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Relazioni	con	soggetti	portatori	di	interessi	
commerciali	in	campo	sanitario 

Ai	sensi	dell’art.	76	sul	Conflitto	di	Interessi,	pag.	34	dell’Accordo	
Stato-Regione	del	 2	 febbraio	2017,	dichiaro	 che	negli	 ultimi	due	
anni	 ho	 avuto	 i	 seguenti	 rapporti	 anche	 di	 finanziamento	 con	
soggetti	portatori	di	interessi	commerciali	in	campo	sanitario:	
 
ü Advisory	 board:	 Novo-Nordisk,	 BioVIIIx,	 Bristol-Myers	 Squibb,	
Daiichi-Sankyo 
ü Consulenza:	Gilead,	Kedrion 
ü Relazioni	a	convegni:	Novo-Nordisk,	Orphan,	Sanofi 
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Summary 
Haemostatic reference intervals are generally based on samples from 
non-pregnant women. Thus, they may not be relevant to pregnant 
women, a problem that may hinder accurate diagnosis and treatment 
of haemostatic disorders during pregnancy. In this study, we establish 
gestational age-specific reference intervals for coagulation tests during 
normal pregnancy. Eight hundred one women with expected normal 
pregnancies were included in the study. Of these women, 391 had no 
complications during pregnancy, vaginal delivery, or postpartum peri-
od. Plasma samples were obtained at gestational weeks 13–20, 21–28, 
29–34, 35–42, at active labor, and on postpartum days 1 and 2. Refer-
ence intervals for each gestational period using only the uncomplicated 
pregnancies were calculated in all 391 women for activated partial 
thromboplastin time (aPTT), fibrinogen, fibrin D-dimer, antithrombin, 
free protein S, and protein C and in a subgroup of 186 women in addi-
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tion for prothrombin time (PT), Owren and Quick PT, protein S activity, 
and total protein S and coagulation factors II, V, VII, VIII, IX, X, XI, and 
XII. The level of coagulation factors II, V, X, XI, XII and antithrombin, pro-
tein C, aPTT, PT remained largely unchanged during pregnancy, delivery, 
and postpartum and were within non-pregnant reference intervals. 
However, levels of fibrinogen, D-dimer, and coagulation factors VII, VIII, 
and IX increased markedly. Protein S activity decreased substantially, 
while free protein S decreased slightly and total protein S was stable. 
Gestational age-specific reference values are essential for the accurate 
interpretation of a subset of haemostatic tests during pregnancy, de-
livery, and puerperium.  
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Introduction  

Pregnancy, delivery, and puerperium are associated with many he-
mostatic complications as well as significant morbidity or mortal-
ity to both mother and fetus (1–4). Pregnancy and the puerperium 
are well-established risk factors for venous thromboembolism, 
with an incidence 4–50 times higher compared to non-pregnant 
women. On the other hand, vaginal bleeding is an event common 
to all stages of pregnancy, and obstetric haemorrhage is still a fear-
ed complication that many women will experience, especially in 
third-world countries. 

Physiological changes that occur during pregnancy may affect 
biochemical parameters. Most laboratory information systems re-
port reference intervals based on samples obtained from non-
pregnant women, which are not necessarily useful for clinical deci-
sions during pregnancy. Although some gestational age-specific 
reference intervals have been reported, many of the studies use 
non-standardised analytical methods and/or include a mixture of 
complicated and uncomplicated pregnancies in their cohort (5, 6). 
The reported differences in results between studies are difficult to 
interpret, and most do not fulfill the International Federation of 

Clinical Chemistry (IFCC) recommendation of a minimum 
sample size of 120 for calculating reference values (7). 

