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Background: To identify factors associated with shunt failure in patients with a systemic pulmonary shunt (SPS). Methods: We retrospectively assessed 451 patients who received SPS. Perioperative parameters such as hemoglobin, Nakata Index, and shunt size were assessed, and factors influencing shunt failure after an initial palliative shunt operation were analyzed. Results: We analyzed 451 patients who underwent isolated SPS surgery at Anzhen Hospital. Of these, shunt failure occurred in 48 (10.6%) cases after a median of 6.5 days. The 30-day mortality rate was 2.1%. Univariate and logistic regression analysis revealed that a Nakata Index ≤ 105 and vasoactive-inotropic score (VIS) ≥ 8.5 were risk factors for shunt failure. Conclusion: Nakata Index ≤ 105 was identified as a risk factor for shunt failure. A maximum VIS of ≥8.5 over the first 24 h was a good predictor of poor clinical outcomes. After SPS, close monitoring of the balance of systemic and pulmonary circulation, usage of appropriate vasoactive-inotropic agents, and early intervention could reduce the occurrences of shunt failure.
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1  Introduction

Despite the development of techniques and progress in patients who undergo total corrective surgery for complex congenital heart disease, many children remain unable to complete primary repair. Systemic pulmonary shunt (SPS), a surgical approach that has been in use for over 70 years, has been shown to increase pulmonary blood flow and improve development of the pulmonary artery [1]. However, SPS is a high-risk surgery; as per a recent report by Nhue et al., [2] the mortality rate of SPS is 4−14% and the incidence of complications, including stenosis and thromboembolism, is 8−13% [3]. The present study aimed to evaluate early outcomes, and thus, reduce the risk of shunt failure.

2  Patients and Methods

2.1 Patient Data Collection

A total of 451 patients who underwent isolated SPS at Anzhen Hospital, Beijing between March 2010 and July 2018 were selected for this study. The SPS included both modified Blalock-Taussig shunt (MBTS) and central shunt (CS). Patient information was obtained retrospectively from their medical records. Patients who received other major concomitant surgeries, such as pulmonary artery banding and bidirectional cavopulmonary anastomosis, were excluded from analysis. The median age at SPS insertion was 12 months (interquartile range: 17 months). In some areas of China, due to a lack of adequate medical resources, pulmonary hypoplasia patients cannot afford surgery when required. To relieve the symptoms, some patients receive SPS later, when they are older. Patient characteristics have been summarized in Tab. 1.

Table 1: Characteristics of 451 patients
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2.2 Patient Variables

Of the 451 patients, 195 received CS and 256 received MBTS with a polytetrafluoroethylene graft. Of the latter group, 42 patients underwent a cardiopulmonary bypass (CPB). The size of the shunt was determined based on the age of the patient and development of pulmonary vessels; 72 patients received a 4 mm shunt, 310 patients received a 5 mm shunt, 61 patients received a 6 mm shunt and 8 patients received an 8 mm shunt. After the operation, all patients were kept under assisted respiration, monitored for vital signs, and administered intravenous heparin at 5000 IU/m2/day, beginning at 4 h after surgery and lasting until extubation; thereafter, they were administered oral aspirin at 3−5 mg/kg.

After surgery, the patients underwent echocardiographic examination and chest radiography, both during their stay in the intensive care unit and once before discharge. Hourly doses of all vasoactive medications were recorded for the first 24 h after admission to the cardiothoracic intensive care unit and the vasoactive-inotropic score (VIS) was calculated. We defined two study endpoints: the first was shunt failure, defined as shunt thrombosis, stenosis or oversize requiring shunt revision and/or replacement; the second was shunt-related mortality, defined as a patient dying within 30 days due to shunt failure. Patients who reached the above endpoints were assigned to the shunt failure group, and all other patients were assigned to the no shunt failure group.

2.3 Statistical Analysis

Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS) 19.0 software (SPSS Inc., Chicago, IL, USA). All data were represented as median (interquartile range) for each group. Based on the distribution of continuous data, Student’s t-test or Chi-square test was used to compare groups. Multivariate analysis was performed using stepwise logistic regression, only including factors identified as significant during univariate analysis to assess independent risk factors for shunt failure. A probability value of less than 0.05 was considered significant.

3  Results

Based on the surgical outcome, 403 patients were assigned to the no shunt failure group and 48 patients (10.6%) were shifted to the failure group after a median of 6.5 days. Shunt-related mortality was 2.1% (n = 12), and two patients died due to hemorrhea. Patient characteristics and variables compared between the groups are depicted in Tab. 2. The progression of patients who experienced shunt failure is depicted in Fig. 1. The median age was significantly lower in patients of the shunt failure group (7.5 months) when compared to the no shunt failure group (12 months, p < 0.05). The median weight was significantly lower in the shunt failure group 7 kg (4.4 kg) as compared to the no shunt failure group 9 kg (4.5 kg, p < 0.05). The McGoon Ratio and Nakata Index at the time of operation were both lower in the shunt failure group and VIS was higher in the shunt failure group. Shunt failure was more prevalent in patients who received platelet transfusions. Multivariate analysis was used to examine the risk factors for shunt failure. Nakata Index ≤ 105 and VIS ≥ 8.5 were identified as risk factors for shunt failure, as shown in Tab. 3.
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Figure 1: Shunt failure and treatment

Table 2: Patient characteristics and variables compared between no shunt failure and shunt failure patient groups
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Table 3: Risk factors for shunt failure
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4  Discussion

Since its invention in the 1940s [4], SPS has benefitted numerous patients. Although surgical techniques, anesthesia, and intensive care have progressed over time, the overall outcome of the SPS remains unsatisfactory. A recent study has reported the mortality rate to be 3.7−14% [5]. In our study, the 30-day mortality rate of SPS was 2.1%. Therefore, in a clinical setting, there is still a need for indicators of poor outcomes to aid in early detection and prevention of unfavorable outcomes. Early intervention is important for improving the prognosis of patients undergoing SPS.

