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Background: The BENTLEY score (B-S), French thrombotic microangiopathy (TMA) Ref-
erence Center score (FTMA-S), and PLASMIC score (PLASMIC-S) have been developed 
for TMA diagnostic prediction. We retrospectively validated their predictive performances 
in patients with severe (<10%) disintegrin and metalloprotease with thrombospondin type 
1 motif, member 13 (ADAMTS13) deficiency in terms of the risk of TMA and response to 
therapeutic plasma exchange (TPE).

Methods: The predictive performances of the three scoring systems were compared in 
145 patients with suspected TMA who underwent ADAMTS13 activity tests between Jan-
uary 2014 and September 2022. The response to TPE and mortality in TMA-positive pa-
tients were compared after risk stratification, using the Mann–Whitney U and Fisher’s ex-
act tests.

Results: The PLASMIC-S, FTMA-S, and B-S showed area under the curve values of 0.820, 
0.636, and 0.513, respectively, for predicting TMA positivity in high-risk patients. The PLAS-
MIC-S showed higher sensitivity (81.8%), negative predictive value (91.2%), positive pre-
dictive value (PPV; 66.7%), and accuracy (82.1%) than the FTMA-S (72.7%, 82.1%, 41.0%, 
and 60.0%, respectively) and B-S (4.6%, 70.2%, 50.0%, and 69.7%, respectively). The 
PLASMIC-S also showed higher specificity than the FTMA-S (82.2% vs. 54.5%). The modi-
fied PLASMIC-S, including lactate dehydrogenase/upper limit of normal ratios, increased 
the specificity, PPV, and accuracy to 97.0%, 92.3%, and 92.4%, respectively. In TMA-
positive patients, high risk assessed by the PLASMIC-S predicted higher platelet recovery 
rates and less TPE sessions required for recovery than for those assessed at low-to-inter-
mediate risk.

Conclusions: PLASMIC-S is the preferred scoring system for detecting patients with TMA 
positivity and for prognosis before confirmation of ADAMTS13 activity.
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INTRODUCTION

Thrombotic microangiopathies (TMAs) are disorders character-

ized by thrombocytopenia, microangiopathic hemolytic anemia, 

thrombosis, and the presence of schistocytes in the peripheral 

blood (PB) [1–3]. Thrombotic thrombocytopenic purpura (TTP) 

is a TMA subtype caused by severe deficiency of a disintegrin 

and metalloprotease with thrombospondin type 1 motif, mem-

ber 13 (ADAMTS13) enzyme [4–9]. TTP has high mortality rates 

(up to 90%), but with therapeutic plasma exchange (TPE), mor-

tality rates have decreased to <10% [3, 10–12].

 ADAMTS13 activity was traditionally measured using sodium 

dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 

and currently using quantitative ELISA [13]. Recently developed 

ADAMTS13 activity assays have shown good performance in 

the diagnosis of TTP, as well as high accuracy in identifying pa-

tients with a good response to TPE [3, 4, 14–22]. However, the 

long turn-around time and batch-type variation render ELISA 

unsuitable for rapid diagnosis [23]. Therefore, a diagnostic scor-

ing system using clinical and laboratory parameters for TMA pre-

diction is required. To date, three diagnostic scoring systems 

have been developed: the BENTLEY score (B-S) [24] and the 

French TMA Reference Center score (FTMA-S) [18] introduced 

in 2010 and the PLASMIC score (PLASMIC-S) [2] introduced in 

2017.

 The B-S was developed from a retrospective evaluation of 110 

patients, including 11 patients with severe ADAMTS13 deficiency 

(<15% activity) [24]. The performance of the B-S for the discri-

mination of patients with severe ADAMTS13 deficiency (<10% 

activity) showed an area under the curve (AUC) value of 0.990 

[25]. The FTMA-S was developed using a similar approach as 

used in B-S development [18]. The PLASMIC-S is based on seven 

components (platelet count, combined hemolysis variable, ab-

sence of active cancer, absence of stem cell transplant [SCT] or 

solid-organ transplant history, mean corpuscular volume [MCV], 

international normalized ratio [INR], and creatinine), and its per-

formance for the detection of severe ADAMTS13 deficiency (<10% 

activity) showed an AUC value of 0.91–0.96 and good sensitiv-

ity, specificity, and negative predictive value (NPV) [2, 26].

