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ABSTRACT

Objective: To investigate the appropriateness of Bentley and plasmic scores and ADAMTS-13 activity to distinguish between
primary thrombotic microangiopathies (TMA) syndromes and other thrombotic microangiopathies, as well as primary thrombotic
microangiopathies (TTP, complement-related TMA, etc).

Study Design: Descriptive study.

Place and Duration of the Study: Department of Hematology, Faculty of Medicine, from February 2013 to February 2020.
Methodology: Data of patients with non-immune hemolytic anaemia (MAHA) and thrombocytopenia who had ADAMTS-13 test,
were analysed. Clinical and laboratory findings, Bentley and plasmic scores, and ADAMTS activity levels were compared.

Results: The patients were grouped as primary (n = 27) and secondary (n = 28) TMA, the age was median 38.0 (18-63) years in
the primary TMA group and 49.5 (20-84) years in the secondary TMA group. Neurological findings were less in the secondary TMA
group (p = 0.008). Plasmic score, lactate dehydrogenase, and total and indirect bilirubin levels were high and D-dimer levels were
low in the primary TMA group. In the primary TMA group, a greater number of patients with high plasmic scores were found,
whereas all patients in the secondary TMA group had low risk according to Bentley score. Calcium levels were high and platelet
levels were low in those with ADAMTS activity level <10% (p = 0.006). The evaluation of primary TMAs demonstrated significant

differences in platelet, urea, creatinine, and sodium values between the two groups.
Conclusion: Laboratory data and clinical scores are valuable in differentiating primary and other TMA.
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INTRODUCTION

It is crucial to exclude systemic diseases in patients with
microangiopathic hemolytic anaemia (MAHA) and thrombocy-
topenia, which may cause similar findings in order to ensure an
earlyand appropriate treatmentapproach.' Thrombotic throm-
bocytopenic purpura (TTP), Shiga toxin, complement,
metabolism, coagulation, and drug-related thrombotic
microangiopathies constitute the primary thrombotic microan-
giopathies(TMA)syndromes.Disseminatedintravascularcoag-
ulation, systemic infection, malignancy, pregnancy-related
syndromes, severe hypertension, systemic rheumatologic
diseases, and hematopoietic stem cell or solid organ transplan-
tation are systemic conditions associated with MAHA and
thrombocytopenia.
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TTP is a life-threatening TMA caused by deficiency of
ADAMTS13 (Congenital TTP) and the development of anti-
bodies against ADAMTS13 (acquired TTP). Treatment is
urgently required with upto 90% mortality if plasmapheresis is
not performed.” Treatment differs in each of the primary TMA
syndromes, whereas in acquired TTP, the treatment is plasma
exchange, steroid, and rituximab;*® complement inhibitors,
suchaseculizumab, arelife-savingtreatmentsforcomplemen-
t-related TMA.*” Itis important to distinguish between primary
and other TMA, especially TTP from the primary TMA group. In
daily practice, tests results of ADAMTS activity level and pres-
ence of antibodies are delayed.® Therefore, considering the
high mortality rate, the presence of unexplained thrombocy-
topenia accompanied by hemolytic anaemia with a negative
Coombs test is considered TTP and treatment is started
rapidly.

According to the International Society on Thrombosis and
Haemostasis guideline, if the French and plasmic scores are
high risk, it is recommended to start plasma exchange and
steroids until ADAMTS activity is concluded.’ Prognostic scores
used in malignancies provide information about the survival
rate and prognosis of the diseases and determine the scope of
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treatment strategy. In dynamic and benign clinical conditions
suchasdisseminated intravascular syndrome, scoring s infor-
mative about the likelihood of disease. Bentley and plasmic
risk scores are the fundamental rating systems developed to
predict the diagnosis of TTP.'® The aim of this study was to
examine the diagnostic role of these scores in TMA patients,
especially TTP.

