N
N

N

HAL

open science

Performance of diagnostic scores in thrombotic

microangiopathy patients in the intensive care unit: a

monocentric study

Eric Mariotte, Lara Zafrani, Jehane Fadlallah, Lionel Galicier, Etienne

Ghrenassia, Lionel Kerhuel, Laure Calvet, Audrey de Jong, Virginie Lemiale,

Sandrine Valade, et al.

» To cite this version:

Eric Mariotte, Lara Zafrani, Jehane Fadlallah, Lionel Galicier, Etienne Ghrenassia, et al.. Performance
of diagnostic scores in thrombotic microangiopathy patients in the intensive care unit: a monocentric

study. Thrombosis and Haemostasis, In press, 10.1055/a-1378-3804 . hal-03126013

HAL Id: hal-03126013
https://hal.science/hal-03126013

Submitted on 28 May 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-03126013
https://hal.archives-ouvertes.fr

Performance of Diagnostic Scores in Thrombotic
Microangiopathy Patients in the Intensive Care
Unit: A Monocentric Study

3 1,2

Eric Mariotte! Lara Zafrani’? |ehane Fadlallah?3 Lionel Galicier> Etienne Ghrenassia
Lionel Kerhuel®2 Laure Calvet! Audrey De Jong' Virginie Lemiale! Sandrine Valade'
Bérangére S. Joly2# Alain Stepanian®# Elie Azoulay"2> Michael Darmon'-2-

1Service de Médecine Intensive-Réanimation, Hopital Saint-Louis, Address for correspondence Eric Mariotte, MD, Medical Intensive
APHP, Paris, France Care Unit, Saint Louis University Hospital, Paris, France
2UFR Médecine, Université de Paris, Paris, France (e-mail: eric.mariotte@aphp.fr).

3Département d’Immunopathologie, Hopital Saint-Louis, APHP,
Paris, France
4Service d’Hématologie Biologique, Hopital Lariboisiere, APHP, Paris,

France
SUMR1153, Equipe ECSTRRA, INSERM, Université Paris Diderot, Paris,
France
Abstract Early thrombotic thrombocytopenic purpura (TTP) recognition is critical as this disease
is almost always lethal if not treated promptly with therapeutic plasma exchanges.
Currently, as ADAMTS13 (a disintegrin and metalloproteinase with a thrombospondin
type 1 motif, member 13) activity is not widely available in emergency, scores have
been developed to help differentiating TTP from other thrombotic microangiopathies
(TMASs). The aim of this work was to study the accuracy of these diagnostic scores in the
intensive care unit (ICU) setting. Performance of both Coppo and PLASMIC scores was
studied in a cohort of adult TMA patients requiring admission to one university hospital
ICU from 2006 to 2017. Receiver operating characteristic (ROC) curves were estab-
lished, and confidence intervals of the area under the curve (AUC) were determined.
Multivariate logistic regression analysis was performed to identify parameters specifi-
cally associated with TTP, to compare diagnostic scores and to elaborate more accurate
diagnostic models. During the study period, 154 TMA patients required ICU admission,
including 99 (64.2%) TTP and 55 (35.7%) non-TTP patients. AUC under the ROC curve in
predicting TTP was 0.86 (95% confidence interval [Cl]: 0.81-0.92) for the Coppo score,
0.67 (95% Cl: 0.58-0.76) for the PLASMIC score, and 0.86 (95% Cl: 0.81-0.92) for
Keywords platelet count alone. Platelet count <20 G/L, determined as the best cut-off rate for
= diagnostic scores thrombocytopenia, performed similarly to the Coppo score and better than the
= thrombotic PLASMIC score to differentiate TTP from non-TTP patients, both using AUC ROC curve
microangiopathy and logistic regression. In a monocentric cohort of TMA patients requiring ICU
= thrombotic admission, the PLASMIC score had limited performance for the diagnosis of TTP.
thrombocytopenic The performance of the Coppo score was good but similar to a single highly

purpura discriminant item: platelet count <20 G/L at admission.