 Comparison of the three scoring systems in an independent 

cohort showed that the PLASMIC-S had superior performance 

compared with the FTMA-S, whereas the B-S frequently classi-

fied patients with severe ADAMTS13 deficiency in the low-risk 

category [27]. However, to our knowledge, a comparison of these 

three scoring systems using an identical definition of severe AD-

AMTS13 deficiency has not been performed. To address this is-

sue, we retrospectively validated the performance of these three 

scoring systems in the prediction of TMA due to severe ADAM TS13 

deficiency consistently defined as <10% activity and the response 

to TPE. In addition, we attempted to develop a method to improve 

the performance of the existing scoring systems.

MATERIALS AND METHODS

Study population and data acquisition
In total, 145 patients suspected of having TMA owing to the pres-

ence of schistocytes in the PB smear and thrombocytopenia who 

underwent ADAMTS13 activity tests from January 2014 to Sep-

tember 2022 at Ulsan University Hospital, Ulsan, Korea, were 

enrolled in this retrospective cohort study. Demographic features 

such as age and sex; clinical features such as active cancer and 

history of solid-organ or SCT before implementation of the AD-

AMTS13 activity test; and laboratory results included as param-

eters for the application of the three scoring systems, such as 

serum creatinine, indirect bilirubin, haptoglobin, D-dimer, plate-

let count, reticulocytes (%), MCV, prothrombin time (PT) INR, 

and fluorescent antinuclear antibody (FANA), at the time of AD-

AMTS13 activity test performance were collected from a retro-

spective review of electronic medical records. This study was 

approved by the Institutional Review Board of Ulsan University 

Hospital (approval number: 2022-11-022). The requirement for 

informed consent was waived because of the retrospective na-

ture of the study.

ADAMTS13 activity assay
From January 2014 to October 2020, 91 patient samples were 

transported to the central laboratory of Bundang CHA Hospital, 

Korea, and the ADAMTS13 activity test was performed accord-

ing to the standard SDS-PAGE protocol following a previously 

described method [9]. From November 2020 to September 2022, 

54 patient samples were transported to the central laboratory 

test referral center (GC Labs, Yongin, Korea), and the ADA MTS13 

activity test was performed using a Technozym ADAMTS-13 ELISA 

kit (Technoclone, Vienna, Austria). For all tests, severe ADAMTS-13 

deficiency was defined as <10% activity, and patients with se-

vere ADAMTS13 deficiency were regarded TMA-positive.

Application of the three scoring systems and risk 
stratification of patients for TMA according to ADAMTS13 
activity status

The FTMA-S is based on the following three parameters with a 

score of 0 or 1 assigned for each parameter: creatinine (0 if 
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>199.78 μmol/L and 1 if ≤199.78 μmol/L), platelet count (0 if 

>30×109/L and 1 if ≤30×109/L), and FANA result (0 if nega-

tive and 1 if positive). The sum of each score (from 0 to 3) was 

used for the risk stratification of patients for TMA. Patients were 

categorized as low risk for TMA if the total score was 0, interme-

diate risk if the total score was 1, and high risk if the total score 

was 2–3 [27].

 The PLASMIC-S uses the following seven parameters with a 

score of 0 or 1 assigned to each parameter: platelet count (0 for 

≥30×109/L and 1 for <30×109/L); combined hemolysis pa-

rameters (0 for indirect bilirubin ≤34.21 μmol/L, reticulocytes 

≤2.5%, or haptoglobin ≥100 mg/L and 1 for indirect bilirubin 

>34.21 μmol/L, reticulocytes >2.5%, or haptoglobin <100 mg/

L, which is considered undetectable haptoglobin corresponding 

to a value below the detection limit of the haptoglobin test pro-

vided by the Roche analyzer); cancer history (0 if present and 1 

if absent); history of solid-organ transplantation or SCT (0 if pres-

ent and 1 if absent); MCV (0 if ≥90 fL and 1 if <90 fL); PT INR 

(0 if ≥1.5 and 1 if <1.5); and creatinine (0 if ≥176.80 μmol/L 

and 1 if <176.80 μmol/L). The sum of each score (from 0 to 7) 

was used for the risk stratification of patients for TMA. Patients 

were categorized as low risk for TMA if the total score was <5, 

intermediate risk if the total score was 5, and high risk if the to-

tal score was >5 [27].

