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Abstract

Background and Objectives

Thrombotic thrombocytopenic purpura (TTP) and hemolytic uremic syndrome (HUS) are
characterized by microangiopathic hemolytic anemia and thrombocytopenia. Interestingly,
markedly different survival rates have been reported despite increases in survivability. We
studied TTP-HUS 30-day mortality and relapse rates of patients who received TPE at our in-
stitution and compared them to published data.

Patients and Methods

Retrospective study analyzed 30-day mortality and relapse rates attributed to TTP-HUS
from 01/01/2008 to 12/31/2012 and compared them to comparable literature reporting mor-
tality and survival. Studies describing other etiologies for TPE and different mortality time in-
terval were excluded.

Results

Fifty-nine patients were analyzed and all were initially treated with TPE and corticosteroids.
Eleven patients were classified as not having TTP-HUS due to testing or clinical reassess-
ment which ruled in other etiologies, and 18/59 patients had ADAMTS13 activity <10%. Of
remaining patients, 36/48 (75%) were diagnosed as idiopathic and 12/48 (25%) as second-
ary TTP-HUS. Patients received a mean of 12 TPEs (range 1-42); 42/48 (87.5%) patients
had ADAMTS13 activity measured; complete response obtained in 39/48 (81.2%) patients
(platelet count >100 x 10°%L); partial response in 4/48 (8%); and 5/48 (10.4%) did not have
increases in platelet counts (2/5 of these patients died within the study period). Forty per-
cent of patients obtained platelet counts >150 x 10%L. Overall 30-day mortality for our pa-
tient cohort was 6.7% (4/59). Comparison of our mortality rate to combined data of five
published studies of 16% (92/571) showed a significant difference, p = 0.04. Our relapse
rate was 18.6% (11/59) similar to previous reports.
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Conclusions

Wide differences in mortality may be due to grouping of two distinct pathologic entities
under TTP-HUS; and presence of confounding factors in the patient populations under
study such as co-morbidities, promptness of TPE initiation, delay in diagnosis and
therapeutic practice.

Introduction

Thrombotic thrombocytopenic purpura (TTP) and hemolytic uremic syndrome (HUS) are
rare diseases characterized by microangiopathic hemolytic anemia (MAHA) and thrombocyto-
penia. HUS is characterized by three clinical signs: kidney failure, hemolytic anemia, and
thrombocytopenia while TTP has been defined by a diagnostic pentad of thrombocytopenia,
hemolytic anemia, fever, neurologic changes and renal compromise [1]. However, the pentad
associated with TTP is today mostly academic since most patients do not present with all
symptoms at once [2, 3].

At the center of the pathology initial reports listed deficiency in the von Willebrand Factor
(VWF) metalloprotease ADAMTS13 as a marker of disease and as a potential factor that may
aid in the differentiation of TTP from HUS [4, 5]. However, even though ADAMTS13 differ-
ences were originally described, not all patients presenting with the clinical diagnosis of TTP
have a deficiency in this metalloprotease leading to the suggestion that it lacks importance in
the diagnostic workup of these disease entities [6], and as predictor of clinical response to ther-
apy which should be based mostly on clinical criteria [7].

Ever since the results of the clinical trial by the Canadian Apheresis Study Group showed
the benefits of therapeutic plasma exchange (TPE) vs. simple high volume plasma infusion, the
survival of TTP patients has improved significantly from the high mortality seen a quarter of a
century ago [8], and has led to a seven fold improvement in outcomes including those TTP pa-
tients with severe renal compromise [9, 10]. In another study evaluating the efficacy of TPE vs.
plasma infusion, the former was shown to be more beneficial in patients receiving disease-relief
by plasma infusion but who did not respond well to the increased volume leading to the use of
TPE in this subgroup [11].

Complications can occur in response to TPE, and the disease can still be fatal and patients
can relapse despite aggressive therapy. However, reports for the last two decades have shown
markedly differing survival and relapse rates during the critical treatment period with TPE. In
the present study we determined the 30-day mortality rate and relapse of TTP-HUS patients at
a large tertiary academic medical center and compared these to published literature reporting
similar data.

