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Supplementary Material to Seidel et al. “Bleeding diathesis in patients with mast cell 

activation disease” (Thromb Haemost 2011; 106.5) 

 

Definition of mast cell activation disease 

The term mast cell activation disease (MCAD) denotes a collection of disorders characterized 

by accumulation of pathological mast cells in potentially any or all organs and tissues and/or 

aberrant release of variable subsets of mast cell mediators (1, 2). A classification has been 

proposed which differentiates several types and subclasses of MCAD. The traditionally 

recognized subclass termed systemic mastocytosis (SM) includes disorders characterized by 

certain pathological immunohistochemical and mutational findings (the WHO criteria; [3]) 

which are divided into several subtypes. On the other hand, mast cell activation syndrome 

(MCAS) presents a complex clinical picture of multiple mast cell mediator-induced 

symptoms, failure to meet the WHO criteria for diagnosis of SM, and exclusion of relevant 

differential diagnoses (1, 2, 4-7).  Mast cell activation disease in general has long been 

thought to be rare. However, although SM is truly rare, recent findings suggest MCAS is a 

fairly common disorder ([2], further references therein).  

 

Symptoms observed in patients with MCAS are little, if any, different from those seen in 

patients with SM ([2], further references therein). The clinical manifestation results from 

episodic release of both preformed and newly-synthesized mast cell mediators either in 

response to trigger stimuli or spontaneously. The clinical presentation of MCAD is very 

diverse, since due to both the widespread distribution of mast cells and the great heterogeneity 

of aberrant mediator expression patterns, symptoms can occur in virtually all organs and 

tissues. Moreover, symptoms often occur in a temporally staggered fashion, waxing and 

waning over years to decades. Patients often have a history of chronic and acute mediator-
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related symptoms such as pruritus, flushing, tachycardia, palpitations, light-headedness, 

dizziness, shortness of breath, nausea, diarrhoea and headache. 

 

Patients and methods  

Patients 

Data from 68 patients (for details, see Fig. 1A) presenting consecutively between May 2005 

and April 2008 with MCAD were enrolled in this cross-sectional study. All data were 

collected as part of the regular routine examination program for patients with MCAD with 

their consent for use in connection with research projects. 

 

Mast cell mediator-related symptoms were recorded in a standardized form by use of a 

validated checklist (see supplementary text to [8]) which lists the complaint complexes to be 

considered. The presence of episodic or ongoing systemic mast cell mediator-related 

symptoms during a period of at least the last 2 years were taken into account. A score value 

can be calculated to identify the pattern of symptoms caused by the unregulated increased 

release of mediators from mast cells. Relevant differential diagnoses of a systemic MCAD (a 

survey is given in [2]) were ruled out by unchanged pathognomonic laboratory parameters, 

imaging and/or endoscopic methods concerning this matter. Diagnoses given in the present 

study (for details, see Fig. 1) were made according to the proposed criteria on MCAD (1, 2, 4, 

6, 7). 

 

Evaluation of hemostasis parameters 

Bleeding tendency was evaluated from the medical history of each patient using a clinical 

questionnaire from which a score value was calculated (9, 10). In order to provoke hemostasis 

by non-pharmacological means in an easily accessible compartment of the body we have 

applied a well-established venous occlusion stress test (e.g., [11, 12]) with venous occlusion 
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of the upper arm for 10 minutes, using a cuff inflated 10 mmg Hg above diastolic pressure. It 

can be assumed that hypoxia induced by the stasis of blood flow in the arm could stimulate 

cells located in this compartment (13); in particular, it might induce an activation of resident 

mast cells accompanied by a release of mediators which are involved in hemostasis. Venous 

blood samples were drawn by puncture of cubital veins just before venous occlusion 

(baseline) and after 10 minutes of venous occlusion. The patients had not taken drugs known 

to affect blood clotting.  

 

Routine diagnostics of bleeding diathesis including detailed analysis of primary (platelet-

dependent) and secondary hemostasis (blood coagulation including inhibitory mechanisms 

such as heparin and antithrombin) and fibrinolytic system were performed using standard 

methods. Venous blood samples for fibrinolysis studies were drawn before (baseline) and 

after venous occlusion using Stabilyte™ tubes for tissue-type plasminogen activator activity 

(tPA) and CTAD™ tubes for plasminogen activator inhibitor 1 (PAI) activity stabilisation. 

Concentrations of tPA and PAI antigen, as well as plasmin-antiplasmin (PAP) antigen 

complexes were determined by ELISA techniques (Technoclone™, Austria). For heparin 

stabilisation in plasma CTAD™ also was used. Heparin levels were determined by 

chromogenic anti-factor Xa assay (Dade Behring). 

 

Statistics 

The statistical analysis of the data was performed by means of the program SPSS Statistics 

18.0 (SPSS, Chicago, USA). The statistical tests used are given in the discussion of the 

respective figures. P values less than 0.05 were considered statistically significant. 
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Further aspects of findings of the present study 

Heparin 

The elevated heparin levels detected were not accompanied by prolonged APTT values 

(Suppl. Table S2). This is most likely due to the different sample materials used for heparin 

determination by chromogenic anti-factor Xa (anti-Xa) assay and for APTT determination. 

