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Case Report: 18F-FDG PET-CT for Diagnosing Prosthetic Device-Related Infection in an Infant With CHD
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Patients who have undergone cardiac surgery using prosthetic devices have an increased risk of developing prosthetic device-related infection and mediastinitis. However, accurate diagnosis of prosthetic device-related infection can be difficult to evaluate and treat with antibiotic therapy alone. In recent years, 18F-fluorodeoxyglucose positron emission tomography-computed tomography (18F-FDG PET-CT) has made promising contributions to detect infective endocarditis, pacemaker infections, or other inflammations. Nevertheless, 18F-FDG PET-CT for congenital heart disease (CHD) with device infection has been sparsely reported. We present an infantile girl diagnosed with pulmonary atresia with a ventricular septal defect who underwent replacement of the right ventricle-to-pulmonary artery (RV-PA) conduit for improvement cyanosis. She developed high fever and was diagnosed with mediastinitis and bacteremia by Pseudomonas aeruginosa (P. aeruginosa) on postoperative day 4. Mediastinal drainage and 6 weeks of antibiotic therapy improved her condition, but bacteremia flared up on postoperative day 56. Despite a long course of antibiotic therapy, she had two more recurrences of bacteremia with the detection of P. aeruginosa. Echocardiography and chest contrast CT showed no evidence of vegetation and mediastinitis. On postoperative day 115, 18F-FDG PET-CT revealed an accumulation on the RV-PA conduit (SUV max 3.4). Finally, she developed an infectious ventricular pseudo-aneurysm on postoperative day 129 and underwent aneurysm removal and RV-PA conduit replacement on postoperative day 136. Our case showed the importance of 18F-FDG PET-CT for diagnosing specific localization of prosthetic device-related infection which is hard to detect using other imaging techniques. It can be a useful diagnostic tool for infantile patients with CHD with cardiac prosthetic devices and improve subsequent clinical treatments.
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INTRODUCTION

After pediatric cardiac surgery, 0.25–5.0% of patients develop mediastinitis (1). Negative pressure wound therapy (NPWT) and antibiotic therapy is a reliable option in mediastinitis (2); however, recurrent infections happen even after appropriate treatment. Prosthetic valves and grafts are also significant risk factors for mediastinitis and appropriate attention needs to be paid to this (3). The treatment principle of prosthetic device-related infection requires complete removal of the prosthetic device with concomitant antibiotic therapy. It is difficult to decide whether to remove an infected device surgically when device infection cannot be proven because surgery is invasive for infants, especially in patients with cyanotic heart disease. Recently, the usefulness of 18F-fluorodeoxyglucose positron emission tomography-computed tomography (18F-FDG PET-CT) to evaluate the presence or absence of prosthetic device-related infection has been reported (4–7), and could be an important tool in determining treatment. Nevertheless, there are only a few reports of 18F-FDG PET-CT for prosthetic device-related infection in pediatric patients after cardiac surgery for congenital heart disease (CHD) (8, 9). Understanding the difference between children and adults in the normal distribution and physiologic variants of 18F-FDG PET-CT uptake is important to avoid misinterpretation (10). Herein, we present the first infantile cyanotic CHD of recurrent bacteremia and infectious ventricular pseudo-aneurysm due to prosthetic device-related infection. 18F-FDG PET-CT findings provided complementary information on prosthetic device-related infection that was crucial for making decisions regarding course of treatment.



CASE PRESENTATION

A 1-year-old female patient diagnosed with pulmonary atresia with a ventricular septal defect (PA/VSD) had a systemic-to-pulmonary shunt inserted at 25 days of age. Although her SpO2 was 75% at discharge, her hypoxemia worsened, and SpO2 deteriorated to 60–70% at 8 months of age. At 10 months of age, she underwent a right ventricle-to-pulmonary artery (RV-PA) conduit insertion (10 mm vascular prosthesis with an artificial valve) with resection of the systemic-to-pulmonary shunt. Her cyanosis improved with baseline peripheral oxygen saturation elevated from 70 to 90%, but her condition worsened with persistent high fever (39–40°C). On the 4th postoperative day, a blood culture showed positive results for Pseudomonas Aeruginosa (P. aeruginosa). Chest computed tomography (CT) showed an extensive abscess in the anterior mediastinum (Figure 1), and P. aeruginosa was also detected in the culture of the wound pus. The patient was thus diagnosed with mediastinitis and underwent NPWT and mediastinal drainage for 28 days. Intravenous cefozopran was started as the initial antibiotic therapy, which was then revised to intravenous ceftazidime for 6 weeks, based on the antibiotic susceptibility test. Thereafter, two consecutive blood culture tests showed negative results for P. aeruginosa, and she was finally discharged on the 46th postoperative day.


[image: Figure 1]
FIGURE 1. Changes in postoperative temperature and CRP values. Chest CT scan at 7 days after surgery showed a wide low-density area in the front of the RV-PA conduit in the anterior mediastinum (white arrow). CAZ, ceftazidime; CZOP, cefozopran; IVIG, intravenous immunoglobulin G.