Materials and Methods
Study design and data collection

All patient information was anonymized and de-identified prior to analysis. This retrospective
study evaluated the 30-day survival and relapse rates in patients with suspected TTP-HUS at
University Hospitals Case Medical Center (UHCMC), a tertiary academic medical center, from
January 1% 2008 to December 31* 2012. All individuals given a presumptive diagnosis of
TTP-HUS by the hematology clinical service, referred to the Apheresis Center (AC) at
UHCMC, and who were transferred to be treated with TPE by the AC were included in the
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study. None of the patients received TPE at transferring institutions. Patients who had under-
gone apheresis for other clinical indications were excluded. The inpatient and outpatient rec-
ords of all patients were identified through AC records and the hospital’s electronic

medical record.

Two reviewers using standardized forms that we developed, independently collected and
verified the accuracy of the data gathered which included: demographic information, duration
of TPE treatment, number of TPE procedures, volume replaced, complete blood count (platelet
count, hemoglobin/ hematocrit), creatinine at presentation and end of therapy, ADAMTS13
activity, neurological symptoms and/ or fever, 30 day-mortality and relapse, and presence of
other co-morbidities. In order to ascertain and compare disease severity, a Clinical Severity
Score (CSS) that has been previously described was used [12]. Briefly, the four parameters used
in clinically scoring patients were: neurologic symptoms, renal insufficiency, platelet counts
and hemoglobin concentration, if available at the time of presentation. Score ranged from 0 to
8 points. Clinical diagnostic criteria followed recommendations previously outlined [13].

Patients were grouped into two categories: idiopathic if they had no other illness that is rec-
ognized to be associated with the symptoms at presentation; or secondary TTP-HUS if the pa-
tients had an identified trigger leading to the symptoms (e.g. stem cell transplantation,
pregnancy/ postpartum, drugs, infections, autoimmune diseases, or malignancy-associated).
The study was approved by the Institutional Review Board of UHCMC, Cleveland, OH.

Patient outcome definitions

Remission, response and relapse were defined as previously described [14, 15]. Briefly, remis-
sion was defined as an increase in platelet counts within a 30-day period after completion of
TPE. Complete response was defined as a platelet count greater than 100 x 10°/L for two conse-
cutive days (used for data comparison since three of four studies found in literature review use
this platelet count to define recovery [12, 14, 16]); partial response as a platelet count in the
50-100 x10°/L range; and no response as platelet counts below 50 x10°/L. Survival was defined
as achievement of remission. Mortality from TTP was defined as occurring within 30-days of
stopping TPE. Relapse was defined as a decrease in platelet count below 100x10°/L, consistent
with TTP after achievement of remission. All patients received corticosteroids at different
times during their clinical presentations.

Therapeutic Plasma Exchanges

All procedures were performed as previously described [17]. Briefly, all patients were initiated
on daily TPE as soon as the presumed diagnosis of TTP-HUS was clinically made. TPE was
performed daily with 1-1.5 plasma volume exchange using the COBE Spectra Apheresis Sys-
tem (Terumo BCT, Lakewood, CO). When indicated, patients were transfused to a hematocrit
of > 23% to increase the efficiency of TPE. Pre- and post-TPE fibrinogen, pro-thrombin time,
partial thrombin time, ionized calcium and daily CBC were obtained. Patients were pre-medi-
cated with 650 mg acetaminophen and 25 mg of diphenhydramine prior to TPE. All proce-
dures used ABO-type-specific fresh-frozen plasma as replacement fluid and citrate dextrose-A
solution as anticoagulation.

ADAMTS13 activity

Forty one out of 48 (85.4%) patients had a sample collected for baseline ADAMTS13 activity
prior to initiation of TPE but activity results were not available at the time of TPE initiation.
ADAMTS13 activity assay was performed at the Blood Center of Wisconsin (BCW) (Milwau-
kee, WI) by the fluorescence resonance energy transfer (FRET) assay for ADAMTS13 activity
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as previously described [18]. When appropriate, metalloprotease inhibitor level was also mea-
sured by BCW.

Literature search and study selection

A comprehensive literature search strategy was conducted to identify potential articles pub-
lished in English on PUBMED from 1970 to 2013. Following search keyword combinations
were used: TTP-HUS, mortality/outcome, and relapse. Our search algorithm is shown in Fig 1.
Selected articles were examined by two reviewers independently. Inclusion criteria were: 1) Pa-
tients with initial diagnosis of TTP-HUS, 2) 30-days mortality rate, and 3) relapse

rate reported.