We found that early postoperative mortality was related to shunt pathology; 2.1% (n = 12) of patients died due to shunt-related reasons, of which seven died due to over-shunting. These patients also had a much higher rate of poor outcomes than those who experienced a blocked shunt. Consequently, over-shunting may have caused more severe damage in the brain and other major organs. Kok et al. [6] reported that most patients suffer poor outcomes due to over-shunting following SPS usually within the first 24 h of surgery.

VIS [7] has been proposed as a marker of illness severity after pediatric cardiac surgery. We found that the maximum VIS over the first 24 h was a good predictor of poor clinical outcome. VIS ≥ 8.5 (OR 1.294, 95% CI 1.210−1.384) was identified as risk factor for shunt failure. Specifically, patients who experienced over-shunting had a higher VIS than those who experienced shunt block [20 (9) vs. 10 (13), p < 0.05]. The use of high-dose vasoactive inotropics indicates that the balance between systemic and pulmonary circulation is difficult to maintain after SPS. While we cannot directly implicate vasoactive-inotropic support as a cause of poor outcomes, we believe that high VIS is a potent marker of severity after SPS and it could help to improve clinical care and guide therapeutic decisions.

On the one hand, SPS increases cardiac volume load due to higher pulmonary blood flow. On the other hand, SPS decreases cardiac diastolic blood pressure due to coronary artery hypoperfusion [8]. Appropriate vasoactive-inotropic support can help avoid cardiac insufficiency, especially in those with hypoplastic left heart disease (such as tetralogy of Fallot and pulmonary atresia) [9]. Dirks et al. has found that bigger shunt size may be related to over-shunting, leading to lower diastolic pressure and in turn causing decreased coronary and systemic perfusion [10]. We recommend using appropriate vasoactive-inotropic agents to either maintain systemic perfusion pressure or keep the graft unobstructed. Because of our rich experience in treatment, two patients who experienced over-shunting received shunt clipping and successfully avoided poor clinical outcomes.

Shunt blocks, including shunt thrombosis or stenosis, are a major complication of SPS [11]. Winfield et al. [12] found that most MBTS patients develop stenosis by the time of takedown, and 21% of patients show >50% obstruction. Voravit et al. [13] analyzed patients weighing <3 kg with functional univentricular hearts who received MBTS and found in-hospital shunt thrombosis to be 14% and hospital mortality to be 18%. Shunt block has numerous causes, including preoperative high hemoglobin, weight <3 kg, duct patency after SPS and smaller shunt size, especially ≤3 mm [14,15]. It has also been shown that low postoperative oxygen saturation and high platelet counts are risk factors for shunt thrombosis [16].

In our study, shunt thrombosis was diagnosed in 14 patients and shunt stenosis was diagnosed in 25 patients. Twenty-two patients required reoperation for shunt exchange. In the shunt failure group, a higher proportion of patients received CS, which is especially useful for bilateral small branch pulmonary arteries. CS allows distribution of blood flow to both lungs and better pulmonary artery growth, but it could also increase the risk of over-shunting. The use of smaller shunts may result in less pulmonary blood flow. Bahaaldin et al. [17] suggested that a shunt size/weight ratio of 1.16 mm/kg is more suitable for neonates. However, in our study, the median age was 12 months and the shunt size/weight ratio was 0.56 mm/kg. We, therefore, did not adhere to the recommended standards of other countries. It is believed that a shunt size of at least 4 mm is required for sufficient flow and respective flushing effect to prevent shunt failure. In our center, based on the pulmonary artery diameter and body weight, we recommend use of a 3–4 mm graft for infants and 5–6 mm graft for children. Given that several patients could not receive the surgery during the optimal time window, 69 patients received 6 mm or 8 mm grafts, of which most were assigned to the no shunt failure group. In our previous study [18], older children with cyanotic congenital heart disease benefited from SPS, but we still recommend that the surgery be performed during the optimal time period.

We also found that the McGoon Ratio and Nakata Index at the time of operation were lower in the shunt failure group. Patients with Nakata Index ≤ 120 were not considered for radical surgery. Nakata Index ≤ 105 was identified as an independent risk factor for patients with SPS. Pulmonary vascular development is one of the most important indicators that determine the surgical approach to alleviate complex congenital heart disease. Pulmonary valve stenosis and/or pulmonary artery bifurcation stenosis can often be cured at certain stages, but branch pulmonary artery stenosis needs more careful analysis. Clinically, the Nakata Index is used as an indicator to assess the extent of distal pulmonary development. We observed that, in patients with a small Nakata Index, the shunt size was more likely to not match the pulmonary artery and hence, cause shunt failure. Additionally, patients with poor pulmonary artery development often received CS, making over-shunting hard to avoid and increasing the possibility of pulmonary overperfusion and congestive heart failure [19].

5  Conclusion

In summary, Nakata Index ≤ 105 was identified as risk factor for shunt failure. A maximum VIS ≥ 8.5 over the first 24 h was a good predictor of poor clinical outcomes. After SPS, close monitoring of the balance of systemic and pulmonary circulation, usage of appropriate vasoactive-inotropic agents and early intervention can reduce the occurrence of shunt failure. Like any retrospective study, our study has certain limitations, including the lack of a control group and lack of cardiac catheterization in all patients, precluding extraction of more specific data.
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