Introduction

The thrombotic microangiopathy (TMA) syndrome encom-
passes a large and miscellaneous group of diseases characterized
by widespread thrombosis of small vessels leading to hemolytic
mechanical anemia, peripheral thrombocytopenia, and eventu-
ally end-organ damage." The pathophysiology underlying the
TMA syndrome is not completely understood but has been
elucidated for several conditions and diseases, including throm-
botic thrombocytopenic purpura (TTP), defined by a severely
deficient ADAMTS13 (a disintegrin and metalloproteinase with
a thrombospondin type 1 motif, member 13) activity; typical
hemolytic uremic syndrome (tHUS), related to infections by
Shiga toxin-producing bacteria; and atypical hemolytic uremic
syndrome (aHUS) that can be associated with complement
system dysregulation.”

As TTP is lethal in more than 80% of cases in absence of
therapeutic plasma exchanges (TPEs), it would be of critical
importance to be able to promptly confirm this diagnosis in the
acute care setting. This would allow starting TPEs, along with
steroids, rituximab and caplacizumab, as soon as possible in
TTP patients to avoid early deaths, and to avoid starting an
ineffective, expensive, and potentially harmful treatment in
most other types of TMA. ADAMTS13 activity is needed to
make the differential diagnosis for TTP with other TMA
syndromes. However, despite a recently described automated
method,* ADAMTS13 activity measurement is still limited to
expert laboratories, which can result in a time delay of several
days.>® Some authors have proposed diagnostic scores to help
identify TMA patients at high or low risk of severe ADAMTS13
activity deficiency.”® These scores have been developed and
sometimes validated in mixed TMA cohorts but their value in
the intensive care unit (ICU) setting has not been studied.

The aim of this article was to evaluate the diagnostic yield of
two diagnostic scores, the Coppo score (or French score)’ and
the PLASMIC score,® in a population of critically ill TMA patients.

Methods

Patients

This study was a retrospective monocenter cohort study. All
consecutive adult patients admitted to the ICU of Saint-Louis
University Hospital with a diagnosis of TMA and a suspicion
of TTP between 2006 and 2017 were identified using the
electronic database of the ward and were included in the
study. This study was approved by the French Intensive Care
Society Ethics Committee (CE 19-67). In accordance with the
French legislation on noninterventional studies, no informed
consent was required.

Definitions

TMA was diagnosed on the association of hemolytic anemia
(low or decreasing hemoglobin levels and any of the follow-
ing signs: elevated reticulocyte count, presence of schisto-
cytes on blood smear, raised lactate dehydrogenase, low
haptoglobin), thrombocytopenia, and, in some patients,
organ dysfunctions potentially ascribable to small-vessel
occlusion.

Patients with a diagnosis of TMA and in whom a clinical
suspicion of TTP could not be ruled out received a standard-
ized work-up presented in ~Supplementary Table S1 (avail-
able in the online version).

TTP was defined as a TMA with a severe functional
deficiency in ADAMTS13 (activity <10% of normal) at diag-
nosis using the reference method FRETS-VWF73 described
elsewhere.®'® Immune TTP was defined by the presence of
positive anti-ADAMTS13 immunoglobulin G. All tests were
performed at least in duplicate.

tHUS was defined as a TMA with detectable ADAMTS13
activity and positive Shiga toxin detection by polymerase
chain reaction on stools or rectal swab."

Secondary HUS was defined as a TMA with detectable
ADAMTS13 activity, negative Shiga toxin, and the presence of
a condition known to be associated to secondary HUS
(namely cancer, transplantation, drugs, pregnancy, acquired
immune deficiency syndrome, systemic rheumatic diseases,
hypertensive crisis).

aHUS or complement-mediated HUS was defined as a TMA
with detectable ADAMTS13 activity, negative Shiga toxin,
and absence of condition known to be associated
with secondary HUS.

Demographical, clinical, biological, and follow-up data
were abstracted from the patients’ charts.