Statistical Analysis

All statistics were performed using Prism 6 (GraphPad Software Inc., La Jolla, CA). Since the
number of studies we found in the literature review was small and we did not have all of their
raw numerical data, we were unable to perform a meta-analysis so we limited our analysis to
comparisons of their results to ours. Mortality and relapse rates comparisons with similar com-
bined data from five relevant articles were performed using a two-tailed Fisher test with a
Pp<0.05 set for significance.

Results
UHCMC patients

A total of 59 patients were analyzed; 11 patients had TPE discontinued as requested by the clin-
ical team due to other diagnoses that explained these patients’ presentations. These patients
were eventually diagnosed with disseminated intravascular coagulation, acute myeloid leuke-
mia with marrow involvement, scleroderma, idiopathic thrombocytopenic purpura, malignant
hypertension and sepsis/ bacteremia. Patients responded to treatment modalities which ad-
dressed each of these diagnoses after discontinuation of TPE.

The remaining 48 patients were diagnosed with TTP-HUS and received daily TPEs. The de-
mographic characteristics of these patients at diagnosis are summarized in Table 1. Idiopathic
TTP-HUS was diagnosed in 36 patients (75%) and secondary causes in 12 patients (25%). Thir-
ty-three (69%) of patients were female, mean age of 49 (range 16-85); while 15 (31%) patients
were males with mean age of 47.5 (range 28-76). There were a number of co-morbidities in
our patient cohort which were as follows: two patients were pregnant/ postpartum (4%); 3

‘ 134 potentially relevant articles reviewed

117 articles excluded: 17 articles assessed for inclusion
- Not relevant eligibility

- Described TTP or HUS populations
- No mortality rate reported

5 articles met all inclusion criteria?214.16.20.21

12 articles excluded:
N=571 patients

- Mortality >30 days or undetermined

Fig 1. Study selection dendrogram used for data comparison. All five studies reported 30-day mortality
and relapse in their study cohorts.

doi:10.1371/journal.pone.0127744.g001
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Table 1. UHCMC study patients’ characteristics at initial presentation with TTP-HUS.

Mean or number (Percent) Range
Age 49 16-85
Female 33 (69)
Male 15 (31)
Hemoglobin (g/dl) 9.0 2.5-13.4
Platelet count (x 10%/L) 4.6 5-307.000*
Serum creatinine (mg/dL 2.6 0.5-11.3
Idiopathic 35 (74)
Pregnancy/Postpartum 2(4)
Drug associated 3 (6)
Autoimmune disorder (SLE and MG) 2 (4)
Systemic infection 1(2)
Systemic Malignancy 4 (8)
Renal transplant 1)

*Patient with platelet count of 307,000 x 10%Lwas diagnosed with HUS due to Factor H mutation/
deficiency.

doi:10.1371/journal.pone.0127744.t001

patients had a drug-associated presentation (6%); 2 patients had autoimmune disease (4%); 1
patient had a systemic infection (2%); 4 patients had malignancy/ metastasis (8%); and 1 pa-
tient had received a renal allograft (2%). Thirty-day mortality among TTP-HUS patients was
1/48 patients (2%). However, overall mortality for our patient cohort was 4/59 (6.7%) since 3
additional patients died of causes unrelated to TTP-HUS: one of these patients died due to
complications of engraftment failure and graft vs. host disease (outside 30 day study period); a
second died of multi-organ failure due to sepsis and bacteremia in the setting of disseminated
terminal Burkitt’s lymphoma complicated by renal allograft rejection; and a third died of heart
failure due to worsening ejection fraction and heart disease. Only one of the four patients who
died in our cohort had an autopsy with findings that were consistent with a TTP presentation
[19] and had ADAMTS13 deficiency (<5%). One male patient was treated with two cycles of
TPE 3 months apart due to relapse and a second male was treated three times with TPE within
a year from initial diagnosis (data not shown).

