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ABSTRACT

There are a number of persons with a mild to moderate bleeding tendency, in whom 

no underlying bleeding disorder can be detected despite thorough investigation of all 

known heritable  and acquired  haemostatic  abnormalities.  Thrombin  is  the  central 

enzyme in the coagulation cascade, which is important for sufficient haemostasis. 

The  measurement  of  an  individual´s  potential  to  generate  thrombin  has  been 

proposed for estimating the individual coagulation potential and predicting a hyper- or 

hypo-coagulable phenotype. The aim of our study was to investigate in-vivo thrombin 

generation in a case-control study of patients with a bleeding tendency of unknown 

origin  and  in  age-  and  sex-matched  healthy  individuals. Bleeding  tendency  was 

classified  according  to  a  standardized  bleeding  score.  Thrombin  generation  was 

measured with a commercially available assay (Technothrombin-TGA, Technoclone, 

Vienna, Austria). In total, 101 patients (76 female, median age [25th-75th percentile]: 

44  [35-60]  yrs)  and  102  controls  (67  women,  median  age:  47  [38-55]  yrs)  were 

enrolled. The distribution of parameters of thrombin generation among patients and 

controls showed no statistically significant difference: lag phase (14.4 [11.1-18.1] vs. 

14.1 [12.1-17.1]  minutes,  p=0.720),  peak thrombin (179.8 [135.6-242.6]  vs.  175.1 

[143.1-261.4] nM, p=0.576), time to peak thrombin (23.6 [18.1-28.6] vs. 22.6 [18.6-

27.1]  minutes,  p=0.790),  velocity  index  (19.7  [13.0-39.0]  vs.  22.6  [14.5-36.5] 

nM/minute, p=0.233) and area under the thrombin generation curve (3491 [3069-

3880]  vs.  3414 [3045-3750]  nM Thrombin,  p=0.673).  In  conclusion,  the  thrombin 

generation potential in patients with a bleeding tendency of unknown origin was not 

different from that of healthy individuals.

Keywords: bleeding, thrombin generation, haemostasis, coagulation assay
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INTRODUCTION

The  von Willebrand´s disease (vWD) and haemophila are the most frequent 

and  best  characterized  hereditary  disorders  that  lead  to  an  increased  bleeding 

tendency. Also other rare hereditary abnormalities, such as platelet function defects 

and deficiencies in fibrinogen, factors II, V, VII, X, XI or XIII, are associated with a 

moderate to severe bleeding tendency. In some cases an increased bleeding risk 

may occur as a result of acquired deficiencies in clotting factors or abnormalities of 

other components of the haemostatic system. However, in clinical practice there are 

still  a number of patients with a mild to moderate bleeding tendency, in whom no 

underlying bleeding disorder can be detected despite thorough clinical and laboratory 

investigation of all known hereditary and acquired haemostatic abnormalities. This is 

especially true for persons who exhibit a bleeding tendency that is solely associated 

with invasive procedures, in some cases even requiring transfusions. To allow for a 

targeted therapy of bleeding complications, it is essential to identify the underlying 

cause.  Therefore,  the  management  of  bleeding  complications  in  patients  with 

unexplained bleeding tendency is still difficult to tackle.

Thrombin is the central enzyme in the plasmatic coagulation system, which 

leads  to  the  conversion  of  fibrinogen  to  fibrin,  a  process  finally  resulting  in  clot 

formation and maintaining sufficient haemostasis  [1].  Thrombin is also one of the 

most potent activators of platelets, which are the mainstay of primary haemostasis 

[2].  The accumulation of thrombin at sites of vascular injury provides an important 

mechanism for the gathering of platelets and the formation of a growing haemostatic 

plug. Recent advances in laboratory technologies gave rise to the development of 

new assays to measure the in-vitro thrombin generation, which reflects the overall 

coagulation potential [3-6]. 
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In contrast to traditional coagulation tests, such as the prothrombin time (PT) 

and the activated partial thromboplastin time (aPTT), which correspond to artificially 

created  compartments  of  haemostasis  and  do not  assess the  whole  coagulation 

system,  the  measurement  of  thrombin  generation  has  been  proposed  as  a  very 

promising approach to globally estimate an individual´s coagulation potential and to 

predict  a  hyper-  or  hypo-coagulable  state  [4-6].  For  instance,  a  high  thrombin 

generation potential has been reported to be associated with an increased risk for 

thrombotic  disorders such as venous thromboembolism  [6,  7],  while  a  decreased 

thrombin  generation  potential  was  found  in  patients  at  risk  of  bleeding,  such  as 

patients with haemophilia A and B, the vWD and other bleeding disorders  [8-11]. 