Neurological involvement of the TMA was categorized as
mild, defined by headaches or transient dizziness, or severe if
there was any other neurological manifestation (altered con-
sciousness, seizure, confusion, focal deficiency...). Renal in-
volvement was categorized as mild if creatininemia was
above but under three times the upper limit of the laboratory
reference range without the need for renal replacement thera-
py, or severe if creatininemia was over three times the upper
limit of the laboratory reference range and/or patients required
renal replacement therapy. Cardiac involvement was catego-
rized as mild, defined as acute angina and/or ECG anomaly
and/or a troponin level above the upper limit of the laboratory
reference range, or severe, defined as signs of acute cardiac
insufficiency and/or cardiogenic shock and/or cardiac arrest.

Coppo and PLASMIC scores’-'? (~Table 1) were retrospec-
tively calculated by one investigator of the study (E.M.), based
on data at ICU admission. The investigator was not blinded to
the ADAMTS13 level and ultimate diagnosis of the cases.

Statistical Analysis

Data are described as median and interquartile range (IQR) or
number and percentage. Categorical variables were com-
pared using Fisher’s exact test and continuous variables
using the nonparametric Wilcoxon test, Mann-Whitney
test, or Kruskal-Wallis test.

Dataset contained only 3.2% of missing data, none of them
occurring in major or outcome variables. No imputation of
missing data was performed.

It was preplanned to assess diagnostic performance of the
Coppo score,” PLASMIC score,® and thrombocytopenia at ICU
admission as continuous variables. Scores and cytopenia were
plotted against definite diagnosis as the receiver operating
characteristic (ROC) curves of the proportion of true positives



Table 1 Description of Coppo and PLASMIC scores

Coppo score PLASMIC score

* Platelet count e Platelet count <30 G/L
<30G/L

e Creatinine e Creatinine <176 pmol/L
<200 pmol/L

¢ Positive ANA * INR<1.5

MCV <90 fL

¢ Hemolysis variables

No active cancer

No history of organ
or stem cell transplant

0-4 items = low risk,
5 items = intermediate risk,
6-7 = high risk

3 items: high risk

Abbreviations: ANA, antinuclear antibodies; INR, international normal-
ized ratio; MCV, mean corpuscular volume.

against the proportion of false positive to classify patients.
Confidence interval (CI) of the area under the curve (AUC) was
calculated and AUROC curves compared according to the
DeLong method.">' Sensitivity and specificity CIs were ap-
proximated using bootstrapping methods.'>" Optimal cut-
point was defined according to optimal Youden'’s J statistic.'®
AUCs of ROC curves were compared using DeLong
methods.'34

Adjusted associations between TTP and scores/thrombocy-
topenia were analyzed using conditional stepwise regression
with 0.2 as the critical p-value for entry into the model, and 0.1
as the p-value for removal. The variable of interest was TTP.
First a model of variables associated with TTP was built. Then
scores and thrombocytopenia were forced one by one, exclud-
ing variables in the final model that could be correlated with
thrombocytopenia or scores. Interactions and correlations
between the explanatory variables were carefully checked.
Continuous variables for which log-linearity was not con-
firmed were transformed into categorical variables according
to median or IQR. The final models were assessed by calibra-
tion, discrimination, and relevancy. Residuals were plotted,
and the distributions inspected. Models’ ability to explain
variance in the dataset was compared using ANOVA (analysis
of variance) chi-square test. Finally, discriminations of models
were plotted and compared.

All tests were two-sided, and p-values less than 0.05 were
considered statistically significant. Analyses were done using R
software version 3.4.4 (https://www.r-project.org), including
“pROC” packages.

Results

During the study period, 154 patients were admitted to the
ICU for management of an acute episode of TMA and were
considered for a possible diagnosis of TTP.

Of these, 99 (64.3%) patients presented with TTP including
72 (91.1%) immune-mediated TTP. Of note, all patients

with undetectable ADAMTS13 activity at diagnosis and
no detectable anti-ADAMTS13 antibodies recovered a
detectable ADAMTS13 activity during follow-up, excluding
a diagnosis of late-onset congenital TTP. Fifty five patients
(35.7%) had other TMA including 6 (10.9%) Shiga toxin-
associated HUS, 41 (74.5%) secondary HUS, and 8 (14.5%)
complement-mediated HUS. The clinical and biological
features of these patients are presented in =Table 2 (and
in =Supplementary Table S2, available in the online version).