Patients’ laboratory findings

As shown in Table 2, mean platelet count at presentation was 46 x 10°/ L (range 5 x 10°/
L—307 x 10°/ L). Mean hemoglobin was 9.0 g/dl (range 2.5-13.4 g/dl); mean creatinine con-
centration was 2.6 mg/dL (range 0.5-11.3 mg/dL). Mean CSS for our cohort was 4. Of note,
baseline values and clinical severity score at our institution may not reflect the values/score at
initial presentation because a few patients were transferred to our institution after steroid ther-
apy was initiated at outside hospitals.

All patients started receiving and underwent TPE at our institution performed according to
the manufacturer’s recommendations as well as our standard operating procedure. The daily
procedures were done until achieving the target platelet level. Study patients received a mean of
12 TPEs (range 1-42); complete response was obtained in 81.2% of patients (N = 39/48) (plate-
let count > 100 x 10°/L); partial response in 8.3% of patients (N = 4/48) and 10.4% had no re-
sponse (N = 5/48). Forty percent (N = 19/48) of the patients obtained platelet counts greater
than 150 x 10%/L.
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Table 2. Patient outcomes at UHCMC and comparison with relevant studies describing 30-day mortality and relapse.

Study UHCMC2008- Levandovsky, Kim, et al.1998- Lara, et al.1978-199820  George, Roberts,
20125 years et al.1978-200224 200810 years years et al.1989- et al.1984-
years 200314.5 19906 years
years
Total cases (total cases 59 (59) 178 (167)? 52 (52) 126 (124)° 290 (214)° 14 (14)
used for mortality rate
calculation)
Idiopathic cause (%) 75 72 27 71 39.3 43
Secondary cause 25 28 73 29 60.7 57
(%)
Age 49* 49* 47* 49* 3p*+ f 45*
Gender (Female, %) 70 68 61.5 66 71 50
At presentation
Hemoglobin (mg/dL)  9* 9.2* 7.6%* 8.9 * NS 9.8*
Serum creatinine 2.6* 3.2*% 2.5%% 3,4%* ) < 579
(mg/dL)
Platelet count 46 x 10%/L* 49 x 109/L* 30 x 109/L** 44 x 109/L* 11 x10%L** 50 x 109/L*
Clinical Severity 4* 4.4 NS 5 NS NS
Score
Complete response (%) 81.2 65 51.9 56 61" NS
30days-Relapse rate 18.6 18 NS 13 12 28.6
(%)
TTP-HUS related 4 (6.7%) 23 (14%) ® 18 (34.6%) 12 (10%) @ 38 (17%) 1(7%)
deaths 30-days
(number and %)
TPE as principal 100 96 100 97 100 100
treatment (%)
Others principal N/A FFP infusion and N/A FFP infusion, protein N/A N/A
treatment Staphylococcal protein adsorption column
A absorption column therapy
Number of TPE 12* 8** 5** NS 20 ** f NS
procedures
TPE-Technique used COBE Spectra NS COBE Fenwal CS-3000 Blood NS NS
SpectraMFM cell separator,
(Plasauto) Haemonetics model V50,
COBE Spectra
NS = Not specified
N/A = Not applicable
MFM = membrane filtration method
(a) 11 patients did not have death information and were excluded from the mortality rate calculation
(b) Total of 27 patients died but 4 patients died of causes unrelated to TTP-HUS and were excluded from the mortality rate calculation
(c) 2 patients’ charts were unavailable for review
(d) 1 patient died of an HIV-related infection and was excluded from the mortality rate calculation
(e) 76 patients had additional/alternative disorder and were excluded from the mortality rate calculation
(f) Detailed data from only 18 patients with severe ADAMTS13 deficiency were presented
(g) Calculated from mmol/L
(h) Defined as >150 x10%/L platelet count
* = mean
** = median
doi:10.1371/journal.pone.0127744.t002
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Fig 2. Thirty-day mortality and relapse in TTP-HUS. Thirty-day mortality attributed to TTP-HUS was 2%
(1/48); however, overall mortality for patient cohort was 6.7% (4/59) (3 patients died of causes unrelated to
TTP-HUS diagnosis (engraftment failure and graft vs. host disease, multi-organ failure due to sepsis and
bacteremia, and heart failure due to worsening ejection fraction). Pooled 30-day mortality rate is 16.1% (92—
571), p = 0.04. Relapse rate between our entire patient cohort (18.6%) and that of pooled data (14.3%).