 The B-S is calculated according to five parameters (creatinine, 

platelets, D-dimer, reticulocytes [%], and indirect bilirubin) as 

follows: (1) add−11.5 points if creatinine >176.80 μmol/L; (2) 

add−30 points if platelets >35×109/L; (3) add−10 points if D-

dimer >21.90 nmol/L; (4) add+21 points if reticulocytes >3%; 

and (5) add+20.5 points if indirect bilirubin >25.66 μmol/L. Pa-

tients were categorized as low risk for TMA if the sum of the five 

parameter scores was <20, intermediate risk if the sum was 

20–30, and high risk if the sum was >30 [27].

Development of a modified PLASMIC-S
A recent study reported a difference in the performance of the 

PLASMIC-S according to age [28]; therefore, we analyzed the 

effect of age on the predictive performance of the PLASMIC-S 

for confirmation. To improve the performance of the PLASMIC-

S, we included lactate dehydrogenase (LDH), a well-known in-

dicator of hemolysis [29], as an additional parameter in the modi-

fied PLASMIC-S. To compensate for inter-instrument variation, 

LDH was divided by the upper limit of normal (ULN; correspond-

ing to 230 IU/L in our study). Therefore, the modified PLASMIC-S 

was composed of eight parameters, including the LDH/ULN ra-

tio and the seven parameters of the existing PLASMIC-S described 

above. The best cut-off value of the LDH/ULN ratio to add 1 point 

and threshold for determining high risk in the modified PLAS-

MIC-S were determined using ROC analysis. The performances 

of the LDH/ULN ratio alone and the modified PLASMIC-S for the 

prediction of patients with TMA due to severe ADAMTS13 defi-

ciency when high risk is assessed were compared.

Effect of PLASMIC-S status on the response to TPE and 
mortality in TMA-positive patients
All TMA-positive patients in our hospital were initially treated 

with daily TPE with a scale of 1 plasma volume, using fresh fro-

zen plasma as an exchange material without platelet transfu-

sion. We assessed the response to TPE in patients with a TMA-

positive status with respect to PLASMIC-S prediction. As prog-

nostic variables, initial treatment response (ITR) achievement, 

defined as recovery of platelet count ≥150×109/L for more than 

two days after TPE [30]; number of TPE sessions required for 

ITR achievement; and death rates were compared between high-

risk and low-to-intermediate-risk patients.

Statistical analysis
The Mann–Whitney U-test and chi-square/Fisher’s exact test (for 

small numbers <5 in each subgroup) were used to compare 

continuous and categorical variables, respectively. All continu-

ous variables did not show a normal distribution according to a 

Kolmogorov–Smirnov test, and therefore, data are presented as 

median (range). The performances of the three scoring systems 

for the prediction of patients with severe ADAMTS13 deficiency 

(TMA-positive) when high risk was assessed by each scoring 

system were compared using ROC analysis. The AUC value, 

sensitivity, specificity, NPV, PPV, and accuracy of the three scor-

ing systems were calculated and compared. The calculated AUC 

scores of two scoring systems were compared using the statisti-

cal method developed by Hanley and McNeil [31], using the 

MedCalc software (MedCalc Software, Ostend, Belgium). Two-

tailed analyses were applied for all comparisons, and the statis-

tical significance threshold was set at P <0.05. SPSS software 

version 13.0.1 (SPSS Corp., Armonk, NY, USA) and MedCalc 

version 9.2.0.2 were used for all statistical analyses.

RESULTS

Comparison of clinical and laboratory test results with 
respect to ADAMTS13 activity status
Among the 145 patients, 44 (30.3%) were TMA-positive and 

101 (69.7%) were TMA-negative. TMA-positive patients showed 
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significantly lower ADAMTS13 activity, platelet counts, haptoglo-

bin, and D-dimer levels than TMA-negative patients. However, 

sex, age, creatinine, indirect bilirubin, reticulocytes (%), MCV, 

and PT INR were not significantly different between the two pa-

tient subgroups (Table 1).

