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Abstract: A 49-year-old female was admitted to our hospital with malaise and gross hematuria.
As ADAMTSI13 (a disintegrin-like and metalloproteinase with thrombospondin type 1 motifs 13)
activity was absent and the ADAMTS13 inhibitor was detected, she was diagnosed with acquired
thrombotic thrombocytopenic purpura (TTP). In addition to plasma exchange and corticosteroid
therapy, she received rituximab therapy for inhibitor boosting but died suddenly of a cardiac arrest
on day 9. The postmortem revealed microvascular platelet thrombi in multiple organs. In this case,
the deterioration of the patient’s clinical status was considered to have been caused by inhibitor
boosting-induced systemic microvascular occlusion. In particular, her sudden death may have
been due to cardiovascular microthrombosis. Since inhibitor boosting can cause TTP patients to
deteriorate rapidly, it is crucial to manage TTP patients who undergo inhibitor boosting appropriately.
The monitoring of cardiac complications in TTP patients may also be essential, especially in the
acute phase.
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1. Introduction

Thrombotic thrombocytopenic purpura (TTP) can cause life-threatening thrombotic
microangiopathy by inducing severe deficiency in ADAMTS13 (a disintegrin-like and met-
alloproteinase with thrombospondin type 1 motifs 13) activity. ADAMTS13 physiologically
cleaves multimers of von Willebrand factor (VWEF), a glycoprotein that is necessary for
normal hemostasis [1,2]. TTP is characterized by platelet aggregation and extensive mi-
crovascular thrombosis associated with a deficiency of ADAMTS13 activity. It is classified
into congenital and acquired forms, both of which exhibit ADAMTS13 activity levels of
<10%, and acquired TTP also involves the production of anti-ADAMTS13 autoantibodies
(ADAMTS13 inhibitor) [3]. Patients with acquired TTP are treated with plasma exchange
(PE) using fresh frozen plasma (FFP) to replenish ADAMTS13 and remove ADAMTS13
inhibitor, which markedly reduces the risk of mortality [4]. Corticosteroid therapy may
be given in combination with PE to suppress autoantibody production. Recently, the
monoclonal anti-CD-20 antibody rituximab (RTX) has been shown to be effective against
refractory or relapsed TTP [5]. Herein, we report a case of refractory TTP involving sudden
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death due to inhibitor boosting. The patient was treated with PE, corticosteroids, and
RTX, but the disease could not be controlled, and the patient died. A postmortem study
revealed microthrombi in multiple organs. It is plausible that small vessel occlusion in
multiple organs, and, more directly, cardiac pump failure, contributed to the patient’s death.
Clinicians should be aware that TTP can rapidly worsen, even when standard therapies
such as PE are administered promptly. Furthermore, we consider that the patient’s cardiac
status is of critical importance in the acute phase of TTP.

2. Case Report

A 49-year-old female developed malaise, nausea, and gross hematuria over several
days and visited a nearby hospital. A laboratory examination showed marked thrombo-
cytopenia (platelet count: 10 x 10°/L). She was immediately transferred to our hospital
with a suspected hematological disorder. She had been suffering from primary Sjogren’s
syndrome with mouth dryness for 2 years. On admission, she did not have any distur-
bances of consciousness, her body temperature was 37.3 °C, and her other vital signs
were normal. The laboratory data obtained upon admission to our hospital are shown in
Table 1. They were indicative of severe thrombocytopenia, hemolytic anemia, and renal
dysfunction. Blood cultures, other cultures, and computed tomography (CT) without
contrast medium revealed no evidence of infectious disease or malignancy. The patient’s
ADAMTSI13 activity and ADAMTS13 inhibitor levels were <0.5% (reference value 40-130%,
enzyme-linked immunosorbent assay (ELISA)) and 5.1 Bethesda units (BU)/mL (reference
value < 0.5 BU/mL, Bethesda assay), respectively. ADAMTS13 antigen was not measured.
Based on these findings, we diagnosed her with acquired TTP.

Table 1. Laboratory data obtained on admission to our hospital.