Data on the thrombin generation potential  in patients with a bleeding tendency of 

unknown origin have been missing so far. 

This is why we sought to assess the thrombin generation potential in a case-

control study of patients with a mild to moderate bleeding tendency of unknown origin 

compared to age- and sex-matched healthy controls.   

 

METHODS

Study population

This case-control study  was conducted between 2004 and 2007 at the out-

patient clinic of the Department of Medicine I, Clinical Division of Haematology and 

Haemostaseology of the Medical University of Vienna, Austria. 

Patients with a history of bleeding symptoms of unknown origin who had been 

referred to our outpatient clinic within a period of five years prior to the beginning of 

the study (years 2000-2004) were identified and contacted personally, by telephone 

or by postal mail for participation in this study. All patients in whom an inherited or 
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acquired  haemostatic  disorder  had  been  established  were  excluded.  Specific 

exclusion criteria for the study were: haemophilia A and B, vWD, coagulation factor 

deficiencies  and  platelet  disorders,  such  as  Glanzmann’s  thromboasthenia  or 

Bernard-Soulier syndrome, or acquired haemostatic deficiencies and defects. Also 

patients on anti-coagulants, anti-platelet and anti-inflammatory drugs, liver disease 

(abnormal prothrombin time), renal impairment/insufficiency, thrombocytopenia with a 

platelet count <100.000/µl, gastro-intestinal (GI) bleeding with a pathologic finding in 

the GI-tract and cerebral bleeding due to aneurysm were excluded. Further, subjects 

with  overt  infection,  pregnancy  or  malignancy  were  not  included  in  the  study. 

Eventually, a total of 135 patients with mild to moderate bleeding tendency, in whom 

all  known  heritable  or  acquired  bleeding  disorders  and  diseases associated  with 

bleeding risk had been ruled out,  were identified to be eligible for the study.  The 

patient  population  comprised  subjects  with  bleeding  conditions  associated  with 

trauma, including trauma after surgery or interventions such as dental extraction, a 

tendency  to  easy  skin  bruising,  excessive  or  unprovoked  bleeding  (e.g.  most 

commonly  epistaxis,  mucosal  and  gum  bleeding  or  menorrhagia  without  a 

gynaecological/endocrine cause). Of this population 101 patients (74.8%) fulfilling the 

inclusion and exclusion criteria were recruited. At study inclusion, patients underwent 

a structured interview on their medical and bleeding history.

Hundred-and-two  age-  and  sex-matched  healthy  individuals  without 

antithrombotic therapy and without a medical history of a bleeding disorder (inherited 

and acquired bleeding disorders), without a bleeding tendency and without a history 

of cardiovascular or thrombotic diseases, who were unrelated to the patients, served 

as controls. The control group was matched to the patient group by sex and age in a 

whole-group-  and  not  a  pair-wise-manner.  Individuals  in  the  control  group  were 
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unrelated to each other.  They were from the same geographic region and ethnic 

background as the patients.

The study protocol  was  approved by the  Ethics Committee  of  the Medical 

University  of  Vienna  in  accordance  with  the  Declaration  of  Helsinki,  and  written 

informed consent was obtained from all study participants prior to any study-related 

procedures.

Evaluation of bleeding tendency 

To assess the bleeding tendency, a standardized bleeding questionnaire was 

used, which was already published previously  [12].  Each study participant had to 

answer  this  structured  questionnaire  about  her/his  medical  history  in  order  to 

evaluate bleeding tendency. The questionnaire inquired about 10 present and past 

bleeding symptoms. The results of the questionnaire were summarized in a specific 

score as previously published [12]. Specific symptoms included epistaxis, cutaneous 

symptoms,  bleeding  from  minor  wounds,  oral  cavity  bleeding,  gastrointestinal 

bleeding,  postpartum  haemorrhage,  muscle  haematomas/haemarthrosis,  bleeding 

after tooth extraction, bleeding after surgery and menorrhagia. The severity of each 

symptom was  subsequently  summarized,  using  a  bleeding  score  system ranging 

from 0 to 3, as reported in detail previously [12], and considering for each symptom 

the most severe occurrence. The scale for the entire bleeding score ranged from 0 

(minimum) to 30 (maximum).

