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Background - Daily therapeutic plasma exchange (TPE) is the cornerstone of 
treatment for immune-mediated thrombotic thrombocytopenic purpura (iTTP). 
However, TPE is not a risk-free procedure and there is scarce evidence regarding 
its safety in iTTP. This study aims to describe the TPE-related clinical complications 
occurred in a cohort of patients hospitalized for an acute iTTP episode.
Materials and methods - In this cross-sectional study, patients hospitalized 
for an acute iTTP episode at the Fondazione IRCCS Ca’ Granda Ospedale 
Maggiore Policlinico (Milan) between January 2016 and April 2022 undergoing 
a central venous catheter (CVC) placement to start TPE were enrolled. 
Results - Thirty-three iTTP episodes from 32 patients were included, 20 
(61%) first episodes and 2 (6%) complicated with acute exacerbations.  
Twenty-one episodes (64%) were complicated with at least one major  
TPE-related complication, 18 (55%) with at least one CVC-related complication, 
of which 9 (27%) with a major complication. Among major CVC-related 
complications, 5 were venous thromboses (VTs) requiring heparin treatment 
and CVC removal, and 3 infections (2 systemic) requiring systemic antibiotic 
treatment and CVC removal. The 19 CVC-related bleeds (in 16 episodes) 
were minor bleeds and required only local hemostatic medications. Among 
the major procedure-related complications, the most common were allergic 
reactions (present in 16 episodes, 49%), mostly urticarial rashes requiring 
systemic steroids and antihistamines, and clinical hypocalcemia (in 8 
episodes, 24%). The episodes complicated with CVC-related VT or infection 
required a longer hospitalization and those complicated with CVC-related 
infection required also a higher number of TPE procedures. 
Discussion - TPE procedure was well tolerated in our cohort of acute 
iTTP patients in the majority of cases, with CVC-related minor bleeds and 
allergic reactions being the most common complications. The occurrence of  
CVC-related major complications, as VT or infections, was associated with a 
longer hospitalization (medians: 30 vs 11.5 days).

Keywords: ADAMTS13, immune thrombocytopenia, thrombosis, thrombotic 
thrombocytopenic purpura, plasma exchange.
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INTRODUCTION
Acute immune-mediated thrombotic thrombocytopenic 
purpura (iTTP) is a rare life-threatening thrombotic 
microangiopathy (TMA), requiring urgent treatment1. 
Therapeutic plasma-exchange (TPE), which dramatically 
reduced disease mortality from 90% to 10-20%2, is still the 
cornerstone of acute management and should be initiated 
as soon as acute iTTP is suspected3-4. Although TPE is a  
life-saving therapy, it is not a risk-free procedure. 
Considering the urgency of treatment, usually performed 
empirically (before a confirmed diagnosis), and the 
hemostatic vulnerability of these patients, who are 
affected by both thrombotic and bleeding risk, several 
authors investigated the TPE-related adverse events 
occurring during acute iTTP management. Overall, 
findings stemming from these studies, consistently with 
those involving patients with diseases other than TMAs, 
confirm that this procedure is well-tolerated in most 
cases5-31. TPE-related adverse events include complications 
related to the central venous catheter (CVC) insertion 
(CVC-related) or to the plasma-exchange procedure 
(procedure-related). The CVC-related complications 
include local or systemic infections, bleeding episodes, 
and venous thromboembolisms (VTE), the latter more 
frequently observed in patients requiring a prolonged TPE 
therapy and multiple CVC insertions19. The most common 
procedure-related complications are mild allergic reactions 
as urticaria, citrate-induced hypocalcemia and mild 
hypotension. The large exchange volume as well as the 
prolonged duration of therapy increase the risk of major 
procedure-related complications, such as anaphylaxis or 
heart failure18. In recent years, the progressive reduction 
of the number of TPE sessions required to achieve 
clinical remission (as a result of the increasing use of 
caplacizumab and the early initiation of rituximab), along 
with the growing use of ultrasound‑guided procedures 
in CVC positioning, have significantly reduced the 
incidence of these complications20. Given the rarity of the 
disease and the few published data in the field, several 
questions remain still open. For example, the usefulness 
of platelet transfusion before CVC insertion in acute 
iTTP with severe thrombocytopenia is still debated27-31. 
Recently, this topic has gained increasing interest within 
the scientific and clinical community, driven by growing 
evidence supporting the efficacy of TPE-free approaches 

in acute iTTP. Indeed, more and more authors suggest the 
combination of caplacizumab and immunosuppression 
as the most appropriate approach in selected cases (based 
on the TPE-related risk/benefit balance)32-34. However, to 
date, we do not know how identify these patients. 
With this background, the present study aims to describe 
all the TPE-related clinical complications observed 
during acute management in an Italian cohort of patients 
hospitalized for an acute episode of iTTP and identify the 
main related risk factors. 

