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Case Report

Thrombotic Thrombocytopenia Purpura (TTP) following emergent aortic valve replacement after a complicated TAVR procedure: a case report and review of the literature
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Abstract
Background
Thrombotic thrombocytopenic purpura (TTP) is a rare hematological disorder. The occurrence of TTP subsequent to an emergent aortic valve replacement after a TAVR procedure is exceedingly uncommon with only a few reported cases worldwide.

Case Presentation
We report the case of a 70-year-old female patient diagnosed with aortic insufficiency. Following a transcatheter aortic valve replacement, she underwent emergency aortic valve replacement under cardiopulmonary bypass on the subsequent day due to heart valve displacement. The postoperative diagnosis revealed TTP and symptomatic treatment involving plasma exchange was administered. After demonstrating steady improvement, the patient was eventually discharged.

Conclusion
Aortic valve replacement after TAVR is a high-risk procedure and increases susceptibility for developing secondary TTP. The diagnosis and treatment of secondary TPP is considerably challenging, and early diagnosis with symptomatic treatment including plasma exchange can increase patient survival.
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Introduction
Thrombotic thrombocytopenic purpura (TTP) is a type of thrombotic microangiopathy (TMA) [1]. The incidence rate of TTP is low; however, it is a critical condition and often presents with sudden onset, making it prone to initial misdiagnoses due to its atypical symptoms. Without timely treatment, it can lead to a high mortality rate [2, 3]. Common triggers include inflammation, infection and pregnancy [4, 5]. Diagnosing TTP can be challenging as well, requiring the evaluation of the protease ADAMTS13 (a disintegrin and metalloproteinase with thrombospondin motifs 13) which can serve as a disease monitor for TTP [2, 6].
TAVR (transcatheter aortic valve replacement) is becoming increasingly common, but it is not without complications [7]. Aortic valve replacement after TAVR is a high-risk procedure. TPP following emergent aortic valve replacement after a complicated TAVR procedure has never been reported.

Case presentation
A 70-year-old female patient was referred to our hospital on August 1, 2022 due to a 4-month history of chest congestion, which had notably intensified over the past 2 months. She was diagnosed with aortic insufficiency. The patient had a history of hypertension for 4 years, and her blood pressure had been effectively controlled through antihypertensive treatment. Upon admission, the patient underwent a series of relevant examinations. She subequently received a cardiac transcatheter aortic valve replacement (TAVR) under local anesthesia on August 5, 2022. During this procedure, two Taurus Elite 29 mm valves were implanted due to the displacement of the first valve. The following morning after surgery, the patient developed chest tightness and dyspnea with occasional premature ventricular beats. Her systolic blood pressure was 90 mmHg and her diastolic blood pressure was between 50 and 60mmHg. Her urine output volume also gradually decreased. The patient showed no signs of improvement after being treated with oxygen and diuretics. In the afternoon, echo findings revealed a shift in the position of the prosthetic valve, with it being positioned lower and closer to the anterior leaflet of the mitral valve. Additionally, there was an observed increase in forward flow rate across the mitral valve (Vmax = 2.2 m/s), indicative of mitral valve stenosis. A complication of valve displacement following TAVR was suspected. Consequently, she underwent emergency cardiopulmonary bypass (CPB) aortic valve replacement on August 6th (the first day after TAVR), which also included replacement of the mitral valve and removal of a cardiac foreign body. During the operation, it was noted that the first implanted valve was situated in the left ventricle and the mitral valve was damaged, with rupture of the anterior and posterior chordae tendineae. The patient’s own aortic valve was thick and misaligned, leading to severe aortic valve insufficiency. Two Taurus Elite valves were removed during the procedure. The native aortic and mitral valves were resected, and a 27# biofuncture valve was implanted into the mitral valve position, while a 23# biofuncture valve was implanted into the aortic valve position. During the surgery, the crossclamp time was 85 min, and the CPB time lasted 126 min. Intraoperative esophageal ultrasound showed no significant perivalvular leakage of the aortic or mitral valves. Postoperatively, the patient was admitted to the extracardiac intensive care unit.
Following the surgery, the patient presented with oliguria and abnormalities in her routine blood test indicators. In response, we promptly initiated continuous renal replacement therapy (CRRT). Subsequently, the patient exhibited reduced hemoglobin and platelet levels, which were accompanied by minor bleeding spots on the skin (Fig. 1). Multiple consultations with relevant departments were obtained. She was administered corticosteroid therapy (August 7 - August 11), human immunoglobulin therapy (August 16 - August 20), along with rhTPO (recombinant human thrombopoietin) to promote platelet accumulation. She received multiple transfusions of platelets, plasma, and red blood cells. Despite all these therapies, no significant improvement was noted in the patient’s condition.
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Fig. 1Locations of the bleeding spots in the patient