METHODOLOGY

Patients with MAHA and thrombocytopenia, who were evalu-
ated using ADAMTS-13 test between February 2013 and
February 2020 at the Medical Faculty, Department of Internal
Medicine, Division of Hematology, were retrospectively anal-
ysed. The files of patients who were found to have non-immune
hemolyticanaemiaand thrombocytopenia atthe time of admis-
sionandwhose ADAMTS enzyme levels were studied wereretro-
spectively scanned. Those, whose ADAMTS enzyme levels were
not studied were not included in the study. Peripheral smear
was evaluated by a haematologist. Epidemiologic characteris-
tics of the patients (age and gender), clinical findings (fever and
neurologicfindings), leukocyte, haemoglobin, platelet (PLT), D-
dimer, INR, aPTT, fibrinogen, lactate dehydrogenase (LDH),
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), sodium, potassium, calcium, total and direct bilirubin,
reticulocyte (%), and haptoglobulin values at admission were
recorded from the electronic patient follow-up file. ADAMTS-13
activityandinhibitorlevelswerealsorecorded.

Bentley and plasmic scores were calculated retrospectively. In
Bentley score, creatinine (>2 pg/mL, —11.5 points), PLT
(>35.00/uL, —30 points), D-dimer (>4.0 pug/mL, —10 points),
reticulocyte (>3%, 21 points), and indirect bilirubin (>1.5
pa/mL, 20.5 points) parameters were used. Bentley score was
classified as <20 low, 20-30 moderate, and >30 high. In the
plasmic score, absence of active cancer, absence of solid/stem
celltransplantationhistory,and presence ofhemolysis (reticulo-
cyte count >2.5%, indirect bilirubin >2 mg/dL, and low hapto-
globulin), platelet(<30.00/uL),MCV (<90fL),INR(<1.5), creati-
nine (<2.0 mg/dL) parameters were evaluated and each param-
eter was calculated as 1 point. Plasmic score was classified as
low (0-4), moderate (5), and high risk (6-7). Patients were
grouped as primary and secondary TMA according to TMA diag-
nosis and <10% and >10% according to ADAMTS-13 level. The
groups were compared in terms of laboratory data and scoring.
In addition, the primary TMA group was analysed and compared
withinitself.

Statistical analysis of the study was performed with SPSS IBM
software version 25.0. The distribution of continuous numerical
variables was analysed by Kolmogorov-Smirnov test. In group
comparisons, independent sample t-test was used for normally
distributed dataand Mann-Whitney U test was used fornon-nor-
mally distributed data. Categorical variables were expressed as
counts and percentages (%). Pearson’s chi-square and Fisher’s
exact chi-square tests were used. Results with p <0.05 were
considered statistically significant.

RESULTS

A total of 55 patients were included in this study. Twenty-seven
(49%) patients had primary TMA (TTP = 21, complement-medi-
ated =6)and 28 (51%) were in the secondary TMA group (malig-
nancy-associated =10, infection-associated disseminated intra-
vascular coagulation = 8, Vit. B12 vitamin deficiency = 5,
systemic lupus erythematous-related = 2, and pregnancy
complication, malignant hypertension, and renal transplanta-
tion-associated = 1 each). The age was median 38.0 (18-63)
years in the primary TMA group and 49.5 (20-84) years in the
secondary TMA group. Laboratory data of the groups are givenin
Table I. When clinical findings were analysed, the incidence of
fever was not significantly different between the groups,
whereas neurologic findings were more frequent in the primary
TMA group (51.9% vs. 17.9%, p = 0.008). No significant differ-
ence was found between the groups interms of blood groups and
gender.

When all patients were classified accordingto ADAMTS 13 activa-
tion level, the frequency of ADAMTS activity below 10% was high
in the primary TMA group (OR: 118.8, 95% CI: 12.90-1093.39, p
<0.001). Patients with ADAMTS13 ratio <10% had high calcium
levels and low PLT levels (p <0.006). There was no significant
differencein LDH/AST ratios betweenthetwogroups(Tablell).

When risk scores were compared, the ratio of patients with high
plasmic score was high in the primary TMA group (59.3% vs.
32.1%, p <0.009). According to the Bentley score, all secondary
TMAs were low risk, while 44% of primary TMAs were moderate
andhighrisk(p<0.001).