MATERIALS AND METHODS

Study design and patients  
In this cross-sectional study, patients hospitalized for an 
acute iTTP episode at the Fondazione IRCCS Ca’ Granda 
Ospedale Maggiore Policlinico in Milan between January 
2016 and April 2022, who underwent a CVC placement 
and at least one TPE procedure were enrolled. The 
diagnosis of iTTP was defined by the presence of both 
consumptive thrombocytopenia and microangiopathic 
hemolytic anemia in the absence of alternative causes 
and confirmed by the severe plasma deficiency of a 
disintegrin and metalloproteinase with a thrombospondin 
type 1 motif, member 13 (ADAMTS13) (activity <10 IU/dL 
or <10% of normal) and the evidence of anti-ADAMTS13 
autoantibodies evaluated using the Technozym ADAMTS13 
Inhibitor ELISA kit (Technoclone, Vienna, Austria).

Collected variables 
Age, sex, ethnicity, triggers, clinical manifestations, 
laboratory parameters, concomitant chronic diseases and 
chronic drugs, acute iTTP episode management, episode 
outcomes, TPE-related features and complications were 
retrospectively collected from medical records. 
Potential triggers of acute TTP episodes were events 
occurring or drugs taken in the last three months before the 
episode onset. All clinical manifestations and laboratory 
parameters were recorded at the time of the acute TTP 
episode onset. Clinical manifestations were categorized 
as: systemic, hemorrhagic, cardiovascular, neurological 
and renal signs/symptoms. Laboratory exams, performed 
during the acute phase before plasma infusion or TPE 
start, included platelet count, hemoglobin, white blood 
cell count, creatinine, lactate dehydrogenase (LDH), total 
bilirubin, C-reactive protein (CRP) and prothrombin time 
(PT). Comorbidities were recorded if self-reported or 
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inferred from patient’s medications. Drugs were recorded 
if self-reported to be taken daily for at least 90 days. 
Multimorbidity was defined as the concomitant presence 
of two or more chronic diseases in the same patient other 
than TTP. Polypharmacy was defined as five or more 
medications daily taken for at least 90 days, excluding 
TTP-related drugs. Concomitant diseases or conditions 
were grouped into predisposing or not to thrombosis, 
bleeding and infection. Recorded TTP-related treatments 
included transfusional treatments (TPE, plasma infusion 
or immunoglobulins), immunosuppressive treatments 
(corticosteroids and rituximab), antiplatelet agents 
or anticoagulants, and caplacizumab. Finally, episode 
outcomes included death (during the episode or within 30 
days from the onset), episode length, clinical response and 
acute TTP exacerbation. Clinical response was defined as 
the sustained normalization of platelet count (≥150,000/µL) 
for at least two consecutive days. Exacerbation of acute 
TTP was defined as a platelet count decrease (to less than 
150,000/µL) occurring after a clinical response and before 
a clinical remission within 30 days from stopping TPE or 
caplacizumab. Episode length was expressed in terms 
of number of TPE sessions and days of TPE required to 
achieve clinical response and as the number of days of 
hospitalization (total and in the intensive care unit, ICU). 

Definition and classification of the outcomes 
The main TPE-related features were collected, including CVC 
size, type, site and duration, type of f luid and anticoagulant 
used, and the daily exchanged plasma volume. 
All TPE-related (plasma- or CVC-related) complications, 
time to the complication onset since CVC insertion and 
their management have been collected. 
We defined major clinical complications as those requiring 
admission to an intensive care unit, an invasive procedure 
(e.g., CVC replacement), TPE interruption, systemic 
treatment, or blood transfusion. Hypocalcemia episodes 
were recorded only when requiring systemic treatment 
(major), whereas allergic reactions were distinguished 
into minor or major, based on the need of local or systemic 
treatment, respectively. For the CVC-related bleeding 
episodes we also distinguished major, minor and clinically 
relevant non major bleeds (CRNMB), according to the 
International Society on Thrombosis and Haemostasis 
(ISTH) criteria35. Bleeds were also categorized into early 
or late, according to the time of onset after CVC insertion 