Complete Blood Count Blood Chemistry
WBC 10.3 x10%/L AST 98 IU/L
RBC 3.21 x1012/L ALT 36 IU/L
Hb 89 g/L LD 2966 IU/L
Ht 25.4 % T-Bil 2.1 mg/dL
MCV 79.1 fL D-Bil 0.3 mg/dL
Ret 164 x10°/L Creatinine 2.17 mg/dL
Plt 19 x10%/L BUN 39.9 mg/dL
Coagulation System CRP 6.75 mg/dL
APTT 29.9 Sec Haptoglobin 3 ng/mL
PT time 12.3 Sec Schistocytes 15 %
Activity 82.2 % cTnl (0-26.2) 55.4 pg/mL
PT-INR 1.11
Fib 5.24 g/L ADAMTSI13 activity (40-130) <0.5 %
FDP 28.6 mg/L ADAMTS13 inhibitor (<0.5) 5.1 BU/mL

Ret: reticulocytes; PT: prothrombin time; Activity: prothrombin activity; AST: aspartate transaminase;
ALT: alanine transaminase; LD: lactate dehydrogenase; T-Bil: total bilirubin; D-Bil: direct bilirubin; BUN: blood
urea nitrogen; ¢Tnl: cardiac troponin I; ADAMTS13: a disintegrin-like and metalloproteinase with thrombospondin
type 1 motifs 13; BU: Bethesda units.

From the day of admission, the patient was initially treated with PE and corticosteroid
therapy (70 mg/day intravenous prednisolone (PSL)) for suspected TTP. By the 5th hospital
day, her platelet count had increased to 183 x 10?/L and her lactate dehydrogenase (LDH)
level had returned to a normal range. Until then, she had exhibited an uneventful course.
However, her platelet count decreased to 109 x 10? /L on the 6th hospital day, which was
suggestive of refractory TTP with inhibitor boosting. Then, her ADAMTS13 inhibitor levels
increased again. She was administered 375 mg/m? of RTX immediately, but her platelet
count continued to decrease. On the 8th day, she presented with a headache and dysarthria.
Brain CT and magnetic resonance imaging without contrast medium did not reveal any
signs of a stroke. She developed systemic tonic convulsions on the same day, after which
she entered the intensive care unit (ICU) due to a disturbance of consciousness. At that
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time, her consciousness level was E4V4M6 according to the Glasgow Coma Scale (GCS).
Serological analysis showed that her ADAMTS13 inhibitor titer had risen to 22.4 BU/mL.
She experienced convulsions once more, and then her consciousness level deteriorated
(GCS: E2V2MS5). She was intubated on the 9th day due to the risk of airway obstruction.
She was found to have progressive lactic acidosis of unknown cause, suggesting that
her physical state was worsening rapidly. Shortly thereafter, she was unable to maintain
adequate blood pressure, leading to cardiac arrest. The electrocardiogram showed pulseless
electrical activity, and resuscitation was performed, but the patient did not respond. Finally,
she died a few hours after she was intubated due to low blood pressure (Figure 1).
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Figure 1. Clinical course of the current case after admission. The daily PE and PSL were continued
and RTX was added on the 6th day. The patient’s platelet count normalized on the 5th day, but it
began to decrease again on the 6th day and did not recover. Her ADAMTS13 activity only slightly
recovered (to 2.1%) and her ADAMTS13 inhibitor level initially decreased, but significantly increased
again after 5 days. The patient developed systemic tonic convulsions and entered the ICU on
the 8th day. On the 9th day, she died of a cardiac arrest due to a sudden drop in blood pressure.
PE: plasma exchange therapy; PSL: prednisolone; PLT: platelets; RTX: rituximab; BU: Bethesda units;
ICU: intensive care unit.

A postmortem examination revealed microscopic microthrombi in multiple organs,
including the heart, brain, and kidneys, in addition to mucocutaneous petechiae throughout
the body. Macroscopically, the heart showed many petechial hemorrhagic lesions in the
myocardial walls, but no obvious myocardial necrosis (Figure 2A), and only a small amount
of pericardial effusion was present. In the brain, there was no apparent hemorrhaging or
infarction. No obvious necrotic lesions were found in the intestinal tract or other parts of
the body, and there were no neoplastic lesions that could have caused TTP. Microscopically,
there were numerous microvascular thrombi in the heart. In the brain, there were also
many microthrombi in the cerebrum, pons, and medulla oblongata. Similar microthrombi
were found in various organs, including the liver and kidneys. The microthrombi were
weakly stained for fibrin but contained a large quantity of VWF, which was consistent with
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VWF-rich platelet thrombi (Figure 2B-G). The worsening of the patient’s clinical status due
to microvascular occlusion throughout the body, and, more directly, cardiac pump failure
was considered to have contributed to her sudden death.