Intra-group comparison of 27 patients in the primary TMA group
(TTP and complement-mediated TMA) showed female domi-
nance in both diagnoses (F/M ratio 1.6 and 2, respectively). In
addition, statistically significant differences were found in
platelet, urea, creatinine, sodium, ADAMTS13 activity, and
inhibitor levels between the two diseases (Table IIl). When
primary TMA patients were analysed according to the Bentley
risk score, among the TTP patients, 10 (47.6%) were in the low-
risk group, 8 (38.1%) were in the moderate-risk group, 3 (14.3%)
were in the high-risk group and among the atypical hemolytic
uremic syndrome patients, 5 (83.3%) were in the low-risk group,
and1(16.7%)wasinthe high-riskgroup. No difference was found
between diseases in terms of the frequency of low or high-risk (p
<0.929and p <0.335, respectively).

DISCUSSION

TTP was first described in 1925 and the classical pentad (fever,
renal failure, neurological findings, microangiopathic hemo-
lytic anaemia, and thrombocytopenia), which was defined in
1966, was seen in some of the patients.'"** Although ADAMTS
enzyme activity level is the most important parameter in the
diagnosis of primary TMA, the lack ofimmediate results has led
to detailed evaluation of clinical and laboratory parameters and
clinical scoring. The diagnosis of primary TMA should be made
quickly and treatment should be planned rapidly, otherwise,
fatalconsequences may occur.
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Table I: Data of primary and secondary TMA groups.

Primary TMA Secondary TMA p-value
(n = 27) (n = 28)
Age 39,7139 48,0+19,7 0.8°
Urea (mg/dL) 50(7-253) 45(17-225) 0.6
Creatinine (mg/dl) 0.9(0.5-9) 0.9(0.5-6.3) 0.6°
Total bilirubin (mg/dL) 2.5(0.4-9.4) 1.3(0.1-7.0) 0.003°
Indirect bilirubin (mg/dL) 1.7(0.4-8.8) 0.7(0.05-5.5) 0.001°
LDH (U/L) 1327+675 949+677 0.04°
LDH/AST 28.2(4.4-87.8) 18.0(2.0-119.5) 0.18"
Calcium (mg/dL) 8.6+0.6 8.2+0.9 0.4°
Sodium (mEq/L) 138.7+3.2 137.9+3.7 0.6°
Haemoglobin (g/dl) 8.6(5.9-12.4) 8.5(4.7-16.9) 0.9°
MCV (fL) 88.5+6.0 88.8+11.0 0.9°
Platelet (10°/uL) 21400(1000-127000) 43000(15000-131000) 0.05°
D-dimer (ng/mL) 2.2(0.5-22.5) 8.0(0.01-20) 0.012°
ADAMTS13 activity level (%) 0.5(0-84) 58.2(0.2-85.3) <0.001°
ADAMTS13 inhibitor level (U/mL) 27.9(2.0-90.0) 4.2(2.0-90) 0.019°
’Independent Sample t-test, "Mann Whitney U-test.
Table II: Separation and comparison of groups according to ADAMTS activity level.
ADAMTS13 Activity level <10 ADAMTS13 Activity level >10 p-value
Female, n (%) 15 (65.2%) 17 (53.1%) 0.3°
Male, n (%) 8 (34.8%) 15 (46.9%)
Age (years) 40.9+12.7 46.1+20.1 0.2°
Presence of fever 17.4% 28.1% 0.3°
Presence of neurological symptoms/signs, n (%) 13 (56.5%) 6 (18.8%) 0.004°
Calcium (mg/dL) 8.7+0.5 8.1+0.8 0.006"
Total bilirubin (mg/dL) 2.5(0.2-9.4) 1.3(0.1-7.0) 0.009¢
Indirect bilirubin (mg/dL) 1.7 (0.1-8.8) 0.7 (0.05-5.5) 0.004°
D-dimer (ng/mL) 2.2 (0.5-22.5) 8.0 (0.01-20) 0.036°
Bentley Score <0.001¢
Low (n) 55.5 % (15) 100 % (28)
Moderate and High (n) 44.5% (12) 0%
Plasmic Skor <0.001¢
Low (n) 3.7 % (1) 35.7% (10)
Medium (n) 37 % (10) 32.1 % (9)
High (n) 59.2 % (16) 32.1 % (9)
°Pearson Chi-square. "Independent t-test. “Mann Whitney U-test. °Fisher’s exact
Table Ill: Subgroup analysis of the primary TMA group.
TTP Complement-mediated TMA p-value*
(n=21) (n=6)
Platelet (10°/uL) 29430+8407 62333+33193 0.025
Urea (mg/dL) 59.1+11.9 103.5+65.2 0.04
Creatinine (mg/dl) 1.2+0.2 3.6+£2.6 0.009
Sodium (mEq/L) 140+0.7 136x1.1 0.01
ADAMTS13 activity level (%) 6.7+5.9 48.5+24.2 0.027
ADAMTS13 inhibitor level (U/mL) 46.3+8.2 16.5+14.4 0.016