This  structured  questionnaire  assessing  the  bleeding  tendency  was  also 

applied in all controls. All control individuals had a bleeding score of 0.
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Blood sampling and laboratory analysis

At  study  inclusion  blood  samples  were  collected  by  clean and  atraumatic 

venipuncture after overnight fasting using a 21-gauge butterfly needle (0.8 x 19 mm; 

Greiner  Bio-One,  Kremsmuenster,  Austria)  for routine  laboratory  and  clotting 

analysis. The measurement of factor VIII and factor IX was performed according to 

routine laboratory methods and as described previously [13, 14].

For measurement of thrombin generation venous blood was drawn into a 3.8% 

sodium citrate Vacuette® tube (Greiner Bio-One Kremsmuenster, Austria; 9 parts of 

whole blood and 1 part of sodium citrate stock solution at 0.129 mmol/L). Samples 

were  centrifuged  to  obtain  platelet-poor  plasma.  Aliquots were  coded  for  blind 

analysis, snap-frozen and stored at −80 °C until analyses were performed in series. 

Thrombin  generation  was  measured  with  a  commercially  available  assay  kit 

(Technothrombin  TGA  kit,  Techonoclone,  Vienna,  Austria)  on  a  fully  automated, 

computer-controlled  microplate reader  (BioTek,  FLx800)  with  a  specially adapted 

software (Technothrombin TGA, Vienna, Austria), using the fluorogenic substrate Z-

Gly-Gly-Arg-AMC (Bachem, Bubendorf, Switzerland) according to the manufacturer´s 

instructions and as previously reported [15]. The concentration of generated thrombin 

was registered over time, resulting in a thrombin generation curve. From this curve 

various parameters  could be read out describing thrombin activity, such as the lag 

phase (time until thrombin burst), peak amount of thrombin generation, time to peak 

thrombin generation, velocity of thrombin generation, or the total amount of thrombin 

generated (area under the thrombin generation curve, AUC).

Statistical analysis

Statistical analyses were performed using the Statistical Package for Social 

Sciences  (SPSS  version  15.0,  SPSS,  Chicago,  Illinois,  USA).  Median  and 
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interquartile range (25th to 75th percentile)  of  continuous variables are shown. We 

performed Mann-Whitney U tests to detect differences in metric variables and in the 

thrombin generation parameters between patients and healthy controls. Comparison 

of  categorical  parameters  among  the  groups  was  done  by  the  chi-square  test. 

Correlations between metric variables were calculated by the bivariate Spearman-

test.  A two-tailed  p-value of  less  than 0.05 was  considered to  indicate  statistical 

significance.

RESULTS

Patient characteristics

Table 1 summarizes demographic, clinical and laboratory characteristics of our 

patients and the age- and sex-matched healthy controls.  No statistically significant 

differences were observed between the two groups with respect to BMI, aPTT, PT, 

FVIII  activity,  FIX activity,  fibrinogen, and platelet count. No statistically significant 

difference was present between the patient and the control  group with respect to 

blood group 0. The median bleeding score in the patient population was 5.0 [range: 

1-13]. 

Distribution of parameters of thrombin generation in patients and controls

Statistic  analyses  showed  no  significant  difference  in  the  distribution  of 

parameters of  thrombin generation between patients and controls (Figure 1).  The 

median [25th – 75th percentile] lag phase in patients and controls was 14.4 [11.1-18.1] 

minutes vs. 14.1 [12.1-17.1] minutes (p=0.720), velocity index of thrombin generation 

19.7 [13.0-39.0] nM/minute vs. 22.6 [14.5-36.5] nM/minute (p=0.233), peak thrombin 

179.8 [135.6-242.6] nM Thrombin vs. 175.1 [261.4-611] nM Thrombin (p=0.576), time 
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to peak 23.6 [18.1-28.6] minutes vs. 22.6 [18.6-27.1] minutes (p=0.790) and the AUC 

3496 [3069-3880] nM thrombin vs. 3314 [3045-3750] nM thrombin (p=0.673). Also in 

separate analyses for  women and men no difference in thrombin generation was 

found between patients and controls (data not shown).