Risk stratification based on the three scoring systems 
according to ADAMTS13 activity status
According to the FTMA-S, there were more FANA-positive pa-

tients in the TMA-positive group than in the TMA-negative group, 

whereas there were no significant differences in the creatinine 

levels and platelet counts according to TMA positivity and scor-

ing status. When risk stratification was finalized, low-, intermedi-

ate-, and high-risk patients accounted for 6.9%, 47.5%, and 

45.6% of the TMA-negative group, respectively, and for 0.0%, 

27.3%, and 72.7% of the TMA-positive group, respectively, rep-

resenting a statistically significant difference in distributions ac-

cording to TMA positivity. When categorized into two risk-strati-

fied subgroups (low and high risk), a significantly higher propor-

tion of patients was classified as high risk in the TMA-positive 

group than in the TMA-negative group.

 According to the PLASMIC-S, the TMA-positive group had 

significantly higher proportions of combined hemolysis parame-

ter-positive patients and lower proportions of MCV/PT INR/creat-

inine-positive patients than the TMA-negative group. However, 

no significant correlations were found for platelet counts, active 

cancer, and history of solid-organ transplantation or SCT accord-

ing to TMA positivity and scoring status, using the Mann–Whit-

ney U and chi-square/Fisher’s exact tests. When risk stratifica-

tion was finalized, low-, intermediate-, and high-risk cases ac-

counted for 48.5%, 33.7%, and 17.8% of TMA-negative pa-

tients, respectively, and for 4.5%, 13.6%, and 81.8% of TMA-

positive patients, respectively, representing a statistically signifi-

cant difference in distributions according to TMA positivity. When 

the patients were categorized into two risk-stratified subgroups 

(low and high risk), the proportion of high-risk patients was sig-

nificantly higher in the TMA-positive group than in the TMA-neg-

ative group.

 According to the B-S, TMA-positive patients showed a signifi-

cantly higher sum of points than TMA-negative patients. How-

ever, risk stratification status could not significantly discriminate 

TMA positivity, and an extremely small number of patients were 

assessed as high risk in both the TMA-negative and TMA-posi-

tive subgroups (Table 2 and Supplemental Data Table S1).

Comparison of the performance of the three scoring systems 
for the prediction of TMA positivity
The PLASMIC-S, FTMA-S, and B-S showed AUC values of 0.820, 

0.636, and 0.513, respectively, for predicting TMA positivity when 

high risk was assessed. The PLASMIC-S showed a significantly 

higher AUC value than the FTMA-S and B-S (Fig. 1A). The PLAS-

MIC-S also showed higher sensitivity, NPV, PPV, and accuracy 

(81.8%, 91.2%, 66.7%, and 82.1%, respectively) than the FTMA-

S (72.7%, 82.1%, 41.0%, and 60.0%, respectively) and B-S 

Table 1. Clinical and laboratory variables according to ADAMTS13 activity test results

Variable* TMA (–) TMA (+) P†

Sex, M : F 44 : 57 27 : 17 0.073

Age (yr) 65.0 (21.0–91.0) 53.0 (24.0–77.0) 0.193

ADAMTS13 (%) 63.0 (14.0–119.0) 0.5 (0.0–9.7) <0.001

Cr (μmol/L) 90.17 (14.14–518.02) 86.63 (29.17–953.84) 0.193

PLT (×109/L) 59.0 (8.0–139.0) 39.5 (6.0–127.0) 0.003

IBIL (μmol/L) 6.84 (1.71–140.25) 4.28 (1.71–35.92) 0.200

RET (%) 2.50 (0.05–26.07) 2.28 (0.44–18.97) 0.971

Haptoglobin (mg/L) 160.0 (<100.0–4730.0) <100.0 (<100.0–2200.0) 0.013

MCV (fL) 92.1 (77.8–131.5) 88.3 (74.8–99.7) 0.223

PT INR 1.10 (0.82–4.20) 1.00 (0.90–3.40) 0.100

D-dimer (nmol/L) 11.88 (0.16–2403.96) 5.64 (1.70–393.23) <0.001

*All continuous variables did not show a normal distribution according to a Kolmogorov–Smirnov test; therefore, the data are presented as median (range); 
†P-values were obtained using the Mann–Whitney U-test.
Abbreviations: M, male; F, female; ADAMTS13, a disintegrin and metalloprotease with thrombospondin type 1 motif, member 13; Cr, creatinine; PLT, plate-
let; IBIL, indirect bilirubin; RET, reticulocytes; MCV, mean corpuscular volume; PT, prothrombin time; INR, international normalized ratio; TMA, thrombotic 
microangiopathy.
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Table 2. Risk stratification based on the three diagnostic scoring sys-
tems for the prediction of TMA due to severe ADAMTS13 deficiency