*Independent t-test.

Plasmic and Bentley scores are used to estimate the proba-
bility of TTP diagnosis.” These scores have been reported to
predict the diagnosis of TTP with a high rate.®" In a study
by Upadhyay et al., it was stated that the plasmic risk score
can prevent unnecessary ADAMTS test requests and that it
would be cost-effective to apply plasma exchange therapy
only to high-risk patients.” In a study in which 117 patients
were evaluated, severe ADAMTS deficiency was found in
53% of the patients and sensitivity for high plasmic score
was 81.7% and specificity was 71.4%, while sensitivity for

moderate-high Bentley score was 59.5% and specificity was
93.9%." In this study, severe ADAMTS13 deficiency was
detected in 11 (36%) of 30 patients with low-to-moderate
risk plasmic score. Out of the 25 patients with high plasmic
score, 16 (64%) were in the primary TMA group. According
to Bentley score, the entire secondary TMA group had low
risk. A high plasmic score (=6) predicted severe ADAMTS
deficiency with 64% sensitivity, 63% specificity, 59% posi-
tive predictive value, and 32% negative predictive value. A
moderate-to-high (=20) Bentley score predicted severe
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ADAMTS deficiency with 100% sensitivity, 34.8% specificity,
and 40% positive predictive value. This study successfully
predicted patients with a high-risk plasmic score as well as
moderate-high-risk Bentley score. The authors, therefore,
recommend evaluating the two scores together.

Although the D-dimer level is also increased in TTP, it has
been shown to increase greatly in disseminated intravas-
cular coagulation.” Similarly, D-dimer was found to be high
in the secondary TMA group in this study. In the literature,
high D-dimer levels in TTP were associated with in-hospital
mortality, thromboembolic events, and lack of remission and
were defined as a prognostic factor.”* However, there was no
study investigating D-dimer levels in the differentiation of
primary and other TMA. The authors believe that further
studies are needed on this subject.

In another study, it was emphasised that the plasmic score
accompanied by the ratio of LDH to the upper limit of normal
would have greater significance.”” In the present study, LDH
levels were statistically significantly higher in the primary
TMA group. The present result supports the literature in this
aspect.

LDH/AST ratios have been used to differentiate TTP in
patients with pregnancy TMA.”* In this study, no significant
difference was found between the two groups in LDH/AST
ratios. However, further studies are needed to elucidate the
relationship between the parameters.

It is also important to distinguish the primary TMA group
within itself (such as TTP, complement-associated TMA).
Because treatment approach and delays in treatment are of
vital importance. There is no large-scale study using these
scores, especially in TTP and complement-related TMA. In a
case report, it was emphasised that plasmic score would be
useful in the differentiation of TTP and complement-related
TMA, and that complement inhibitor therapy could be
started without delay if it was low-intermediate risk.”* In this
study, it was found that platelet level, creatinine, sodium,
and urea values may provide guidance in the differentiation
of primary TMAs, but plasmic and Bentley scoring were not
useful. The reason that the scoring systems were not signifi-
cantly predictive may be due to the small sample size and
the difference in the sample size between groups. Therefore,
studies with a larger patient population are needed to differ-
entiate primary TMA.

CONCLUSION

Treatment of TTP is urgent and can be fatal without timely
intervention. It is important to differentiate the condition and
ensure the appropriate treatment until the ADAMTS level is
determined. In this study, plasmic score and Bentley score as
well as LDH and D-dimer levels were helpful in the differentia-
tion of primary and secondary TMA. In the differentiation of
primary TMAs, studies with large populations are necessary.
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