Here, we report gestational age-specific reference intervals during 
391 uncomplicated pregnancies, vaginal deliveries, and the early post-
partum period for six coagulation tests (activated partial thromboplas-
tin time [aPTT], fibrinogen, fibrin D-dimer, antithrombin, free protein 
S, and protein C) according to the recommendations of the IFCC. In a 
subgroup of the first consecutively enrolled 221 women, we assessed the 
reference intervals in 186 women with uncomplicated pregnancies for 
four additional coagulation tests (prothrombin time [PT], Owren PT, 
Quick PT, protein S activity, and total protein S) and eight single-factor 
tests (coagulation factors II, V, VII, VIII, IX, X, XI, and XII). 

Methods 

Study population 

A total of 801 women were recruited during their first trimester screen-
ing for Down’s syndrome and were selected as previously described (8). 
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Figure 3:  Box plot of 
gestational age-spe-
cific reference inter-
vals for factors II, V, 
VII, VIII, IX, X, XI, and 
XII. Box plots represent 
the range of data from 
the 25th to the 75th per-
centile, while the bar in 
the middle of each box 
plot represents the medi-
an value. The “whiskers” 
extending from the box 
represent the range of 
values obtained exclud-
ing outliers. Circles and 
asterisks indicate outliers 
(1.5 x the interquartile 
range) and extreme valu-
es (3.0 x the interquartile 
range) outside the cen-
tral box, respectively. The 
shaded area represents 
non-pregnant expected 
values accordingly to 
Stago or local recom-
mendation). 
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ods, using the non-parametric bootstrap method with 500 iterations 
performed with RefVal software version 4.11 (9) according to the rec-
ommendations of the IFCC (7). Outliers were removed with Dixon’s 
algorithm; descriptive 95th interpercentile ranges were used for 
groups with fewer than 40 measurements. Groups were compared by 
one-way analysis of variance (ANOVA) using SPSS 15.2 for Windows 
(SPSS Inc, Chicago, IL, USA). Tukey HSD or Games-Howell post hoc 
analyses were used to investigate the nature of any differences (p<0.05 
was considered statistically significant). 

Results 

Study population 

The entire study population of women had a mean age of 31.9 
years, with a mean pre-pregnant body mass index (BMI) of 22.2 
kg/m2, and 44% were nulliparous. The subgroup tested for single 
factors had a mean age of 31.7 years, with a mean pre-pregnant 
BMI of 22.3 kg/m2, and 41% were nulliparous. The mean ges-
tational age at delivery was 283 days, and the mean birth weight 
was 3,601 grams. Two newborns had Apgar scores < 7/5. Women 
delivering at our hospital during the same time period had a mean 
age of 32.8 years, with a mean pre-pregnant BMI of 22.6 kg/m2, and 
43% were nulliparous. 

The reference intervals and 90% confidence intervals were cal-
culated for gestational weeks 13–20, 21–28, 29–34, 35–42, during 
vaginal delivery, and on postpartum days 1 and 2. These intervals 
are shown in !Table 2. Table 1 includes the expected values for 
non-pregnant women according to the reagent manufacturer’s or 

local recommendations. Values during the course of pregnancy 
different from gestational weeks 13–20 are indicated with an aster-
isk (ANOVA). 

Fibrinogen and fibrin D-dimer 

Fibrinogen concentrations increase most dramatically from week 
28 to approximately twice the non-pregnant levels late in pregnan-
cy, where they remain through the first two days following delivery 
(!Fig. 1, Table 2). The D-dimer concentration increases progress-
ively throughout the pregnancy and peaks at the first postpartum 
day (Fig. 1, Table 2). As early as weeks 13–20, more than 25% of 
pregnant women without any complications have D-dimer levels 
at or above 0.5 mg/l, the conventional cut-off point for throm-
boembolism. By weeks 36–42, practically all pregnant women have 
values above this conventional reference point. The level increased 
slightly upon delivery and through first day postpartum, but be-
gins to decrease by postpartum day 2. The distribution width in-
creases with gestational time, and a considerable percent of women 
have very high D-dimer values at delivery. 