(within 24 hours or after). The platelet count closest to the 
date of CVC insertion and bleeding, as well as concomitant 
clinical conditions or drugs predisposing to bleeding, 
were also recorded. We defined CVC-related VTEs the 
deep vein thromboses (DVT) occurring in situ (on the 
central catheter), complicated or not with pulmonary 
embolism, which were clinically suspected and confirmed 
by ultrasonography. We distinguished local infections (on 
CVC site) and CVC-related systemic infections, diagnosed 
based on positive blood culture. Clinical conditions 
or drugs predisposing to VTE or infections were also 
recorded.

Statistical analysis
A descriptive analysis was performed. Categorical 
variables were expressed as counts and percentages, 
continuous variables as medians and interquartile ranges 
(IQR). The analyses were performed by JMP Pro18 (SAS 
Institute Inc., Cary, NC, USA). A written informed consent 
was obtained from all subjects, in accordance with the 
Helsinki Declaration.

RESULTS
Thirty-two patients (33 iTTP episodes) were included in 
the study, of which 20/33 (61%) were first episodes. The 
median age at TTP episode was 52 years and the majority 
of patients were women. The CVCs were replaced in 5 
patients, of whom in a patient was replaced twice (for 
an acute exacerbation requiring hospitalization and 
for a CVC dysfunction, respectively) and in the other 4 
patients for an adverse event (local bleed, CVC-related 
systemic infection or CVC dysfunction). Therefore, for 
the 33 iTTP episodes, a total of 39 CVC were placed, of 
which the majority were in a common femoral vein. These 
32 patients were all treated with corticosteroids and TPE 
with 1-1.5 units of plasma volume. Caplacizumab was used 
in 11/33 episodes (frontline in 8/11). The main patient and  
episode-related features are described in Table I.
Thirty episodes (91%) were complicated with at least one 
TPE-related clinical complication, 64% with at least a major 
one. Overall, we observed 32 CVC-related complications 
and 75 procedure-related complications. The most 
common CVC-related complications were mild cutaneous 
bleeds on CVC site (No.=19 in 16 episodes). They required 
treatment with hemostatic medications and occurred 
within 24 hours from CVC insertion in approximately 
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one third of episodes (6/16, 37.5%). No major CVC-related 
bleeds were observed. As regards the other CVC-related 
complications, a total of 10 major complications occurred 
in 9 TTP episodes. In particular, we observed 5 VTs (major), 
5 CVC dysfunctions (2 major requiring CVC replacement), 
1 local infection (major) and 2 CVC-related systemic 
infections (major). 
All the CVC-related venous thromboses occurred in a 
common femoral vein (3 extended to external iliac vein) and 
were treated with CVC removal and heparin. Infectious 
episodes, occurred in 3 cases (9%), included 2 methicillin-
resistant Staphylococcus aureus (MRSA)-related systemic 

infections, treated with vancomycin/daptomycin and 
piperacillin-tazobactam, and 1 Staphylococcus epidermidis 
local infection at the catheter exit site, which required 
CVC removal and systemic antibiotic therapy with  
amoxicillin-clavulanic acid. 
The most commonly observed procedure-related adverse 
events were allergic reactions (urticarial rash) requiring 
systemic treatment with antihistamines and corticosteroids 
(No.=45 in 16 episodes), and hypocalcemia episodes treated 
with intravenous calcium gluconate (No.=23 in 8 episodes). 
Moreover, 5 episodes of hypotension and 2 of acute 
hypervolemic heart failure were observed (Table II).