Seventy one percent of TTP patients were females versus
41.8% of the other TMA group (p =0.001). Concerning clinical
presentation, neurological involvement was more frequent in
TTP patients (83.9 vs. 58.2%, p = 0.002), whereas renal involve-
ment was more common in other TMA patients (92.8 vs. 56.6%,
p<0.001). The degree of renal dysfunction was also more
intense in patients with other TMA, as illustrated by levels of
plasma creatinine of 267 pmol/L (141-510.5) in the other TMA
group versus 96 pmol/L (75-146) in TTP patients (p < 0.001),
and by a more frequent need for renal replacement therapy
during ICU stay in other TMA patients in comparison to TTP
patients (52.7 vs. 16.2% respectively, p < 0.001). The incidence
of cardiac involvement at admission was similar in TTP and
non-TTP patients (respectively 63.7 vs. 57.4%, p=0.491). TTP
patients presented with more severe cytopenia at ICU admis-
sion when compared with patients with other TMA, with
hemoglobin levels of 7.55 (6.12-9) versus 8.6 g/dL (7.1-10)
(p=0.011); and platelet count of 11 G/L versus 45 GJL
(23.5-70.5) (p <0.001) (=Fig. 1). Two patients in the other
TMA group had an undetectable ADAMTS13 activity and were
not classified as TTP cases because they presented for one,
multiple organ dysfunction secondary to acute on chronic liver
failure in a context of hepatic cirrhosis and severe infection,
and for the other one, multiple organ failure in a context of
multiple myeloma with Cryptococcus neoformans fungemia.
None of these two patients had anti-ADAMTS13 autoanti-
bodies. Most of the cases of TTP were idiopathic, whereas most
of the cases of other TMA were secondary to another condition
(no associated condition in 51 [51.5%] cases vs. 9 [16.3%] cases
respectively, p < 0.001). In ICU and last follow-up, mortality
rates were similar between TTP and non-TTP patients (6.1 vs.
16.4%, p=0.075; and 11.1 vs. 21.8%, p=0.121) with a longer
follow-up period for TTP patients (823 days [212-2,108] vs.
28 days [3.5-1,129], p < 0.001).

The Coppo score (2 [2-3] vs. 1 [0-1]; p<0.001) and the
PLASMIC score (4 [4-5] vs. 4 [3-4]; p < 0.001) were higher in
the TTP group in comparison to the other TMA group, as
illustrated in =Fig. 1. Platelet count alone was also highly
discriminant in differentiating TTP from other TMA (~Fig. 1).
The ROC curves of the Coppo score, the PLASMIC score, and
platelet count are presented in =Fig. 2, the AUC being
respectively 0.86 [95% CI: 0.81-0.92], 0.67 [95% CI:
0.58-0.76], and 0.86 [95% CI: 0.81-0.92].

A platelet count less than 20 G/L had the optimal perfor-
mance in predicting TTP (specificity: 0.80 [95% CI: 0.69-0.91]
and sensitivity: 0.77 [95% CI: 0.69-0.84]). The Coppo score
above 1 had the optimal performance in predicting TTP
(specificity 0.84 [95% CI: 0.75-0.93] and sensitivity: 0.81
[95% CI: 0.73-0.89]). The PLASMIC score above 3 had the