Activated partial thromboplastin time (aPTT) and  
prothrombin time (PT) 

The aPTT values are stable at non-pregnant levels both during 
pregnancy and around delivery. The values obtained from the 
aPTT assays were dependent on the reagents used. Frozen samples 

Figure 1:  Box plot of gestational age-specific reference intervals for 
fibrinogen and fibrin D-dimer. Box plots represent the range of data from 
the 25th to the 75th percentile, while the bar in the middle of each box plot 
represents the median value. The “whiskers” extending from the box repre-
sent the range of values obtained excluding outliers. Circles and asterisks in-

dicate outliers (1.5 x the interquartile range) and extreme values (3.0 x the in-
terquartile range) outside the central box, respectively. The shaded area rep-
resents non-pregnant expected values accordingly to Stago or local recom-
mendation. 
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What is known about this topic?  
● Pregnancy is associated with many haemostatic complications.   
● The physiological changes during normal pregnancy and puerperi-

um are reflected in some clinical tests, making non-pregnant refer-
ence intervals not relevant, hinder accurate diagnosis and treat-
ment.  

● Some previous studies on obstetric haemostatic reference intervals 
have reported conflicting results and most do not fulfill the Inter-
national Federation of Clinical Chemistry (IFCC) recommendation 
for calculating reference values.  

What does this paper add?  
● Here, we report gestational age-specific reference intervals for 18 

haemostatic laboratory tests in 391women during uncomplicated 
pregnancy, delivery, and puerperium according to IFCC guidelines. 

● Coagulation factors II, V, X, XI, XII, PT, aPTT, antithrombin, protein 
C are fairly stable during uncomplicated pregnancy, delivery, and 
puerperium . 

● D-dimer, fibrinogen, and coagulation factors VII, VIII, and IX in-
crease so much during uncomplicated pregnancy that gestational 
age-specific reference values are mandatory for correct evaluation. 

● The usefulness of measuring fibrinogen and D-dimer during preg-
nancy is doubtful. 

to just below non-pregnant normal levels and remained fairly 
stable through the postpartum period. Some studies conclude that 
total protein S levels are stable around the lower non-pregnant li-
mits (10, 11), while the majority of studies have described a slight 
decrease and a few have observed a substantial decrease (12, 13). 
The decrease in protein S activity and free protein S is more distinct 
compared to total protein S (Table 2, Fig. 2). Some of the reported 
discrepancies may be due to instability of the C4b-BP/protein S 
complex, as it is influenced by storage, temperature, and dilution 
(14). According to our results, protein S activity, and to some de-
gree free protein S, measurements are difficult to use in diagnosing 
congenital protein S deficiency during pregnancy. Total protein S 
may be a useful test, although a slightly lower than non-pregnant 
reference interval should be employed. A free protein S value less 
than 0.35–0.40 IU/ml during pregnancy could indicate hereditary 
protein S thrombophilia (15). This low level is rarely seen among 
our uncomplicated pregnant women at any time (Fig. 2).  

Elevations in pregnancy of coagulation factors VII, VIII, and IX 
have been described previously by most authors. In contrast to our 
results, an increase in factor X (16, 17) and factor XII (12) have been 
described. Hellgren et al. reported relatively stable levels of factor X 
and XII, as in our study, but found a decrease in factor XI levels (18). 
However, they only evaluated a small series of nine women.  

The observed increase in fibrinogen, especially in the later part 
of pregnancy, is consistent with previous reports and may be a 
function of inflammation similar to the increase in C-reactive pro-
tein (8). Experimental data on rabbits indicate that the increased 
biosynthesis of fibrinogen is regulated by estradiol (19). Whether 
the increased biosynthesis of fibrinogen is a physiological response 

protecting against hypo-fibrinogenic bleeding during pregnancy is 
unknown.  