Figure 2. (A) Macroscopic findings of the heart. Many petechial hemorrhagic lesions were observed
in the right ventricle wall (arrowhead). (B-G) Postmortem pathological findings of the heart and
brain. Hematoxylin-eosin staining of the heart showed microthrombi in the small blood vessels with
focal hemorrhaging in the surrounding myocardium (B). The cells were slightly fibrin-positive (C)
and markedly VWE-positive (D) (magnification: 200x). Similarly, hematoxylin-eosin staining of the
brain also revealed occlusive thrombi (E). The thrombi were slightly fibrin-positive (F) and markedly
VWF-positive (G) (magnification: 200x). Bleeding and necrosis of cardiomyocytes and inflammatory
cell infiltration (H) (magnification: 200x).

3. Discussion

We consider that the course of our case provides clinically instructive findings from
several perspectives. For example, the patient suddenly died after her condition deteri-
orated rapidly due to inhibitor boosting. In addition, it was pathologically proven that
microthrombosis caused by TTP directly contributed to her death.

First, TTP can have a rapid course due to inhibitor boosting. According to the most re-
cent definition, a clinical response is defined as a sustained platelet count of >150 x 10°/L,
an LDH level of <1.5 times the upper limit of normal, and no clinical evidence of a new or
progressive ischemic organ injury [6]. Based on the above definition, our patient did not
exhibit a clinical response. We considered inhibitor boosting to be one of the reasons for the
inadequate treatment response. A recent study described inhibitor boosting as a reduction
followed by a rise in the ADAMTS13 inhibitor level after PE therapy, which may occur
due to the exogenic ADAMTS13 present in FFP being recognized as an antigen during
PE [7]. Our patient, who was initially treated with PE and corticosteroids, experienced a
rapid deterioration in her TTP. Her ADAMTS13 inhibitor level decreased from 5.1 BU/mL
to <0.5 BU/mL but then increased to 5.5 BU/mL on the 6th day. This course of events
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could be explained by inhibitor boosting. Furthermore, her ADAMTS13 inhibitor level
subsequently increased markedly to 22.4 BU/mL despite continued treatment and the
addition of RTX. It was reported that the early use of RTX was effective in some cases of
inhibitor boosting [8,9]. In the current case, RTX was administered on the 6th day when the
patient’s platelet count started to decrease. RTX suppresses the production of ADAMTS13
inhibitor by reducing the number of B lymphocytes, but this may take several days [10].
Although RTX did not improve disease progression in this case, it is unclear whether it was
maximally effective because the patient died a few days after its administration. Moreover,
it should be emphasized that the patient’s death was not caused by a delay in diagnosis
or treatment. In this case, PE was performed immediately after the patient arrived at
our hospital, and RTX was promptly administered under suspicion of inhibitor boosting.
Despite these treatments, the patient died soon after. It is important to bear in mind that
TTP can have an acute course due to inhibitor boosting.

Secondly, the cause of the patient’s death was pathologically demonstrated to be TTP-
induced microthrombi. The postmortem revealed microthrombi containing large amounts
of VWF which were considered to be TTP-induced platelet thrombi in multiple organs. We
considered that cardiac disorders were heavily involved in the sudden death of the patient.
In the heart, no macroscopic infarction or hemorrhaging was noted. However, the patient’s
cardiovascular findings included widespread platelet thrombi in the small vessels and many
petechial hemorrhagic lesions in the myocardial walls, suggesting that a cardiac injury due
to thrombosis may have been the immediate cause of death. A pathological examination of
the brain showed the widespread distribution of microthrombi in the cerebrum, cerebellum,
pons, and medulla oblongata, but no obvious infarction foci. The patient had no history
of epilepsy or other brain disorders, suggesting that she had developed convulsions due
to diffuse TTP-induced cerebral thrombosis. The patient experienced convulsions on two
occasions. Neither of these convulsions were persistent—i.e., they disappeared within
about one minute. Microthrombi in the brain may have contributed to the onset of the
convulsions but were not considered to be a cause of the patient’s death. There was no
other evidence of a direct cause of death, such as extensive necrosis. In conclusion, systemic
thrombosis was considered to be a plausible cause of the patient’s worsening clinical course.
In addition, it is very likely that cardiogenic shock due to cardiovascular microthrombi
contributed to her sudden death.