Table I - Main patient- and iTTP episode-related features

All iTTP episodes 
(No.=33)

First iTTP episode, No. (%) 20 (60.6)

Age, years, median (IQR) 52.0 (40-59.3)

Female, No. (%) 20 (60.6)

White ethnicity, No. (%) 31 (93.9)

Concomitant autoimmune disease, No. (%) 11 (33.3)

Platelet count, 106/L, median (IQR)1 13,000 (9,000-24,500)

Hemoglobin, g/dL, median (IQR) 2 9.3 (8.2-11.8)

LDH, IU/dL, median (IQR) 3 657 (420-1,426)

Creatinine, mg/dL, median (IQR)4 1.2 (1.1-1.5)

Total bilirubin, mg/dL, median (IQR)5 2.2 (1.7-3.0)

Systemic signs/symptoms, No. (%) 26 (78.8)

Hemorrhagic signs/symptoms at onset, No. (%) 24 (72.7)

Neurological signs/symptoms at onset, No. (%) 22 (66.7)

Cardiovascular signs/symptoms, No. (%) 8 (24.2)

Renal signs/symptoms, No. (%) 8 (24.2)

TPE and corticosteroids, No. (%) 33 (100)

Frontline caplacizumab, No. (%)1 8 (25)

Rituximab, No. (%) 14 (42.4)

Hospital stay, days, median (IQR) 14 (10-23)

Clinical response, No. (%) 33 (100)
1available for 31 episodes; 2available for 32 episodes; 3available for 30 episodes; 4available for 24 episodes; 
5available for 25 episodes. Hospital stay included the two exacerbations (a bleed and a systemic infection 
occurred during exacerbations). The patient who had a relapse has been considered at two different times. 
Systemic signs/symptoms: fatigue, fever, abdominal pain, headache, vomiting, jaundice (defined as 
total bilirubin levels ≥2.5 mg/dL); neurological signs/symptoms: ischemic stroke, transient ischemic 
attack, epileptic seizures, coma, personality disorders, and focal neurological signs; hemorrhagic  
signs/symptoms: skin bleeding (purpura, bruising), mucosal bleeds (including epistaxis), hematuria, 
meno-metrorrhagia, gastrointestinal hemorrhages; cardiovascular signs/symptoms: acute coronary 
syndrome, electrocardiographic ischemic changes; renal signs/symptoms: acute renal failure, increased 
creatinine level (>1.3 mg/dL), anuria, need for dialysis, emoglobinuria, proteinuria, oliguria. 
Frontline caplacizumab: administered within the first 48 hours since TPE start.
IQR: interquartile range; iTTP: immune-mediated thrombotic thrombocytopenic purpura; LDH: lactate 
dehydrogenase; TPE: therapeutic plasma-exchange.
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Table II - CVC/TPE-related features and clinical complications

All iTTP episodes
(No.=33)

CVC duration, days, median (IQR) 11 (10-22)

Total number of TPE, median (IQR) 8 (7-14)

At least one TPE-related clinical complication, No. (%) 30 (90.9)

At least one major TPE-related clinical complication, No. (%) 21 (63.6)

CVC-related

At least one major CVC-related clinical complication, No. (%) 9 (27.3)

At least one bleeding episode, No. (%) 16 (48.5)

Time from CVC insertion to bleeding, days, median (IQR) 5.5 (1-8.3)

VT, No. (%) 5 (15.2)

Time from CVC insertion to VT, days, median (IQR) 1 18 (14.5-22.5)

Local infection, No. (%) 1 (3)

Systemic infection, No. (%) 2 (6)

Time from CVC insertion to infection, days, median (IQR) 11 (8-11)

CVC dysfunction, No. (%) 5 (15.2)

Pneumothorax, No. (%) 0

Procedure-related

At least one major procedure-related clinical complication, No. (%) 16 (48.5)

At least one allergic reaction, No. (%)2 16 (48.5) 

At least one clinical hypocalcemia, No. (%)3 8 (24.2)

Hypotension or heart failure, No. (%) 7 (21.2)
1available in 3/5 VT episodes; 2with a median of 3 allergic reactions (range: 1-7); 3with a median of 3 clinical 
hypocalcemia (range: 1-6).
For patients with two CVC-related bleeds (No.=3) the time from CVC insertion to the first bleed has been considered. 
For patients undergoing more than one CVC placement (e.g., for exacerbation or CVC-related major complications), 
the total duration was defined as the sum of the duration of each placed CVC. The two exacerbation required 
additional 9 and 5 TPE procedures, respectively. 
CVC: central venous catheter; IQR: interquartile range; iTTP: immune-mediated thrombotic thrombocytopenic 
purpura; TPE: therapeutic plasma-exchange; VT: venous thrombosis.