Table 2 Characteristics of 154 patients with acute TMA

requiring ICU admission

TTP (n=99) Other TMA | p-Value
(n=55)
Age (y) 44 (29.5-53) | 49 0.06
(34.5-58.5)
Female, n (%) 70 (71) 23 (41.8) 0.001
Clinical presentation, n (%)
Neurologic 0.002
involvement
or features®
Mild 25 (25.3) 11 (20.0)
Severe 58 (58.6) 21(38.2)
Renal involvement <0.001
or features®
Mild 51 (51.5) 26 (47.3)
Severe 5(5.1) 25 (45.5)
Cardiac involvement 0.491
or features®
Mild 57 (57.6) 26 (48.1)
Severe 6 (6.1) 5(9.3)
Laboratory parameters
Hemoglobin (g/dL) 7.55 8.60 0.011
(6.12-9) (7.1-10)
Platelet count (G/L) 11 (8-20) 45 <0.001
(23.5-70.5)
Creatinine (umol/L) 96 267 <0.001
(75-146) (141-510.5)
Troponin T over 59 (62.1) 27 (64.3) 0.959
>14ng/mL, n (%)
Total bilirubin 40 22 <0.001
(umol/L) (23.75-63.25) | (13.5-37)
Antinuclear 56 (60.9) 4(12.5) <0.001
antibodies
>1/64, n (%)
ADAMTS13 3(3) 28 (93.3) <0.001
>10%, n (%)
Anti-ADAMTS13 1gG | 72 (91.1) 0 (0) <0.001
>25U/mL, n (%)
Scores
Coppo score 2 (2-3) 1(0-1) <0.001
PLASMIC score 4 (4-5) 4 (3-4) <0.001
Associated conditions, n (%)
None 51 (51.5) 9 (16.3) <0.001
Autoimmune disease | 20 (20.2) 6(10.9) 0.211
HIV infection 14 (14.1) 3 (5.5) 0.168
Cancer 6 (6) 14 (25.9) <0.001
Drugs 5(5.1) 9(16.4) 0.041
Transplantation 1(17) 8 (14.5) 0.002
Severity
Day 1 SOFA score 6 (5-8) 7 (5-8.5) 0.621
Therapy, n (%)
Plasma exchanges 98 (99) 30 (54.5) <0.001
Steroids 96 (97) 28 (50.9) <0.001

Table 2 (Continued)

TTP (n=99) Other TMA | p-Value
(n=55)
Rituximab 42 (42.4) 4(7.3) <0.001
Vasoactive drugs 19 (19.2) 6(10.9) 0.268
Mechanical 29 (29.3) 16 (29.1) 1
ventilation
Renal replacement 16 (16.2) 29 (52.7) <0.001
therapy
Outcomes
Death in ICU, n (%) | 6 (6.1) 9 (16.4) 0.075
Death at last 11(11.1) 12 (21.8) 0.121
follow-up, n (%)
Follow-up (d) 823 28 <0.001
(212-2108) (3.5-1129)

Abbreviations: ICU, intensive care unit; IgG, immunoglobulin G; HIV,
human immunodeficiency virus; TMA, thrombotic microangiopathy;
TTP, thrombotic thrombocytopenic purpura.

?Mild neurologic involvement was defined as headaches or transient
dizziness; severe neurologic involvement as any other neurological mani-
festation (altered consciousness, seizure, confusion, focal deficiency...).

®Mild renal involvement was defined as creatininemia above but under
three times the upper limit of the laboratory reference range without
the need for renal replacement therapy; severe renal involvement was
defined as creatininemia over three times the upper limit of the
laboratory reference range and/or need for renal replacement therapy.

“Mild cardiac involvement was defined as acute angina and/or ECG anomaly
and/or a troponin level above the upper limit of the laboratory reference
range; severe cardiac involvement was defined as signs of acute cardiac
insufficiency and/or cardiogenic shock and/or cardiac arrest.

optimal performance in predicting TTP (specificity: 0.47
[95% CI: 0.35-0.60] and sensitivity: 0.81[95% CI: 0.74-0.89]).
When using logistic regression, renal, and neurological
involvement, autoimmune disease and thrombocytopenia
were associated with TTP (~Table 3). When forced in the final
model, thrombocytopenia <20 G/L, the Coppo and PLASMIC
scores remained associated with TTP (=Table 3). The final
model with thrombocytopenia explained more observed vari-
ance than the final models with the Coppo and PLASMIC
scores. Discrimination of any of these models was excellent
(C-stat>0.90; =Table 4) and systematically higher than the
performance of isolated scores and thrombocytopenia.

Discussion

This report is, to the best of our knowledge, the first to report
the performance of two widely used diagnostic scores for the
identification of patients with severe acute TTP in the ICU
setting. These data are of importance as these patients may
benefit the most from an early diagnosis of TTP. In this French
monocentric cohort of 154 severe TMA patients requiring ICU
admission, the Coppo score performed better than the PLAS-
MIC score for the differentiation of acquired TTP from other
TMA. Interestingly, thrombocytopenia alone seems to have a
similar discrimination in identifying acquired TTP patients.
The Coppo score was developed in 2010 using the French
TMA reference center cohort including 160 (44%) TTP patients
and 201 (66%) other TMA patients recruited between 2000 and
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2007.” Our ICU department is one constitutive center of the
French TMA reference center and some patients of this report
(n=25; 16.2%) may also have been included in the study of
Coppo et al. It seems unlikely that this may have had a
significant effect on the results of the present study.