D-dimer increases progressively throughout the pregnancy, 
reaching its peak at the first day postpartum. These findings are 
consistent with several papers. The increase correlates with ges-
tational age and could be related to placental area. Despite the large 
intra-uterine wound surface, D-dimer decreased the second post-
partum day. Our data show somewhat higher levels of D-dimer 
than reported by others. This discrepancy may be due to different 
analytical methods. By correlation analysis we could not support 
the hypothesis that the D-dimer concentration was related to the 
increased level of fibrinogen (20). As virtually no women had 
D-dimer levels below the conventional cut-off level of 0.5 mg/l 
from gestational weeks 20 to the second day postpartum, this deci-
sion limit should not be used for pregnant women. It should be 
kept in mind that all our 391 women underwent a completely un-
complicated pregnancy and delivery, and several women had very 
high D-dimer levels (up to 22 mg/l). Despite this finding, some au-
thors find D-dimer testing useful for excluding thrombosis during 
pregnancy (21). However, as virtually no normal pregnant women 
have low D-dimer values, the likelihood for excluding women sus-
pected for thrombosis is slim. One may conclude that D-dimer 
analysis has a very limited value in pregnancy, and clinicians often 
have to rely on other diagnostic tools (22, 23). 

Free protein S or total protein S are the best test to unveil defi-
ciency during pregnancy. If protein S activity is measured, ges-
tational age-specific reference intervals are mandatory, and the 
lower reference limit may be as low as 20%. Gestational age-spe-
cific reference values are also necessary for evaluation of D-dimer, 
fibrinogen, and factors VII, VIII, and IX; however, the usefulness of 
measuring fibrinogen and D-dimer during pregnancy is doubtful. 

We have not determined the reference intervals for the enrolled 
women when they were non-pregnant. It would have been optimal 
to have these data, and not only to rely on the expected values in 
women according to the reagent producer as listed in Table 1. 

Any laboratory may evaluate reference intervals with 20 
samples, if no more than two results are outside the proposed ref-
erence interval range, it is statistically valid for the laboratory to 
adopt the reference interval as its own, as proposed in the Clinical 
and Laboratory Standards Institution (CSLI) document (7). 
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Summary
Thrombophilia is defined as a condition predisposing to the develop-
ment of venous thromboembolism (VTE) on the basis of a hypercoagu-
lable state. Over the past decades, great advances in the pathogenesis 
of VTE have been made and nowadays it is well established that a 
thrombophilic state may be associated with acquired and/or inherited 
factors. The rare loss-of-function mutations of the genes encoding 
natural anticoagulant proteins (i. e. protein C, protein S and antithrom-
bin) and the more common gain-of-function polymorphisms factor V 

Leiden and prothrombin G20210A are the main genetic determinants 
of thrombophilia. In addition, non-O blood group has been consist-
ently demonstrated to be the most frequent inherited marker of an in-
creased risk of VTE. The mechanism role of these inherited throm-
bophilia markers will be discussed in this narrative review.
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Introduction

Thrombophilia is defined as a hypercoagulable state leading to a 
thrombotic tendency (1–3). In 1856, Rudolf Virchow conceived 
the theory of the triad, i. e. vessel wall damage, blood stasis and hy-
percoagulability, in order to explain the etiology of thrombosis (4). 
This concept was prophetic, because it is now well established that 
all the components of the triad play important mechanistic roles in 
the development of the clinical manifestations of thrombosis. Dur-
ing the past two to three decades, much progress has been made in 
the identification and characterisation of the cellular and molecu-
lar mechanisms that influence the Virchow’s triad. It is now ac-
cepted that the combination of stasis and hypercoagulability, much 
more than vascular endothelial damage, is crucial for the occur-
rence of venous thromboembolism (VTE), venous thrombi being 
mainly constituted by fibrin and red blood cells and less by blood 
platelets. In contrast, platelets are essential for primary haemo-
stasis and play a pivotal role in the development of arterial throm-
bosis (5).