Episodes complicated with major CVC-related 
complications (e.g., VTs and infections) were characterized 
by a significant longer CVC duration and length of 
hospitalization. Also after adjusting for age and sex, 
length of hospitalization was confirmed to be significantly 
associated with major CVC-related complications in a 
multivariate logistic regression model (unitary OR: 1.30 
[95% CI: 1.11-1.71], p<0.001). We observed higher LDH 
levels in episodes with CVC-related major complications, 
with no other difference on the main patient and episode-
related features between the two groups (Table III). 
When comparing patient- and episode-related features 
according to the specific type of CVC-related complication 
(bleed, VT or infection), no significant difference was 
found among the three groups, except for the total 

number of TPE procedures (which was higher in the 
episodes complicated with CVC-related infections) and 
length of hospitalization (higher in episodes complicated 
with CVC-related VT or infection) (Online Supplementary, 
Table SI). Moreover, after comparing episodes with vs. 
without CVC-related bleeding (16 vs 17), we observed 
that CVC-related bleeds occurred in patients with a 
significantly higher number of comorbidities and higher 
proportion of polypharmacy and conditions predisposing 
to bleeding (e.g., chronic liver disease, hematological 
cancer, antiplatelet drug/anticoagulants). No association 
was found between platelet count level at CVC placement 
and the incidence of CVC-related bleeds (p=0.91).  
We also compared the prevalence of TPE-related 
complications between episodes treated with and 
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without frontline caplacizumab (8 vs 24). We observed 
that the episodes treated with caplacizumab within the 
first 48 hours since TPE start showed a slightly lower 
proportion of major TPE-related complications (4/8, 
50% vs 16/24, 66.7%), despite a slightly higher proportion 
of major CVC-related complications (3/8, 37.5% vs 
5/24, 20.8%). Indeed, the lower proportion of major  
TPE-related complication was mostly secondary to 
the lower proportion of major procedure-related 

complications (2/8, 25% vs 14/24, 58.3%). As regards 
CVC-related minor bleeds, these were more prevalent in 
patients treated with frontline caplacizumab (5/8, 62.5% 
vs 10/24, 41.7%).  
As regards major procedure-related complications, 
we did not find any dif ference comparing the main  
patient- and episode- related features between the two 
groups (with and without these complications: 16 vs 17) 
(data not shown).

Table III - Patient- and episode-related features in iTTP episodes with and without major CVC-related clinical complications

iTTP episodes without major  
CVC-related  complications

(No.=24)

iTTP episodes with at least one 
major CVC-related  complication

(No.=9)

p-value

1st iTTP episode, No. (%) 15 (62.5) 5 (55.6) NS

Age, years, median (IQR) 49.8 (33.9-59.2) 57.0 (45.8-63.1) NS

Female, No. (%) 14 (58.3) 6 (66.7) NS

Number of comorbidities, median (IQR) 3 (2-5.8) 4 (2.5-8) NS

Polypharmacy, No. (%) 6 (25.0) 4 (44.4) NS

Concomitant autoimmunity, No. (%) 9 (37.5) 2 (22.2) NS

Known allergy to plasma or drugs, No. (%) 9 (37.5) 4 (44.4) NS

Chronic disease/drug predisposing to bleed, No. (%) 9 (37.5) 5 (55.6) NS

Chronic disease/drug predisposing to VTE, No. (%) 12 (50) 7 (77.8) NS

Chronic disease/drug predisposing to infection, No. (%) 13 (54.2) 4 (44.4) NS

Infectious trigger of acute TTP, No. (%)1 12 (54.5) 4 (44.4) NS

PT, median (IQR)2 1.1 (1-1.2) 1.2 (1.1-1.3) NS

Platelet count, 106/L, median (IQR)3 13,000  (10,000-28,000) 9,500 (7,500-14,250) NS