The anti-Xa assay is done from CTAD plasma containing platelet inhibitors theophylline, 

adenosine and dipyridamol. The inhibitors prevent the release of heparin neutralizing factors 

such as platelet factor 4 (PF4) during preanalytic phase before sample centrifugation and, 

therefore, stabilize the biochemically active form of heparin. For APTT determination 

standard citrate plasma is regularly used. Herein, heparin is not protected from neutralization 

by heparin-binding proteins such as PF4. Thus, circulating heparin levels in 

thromboprophylactic range in standard citrate plasma are most likely inactivated during the 

preanalytic storage phase before platelets and blood cells are removed by centrifugation (14). 

Consequently no APTT prolongations were detected in our patients. Furthermore, the APTT 

determination is based in principle on highly stimulated thrombin generation and 

subsequently induced fibrin formation. The amount of thrombin generated by the stimulation 

of intrinsic contact phase activation and the positive thrombin-induced feedback activation of 

the coagulation cofactors factor VIII and factor V rapidly outbalances the basic factor Xa 

generation so that heparin levels in the ranges detected in our patients do not significantly 

influence APTT. In the same way determination of significant APTT prolongation is often 

missing during thromboprophylaxis by low-dose heparin application. 

  

Intrinsic and extrinsic pathways 

In the present study there is no evidence that the intrinsic (contact factor) pathway or the 

extrinsic (tissue factor) pathway was consistently altered in MCAD, although there are several 

individual patients (up to 25% of the patients) in whom pathological values were determined 
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(Suppl. Table S2). These changes may be secondary in nature, i.e. due to action of other mast 

cell mediators such as histamine and tryptase actions. Additionally, the increase in factor VIII 

observed in 28% of the patients (Suppl. Table S2) may be due to a release of factor VIII from 

mast cells by degranulation (15, 16) as well as by stimulation of acute phase reaction by 

release of mast cell-related mediators leading to increased release of factor VIII from 

hepatocytes or endothelial cell storage pools. 
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Suppl. Table S1: Peripheral red and white blood count (basal values, i.e. before venous occlusion) 

 

Parameter Results (mean ± SEM; n; range) Reference ranges 

Leukocytes  ( x 10
9
/L)   6.9 ± 0.2     (63; 3.4-12) 3-10 

Red blood cells (RBC) ( x 10
12

/L) 4.52 ± 0.05   (63; 3.3-5.4) 3.9-5.3 

Hemoglobin ( g/dL) 14.0 ± 0.1     (63; 9.6-16.5)     12-16 

Hematocrit (L/L) 0.412±0.004 (63; 0.295-0.469) 0.37-0.48 

Mean cell volume (MCV, fL)     91.2 ± 0.5     (63; 81.1-99.3) 84-98 

Platelets  (G/L) 265 ± 8         (63; 87-473)         150-400 

Mean platelet volume (fL)  9.0 ± 0.1      (63; 7.4-11.1)     7-11 
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Suppl. Table S2: Selected parameters of the coagulant system (basal values, i.e. before venous occlusion)  

 

 

 

 

 

 

APTT – activated partial thrombin time 

 

Parameter Results 

(mean ± SEM; n; range) 

Reference 

values 

Number of patients 

with decreased values 

Number of patients 

with increased values 

APTT (s) 25.9 ± 0.4           (63; 20.1- 43.9) 26-34 36  

Thrombin time (s) 9.6 ± 0.1             (63; 8.7-12) 9.5-12.5 40  

Prothrombin time (Quick %) 112.9 ± 2.1         (63; 19-130) 70-130 1  

Factor VIII (%) 129.9 ± 4.5         (63; 68-242) 60-135  18 

D-dimer (µg/ml) 0.36 ± 0.10         (62; 0.07-6.65) 0-0.49  5 

α2-antiplasmin (%) 109.2 ± 1.2         (63; 82-124) 90-110  32 
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Suppl. Fig. S1: Correlation of the intensity of bleeding tendency estimated by a score 

value and the increase in tissue plasminogen activator levels detected in blood after 

venous occlusion.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Grades of bleeding severity (modified from [9, 10]): score value 0 - no signs of bleeding; 

score value 0.5-2.5 – signs of trivial bleeding; score value > 2.5 – bleeding diathesis. Blue 

columns: lower than 3-fold increase in tissue plasminogen activator levels after venous 

occlusion; green columns: more than 3-fold increase in tissue plasminogen activator levels 

after venous occlusion. Patients with an increase in tissue plasminogen activator levels after 

venous occlusion lower than 3-fold had significantly lower score values (P<0.05, Fisher´s 

exact test) than patients with more than 3-fold increase in tissue plasminogen activator levels 

after venous occlusion. Total number of patients included into the analysis: 44.  

 