With this background, the term thrombophilia is now em-
ployed to describe a tendency to develop VTE (not arterial throm-
bosis), owing to abnormalities of blood coagulation that can be in-
herited, acquired or mixed (both congenital and acquired). In-
herited thrombophilias include loss-of function mutations in the 
genes that encode the natural anticoagulant proteins antithrom-
bin, protein C and protein S (▶ Figure 1), as well as gain-of-func-
tion mutations in the genes encoding factor V (factor V Leiden) 
and prothrombin (prothrombin G20210A) (6). In addition, con-
sistent data have been accumulated on the association between a 
very frequent biomarker such as the non-O blood types (i. e. A, B 

and AB) and VTE (7, 8). The main risk factors of VTE will be dis-
cussed in this narrative review, focusing only on established 
thrombophilic gene variants.

Loss-of-function mechanisms
Antithrombin deficiency

Antithrombin, a single chain glycoprotein member of the serine 
protease inhibitor (serpin) superfamily synthesised by the liver, is 
the major inhibitor of coagulation serine proteases, in particular 
thrombin and activated factor X (FXa) (9, 10). The result of this 
anticoagulant activity is a reduction in both the generation and 
half-life of thrombin, the final enzyme of blood coagulation. In ad-
dition to the active site responsible for coagulation factor inacti-
vation, the antithrombin molecule contains a heparin-binding site 
(10). When exogenous heparin or endogenous heparan sulphate 
bind to this site, the ability of antithrombin to inactivate activated 
coagulation factors is greatly enhanced. Currently, more than 250 
loss-of-function mutations have been identified in the antithrom-
bin gene (SERPIN1) located at chromosome 1q 23–25, including 
missense and nonsense mutations, insertions and deletions (11, 
12). Most mutations, that lead to a reduction of plasma antithrom-
bin levels or to a decreased ability of this anticoagulant protein to 
interact with the activated coagulation factors or heparin, lead to 
an increased risk of VTE (13).

Antithrombin deficiency is transmitted as an autosomal domi-
nant trait and the penetrance of this disease is very high, since 
most affected family members experience a thrombotic event by 
the age of 45–50 years (14). In the general population, the 
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Introduction

Thrombophilia is defined as a hypercoagulable state leading to a 
thrombotic tendency (1–3). In 1856, Rudolf Virchow conceived 
the theory of the triad, i. e. vessel wall damage, blood stasis and hy-
percoagulability, in order to explain the etiology of thrombosis (4). 
This concept was prophetic, because it is now well established that 
all the components of the triad play important mechanistic roles in 
the development of the clinical manifestations of thrombosis. Dur-
ing the past two to three decades, much progress has been made in 
the identification and characterisation of the cellular and molecu-
lar mechanisms that influence the Virchow’s triad. It is now ac-
cepted that the combination of stasis and hypercoagulability, much 
more than vascular endothelial damage, is crucial for the occur-
rence of venous thromboembolism (VTE), venous thrombi being 
mainly constituted by fibrin and red blood cells and less by blood 
platelets. In contrast, platelets are essential for primary haemo-
stasis and play a pivotal role in the development of arterial throm-
bosis (5).

With this background, the term thrombophilia is now em-
ployed to describe a tendency to develop VTE (not arterial throm-
bosis), owing to abnormalities of blood coagulation that can be in-
herited, acquired or mixed (both congenital and acquired). In-
herited thrombophilias include loss-of function mutations in the 
genes that encode the natural anticoagulant proteins antithrom-
bin, protein C and protein S (▶ Figure 1), as well as gain-of-func-
tion mutations in the genes encoding factor V (factor V Leiden) 
and prothrombin (prothrombin G20210A) (6). In addition, con-
sistent data have been accumulated on the association between a 
very frequent biomarker such as the non-O blood types (i. e. A, B 

and AB) and VTE (7, 8). The main risk factors of VTE will be dis-
cussed in this narrative review, focusing only on established 
thrombophilic gene variants.