doi:10.1371/journal.pone.0127744.9002

Response relative to ADAMTS13 activity

In the overall cohort of 59 patients, those with severe ADAMTS13 deficiency (<10%) required
more TPE than those patients with enzyme deficiency >10% (mean 19.1 vs. 7.2). If the patients
with ADAMTS13 deficiency are further subdivided into moderate deficiency (11%-40%), mild
deficiency (41%-66%) and no deficiency (>67%) there was no difference in the number of TPE
in each subgroup (data not shown). For those patients who had a diagnosis of TTP-HUS and
enzyme activity >10% the mean number of TPE received was 8.2. In our patient cohort, 8/59
(13.6%) patients had no ADAMTS13 measured at start or throughout TPE regimen. Of the 51/
59 (86.4%) patients who had ADAMTS13 activity measured, 18/59 (30.5%) had severe metallo-
protease deficiency (<10%); 16/59 (27.1%) patients had moderate to mild deficiency; and 17/
59 (28.8%) patients had no deficiency in ADAMTS13 activity.

Comparison with published literature

We pooled the data of five studies that met the selection criteria (Fig 1 and Table 2). These five
studies [12, 14, 16, 20, 21] described a total of 660 patients, 571 of which were used to calculate
the mortality rate. Clinical Severity Score was derived only for two of the studies. Mean number
of TPE are reported by 3/5 studies and practically all patients used in the statistical analysis re-
ceived TPE. As shown in Fig 2, our overall mortality rate was significantly lower than the com-
bined reported rate of all studies (4/59 (6.7%) vs. 92/571 (16%) respectively; p = 0.04). Our
relapse rate, 11/59 (18.6%), was not significantly different from that which has been reported
for the other studies used in our analysis (range 12-28%). However, when only those patients
with TTP-HUS are taken into account the mortality rate (1/48) was more significant

(p = 0.0053).

Discussion

We have defined the clinical outcome of relapse and 30-day mortality in a population of 48 pa-
tients with a diagnosis of TTP-HUS. TPE was used as therapy for all patients whether the con-
dition was idiopathic or secondary. Of interest, our 30-day mortality rate was significantly
lower than what has been previously published but our relapse rate was similar to published re-
ports. The marked difference in mortality rates may be difficult to dissect but in order to
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minimize confounding biases we compared our cohort findings to studies also reporting
30-day mortality rates and similar patient populations to ours since we were unable to perform
a meta-analysis due to the small number of studies and limited raw data provided in

these publications

An exhaustive search for treatment modalities/ interventions in published literature which
included patients with either TTP or HUS found that patients with TTP tend to respond to
TPE vs. patients with typical/ diarrheal HUS who respond best to supportive therapy that in-
cludes dialysis [22]. At our institution, all patients were given immunosuppression in the form
of steroids which was given and discontinued at different intervals during TPE regimen as pre-
viously described [17]. This is similar to what has been described for a similar size patient co-
hort [23]. Therefore, the combination of immunosuppression and TPE may account for our
improved survival. However, it did not have a role in decreasing relapse rates. In any case this
is the therapeutic approach taken by most institutions (standard of care) and it is unlikely to
explain our mortality differences with published reports. As a result, inherent differences in the
patient cohorts which lead to marked differences in mortality may begin to explain
our observations.

Studies which have grouped patients under TTP-HUS as a single clinical entity find that re-
sponses differ depending on the elements identified in the clinical presentation and patients’
gender [16]. Likewise, ABO blood group may be an independent risk factor for patients with
TTP who have severe ADAMTS13 deficiency [24]. As a result, potential reasons for these re-
ported differences include heterogeneity of patients diagnosed with TTP-HUS and serious un-
derlying co-morbid conditions.

Since the majority of our patients had idiopathic TTP-HUS of which half had severe
ADAMTS13 deficiency (TTP diagnosis), may make our better survival even more significant.
Of interest, a recent report from our group showed that the response to TPE in patients with
ADAMTS13 deficiency follows similar kinetics in platelet count recovery [25]. There is overlap
between the two syndromes and the distinction between HUS and TTP based on routine labo-
ratory and clinical presentation is at times challenging which has led to the unifying diagnosis
of TTP-HUS to describe this patient population. For these reasons the term unifying both diag-
noses into a single entity has been introduced [26]. However, if two potentially pathologically
different disease entities were grouped, it could lead to differences in mortality rates and give
creed to alternative suggestions for the markedly lower mortality rate that we observed in our
patient cohort. In addition, unlike other studies included in our analysis, most of our patients
had ADAMTS13 activity measured which was helpful in sub-stratifying our patient cohort.
However, even subdividing patients according to ADAMTS13 activity still yielded a lower
mortality rate than those prior reports.