Hb, g/dL, median (IQR)4 9.3 (8.1-12.3) 9.1 (8.5-9.6) NS

Creatinine, mg/dL, median (IQR)5 1.2 (1-1.7) 1.2 (1.1-1.3) NS

LDH, IU/dL, median (IQR)6 537  (345-920) 1,552 (1,086-1,716) 0.0556

Total bilirubin, mg/dL, median (IQR)7 2.1 (1.5-2.8) 2.5 (2.2-3.5) NS

Hemorrhagic signs/symptoms at onset, No. (%) 18 (75) 6 (66.7) NS

Neurological signs/symptoms at onset, No. (%) 16 (66.7) 6 (66.7) NS

Total number of TPE, median (IQR) 8 (7-13) 13 (6-15) NS

CVC duration, days, median (IQR) 10 (9-16.8) 24 (14.5-30.5) 0.0123

Hospital lenght of stay, days, median (IQR) 11.5 (9-16.8) 30 (20.5-39.5) 0.0317

1available in 22 and 9 episodes, respectively; 2available in 21 and 6 episodes; 3available in 23 and 8 episodes; 4available in 24 and 8 episodes; 5available in 16 
and 8 episodes; 6available in 23 and 7 episodes; 7available in 18 and 7 episodes.
Chronic disease/drug predisposing to bleed included chronic liver disease, hematological cancer, antiplatelet drug/anticoagulants. Chronic disease/drug 
predisposing to VTE included chronic liver disease, thrombophilia, obesity, hematological cancer, history of TPE, SLE or connective tissue disease. Chronic 
disease/drug predisposing to infection included history of bone marrow transplantation, hematological cancer, chronic liver disease, COPD, bronchiectasis, 
type 2 diabetes, chronic steroids or other immunosuppressive therapy, having a vascular or orthopedic prosthesis. Total number of TPE, CVC duration and 
hospital length of stay included the two exacerbations (a bleed and a systemic infection occurred during exacerbations). 
All clinical manifestations and laboratory parameters were recorded at the time of the acute TTP episode onset. Laboratory exams were recorded before 
plasma infusion or TPE start. 
CVC: central venous catheter; IQR: interquartile range; iTTP: immune-mediated thrombotic thrombocytopenic purpura; LDH: lactate dehydrogenase; NS: not 
significant; SLE: systemic lupus erythematosus; TPE: therapeutic plasma-exchange; VTE: venous thromboembolism.
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DISCUSSION 
In the present study, we evaluated the safety of TPE 
procedures in 33 acute iTTP episodes.
Among major CVC-related complications, we observed 
5 VTs and 3 infections (2 systemic), although the 
most common CVC-related complications were mild 
mucocutaneous bleeds. Among major TPE-related 
complications, the most common were allergic reactions. 
We found that iTTP episodes complicated with  
CVC-related VT or infection required a longer 
hospitalization.
The rationale behind TPE is the replenishment of the 
deficient protease ADAMTS13 and the removal of the 
ultra-large multimers of Von Willebrand factor (VWF) 
and of anti-ADAMTS13 autoantibodies. Although several  
real-world studies (case series and a retrospective  
case-control study32-34) have been reporting the 
efficacy of TPE-free approaches, TPE is still considered 
the cornerstone of acute iTTP management. The  
TPE-related complications are well described in other 
diseases. However, data on TPE-related complications 
in patients with iTTP are still scarce. A study from 
the Oklahoma TTP registry prospectively reported 
complications secondary to TPE in patients enrolled from 
1996 to 201120. Of 302 patients treated with TPE for an acute 
episode of TTP or hemolytic uremic syndrome (HUS), 72 
(24%) had major TPE-related complications. As regards the 
66 patients with severe deficiency of ADAMTS13 activity 
(<10%), the analysis of the 5 consecutive enrollment cohorts, 
each lasting three years, showed a significant reduction of 
the frequency of major TPE-related complications in the 
most recent years. Authors explained this favorable trend 
considering the significant progressive reduction of the 
length of TPE treatment (because of the increased use of 
rituximab and caplacizumab) and the increasing use of  
ultrasound-guided maneuvers in CVC placement, 
reducing the need for CVC replacements. In particular, 
referring to the most recent cohort of that study  
(2008-2011, No.=53), which is the time period closest 
to our study, 11 major complications (in 8 patients, 
17%) were observed, including 8 CVC-related ones 
and 3 procedure-related. The 8 major CVC-related 
complications included 5 (9.4%) systemic infections, 
1 (1.9%) local infections, 1 (1.9%) local hematoma, and 
1 (1.9%) CVC dysfunction requiring replacement. No 