Loss-of-function mechanisms
Antithrombin deficiency

Antithrombin, a single chain glycoprotein member of the serine 
protease inhibitor (serpin) superfamily synthesised by the liver, is 
the major inhibitor of coagulation serine proteases, in particular 
thrombin and activated factor X (FXa) (9, 10). The result of this 
anticoagulant activity is a reduction in both the generation and 
half-life of thrombin, the final enzyme of blood coagulation. In ad-
dition to the active site responsible for coagulation factor inacti-
vation, the antithrombin molecule contains a heparin-binding site 
(10). When exogenous heparin or endogenous heparan sulphate 
bind to this site, the ability of antithrombin to inactivate activated 
coagulation factors is greatly enhanced. Currently, more than 250 
loss-of-function mutations have been identified in the antithrom-
bin gene (SERPIN1) located at chromosome 1q 23–25, including 
missense and nonsense mutations, insertions and deletions (11, 
12). Most mutations, that lead to a reduction of plasma antithrom-
bin levels or to a decreased ability of this anticoagulant protein to 
interact with the activated coagulation factors or heparin, lead to 
an increased risk of VTE (13).

Antithrombin deficiency is transmitted as an autosomal domi-
nant trait and the penetrance of this disease is very high, since 
most affected family members experience a thrombotic event by 
the age of 45–50 years (14). In the general population, the 
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bosis), owing to abnormalities of blood coagulation that can be in-
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very frequent biomarker such as the non-O blood types (i. e. A, B 

and AB) and VTE (7, 8). The main risk factors of VTE will be dis-
cussed in this narrative review, focusing only on established 
thrombophilic gene variants.
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Antithrombin deficiency

Antithrombin, a single chain glycoprotein member of the serine 
protease inhibitor (serpin) superfamily synthesised by the liver, is 
the major inhibitor of coagulation serine proteases, in particular 
thrombin and activated factor X (FXa) (9, 10). The result of this 
anticoagulant activity is a reduction in both the generation and 
half-life of thrombin, the final enzyme of blood coagulation. In ad-
dition to the active site responsible for coagulation factor inacti-
vation, the antithrombin molecule contains a heparin-binding site 
(10). When exogenous heparin or endogenous heparan sulphate 
bind to this site, the ability of antithrombin to inactivate activated 
coagulation factors is greatly enhanced. Currently, more than 250 
loss-of-function mutations have been identified in the antithrom-
bin gene (SERPIN1) located at chromosome 1q 23–25, including 
missense and nonsense mutations, insertions and deletions (11, 
12). Most mutations, that lead to a reduction of plasma antithrom-
bin levels or to a decreased ability of this anticoagulant protein to 
interact with the activated coagulation factors or heparin, lead to 
an increased risk of VTE (13).
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nant trait and the penetrance of this disease is very high, since 
most affected family members experience a thrombotic event by 
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rence of venous thromboembolism (VTE), venous thrombi being 
mainly constituted by fibrin and red blood cells and less by blood 
platelets. In contrast, platelets are essential for primary haemo-
stasis and play a pivotal role in the development of arterial throm-
bosis (5).

With this background, the term thrombophilia is now em-
ployed to describe a tendency to develop VTE (not arterial throm-
bosis), owing to abnormalities of blood coagulation that can be in-
herited, acquired or mixed (both congenital and acquired). In-
herited thrombophilias include loss-of function mutations in the 
genes that encode the natural anticoagulant proteins antithrom-
bin, protein C and protein S (▶ Figure 1), as well as gain-of-func-
tion mutations in the genes encoding factor V (factor V Leiden) 
and prothrombin (prothrombin G20210A) (6). In addition, con-
sistent data have been accumulated on the association between a 
very frequent biomarker such as the non-O blood types (i. e. A, B 

and AB) and VTE (7, 8). The main risk factors of VTE will be dis-
cussed in this narrative review, focusing only on established 
thrombophilic gene variants.