Correlation of thrombin generation with clinical and laboratory parameters

We evaluated the correlation coefficients between key variables of thrombin 

generation  in  the  patient  group  and  compared  them  with  the  corresponding 

coefficients in the control group. As the results were broadly similar, the correlation 

coefficients  for the entire  study population are presented in  Table 2.  No relevant 

correlations were observed between age, BMI, PT, FIX activity or fibrinogen and the 

lag phase, peak thrombin and AUC. A weak but statistically significant correlation of 

the lag phase, peak thrombin and AUC was present with aPTT and FVIII activity.

DISCUSSION

 Management of a patient with bleeding can be quite challenging in clinical 

practice,  but  accurate  diagnosis  of  the  cause  of  bleeding  is  crucial  for  devising 

appropriate  therapeutic  strategies.  Thorough  clinical  assessment  remains  the 

cornerstone  in  the  diagnostic  algorithm for  bleeding  disorders,  including  medical 

history,  family  history,  use  of  medications  and  physical  examination,  followed  by 

global  tests  of  haemostasis  to  screen  patients  clinically  suspected  of  having  a 

bleeding disorder and to identify the part of the haemostatic system that is aberrant 

for  further  diagnostic  work-up  and  for  getting  deeper  insight  into  the  underlying 

pathogenetic  mechanism  [16].  Recently,  thrombin  generation  tests  have  been 

proposed to assess global haemostasis and its disorders [4]. Moreover, thrombin is a 
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key factor in haemostasis, and the measurement of thrombin generation has been 

applied for investigating the risk of bleeding in patients with a bleeding disorder [6, 8-

11].  

In the present case-control study we therefore assessed the in-vitro thrombin 

generation potential in patients with a mild to moderate bleeding tendency in whom 

no underlying cause could be identified despite comprehensive routine clinical and 

laboratory investigations, comparing it to age- and sex-matched control individuals 

without a bleeding or thrombotic disease. We found that parameters measured by the 

thrombin generation assay in patients did not differ from those measured in controls. 

In support of this finding, also traditional coagulation tests exploring the coagulation 

system,  such as  the  aPTT and the  PT,  were  equally  distributed  in  both  groups. 

Furthermore, median levels of the FVIII and FIX activity, fibrinogen and platelet count 

were comparable between patients and the control population. 

From the clinical  point  of view there is a great interest in having tests that 

assess overall haemostasis and the coagulation potential for screening, diagnosis of 

a bleeding disorder and evaluation of the individual clinical phenotype of patients with 

a  bleeding tendency.  It  was  reported that  parameters  of  the thrombin generation 

assay  correlate  with  bleeding  tendency  in  haemophila  or  rare  inherited  bleeding 

disorders [8, 11], however, the correlation with severity and the clinical phenotype of 

the bleeding disorder is still relatively poor. Previous studies have shown a marked 

heterogeneity in thrombin generation at similar FVIII levels (reviewed in [6]) and test 

results seem to be more sensitive to very low levels of coagulation factors [11]. In this 

context,  it  has  to  be  pointed  out  that  in  our  study  only  patients  with  a  mild  to 

moderate bleeding tendency were included and the presence of severe haemostatic 

deficiencies was unlikely. Interestingly, in some coagulation disorders, such as FXI, 

FVII or FXIII deficiency, the relationship between the level of factor deficiency and the 
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clinical  phenotype  and  severity  of  bleeding  tendency  is  less  clear  [16].  Another 

aspect of our study is that symptoms suggestive of a mild bleeding tendency are 

common in the general population. Although such symptoms are often associated 

with an underlying bleeding disorder, they may not always reflect the presence of a 

disorder of the haemostatic system. To evaluate the bleeding tendency,  all  of our 

study participants had to answer a standardized and previously published bleeding 

questionnaire  [12].  The  median  bleeding  score  in  patients  was  5,  which  was 

indicative  of  a  mild/moderate bleeding  tendency.  As  expected,  all  controls  had a 

bleeding score of 0.        

Until  now,  several  assays  have  been  developed  to  measure  the  in-vitro 

thrombin generation in plasma. In our study, we used a commercially available assay 

that  has  been  broadly  applied  in  previously  published  studies  (reviewed  in  [5]). 