Data from published registries have shown that the
presentation of TTP patients may differ depending on their
country of origin, possibly owing to different genetic back-
grounds and differences in local systems of care.'”’~2" The
better accuracy of the Coppo score in our cohort may be
partly explained by the same ethnic distribution of the
patients, resulting in a clinical presentation close to the
one of the cohort on which the Coppo score was developed.

The PLASMIC score was developed and validated on a cohort
of 214 patients from the United States and subsequently
validated on an internal validation cohort of 154 patients,
including respectively 62 (29%) and 71 (47%) TTP patients.® In
this population, the negative predictive value of a score of 5 and
less was excellent for the diagnosis of severe ADAMTS13 activity.

This was confirmed in several subsequent studies, included in a
recent meta-analysis? that defined a score of 5 points or more
as the optimal cut-off, associated with the highest sensitivity
and negative predictive values. In contrast, in the present study,
a score of 4 or more was found to provide the best sensitivity, but
the PLASMIC score still performed poorly. The worst perfor-
mance of this score in our severe TMA cohort may be due to
differences in the profile of patients included in the studies. For
example, the definition of TMA syndrome by Bendapudi et al
was the association of thrombocytopenia and microangiopathic
hemolytic anemia, resulting in a relatively low proportion of
patients with organ dysfunctions (e.g., neurological symptoms,
36-41%). In our cohort of severe TMA syndromes, organ
dysfunctions secondary to small-vessel occlusion were present
in most patients (e.g., neurological symptoms in 75% of the
cases). The PLASMIC study also included a relatively high
proportion of patients with cancer-associated TMAs (29%)
and organ transplant recipients (17%) that were less frequent
in our study (13 and 6%, respectively). As patients in our cohort



Table 3 Logistic regression model with TTP as variable of interest

Variable |orR | 95% p-Value

Model 1
No renal dysfunction® Ref. - -
Mild renal dysfunction | 0.24 0.04-1.08 0.08
Severe renal 0.02 0.002-0.14 <0.001
dysfunction
No neurolo%ical Ref. - -
dysfunction
Mild neurological 3.59 0.63-23.70 0.16
dysfunction
Severe neurological 7.90 1.70-46.90 0.01
dysfunction
Autoimmune disease 30.50 | 8.53-142.00 <0.001
Platelet count 0.97 0.94-0.99 0.005
(per G/L)

Model 2
Platelet count 4.83 1.47-17.00 0.01
<20 G/Lode

Model 3
Coppo score 4.54 2.26-10.50 <0.001
(per point)d"('g

Model 4
PLASMIC score 2.05 1.24-3.58 0.007
(per point)e"('g

Abbreviations: Cl, confidence interval; OR, odds ratio; TTP, thrombotic

thrombocytopenic purpura.

“Mild renal involvement was defined as creatininemia above but under
three times the upper limit of the laboratory reference range without
the need for renal replacement therapy; severe renal involvement was
defined as creatininemia over three times the upper limit of the
laboratory reference range and/or need for renal replacement therapy.

®Mild neurologic involvement was defined as headaches or transient
dizziness; severe neurologic involvement was defined as any other
neurological manifestation (altered consciousness, seizure, confusion,
focal deficiency...).

“Platelet count <20 G/L included in the model instead of platelet count
as continuous variable.

dplatelet model explaining significantly more variance than the Coppo score
model (ANOVA chi-square test, deviance difference=—11.1, p=0.003).

€Platelet model explaining significantly more variance than the PLASMIC score
model (ANOVA chi-square test, deviance difference = —24.5, p < 0.001).

fCoppo score and PLASMIC score included instead of renal involvement
and platelet count.