venous thromboses were observed. Among the 3  
procedure-related major complications, 2 patients 
suffered from hypoxia and acute respiratory distress and 
1 patient had volume overload. Compared with the study 
of Som et al, we observed a similar prevalence of systemic 
infections, but a much higher proportion of CVC-related 
thromboses and bleeds. However, our data are only 
partially comparable with those reported by Som et al., 
because in that study only 22% of the patients (66/302) 
had a confirmed diagnosis of TTP by evidence of severe 
ADAMTS13 deficiency.
The complications we observed in our TTP cohort are 
consistent with those observed in other diseases. Data 
stemming from other disease cohorts showed that the 
most common procedure-related complications are 
usually mild, including fever, urticarial, mild hypotension 
and clinical hypocalcemia, although major complications, 
such as sepsis, VTE, anaphylaxis and acute pulmonary 
edema may occur5-11. Also in case of coagulopathies bleeds 
are usually mild and do not require specific approaches or 
prophylaxes before CVC insertion12-16. 
Although in iTTP platelet transfusion is contraindicated 
unless a life-threatening bleeding episode occurs because 
of the risk of thrombotic complications, the beneficial or 
harmful role of platelet transfusion before CVC insertion 
is still debated27-31. Our data do not provide a clear answer 
to this discussed topic. However, in the present study, all 
bleeds occurring after CVC placement were mild despite 
the severe thrombocytopenia and platelet count was not 
associated with the risk of CVC-related bleeds. 
We observed that episodes treated with frontline 
caplacizumab had a slightly higher proportion of  
CVC-related minor bleeds and CVC-related VTEs, with 
a lower proportion of procedure-related complications, 
likely because of the lower number of procedures and 
exchanged plasma volumes. However, this comparison 
has to be taken with caution because of the study period 
including many patients treated in the pre-caplacizumab 
era or in the first months of caplacizumab era, when disease 
severity (e.g., with or without organ damage) inf luenced 
physician decision to start this drug. In particular, among 
the 14 episodes occurred after September 2018 (in the 
caplacizumab era) and not treated with caplacizumab, in 
3 cases caplacizumab was not started for the occurrence 
of severe bleeding manifestations at onset (a case with 
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subarachnoid hemorrhage and 2 cases with severe 
macrohematuria), in 4 cases patients were transferred 
from other hospitals where caplacizumab was not 
available yet, and in the other 7 cases for clinical decision.
Moreover, the very small number of patients treated 
with caplacizumab and of CVC-related VTEs limits any 
analyses and final concluding messages.
We found that iTTP episodes complicated with  
CVC-related major complications (e.g., VTEs, infections) 
were those where CVC remained in site for more days and 
required a longer hospitalization. These complications 
occurred at a median of 11 days (infection) and 18 days 
(VT) after CVC insertion and likely contributed to further 
prolong the length of hospital stay. 
This is not surprising, considering that these 
complications may often occur during hospitalizations 
and are frequently associated with a higher length of 
hospitalization also in no TTP patients. 
Moreover, the three episodes complicated with  
CVC-related infections required a higher number of 
TPE procedures. This is consistent with the known 
strong association between infection and the risk of TTP 
refractoriness and exacerbation36-38.
The present study has limitations. Among the main ones, 
the limited sample size and the retrospective nature of data 
collection. Despite the aforementioned limits, considering 
the rarity of the disease and the limited evidence in this 
field, our findings provide useful information on the 
safety of TPE in acute iTTP, even more useful considering 
the changing landscape in acute iTTP management. 
While TPE remains an effective cornerstone of treatment, 
our data highlight the occurrence of potentially severe 
complications, emphasizing the need for strategies to 
mitigate these risks. Approaches such as premedication 
with antihistamines (e.g., cetirizine), optimizing catheter 
management, and careful patient selection may help to 
reduce adverse events. Notably, the anti-vWF nanobody 
caplacizumab has shown to be able to reduce the plasma 
volumes exchanged during TPE procedures and the 
overall number of needed TPE procedures, leading to 
a shorter hospital stay. Therefore, there is a growing 
scientific interest in understanding the possible adverse 
events related to TPE procedures and in identifying the 
main patient characteristics associated with a higher 
risk of complications as well as in exploring alternative 

therapeutic approaches. Patients with an unfavorable 
benefit-risk profile may be candidates for these alternative 
approaches.
In this context, ongoing phase 3 trials, including 
MAYARI (evaluating caplacizumab plus 
immunosuppressive drugs without TPE) and VITA 
(investigating recombinant ADAMTS13, rADAMTS13), 
aim to further redefine the treatment paradigm for 
acute iTTP, potentially reducing or even eliminating 
the need for TPE in selected patients.
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