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METHODS 

Patients and procedures 

Our study was approved by the local Medical Ethical Committee (No. 09-307/NL29692.041.09). 

Patient data were retrieved from the Dutch SMA registry.[1] We confirmed homozygous loss of 

function of the SMN1 gene and determined SMN2 copy numbers using multiplex ligation-

dependent probe amplification (MLPA).[1] We distinguished SMA types based upon age at onset 

and highest achieved motor milestone, including previously published subtypes.[1,2]  

The reporting of this study conforms to the STROBE statement.  

 

Laboratory tests 

Peripheral venous blood samples from all patients were drawn by venipuncture at the day of visit 

to our center for study participation and/or before the first intrathecal nusinersen injection. All 

samples for the primary analyses of coagulation were therefore obtained from treatment-naïve 

patients, eliminating any treatment-effect. The samples were analyzed at our center’s clinical 

ISO15189 certified laboratory. Activated partial thromboplastin time (APTT) was measured using 

PTTA reagent, prothrombin time (PT) and coagulation factors II, V, VII, and X using STA-neoplastin 

CI plus, and coagulation factors VIII, IX, XI, and XII using CK Prest (Diagnostica Stago, France). 

Deficient plasmas for coagulation factor assays were obtained from Precision Biologic 

(Dartmouth, Canada). Assays were performed on STA-R Evolution analyzers (Diagnostica Stago). 

VWF-ristocetin-cofactor-activity and vWF-antigen were measured on AcuStar analyzers using 

HemosIL reagent (Werfen, USA). Platelet count was measured on Cell-Dyn Sapphire hematology 

analyzers (Abbott Diagnostics, USA). All assays are subject to robust internal and external quality 

assessment schemes. 

We further evaluated potential causes of prolonged APTT in a subgroup of patients. These 

secondary analyses were performed after the start of nusinersen treatment. For these secondary 

analyses we used APTT 1:1 mixing studies. These mixing studies can distinguish between 

coagulation factor deficiencies and specific inhibitors as causes of prolonged APTT. Additionally, 

coagulation factors IX, XI, XII, and lupus anticoagulant (LAC) were also assessed. 

 

Statistical analysis  

Reference intervals for parameters of coagulation vary with age, especially during childhood.[3] 

Therefore, we transformed outcomes into Z-scores, using reference data provided by the clinical 

laboratory at our center. If data followed a non-normal distribution (Shapiro-Wilk test P <0.05 
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and non-normally distributed residuals on visual inspection), we used the nonparametric 

Wilcoxon signed-rank test for a two-sided analysis of the patients’ median Z-scores compared to 

the hypothetical median score of the reference population (Z = 0). In case of a normal distribution, 

the one-sample t-test was used similarly. Possible associations between SMA severity and 

parameters of coagulation were analyzed using the Jonckheere-Terpstra (JT) test. P-values <0.05 

after Bonferroni correction for multiple testing were considered statistically significant. We used 

R (v3.6.0 with RStudio v1.2.1335) for all statistical analyses and data visualization.[4] 

 

Data availability 

The data supporting the findings of our work, are available upon reasonable request. 
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Figure S1: Coagulation assessments in SMA patients 

 

Legend: An overview of measurements of coagulation parameters in patients with SMA. Normalized 

outcomes (Z-scores) are shown. Dashed horizontal lines indicate the lower and upper limits of the normal 

reference range, i.e., the interval from –1.96 to 1.96, and the average value in the normal population (Z = 0). 

Filled small circles indicate outliers. All available data were used in the analyses. 
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