Scoring 
   system

Number of 
risk groups

Risk 
category 

Patients, N (%)
P*

TMA (–) TMA (+)

FTMA-S Three L 7 (6.9) 0 (0.0) 0.006

I 48 (47.5) 12 (27.3)

H 46 (45.6) 32 (72.7)

Two L–I 55 (54.5) 12 (27.3) 0.003

H 46 (45.5) 32 (72.7)

PLASMIC-S Three L 49 (48.5) 2 (4.5) <0.001

I 34 (33.7) 6 (13.6)

H 18 (17.8) 36 (81.8)

Two L–I 83 (82.2) 8 (18.2) <0.001

H 18 (17.8) 36 (81.8)

B-S Three L 94 (93.1) 35 (79.6) 0.055

I 5 (4.9) 7 (15.9)

H 2 (2.0%) 2 (4.5%)

Two L–I 99 (98.0) 42 (95.5) 0.585

H 2 (2.0) 2 (4.5)

*P-values were obtained using the chi-square/Fisher’s exact test (for num-
bers <5 in each section).
Abbreviations: TMA, thrombotic microangiopathy; ADAMTS13, a disintegrin 
and metalloprotease with thrombospondin type 1 motif, member 13; FTMA-
S, French TMA score; PLASMIC-S, PLASMIC score; B-S, BENTLEY score; L, 
low risk; I, intermediate risk; H, high risk.

Table 3. Performance of the three scoring systems for the prediction of patients with TMA due to severe ADAMTS13 deficiency assessed to 
be at high risk

Scoring system Sensitivity, % (95% CI) Specificity, % (95% CI) NPV, % (95% CI) PPV, % (95% CI) Accuracy, % 

FTMA-S 72.7 (57.2–85.0) 54.5 (44.2–64.4) 82.1 (70.8–90.4) 41.0 (30.0–52.7) 60.0

PLASMIC-S 81.8 (67.3–91.8) 82.2 (73.3–89.1) 91.2 (83.4–96.1) 66.7 (52.5–78.9) 82.1

B-S 4.6 (0.7–15.5) 98.0 (93.0–99.7) 70.2 (61.9–77.6) 50.0 (8.3–91.7) 69.7

Abbreviations: TMA, thrombotic microangiopathy; ADAMTS13, a disintegrin and metalloprotease with thrombospondin type 1 motif, member 13; FTMA-S, 
French TMA score; PLASMIC-S, PLASMIC score; B-S, BENTLEY score; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value.

Fig. 1. ROC analysis of the three scoring systems, LDH/ULN ratio, 
and modified PLASMIC-S for the prediction of patients with TMA 
due to severe ADAMTS13 deficiency assessed to be at high risk. (A) 
ROC curves (left) and comparative analysis (right) of the three scor-
ing systems. (B) ROC curves (left) and comparative analysis (right) 
of the LDH/ULN ratio, PLASMIC-S, and modified PLASMIC-S.
Abbreviations: AUC, area under the curve; CI, confidence interval; LDH, lac-
tate dehydrogenase; ULN, upper limit of normal (230 IU/L in our study); 
PLASMIC-S, PLASMIC score; TMA, thrombotic microangiopathy; ADAMTS13, 
a disintegrin and metalloprotease with thrombospondin type 1 motif, mem-
ber 13.
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(4.6%, 70.2%, 50.0%, and 69.7%, respectively) and higher 

specificity than the FTMA-S (82.2% vs. 54.5%). Although the 

B-S showed the highest specificity (98.0%), it also showed the 

lowest sensitivity (4.6%) and a low PPV (50.0%), which was be-

cause of the low number of high-risk patients in both the TMA-

positive and TMA-negative subgroups (Table 3).

Effect of age on PLASMIC-S performance
When assessed as high risk by the PLASMIC-S, the diagnostic 

sensitivity for TMA decreased with increasing age; it was 100.0%, 

78.3%, and 72.7% for ages 18–39 years (23 patients), 40–59 

years (44 patients), and ≥60 years (78 patients), respectively.