On August 23, the patient’s condition had deteriorated and the minimum PLT count dropped to 5*109/L. Consultation with the hematology department indicated that TTP should be suspected. We utilized the PLASMIC score, as shown in Table 1, for further assessment [8, 9]. The test results showed a platelet count of 16*109/L, a creatinine level of 1.03 mg/dL and an elevated reticulocyte count of 9.06%. The patient had neither active cancer nor recent solid organ or stem cell transplant. The INR (international normalized ratio) was 1.23. A PLASMIC SCORE of 6 points further indicated an increased risk of TTP [10]. These findings collectively suggested a diagnosis of TTP. In response, we immediately initiated plasmapheresis. Measurement of plasma ADAMTS13 activity was at 29.66% and ADAMTS13 inhibitory antibody levels were negative. Plasma exchange (PE) treatments were conducted daily from August 23 to August 26 and on August 28. Concurrently, the patient received an infusion of human immunoglobulin (August 23 to August 28) and glucocorticoids (August 23 to August 30). The platelet-elevating drug hetrombopag olamine (non-peptide thrombopoietin receptor (TPOR) agonist) was administered. Following these interventions, the patient’s hemoglobin and platelet count gradually increased and returned to normal levels (Fig. 2). By August 27, ADAMTS13 activity had increased to 37.43% and ADAMTS13 inhibitory antibody levels were negative. On August 29, the patient’s platelet levels had risen to 53*109/L, and a tracheotomy was performed. On September 8th, ADAMTS13 activity was 43.97% and the ADAMTS13 inhibitory antibody test was negative. Throughout this treatment course, the patient’s kidney function progressively improved as well. After her condition had stabilized, the patient was weaned from the ventilator and discharged from the hospital on September 27. The patient is currently able to live independently now one year and ten months after the surgical aortic valve replacement.
Table 1The PLASMIC score stratifies patients into low-risk (0–4), intermediate-risk (5), and high-risk (6–7) categories


	Parameter
	Points

	Platelet count
	< 30*109/L
	1

	Creatinine level
	< 2 mg/dL:
	1

	Combined hemolysis parameter
	Reticulocyte count > 2.5%, or Haptoglobin undetectable,
Or indirect bilirubin > 2 mg/dL
	1

	No active cancer
	1

	No history of solid-organ or hematopoietic stem cell transplant:
	1

	MCV
	< 90 fL
	1

	INR
	< 1.5
	1
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Fig. 2The patient’s PLT trends. The platelet count decreased rapidly after the operation, and the effect of conventional treatment and platelet transfusion was poor. However, the platelet count increased significantly after plasma exchange