Loss-of-function mechanisms
Antithrombin deficiency

Antithrombin, a single chain glycoprotein member of the serine 
protease inhibitor (serpin) superfamily synthesised by the liver, is 
the major inhibitor of coagulation serine proteases, in particular 
thrombin and activated factor X (FXa) (9, 10). The result of this 
anticoagulant activity is a reduction in both the generation and 
half-life of thrombin, the final enzyme of blood coagulation. In ad-
dition to the active site responsible for coagulation factor inacti-
vation, the antithrombin molecule contains a heparin-binding site 
(10). When exogenous heparin or endogenous heparan sulphate 
bind to this site, the ability of antithrombin to inactivate activated 
coagulation factors is greatly enhanced. Currently, more than 250 
loss-of-function mutations have been identified in the antithrom-
bin gene (SERPIN1) located at chromosome 1q 23–25, including 
missense and nonsense mutations, insertions and deletions (11, 
12). Most mutations, that lead to a reduction of plasma antithrom-
bin levels or to a decreased ability of this anticoagulant protein to 
interact with the activated coagulation factors or heparin, lead to 
an increased risk of VTE (13).
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nant trait and the penetrance of this disease is very high, since 
most affected family members experience a thrombotic event by 
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Thrombophilia is defined as a hypercoagulable state leading to a 
thrombotic tendency (1–3). In 1856, Rudolf Virchow conceived 
the theory of the triad, i. e. vessel wall damage, blood stasis and hy-
percoagulability, in order to explain the etiology of thrombosis (4). 
This concept was prophetic, because it is now well established that 
all the components of the triad play important mechanistic roles in 
the development of the clinical manifestations of thrombosis. Dur-
ing the past two to three decades, much progress has been made in 
the identification and characterisation of the cellular and molecu-
lar mechanisms that influence the Virchow’s triad. It is now ac-
cepted that the combination of stasis and hypercoagulability, much 
more than vascular endothelial damage, is crucial for the occur-
rence of venous thromboembolism (VTE), venous thrombi being 
mainly constituted by fibrin and red blood cells and less by blood 
platelets. In contrast, platelets are essential for primary haemo-
stasis and play a pivotal role in the development of arterial throm-
bosis (5).

With this background, the term thrombophilia is now em-
ployed to describe a tendency to develop VTE (not arterial throm-
bosis), owing to abnormalities of blood coagulation that can be in-
herited, acquired or mixed (both congenital and acquired). In-
herited thrombophilias include loss-of function mutations in the 
genes that encode the natural anticoagulant proteins antithrom-
bin, protein C and protein S (▶ Figure 1), as well as gain-of-func-
tion mutations in the genes encoding factor V (factor V Leiden) 
and prothrombin (prothrombin G20210A) (6). In addition, con-
sistent data have been accumulated on the association between a 
very frequent biomarker such as the non-O blood types (i. e. A, B 

and AB) and VTE (7, 8). The main risk factors of VTE will be dis-
cussed in this narrative review, focusing only on established 
thrombophilic gene variants.

Loss-of-function mechanisms
Antithrombin deficiency

Antithrombin, a single chain glycoprotein member of the serine 
protease inhibitor (serpin) superfamily synthesised by the liver, is 
the major inhibitor of coagulation serine proteases, in particular 
thrombin and activated factor X (FXa) (9, 10). The result of this 
anticoagulant activity is a reduction in both the generation and 
half-life of thrombin, the final enzyme of blood coagulation. In ad-
dition to the active site responsible for coagulation factor inacti-
vation, the antithrombin molecule contains a heparin-binding site 
(10). When exogenous heparin or endogenous heparan sulphate 
bind to this site, the ability of antithrombin to inactivate activated 
coagulation factors is greatly enhanced. Currently, more than 250 
loss-of-function mutations have been identified in the antithrom-
bin gene (SERPIN1) located at chromosome 1q 23–25, including 
missense and nonsense mutations, insertions and deletions (11, 
12). Most mutations, that lead to a reduction of plasma antithrom-
bin levels or to a decreased ability of this anticoagulant protein to 
interact with the activated coagulation factors or heparin, lead to 
an increased risk of VTE (13).