Performance of the modified PLASMIC-S
The best cut-off value of the LDH/ULN ratio and threshold for 

determining high risk in the modified PLASMIC-S were >2.0 

and >6, respectively. The LDH/ULN ratio and modified PLAS-

MIC-S showed AUC values of 0.951 and 0.937 for predicting 

TMA positivity, respectively, which were significantly higher than 

that of the PLASMIC-S (Fig. 1B). An LDH/ULN ratio >2.0 showed 

high sensitivity, NPV, and accuracy (100.0%, 100.0%, and 89.7%, 
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respectively) but slightly decreased specificity and PPV (85.2% 

and 74.6%, respectively). A modified PLASMIC-S >6 showed 

similar sensitivity and NPV (81.8% and 92.5%, respectively) 

and very high specificity, PPV, and accuracy (97.0%, 92.3%, 

and 92.4%, respectively), when compared with the PLASMIC-S 

(Table 4).

Comparison of the response to TPE and mortality in TMA-
positive patients with respect to PLASMIC-S status
Among the 44 patients with TMA positivity, 36 patients with high 

risk assessed by the PLASMIC-S showed a significantly higher 

ITR achievement rate after TPE and a lower number of TPE ses-

sions required for ITR achievement than the remaining eight 

patients with low-to-intermediate risk. The mortality rate was mar-

ginally lower in patients assessed to be at high risk by the PLAS-

MIC-S than in those with low-to-intermediate risk (Table 5).

DISCUSSION

We found that TMA-positive patients showed significantly lower 

platelet counts than TMA-negative patients, and the proportion 

of patients with high PLASMIC-S scores, corresponding to low 

creatinine levels, was significantly higher in the TMA-positive 

group than in the TMA-negative group. These results are partly 

concordant with previous observations that patients with severe 

ADAMTS13 deficiency tend to show severe thrombocytopenia 

and relatively preserved renal function, which may support the 

selection of platelet count and creatinine level as common pa-

rameters in the three TMA scoring systems [27]. A previous study 

reported that the sensitivity, specificity, NPV, and PPV of the FTMA-

S for the detection of severe ADAMTS13 deficiency (<5% activ-

ity) were 46.9%, 98.1%, 38.6%, and 98.7%, respectively, when 

all three criteria of creatinine level ≤200 µmol/L, platelet count 

≤30×109/L, and positive antinuclear antibody were satisfied 

[18]. Our study showed that the sensitivity, specificity, NPV, and 

PPV of the FTMA-S for the detection of severe ADAMTS13 defi-

ciency (<10% activity) were 72.7%, 54.5%, 82.1%, and 41.0%, 

respectively. The higher sensitivity and NPV and lower specific-

ity and PPV found in our study can be attributed to the different 

definitions of severe ADAMTS13 deficiency and less strict crite-

ria for the assessment of high risk.

 The PLASMIC-S performed better than the FTMA-S; it showed 

the highest AUC value among the three scoring systems for the 

prediction of TMA-positive patients. These results are concor-

dant with a previous suggestion that the PLASMIC-S has higher 

specificity than the FTMA-S in predicting severe ADAMTS13 

deficiency, helping to avoid unnecessary TPE and to prevent 

wastage of blood products [27]. Compared to that in a previous 

study that used the same definition of severe ADAMTS13 defi-

ciency and reported good performance of the PLASMIC-S (sen-

sitivity, specificity, NPV, and PPV of 90.0%, 92.0%, 98.0%, and 

72.0%, respectively) [26], we observed slightly lower performance, 

and we assume that this difference is due to variations in the 

features of the patient groups.

 Only a small number of patients were evaluated as having a 

high risk of TMA according to the B-S, and the risk level did not 

reflect the actual TMA positivity status. In addition, 95.5% of 

TMA-positive patients were classified in the low-to-intermediate-

risk group according to the B-S. This resulted in low sensitivity, 

NPV, and PPV, and false overestimation of the specificity of the 

Table 4. Performance of the LDH/ULN ratio alone and the modified PLASMIC-S, including LDH/ULN, for the prediction of patients with 
TMA due to severe ADAMTS13 deficiency assessed to be at high risk

Scoring system Sensitivity, % (95% CI) Specificity, % (95% CI) NPV, % (95% CI) PPV, % (95% CI) Accuracy, %

LDH/ULN ratio alone (cut-off >2.0) 100.0 (91.9–100.0) 85.2 (76.7–91.4) 100.0 (95.8–100.0) 74.6 (61.6–85.0) 89.7

Modified PLASMIC-S (cut-off >6) 81.8 (67.3–91.8) 97.0 (91.6–99.3) 92.5 (85.7–96.7) 92.3 (79.1–98.3) 92.4

Abbreviations: LDH, lactate dehydrogenase; ULN, upper limit of normal (230 IU/L in our study); PLASMIC-S, PLASMIC score; ADAMTS13, a disintegrin and 
metalloprotease with thrombospondin type 1 motif, member 13; CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value; TMA, 
thrombotic microangiopathy.