Discussion
TTP falls within a group of microvascular thrombohemorrhagic syndromes. Acquired TMA also includes Shiga toxin–mediated TMA (ST-HUS), complement-mediated TMA, and drug-mediated TMA [1]. A diagnosis of TTP includes evaluating the age of onset, clinical manifestations, laboratory test results, and genetic information [1]. The onset and progression of TTP is rapid, hence early diagnosis is crucial. Multiple scoring systems such as the PLASMIC score, Bentley score, and French TMA score are used to guide the diagnosis and initiate effective treatment following confirmation [8, 10, 11]. Recently, a relationship between decreased ADAMTS13 activity and TTP morbidity has been identified, providing strong evidence for the effectiveness of PE treatment. Moreover, measuring ADAMTS13 activity and antibodies in plasma can help determine the therapeutic effect. Previous studies demonstrated that patients with a severe deficiency in ADAMTS13 activity (< 10%) can be diagnosed with TTP if they have an intermediate to high-risk PLASMIC score, even in low-risk patients. Slightly higher levels of ADAMTS13 activity (10-30%) is not sufficient to exclude TTP in intermediate to high-risk patients, and in such cases, plasma exchange should be continued for at least 7 days to evaluate a possible clinical response [12]. ADAMTS13 activity should also be tested using a different test method before initiating plasma exchange, as the results can vary between methods [12, 13]. At this stage, the patient should also be tested for antibodies, VWF: Ag and complement Factor H. Since ADAMTS13 activity results are not immediately available, the empiric initiation of plasma exchange while awaiting the final result is necessary and recommended [12, 14], and can reduce the mortality rate of TTP patients from approximately 90–10%~20% [6]. At the same time, in patients with moderate to high clinical suspicion of TTP or in confirmed cases, corticosteroid therapy should be initiated immediately, and combination therapy with rituximab may be considered [3, 15]. The treatment should be adjusted according to the patient’s ADAMTS13 activity levels and the results of the inhibitory or IgG antibody tests. Relevant literature indicates that plasma exchange is the preferred treatment for TTP. The mechanism involves the removal of ADAMTS13 inhibitors, IgG antibodies and other pathogenic factors in the blood. Supplementation of ADAMTS13 can also be used to treat ADAMTS13 deficiency. Early treatment with PE is associated with rapid relief of symptoms and improved outcomes [16].
TTP following a emergent aortic valve replacement after a TAVR procedure is rare. In the presented case, on the first day after a complicated TAVR, the patient developed chest tightness and dyspnea with echo findings revealing a shift in the position of the prosthetic valve. Immediate emergency CPB and surgical aortic valve replacement was performed. Intraoperative esophageal ultrasound showed no significant perivalvular leakage of the aortic or mitral valves. High traumatic stress in this patient resulted in the abnormal release of vWF from vascular endothelial cells, which subsequently led to decreased ADAMTS13 activity, increase of vascular endocrine polymers (vWF) and formation of platelet thrombi in the microvessels, all leading to TTP [17]. After acute heart failure and CPB surgery, factors such as renal ischemia, reperfusion, inflammation, and hemolysis likely contributed to the development of acute renal dysfunction [13]. CPB can cause platelet aggregation, adhesion and even destruction, with an extended CPB time being associated with more pronounced postoperative thrombocytopenia [18, 19]. Moreover, postoperative bleeding can exacerbate the consumption of peripheral blood platelets and obscure the symptoms of TTP. Clinicians may also lack sufficient awareness of the characteristics of TTP, resulting in delayed or missed diagnoses of TMA. After major cardiac surgery, TTP should be suspected if a patient presents with hemolytic anemia, thrombocytopenia, neuropsychiatric symptoms, and acute renal failure within 24 to 72 h. In this case, the patient exhibited all of the symptoms. Early administration of corticosteroids and immunoglobulin therapy were carried out due to the patient’s suspected immune-related disease. These actions may have led to the changes in the patient’s ADAMTS13 activity and IgG antibody levels. Using results from the PLASMIC score, plasma exchange therapy was given immediately after the suspected diagnosis of TTP was made. The patient’s ADAMTS13 activity levels increased significantly along with clinical improvement after plasma exchange. The effectiveness of plasma exchange also supports the diagnosis of TTP.

Conclusion
Emergent aortic valve replacement after complicated TAVR is a high-risk procedure. When a patient presents with hemolytic anemia, thrombocytopenia, acute renal failure or neuropsychiatric symptoms after complicated cardiac surgery, TTP should be suspected. Perform ADAMTS13 testing promptly, and initiate plasma exchange and corticosteroids to reduce mortality. Further research should collect and evaluate TTP cases post-cardiac surgery to advance diagnosis and treatment.
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