However, the patient was readmitted to the hospital on the 57th postoperative day due to high fever (over 39°C) and worsening general condition. At this presentation, her height was 69.5 cm, body weight was 10.5 kg, body temperature was 40.0°C, and there was no middle thoracic wound. Peripheral blood test showed the following results: white blood cell count, 23,540/μL and C-reactive protein level, 15.08 mg/dL. Blood culture was positive for P. aeruginosa (minimum inhibitory concentration [MIC] of ceftazidime: 4.0 μg/mL). PCR-based open reading frame typing (POT) confirmed that all the P. aeruginosa detected in blood cultures on postoperative days 4, 57, and 77 were of the same genotype: protein of telomeres (POT)1 119, POT2 20, and negative for blaVIM and blaIMP. Transthoracic echocardiography showed no vegetation and pericardial effusion. There was no valve regurgitation in color doppler imaging. Chest CT showed no abscess in the mediastinum. She was treated with ceftazidime for P. aeruginosa bacteremia for 2 weeks but had recurrent fever on the 77th postoperative day. Two blood culture tests showed P. aeruginosa positivity, and the MIC of ceftazidime was elevated to 8.0 μg/mL, whereas the MIC of cefozopran was <2.0 μg/mL. Hence, antibiotic therapy was switched to cefozopran on the 79th postoperative day. Chest contrast CT on the 86th postoperative day did not show an intra-mediastinal abscess. She was then diagnosed with infective endocarditis (IE) according to the Duke classification and treated with cefozopran for a total duration of 6 weeks. On the 115th postoperative day, 18F-FDG PET-CT-administered 28 MBq in removal of the carbohydrate showed mild accumulation (SUV max 3.4, SUV ratio 3.2) at the RV-PA conduit (Figure 2). On the 123rd postoperative day, she had recurrent high fever, and cefozopran administration was resumed. On the 129th postoperative day, her SpO2 dropped below 75%, and contrast CT of the chest revealed a ventricular aneurysm adjacent to and compressing the RV-PA conduit (Figure 3). As a result, she underwent pseudoaneurysm removal and RV-PA conduit replacement on the 136th postoperative day. Cultures of previous pericardial sheets and RV-PA conduit submitted intraoperatively showed the presence of P. aeruginosa. After this surgery, her hypoxemia improved, and she was treated with NPWT for an additional 8 days and cefozopran for the total duration during the treatment course. Currently, the patient is doing well and has had no recurrent fever.


[image: Figure 2]
FIGURE 2. 18F-FDG PET-CT at 115 days after surgery. There was a mild accumulation (SUV max 3.4) on the RV-PA conduit in the anterior mediastinum (white arrow).



[image: Figure 3]
FIGURE 3. Chest CT scan at 129 days after surgery. There was a ventricular pseudoaneurysm extending from the right ventricular free wall to the posterior surface of the sternum in the mediastinum (white arrow).




DISCUSSION

Acute infectious mediastinitis is a serious complication that occurs after cardiac surgery and has a mortality rate of 7–40% (11). Treatment usually involves 3–6 weeks of antibiotic therapy. Additionally, surgical mediastinal drainage and NPWT have been recommended (2, 12). Nevertheless, more than 20% of cases have recurrent mediastinitis (13). The recurrence rate of mediastinitis associated with IE or prosthetic device-related infection is high, and patients have a poor prognosis when treated with pharmacotherapy alone (14, 15). The sensitivity of CT to diagnose mediastinitis is not high (67%) (16), and only 18–57% patients with mediastinitis were blood-culture positive (17). On the other hand, surgical intervention for IE associated with RV-PA conduits is associated with a mortality of 17% (18). Therefore, in patients with bacteremia who are successfully treated with antibiotic therapy, it is difficult to decide whether surgical removal of the prosthetic device is warranted when the presence of mediastinitis and prosthetic device-related infection cannot be identified by contrast-enhanced CT imaging. Transesophageal echocardiography (TEE) is useful for detecting lesions of IE even when no abnormality is seen on TTE (19). However, in our case, no perivalvular mass or color doppler abnormality was seen on TTE, in addition, we suspected the anterior prosthetic graft as the source of infection before PET-CT scan and it was considered difficult to detect the lesion with TEE observed from the posterior. That was why we did not conducted TEE in this case. 99mTc-HMPAO-labeled leukocyte SPECT/CT has been reported to have a sensitivity of 90% and a specificity of 100% for detecting IE (20). However, leukocyte-labeled SPECT/CT cannot be performed in our hospital due to limited facilities in Japan. Regarding postoperative cardiac surgery in adolescents and adults, 18F-FDG PET-CT has been useful to identify pacemaker lead infection, prosthetic valve infection, and graft infection (5–9). 18F-FDG PET-CT has a high sensitivity and specificity to diagnose prosthetic vascular graft infection is high (100 and 71.4%, respectively) (21), and might be helpful to evaluate good long-term prognosis and patient survival in the case of vascular graft infection (18). The ESC guidelines for IE include PET-CT findings as one of the major criteria in the Duke classification for prosthetic valve infection (22). Previous reports have shown radiotracer accumulation in the case of device-related infection even 20–30 days after the initiation of antibiotic therapy (23, 24). Therefore, device-related infection may be detected even after the initiation of antibiotic therapy. Herein, we detected abnormal 18F-FDG accumulation more than 4 weeks after the initiation of antibiotic therapy, which suggested that the patient was less responsive to pharmacotherapy for the prosthetic valve-related infection. Nevertheless, we believe that the PET-CT findings could confirm the presence of the device-related infection. However, the indication for surgery had to be carefully considered because infants with cyanotic congenital heart disease have a high risk of postoperative mortality with device insertion. Although some cases of ventricular pseudo-aneurysm occurring after IE have been reported (25, 26), our patient developed a pseudo-ventricular aneurysm because of an intra-mediastinal prosthetic device-related infection. Ventricular pseudo-aneurysm is a life-threatening disease, with approximately a 30–45% risk of aneurysm rupture (27). Therefore, we performed immediate prosthetic device replacement, even though 18F-FDG PET-CT findings showed mild accumulation.