Table 5. Response to TPE and mortality in 44 patients with TMA 
due to severe ADAMTS13 deficiency according to the PLASMIC-S

Variables

PLASMIC-S risk assessment

P*Low-to-
intermediate risk 

(N=8)

High risk  
(N=36)

ITR, N (%) 4 (50.0) 31 (86.1) 0.042

N of TPE for ITR, median  
   (range)

8.0 (7.0–9.0) 5.0 (1.0–8.0) 0.001

Death, N (%) 4 (50.0) 6 (16.7) 0.064

*P-values were obtained from the Mann–Whitney U-test for the comparison 
of continuous variables and the Fisher’s exact test for the comparison of 
categorical variables.
Abbreviations: TPE, therapeutic plasma exchange; TMA, thrombotic micro-
angiopathy; ADAMTS13, a disintegrin and metalloprotease with thrombos-
pondin type 1 motif, member 13; PLASMIC-S, PLASMIC score; ITR, initial 
treatment response.
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B-S. These results are concordant with a previous suggestion 

that the B-S frequently assigns patients with severe ADAMTS13 

deficiency to the low-risk group; therefore, the B-S is unsuitable 

as a clinical scoring system for the prediction of patients with 

TMA [27].

 The decrease in sensitivity due to the increase in platelet count 

with age in TMA patients has been reported to limit the applica-

tion of the PLASMIC-S [29]. In line herewith, we also observed a 

decrease in sensitivity (100.0% in younger age groups vs. 72.7% 

in older age groups) and an increase in platelet count (median: 

30.5×109/L in younger age groups vs. 57.5×109/L in older age 

groups) with increasing age. Attempts to improve the performance 

of the PLASMIC-S, e.g., by including the LDH/ULN ratio [29] 

and proteinuria [32], resulted in improved specificity, PPV, and 

accuracy of the PLASMIC-S. Our results showed that the modi-

fied PLASMIC-S developed by adding the LDH/ULN ratio, which 

had a good performance on its own, can increase the relatively 

low specificity, PPV, and accuracy of the existing PLASMIC-S, in 

line with the previous study [29]. Because only a small number 

of patients underwent urinalysis, we could not evaluate the ef-

fect of proteinuria on the performance of the PLASMIC-S in our 

study.

 Patients assessed to be at high risk by the PLASMIC-S had a 

better prognosis after TPE than those assessed to be at low-to-

intermediate risk. This result may support a previous suggestion 

that the PLASMIC-S predicts mortality by identifying idiopathic 

TTP patients with good prognosis when TPE is applied as the 

initial treatment [27]. Therefore, we speculate that the PLAS-

MIC-S may enable accurate prediction of patients who are ex-

pected to respond well to TPE. However, since the number of 

patients assessed to be at low-to-intermediate risk according to 

the PLASMIC-S was small, the statistical power is limited and 

our results should be interpreted with caution.

 Our study had some limitations because of its retrospective 

design, the absence of a validation cohort, and the application 

of different ADAMTS13 activity test methods over time, although 

a good correlation (γ=0.79–0.85) between the two test methods 

has been reported [33]. A prospective study with a large num-

ber of patients using the same ADAMTS13 ELISA is needed to 

verify our study results.

 In conclusion, our study showed that the performance of the 

PLASMIC-S is superior to that of the other two existing scoring 

systems (FTMA-S and B-S), and the relatively low specificity, 

PPV, and accuracy of the PLASMIC-S can be improved by using 

the modified PLASMIC-S, which includes the LDH/ULN ratio. 

High TMA risk determined by the PLASMIC-S may predict a 

good prognosis and treatment response to TPE. The PLASMIC-

S therefore is the preferred scoring system for the detection of 

patients with TMA and for prognosis before confirmation of AD-

AMTS13 activity test results.
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