Cardiovascular manifestations that are masked by clinical deterioration are often
overlooked. Postmortem studies of TTP patients have found intramyocardial microthrombi
in the majority of cases [11]. Therefore, it is conceivable that most TTP patients are at risk
of myocardial damage from microthrombosis. There has been a case report of sudden
cardiac death in TTP patients due to heart failure [12]. Optimal management strategies
for cardiovascular microthrombi have not yet been determined. Based on our experience,
we suggest that when TTP is diagnosed the patient should be carefully evaluated for
cardiac complications.

Our patient had a history of primary Sjogren’s syndrome (SS). In addition, there were
no other exact causes of autoimmune TTP, such as malignancies, infections, pregnancies, or
other autoimmune diseases. In this regard, it is conceivable that the cause of TTP in our
case was related to primary SS. To the best of our knowledge, 19 cases of TTP with SS have
been reported in the past 55 years, and only 7 of them were diagnosed with SS prior to TTP,
as in our case [13,14]. In an analysis of 261 cases of acquired TTP, 56 patients were reported
to have developed autoimmune diseases, including systemic lupus erythematosus (SLE)
and SS [15]. We believe that more attention should be paid to the history of SS in patients
with TTP.

We encountered a case of TTP involving sudden death due to microthrombosis. De-
spite the use of RTX and PE, the mortality rate of patients with acquired TTP remains
between 10 and 20% [16]. The mainstay of the current treatment strategy for TTP is to
remove ADAMTS13 inhibitor using PE and prevent ADAMTS13 inhibitor production
using immunosuppressive therapy. However, since these therapies act on the underlying
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autoimmune process, they may take some time to produce a response. We consider that
in cases of TTP involving acute deterioration, existing therapies may not be sufficient to
reduce the risk of mortality because the degree of organ damage caused by thrombosis
can be unpredictable. Recently, the efficacy of newer therapies has been examined. As
an example, caplacizumab, which blocks VWF-mediated microthrombi formation, may
prevent short-term peripheral vascular ischemia more quickly than conventional treatment
alone [17]. However, as of now, this drug is not generally administered, as it could not
be covered by Japanese health insurance. There is a need for further studies to identify
strategies for improving the prognosis of TTP.

Our case report has some limitations. Unfortunately, we could not investigate whether
the patient had clinical cardiac symptoms, such as chest pain, just before her death. We
also could not perform clinical cardiac evaluations, including the use of cardiac biomarkers,
electrocardiograms, and echocardiography. Cardiological examinations including echocar-
diography might have provided the findings to identify her cardiac complications earlier.

4. Conclusions

In conclusion, inhibitor boosting in TTP can lead to hyperacute exacerbation due to
microvascular thrombosis in multiple organs. Cardiac evaluations of TTP patients might
need to be carried out more carefully, especially in the acute phase.

Author Contributions: K.Y. and S.M. contributed equally to this study; K.Y. designed and performed
the research, analyzed the data, and wrote the manuscript; S.M., M.M. (Masaya Morimoto), T.M.,
KT,YY,HH, AN, ST, and T.S. analyzed the clinical data; K.H. and M.M. (Masanori Matsumoto)
performed the immunohistological analyses; and S.M. and M.M. (Masanori Matsumoto) supervised
the project. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the tenets
of the Declaration of Helsinki and was approved by the institutional review board of Wakayama
Medical University (approval number: 57, approved on 31 July 2015).

Informed Consent Statement: Informed consent was obtained from the relatives of the patient.

Data Availability Statement: The data used and analyzed during the current study are available
from the corresponding author on reasonable request.