Moreover, gram-negative bacterial (GNB) mediastinitis has a poor prognosis (11). In this case, the results of culture tests showed persistent and recurrent infections, and elevated MICs of P. aeruginosa against ceftazidime (2.0–8.0). In cases of postoperative mediastinitis, P. aeruginosa was the least common etiological agent (5.8%) (28). P. aeruginosa forms antibiotic-resistant biofilms on a wide range of substrates relevant to human infection (29). In this case, the bacteria formed biofilms according to the same genotypes of each bacteria. Prolonged and repeated antibiotic therapy might contribute to the development of antibiotic resistance.

There is no clear criterion for classifying 18F-FDG PET-CT positivity in pediatric cases of postoperative device-related infections with congenital heart disease, and only a few reports are available in the literature on postoperative device infections in patients with CHD (Table 1). This is the first infantile CHD case with intra-mediastinal prosthetic graft-related infection, which was identified by 18F-FDG PET-CT. An SUV max of 3.485 or higher as a threshold for 18F-FDG PET-CT can diagnose pacemaker device infection with a sensitivity of 91.3% and specificity of 93.7% (26). An SUV max of 5.6 or higher could diagnose aortic stent graft infection with a sensitivity of 89% and specificity of 100% (31). An SUV max value is generally weight-corrected. Nevertheless, in a review of pediatric patients aged 2–17 years and weighing 11–77 kg, SUV max values in normal liver and tumors (range, 1.3–13.7; median, 3.4) were positively correlated with weight (32), which indicates that infants have a lower weight-corrected SUV max than adolescents and school-aged children. A previous report of rhabdomyosarcoma showed that the SUV max of a 1-year-old female child was 3.3 with a malignant lesion, which was lower than that observed for other children (33). Other pediatric studies have shown that the SUV max of arthritic sites was 2.0 ± 0.6 in 5.4 ± 4.0-year-old juvenile patients with idiopathic arthritis (34). Most importantly, an SUV ratio of 2.0 was most sensitive and specific for prosthetic heart valve endocarditis in adults (35). The SUV ratio in this case was calculated by dividing the SUV max around the prosthetic device by the mean SUV in the blood pool (aortic arch): 3.08/0.96=3.2. All these studies indicate that the SUV observed in our patient was not low but significant for the diagnosis of prosthetic graft-related infection. However, a time period of ~3 months is said to be sufficient for the healing of inflammatory changes and resolution of FDG uptake (36). Technical precautions are needed to avoid false positives such as adequate suppression of myocardial FDG uptake when detecting heart infection, so we need to be careful in our interpretation of the SUV value when detecting infantile prosthetic device-related infection or IE.


Table 1. Prosthetic device infection cases diagnosed by FDG-PET-CT in CHD (congenital heart disease).

[image: Table 1]

Our study is a single case report, therefore there are some limitations. Though 18FDG PET-CT is a promising tool to empower the sensibility and specificity of simple CT scans and has even been cited in the latest IE ESC guidelines (2015) (23), it is still difficult to determine whether the SUV max and SUV ratio threshold can fit in the IE cases especially if the patients are infants. After open-heart surgery, they are greatly affected by the number of days postoperatively. In the wide variety of operations for congenital heart disease, there may be differences in the degree of accumulation of PET-CT during infection. Further research is needed to examine the criteria for diagnosing prosthetic device-related infection in infants using 18F-FDG PET-CT.



CONCLUSION

18F-FDG PET-CT can be a useful modality to diagnose device-related infections in infants and to devise an optimal treatment plan. It can also ascertain whether device removal and mediastinal drainage is necessary in patients with CHD, even in pediatric patients.
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