9Coppo score model explaining significantly more variance than the PLAS-
MIC score model (ANOVA chi-square test, deviance difference = —13.5,
p=0.004).

were referred to an ICU, mostly to discuss the potential indica-
tion of TPE, advanced cancer patients and bone marrow trans-
plant recipients may have been underrepresented in our study,
lowering the accuracy of these parameters in the PLASMIC score.

One surprising fact of our study was that a platelet count
less than 20 G/L alone performed as well as the whole Coppo
score for determining which TMA patients had severe ac-
quired TTP. Of note, profound thrombocytopenia is found in
both existing diagnostic scores and has already been identi-
fied as one of their most important items. In critically ill

Table 4 Accuracy of developed models in identifying TTP
patients. Results are reported as AUC (95% Cl) of the models

Model AUC 95% Cl

Model 1 (optimal model) 0.96 0.93-0.99
Mode 2 (platelets as binary variable) 0.95 0.93-0.99
Model 3 (model + Coppo score) 0.94 0.89-0.99
Model 4 (model + PLASMIC score)? 0.91 0.86-0.97
Platelet count alone™c 0.86 0.81-0.92
Coppo Score (per point) alone™ 0.86 0.81-0.92
PLASMIC score (per point) alone®®f 0.67 0.58-0.76

Abbreviations: AUC, area under the curve; Cl, confidence interval; TTP,

thrombotic thrombocytopenic purpura.

?p-Value when compared with full model and model + platelets of
respectively 0.006 and 0.03.

®p-Value when compared with full model <0.001.

“p-Value when compared with logistic regression model with platelets
<0.001.

dp-Value when compared with logistic regression model with Coppo
score <0.001.

¢p-Value when compared with logistic regression model with PLASMIC
score <0.001.

fp-Value when compared with AUC of platelet count alone and Coppo
score alone <0.001.

patients with an established diagnosis of TMA, the platelet
count at admission may represent an easy surrogate marker
of a severely deficient ADAMTS13 activity. In critically ill
patients, severe thrombocytopenia may be more specific of
TMA syndrome than acute renal dysfunction; the latter can
be ascribed to many other confounding factors.?> Interest-
ingly, in their principle paper, Coppo et al noted that a few
patients >55 years old were misclassified as non-TTP
patients based on a creatinine level >200 pmol/L.” A higher
proportion of patients over 55 years old in our study may
account for the increased accuracy of the thrombocytopenia
parameter alone. Our study has however several limitations.
First, the TTP definition was based on the association of a
TMA syndrome with an ADAMTS13 activity <10%. As
ADAMTS13 activity dosage may vary with different techni-
ques used,”! we cannot exclude that some patients of the
study were misdiagnosed as TTP or other TMAs. However, all
dosages were performed at least in duplicate using a refer-
ence technique at a national reference center for ADAMTS13
studies. In addition, the case mix restriction of our study to
severe TMA and the well-known specific expertise of our
center for TTP management have led to a very high propor-
tion of TTP in our study (64%), although TTP is usually
reported to represent roughly 20% of all TMAs in unselected
populations.?* Even if this point can be expected in severe
adult TMA patients, overrepresentation of TTP in the current
study is likely to influence extrinsic performance of both
scores and platelet count. Thus, attention may be required in
interpreting our results in settings where TTP is unlikely. Our
retrospective and monocentric study design could also limit
external validity and larger multicenter studies are war-
ranted to confirm our findings. We cannot exclude that
scorers of the study were somehow biased as they could
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e Thrombotic thrombocytopenic purpura (TTP) is a
thrombotic microangiopathy secondary to a severely
decreased ADAMTS13 activity.

* The diagnosis of TTP may be difficult, owing to its
rarity (prevalence: 3-6/million/year), to its highly
variable inaugural clinical manifestations, and to
ADAMTS13 study’s poor availability in routine
practice.

e AsTTPis lethal in more than 80% of the cases in absence
of treatment with plasma therapy, diagnostic scores
have been developed to help identify TMA patients at
high or low risk of severe ADAMTS13 activity deficiency.

e These scores have been developed and sometimes
validated in mixed TMA cohorts but their value in
the most severe forms of TMA has not been studied. References
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