Acknowledgments: This study was supported by the 2020 Wakayama Medical Award for
Young Researchers.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Furlan, M.; Robles, R.; Galbusera, M.; Remuzzi, G.; Kyrle, P.A.; Brenner, B.; Krause, M.; Scharrer, I.; Aumann, V.; Mittler, U.; et al.
von Willebrand factor-cleaving protease in thrombotic thrombocytopenic purpura and the hemolytic-uremic syndrome. N. Engl.
J. Med. 1998, 339, 1578-1584. [CrossRef]

Tsai, HM.; Lian, E.C. Antibodies to von Willebrand factor-cleaving protease in acute thrombotic thrombocytopenic purpura.
N. Engl. ]. Med. 1998, 339, 1585-1594. [CrossRef] [PubMed]

Matsumoto, M.; Fujimura, Y.; Wada, H.; Kokame, K.; Miyakawa, Y.; Ueda, Y.; Higasa, S.; Moriki, T.; Yagi, H.; Miyata, T.; et al.
Diagnostic and treatment guidelines for thrombotic thrombocytopenic purpura (TTP) 2017 in Japan. Int. ]. Hematol. 2017, 106,
3-15. [CrossRef] [PubMed]

Rock, G.A.; Shumak, K.H.; Buskard, N.A.; Blanchette, V.S.; Kelton, ].G.; Nair, R.C.; Spasoff, R.A.; Canadian Alpheresis Study
Group. Comparison of plasma exchange with plasma infusion in the treatment of thrombotic thrombocytopenic purpura.
N. Engl. ]. Med. 1991, 325, 393-397. [CrossRef] [PubMed]

Miyakawa, Y.; Imada, K.; Ichinohe, T.; Nishio, K.; Albe, T.; Murata, M.; Ueda, Y.; Fujimura, Y.; Matsumoto, M.; Okamoto, S. Efficacy
and safety of rituximab in Japanese patients with acquired thrombotic thrombocytopenic purpura refractory to conventional
therapy. Int. ]. Hematol. 2016, 104, 228-235. [CrossRef] [PubMed]

Cuker, A.; Cataland, S.R.; Coppo, P; de la Rubia, J.; Friedman, K.D.; George, ].N.; Knoebl, PN.; Kremer Hovinga, ].A.; Limmle, B.;
Matsumoto, M.; et al. Redefining outcomes in immune TTP: An international working group consensus report. Blood 2021, 137,
1855-1861. [CrossRef] [PubMed]


http://doi.org/10.1056/NEJM199811263392202
http://doi.org/10.1056/NEJM199811263392203
http://www.ncbi.nlm.nih.gov/pubmed/9828246
http://doi.org/10.1007/s12185-017-2264-7
http://www.ncbi.nlm.nih.gov/pubmed/28550351
http://doi.org/10.1056/NEJM199108083250604
http://www.ncbi.nlm.nih.gov/pubmed/2062330
http://doi.org/10.1007/s12185-016-2019-x
http://www.ncbi.nlm.nih.gov/pubmed/27188338
http://doi.org/10.1182/blood.2020009150
http://www.ncbi.nlm.nih.gov/pubmed/33529333

Hematol. Rep. 2022, 14 209

10.

11.

12.

13.

14.

15.

16.

17.

Isonishi, A.; Bennett, C.L.; Plaimauer, B.; Scheiflinger, F.; Matsumoto, M.; Fujimural, Y. Poor responder to plasma exchange
therapy in acquired thrombotic thrombocytopenic purpura is associated with ADAMTS13 inhibitor boosting: Visualization of an
ADAMTS13 inhibitor complex and its proteolytic clearance from plasma. Transfusion 2015, 55, 2321-2330. [CrossRef] [PubMed]
Elliott, M.A.; Heit, J.A.; Pruthi, RK,; Gastineau, D.A.; Winters, J.L.; Hook, C.C. Rituximab for refractory and or relapsing
thrombotic thrombocytopenic purpura related to immune-mediated severe ADAMTS13-deficiency: A report of four cases and a
systematic review of the literature. Eur. J. Haematol. 2009, 83, 365-372. [CrossRef]

Okumura, T.; Hashimoto, K.; Aomura, D.; Kurasawa, Y.; Hara, Y.; Fujii, K.; Masuda, T.; Sonoda, K.; Yamaguchi, A.; Ogawa, Y.; et al.
Thrombotic Thrombocytopenic Purpura Treated with Rituximab Associated with Primary Sjogren’s Syndrome and Primary
Hypothyroidism. Intern. Med. 2020, 59, 715-719. [CrossRef] [PubMed]

