, end-organ biomarkers, and blood gas analysis, who was transferred into the ward on POD 14. Eventually, the patient was discharged from the hospital on POD 20 with no sequelae.

3  Discussion

Pulmonary hypertension crisis is characterized by hypotension, severely decreased saturation of oxygen, blood acidosis, and echocardiographic findings comprising a leftward deviation of the interventricular septum and development of interatrial right-to-left shunt [6,7]. During the operation, the surgeons used a valve-sparing technique to improve pulmonary blood flow through the stenosed RVOT. Increased right ventricular (RV) systolic pressure (seen as a D-shaped LV structure during echocardiography) in this patient was not predominantly due to RVOT obstruction, proven by the significant reduction of RVOT pressure gradient down to 16 mmHg after the operation. Additionally, the evidence of pre-existing pulmonary hypoplasia, as one of the main causes of increased RV systolic pressure after septal closure in TOF, was also not found in this patient [8].

The incidence of postoperative pulmonary hypertension crisis in patients with TAPVC varied depending on a certain population [9]. Meanwhile, in patients with TOF, pulmonary hypertension is an uncommon consequence following surgical repair with a prevalence of about 1% [10,11]. Postoperative RV dysfunction in TOF patients due to right ventricular outflow tract (RVOT) obstruction and right ventricle hypertrophy (RVH) could be exacerbated by suboptimal myocardial protection during surgery, long cardiopulmonary bypass time, and reperfusion lung injury [12–14]. Late repair surgery, in this patient, may result in less improved postoperative RV function, for it should be performed around the age of 3–12 months [15,16]. This condition may have generated less flow into the pulmonary artery and thus lowered the possible complication of pulmonary hypertension.

Despite the low pulmonary blood flow, pulmonary hypertension may happen due to the relatively non-compliant LV and small LA in patients with TAPVC [17]. In this case, there was a second-grade LV diastolic dysfunction found during postoperative echocardiographic assessment, which may confer a higher risk of developing pulmonary hypertension [18]. Failing left ventricle was associated with increased intraventricular pressure, which gives backward pressures to the previous connecting structures, such as the left atrium and pulmonary capillary beds. Along with the improved blood flow across RVOT after the operation, pressure could build up in the lung vasculatures, subsequently inducing a pulmonary hypertension crisis.

Discovery of MAPCAs during operation, as in this case, also becomes one of the rationales for the development of postoperative pulmonary hypertension related to TOF [10,19]. Their presence compensates for the lack of direct pulmonary blood flow, thus acting as an additional or primary source of blood supply to the lungs in patients with cyanotic congenital heart disease (CHD) [19,20]. Other multiple factors also contribute to pulmonary hypertension in patients with TOF and MAPCAs. Hypoplasia of pulmonary arterial beds due to reduced pulmonary blood flow, peripheral pulmonary stenosis, and vascular spasm in areas of alveolar hypoventilation were pathological characteristics reported in TOF with MAPCAs, which can potentially result in pulmonary vasculature remodeling. Evidence of medial hypertrophy, fibrous intimal proliferation, internal elastic lamina rupture, and plexiform lesions, similar to pulmonary vascular remodeling in pulmonary hypertension, have been found in MAPCAs through histologic examinations. These findings indicate that patients with TOF with MAPCAs may potentially encounter pulmonary hypertension after the operation [10].

In this report, the diagnosis could only be established after the patient experienced recurrent symptoms following termination of NO and was firmly examined by echocardiography. Since NO was recommended by the 2004 European Guidelines for the standard treatment and prevention of postoperative pulmonary hypertension, we were able to successfully manage the condition [21,22]. A dose of NO inhalation ranging between 5 to 80 ppm causes selective pulmonary vasodilation by triggering cyclic guanosine monophosphate (cGMP)-dependent signaling pathways in the pulmonary vascular smooth muscle cells [23,24]. We administered NO starting at 20 ppm, which rendered no adverse effects. The effectiveness of NO can be increased through careful patient selection, the use of additional drugs (in this case, sildenafil), and progressive withdrawal to prevent the risk of rebound pulmonary hypertension [25,26]. Sildenafil has also been demonstrated to increase arterial oxygenation in patients with pulmonary hypertension, thus eliciting beneficial hemodynamic responses. Evidence suggests that sildenafil is an effective supplementary therapy during the weaning off inhaled and intravenous NO [23]. The combination of NO with oral sildenafil has been shown to be safe and effective since it targets more therapeutic pathways with synergistic effects on the pulmonary vasculature. Oral sildenafil could also prevent rebound pulmonary hypertension following NO withdrawal while increasing the vasodilatory effects of NO [27].

This case is exceptional for a number of reasons. Postoperative pulmonary hypertension was diagnosed after observation of recurrent symptoms when stopping NO inhalation. The linked MAPCAs add further interest to this case report as it explains the possibility of pulmonary vessel remodeling, which accounts for precapillary pulmonary hypertension. Furthermore, postcapillary pulmonary hypertension could not be excluded, for there was a finding of LV diastolic dysfunction during echocardiography. The mechanism of the inhaled NO in postcapillary pulmonary hypertension could worsen left heart failure has not been well understood; on the other hand, improvement of symptoms after inhaling NO did not exclude the diagnosis of postcapillary pulmonary hypertension [28].

There are some limitations in terms of case management. Early primary repair, ideally, is not a frequent practice due to a variety of reasons, such as delayed diagnosis, financial constraints, and relatively poorer outcomes. Preoperative cardiac catheterization should be performed as a standard procedure to precisely characterize the heart anatomy although echocardiography can also diagnose the majority of these cases. Lastly, careful identification of MAPCAs in the CT scan would have resulted in the recommendation of pre-operative transcatheter closure if they were sizable and significant, yet it was missed during the imaging.

4  Conclusion

To conclude, patients with a combination of TOF and TAPVC could be at particular risk of developing postoperative pulmonary hypertension crisis, especially in the presence of MAPCAs, which potentially cause pulmonary vascular remodeling and finding of LV diastolic dysfunction. A successful outcome calls for meticulous preoperative workups and analyses of different kinds of perioperative anatomical lesions, as well as careful postoperative bedside care monitoring.
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