The grouping of TTP and HUS into a unifying single pathologic entity may not represent a
uniform way of studying, reporting and comparing these patients that is reproducible. A great
deal of debate has placed by some investigators these two potential diseases under the same
clinical umbrella as manifestations of a single disease continuum [13, 26, 27]. However, group-
ing these two clinical entities may oversimplify these two complex syndromic presentations
that fails to recognize previously reported markedly different histopathologic findings in a
large cohort of autopsied patients with either TTP or HUS which showed non-overlapping
pathological signs, presentations that were distinct, and do not support the view that they rep-
resent a continuum of the same disease process [19]. Similarly, a meta-analysis looking at both
clinical entities found that TTP patients respond to TPE leading to restoration of platelet count
while HUS patients do not fully benefit from plasma therapy [28].

Molecularly, ADAMTS13 deficiency has to happen in the context of a “second hit” which is
necessary for the clinical presentation to occur [29]. These could come in the form of both
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inhibitory and non-inhibitory antibodies to ADAMTS13 which could begin to explain why not
all patients present with severe metalloprotease deficiency and that may also depend on the
subjects’ genetic susceptibility as seen in different strains of ADAMTS13 knockout mice [29].
However, all ADAMTS13 deficient mice have shown a pro-thrombotic phenotype. The second
hit could be in the form of an increase in vVWF as shown in a TTP mouse model in which dis-
ease severity improved with the use of recombinant human ADAMTS13 [30]. Likely, disease
dynamics of TTP and HUS may prove to be independent of each other with few if any interme-
diates mediating both pathologic presentations. In the case of TTP the correlation with
ADAMTS13 deficiency may be stronger than the metalloprotease’s link to HUS [12]. Of note,
though there is a wide variety of animal models that are used to determine the pathologic medi-
ators behind TTP and HUS, these models have not yielded any shared molecule that is involved
in the pathology of both [29]. More basic research is needed to dissect these

possibilities further.

Additionally, promptness of TPE initiation is essential for patient survival [31] since in
those whose diagnosis is delayed are more likely to die than those promptly treated [23]. An-
other possibility for our better outcomes is that at our institution TPE could be initiated earlier
than others, based on clinical practice that patients with MAHA and thrombocytopenia of un-
known etiology is suspected of TTP-HUS until proven otherwise. This is however unlikely.
Along these lines, it has been proposed that adults with idiopathic disease characterized by un-
explained thrombocytopenia, MAHA, normal international normalized ratio, partial thrombo-
plastin time and D-dimer may have TTP-HUS [32]. However, this algorithm may be more
based in caution than in actual evidence that these two disease entities are isoforms of a single
syndromic presentation due to valid concerns that failure to timely treat a TTP diagnosis will
lead to a potentially poor and complicated clinical outcome [32].

Differences in survival could also be due to lack of uniformity in plasma exchange practice,
apheresis equipment used (COBE, membrane filtration method [16]; Staphylococcal protein A
absorption column;[12] Fenwal CS-3000 Blood Separator and Haemonetics model V50 [14];
use of plasma infusion only [20]; and as adjunctive therapy [33]. Our institution has a TPE pro-
tocol, which is universally applied for all patients presenting with suspected TTP-HUS; addi-
tionally, as a tertiary referral center for others in our region, patients may begin adequate
treatment prior to transfer or may not have survived their disease prior to transfer. These find-
ings may begin to explain the observed discrepancies among studies.

In summary, our findings reinforce that early diagnosis; promptness of TPE initiation and
use of TPE as standard treatment in the setting of TTP-HUS is essential to avoid the high
30-day mortality rate. Differences in survival may be due to lack of uniformity among the pa-
tient cohorts reported by us and others. Survival of TTP-HUS patients continues to improve;
however, the marked differences in survivability need to be addressed with prospective studies
that take into account the actual differences between these two disease presentations and ne-
gate the grouping of both under a single pathological entity.
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