Scully, M.; McDonald, V.; Cavenagh, J.; Hunt, B.].; Longair, I.; Cohetn, H.; Malchin, S.J. A phase 2 study of the safety and
efficacy of rituximab with plasma exchange in acute acquired thrombotic thrombocytopenic purpura. Blood 2011, 118,
1746-1753. [CrossRef] [PubMed]

Wiernek, S.L.; Jiang, B.; Gustafson, G.M.; Dai, X. Cardiac implications of thrombotic thrombocytopenic purpura. World J. Cardiol.
2018, 10, 254-266. [CrossRef] [PubMed]

Tasaki, T.; Yamada, S.; Nabeshima, A.; Noguchi, H.; Nawata, A.; Hisaoka, M.; Sasaguri, Y.; Nakayama, T. An autopsy case of
myocardial infarction due to idiopathic thrombotic thrombocytopenic purpura. Diagn. Pathol. 2015, 10, 52. [CrossRef] [PubMed]
Carvalho, ].F; Shoenfeld, Y. Sjogren’s Syndrome Associated with Thrombotic Thrombocytopenic Purpura: A Case-Based Review.
Rheumatol. Ther. 2021, 8, 621-629. [CrossRef] [PubMed]

Miller, D.D.; Krenzer, J.A.; Kenkre, V.P.; Rose, W.N. Sequential Immune Thrombocytopenia (ITP) and Thrombotic Thrombocy-
topenic Purpura (TTP) in an Elderly Male Patient with Primary Sjogren’s Syndrome: When in Doubt, Use the PLASMIC Score.
Case Rep. Med. 2021, 2021, 6869342. [CrossRef] [PubMed]

Roriz, M.; Landais, M.; Desprez, J.; Barbet, C.; Azoulay, E.; Galicier, L.; Wynckel, A.; Baudel, J.-L.; Provét, E; Pene, F; et al.
Risk Factors for Autoimmune Diseases Development after Thrombotic Thrombocytopenic Purpura. Medicine 2015, 94, e1598.
[CrossRef] [PubMed]

George, ].N. Corticosteroids and rituximab as adjunctive treatments for thrombotic thrombocytopenic purpura. Am. |. Hematol.
2012, 87 (Suppl. 1), S88-591. [CrossRef] [PubMed]

Scully, M.; Cataland, S.R.; Peyvandi, F.; Coppo, P.; Knobl, P.; Kremer Hovinga, ].A.; Metjian, A.; de la Rubia, J.; Pavenski, K,;
Callewaert, F.; et al. Caplacizumab Treatment for Acquired Thrombotic Thrombocytopenic Purpura. N. Engl. |. Med. 2019, 380,
335-346. [CrossRef] [PubMed]


http://doi.org/10.1111/trf.13182
http://www.ncbi.nlm.nih.gov/pubmed/26058519
http://doi.org/10.1111/j.1600-0609.2009.01292.x
http://doi.org/10.2169/internalmedicine.3722-19
http://www.ncbi.nlm.nih.gov/pubmed/31708547
http://doi.org/10.1182/blood-2011-03-341131
http://www.ncbi.nlm.nih.gov/pubmed/21636861
http://doi.org/10.4330/wjc.v10.i12.254
http://www.ncbi.nlm.nih.gov/pubmed/30622684
http://doi.org/10.1186/s13000-015-0285-1
http://www.ncbi.nlm.nih.gov/pubmed/26022055
http://doi.org/10.1007/s40744-020-00265-w
http://www.ncbi.nlm.nih.gov/pubmed/33315186
http://doi.org/10.1155/2021/6869342
http://www.ncbi.nlm.nih.gov/pubmed/34887925
http://doi.org/10.1097/MD.0000000000001598
http://www.ncbi.nlm.nih.gov/pubmed/26496263
http://doi.org/10.1002/ajh.23126
http://www.ncbi.nlm.nih.gov/pubmed/22407740
http://doi.org/10.1056/NEJMoa1806311
http://www.ncbi.nlm.nih.gov/pubmed/30625070

	Introduction 
	Case Report 
	Discussion 
	Conclusions 
	References