However,  the  use  of  thrombin  generation  tests  as  a  tool  for  identifying  a  hypo-

coagulable  state  and  for  evaluating  the  bleeding  risk  and  clinical  phenotype  in 

patients with coagulation disorders is still not established in routine practice, because 

these  tests  are  not  yet  standardized  with  respect  to  preanalytical  and  analytical 

conditions  [3,  17-19].  Of particular importance in order to obtain reproducible and 

meaningful  results  are  adequate  sampling  conditions,  manipulation  of  plasma 

samples and performing measurements under standardized conditions. We treated 

samples  of  patients  and controls  in  exactly  the  same way,  and measurement  of 

thrombin generation was done by the same person in all study participants under the 

same conditions. 

The main  limitations  of  our  study are  the  relatively  small  number of  study 

participants  and  the  retrospective  case-control  design.  However,  we  performed 

additional coagulation analyses and correlated these results to thrombin generation 

parameters in patients and controls. As expected, thrombin generation parameters 
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showed a weak, but statistically significant correlation with the aPTT and the FVIII 

activity. FVIII is considered one of the important determinants of thrombin generation 

[6]. As patients were measured not during the acute phase of the bleeding symptoms 

pertinent to their bleeding tendency, but a certain time thereafter, we cannot exclude 

that  thrombin  generation  might  have  been  disturbed  during  the  acute  phase  of 

bleeding.  

In  summary,  parameters of  the thrombin generation potential  did  not  differ 

between patients with a bleeding tendency of unknown origin and healthy controls, 

which  suggests that  the thrombin generation potential  in  patients  with  a bleeding 

tendency of unknown origin was not disturbed. Similarly to the traditional coagulation 

tests, the thrombin generation assay did not provide additional information to explain 

bleeding in these patients. 

Legend to Figure 1:  Box plot analyses of the distribution of thrombin generation 

parameters (A: lag phase, B:  velocity index, C: peak thrombin, D: time to peak, E: 

AUC) in patients with a bleeding tendency of unknown origin and healthy controls. 

The  difference  in  the  median  levels  of  thrombin  generation  parameters  between 

patients and controls was not statistically significant. 
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Table 1. Demographic, clinical and laboratory results in patients with a bleeding 
tendency of unknown origin compared to healthy controls. 

Abbreviations: BMI, Body mass index; aPTT, activated partial thromboplastin time; 
FVIII, factor VIII; FIX, factor IX 

Patients (n=101) Controls (n=102) p-value

Women, n (%) 76 (75%) 67 (66%) 0.136
Blood group O, n (%) 39 (39%) 44 (43%) 0.512

Median [25th-75th percentile] Median [25th-75th percentile]

Age at study entry, 
years

44 [35-60] 47 [38-55] 0.939

BMI, kg/m² 23.8 [21.5-26.5] 24.0 [21.5-26.4] 0.773
aPTT, sec 35.5 [33.5-38.8] 35.5 [33.3-37.4] 0.361
Prothrombin time, % 96 [89-103] 96 [92-102] 0.621
FVIII activity, % 136 [111-164] 137 [111-164] 0.976
FIX activity, % 109 [92-122] 105 [91-120] 0.742
Fibrinogen, mg/dL 322 [287-356] 311 [260-343] 0.070
Platelet count, G/l 248 [211-279] 249 [221-286] 0.257



Table 2. Spearman correlation coefficient (r*) of lag phase, peak thrombin and AUC 
with age, BMI, aPTT, prothrombin time, FVIII, FIX, fibrinogen, and platelet count. 

 Lag phase

       r           p-value

peak thrombin

       r            p-value

AUC

      r            p-value
Age 0.035 0.625 0.068 0.339 -0,069 0.328
BMI 0.093 0.204 0.082 0.263 0.070 0.341
aPTT 0.233 0.001 -0.226 0.001 -0.219 0.002
Prothrombin time -0.140 0.048 0.125 0.076 0.137 0.052
FVIII activity -0.163 0.021 0.322 <0.001 0.276 <0.001
FIX activity -0.005 0.943 0.138 0.052 0.119 0,092
Fibrinogen 0.142 0.045 0.073 0.301 0.086 0.222
Platelet count -0.132 0.063 0.156 0.027 0.221 0.002
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