Antithrombin deficiency is transmitted as an autosomal domi-
nant trait and the penetrance of this disease is very high, since 
most affected family members experience a thrombotic event by 
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thrombotic tendency (1–3). In 1856, Rudolf Virchow conceived 
the theory of the triad, i. e. vessel wall damage, blood stasis and hy-
percoagulability, in order to explain the etiology of thrombosis (4). 
This concept was prophetic, because it is now well established that 
all the components of the triad play important mechanistic roles in 
the development of the clinical manifestations of thrombosis. Dur-
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the identification and characterisation of the cellular and molecu-
lar mechanisms that influence the Virchow’s triad. It is now ac-
cepted that the combination of stasis and hypercoagulability, much 
more than vascular endothelial damage, is crucial for the occur-
rence of venous thromboembolism (VTE), venous thrombi being 
mainly constituted by fibrin and red blood cells and less by blood 
platelets. In contrast, platelets are essential for primary haemo-
stasis and play a pivotal role in the development of arterial throm-
bosis (5).

With this background, the term thrombophilia is now em-
ployed to describe a tendency to develop VTE (not arterial throm-
bosis), owing to abnormalities of blood coagulation that can be in-
herited, acquired or mixed (both congenital and acquired). In-
herited thrombophilias include loss-of function mutations in the 
genes that encode the natural anticoagulant proteins antithrom-
bin, protein C and protein S (▶ Figure 1), as well as gain-of-func-
tion mutations in the genes encoding factor V (factor V Leiden) 
and prothrombin (prothrombin G20210A) (6). In addition, con-
sistent data have been accumulated on the association between a 
very frequent biomarker such as the non-O blood types (i. e. A, B 

and AB) and VTE (7, 8). The main risk factors of VTE will be dis-
cussed in this narrative review, focusing only on established 
thrombophilic gene variants.

Loss-of-function mechanisms
Antithrombin deficiency

Antithrombin, a single chain glycoprotein member of the serine 
protease inhibitor (serpin) superfamily synthesised by the liver, is 
the major inhibitor of coagulation serine proteases, in particular 
thrombin and activated factor X (FXa) (9, 10). The result of this 
anticoagulant activity is a reduction in both the generation and 
half-life of thrombin, the final enzyme of blood coagulation. In ad-
dition to the active site responsible for coagulation factor inacti-
vation, the antithrombin molecule contains a heparin-binding site 
(10). When exogenous heparin or endogenous heparan sulphate 
bind to this site, the ability of antithrombin to inactivate activated 
coagulation factors is greatly enhanced. Currently, more than 250 
loss-of-function mutations have been identified in the antithrom-
bin gene (SERPIN1) located at chromosome 1q 23–25, including 
missense and nonsense mutations, insertions and deletions (11, 
12). Most mutations, that lead to a reduction of plasma antithrom-
bin levels or to a decreased ability of this anticoagulant protein to 
interact with the activated coagulation factors or heparin, lead to 
an increased risk of VTE (13).

Antithrombin deficiency is transmitted as an autosomal domi-
nant trait and the penetrance of this disease is very high, since 
most affected family members experience a thrombotic event by 
the age of 45–50 years (14). In the general population, the 
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mutations are located mainly in the γ–carboxyglutamic acid and 
protease domains (23, 24).

Protein S deficiency

Protein S, which derives its name from the city of Seattle where it 
was discovered (25), is a vitamin-K–dependent protein of liver 
synthesis circulating in plasma in a free functionally active form 
(approximately 40 %) and an inactive form bound to the 
C4b-binding complement protein (approximately 60 %) (26). Pro-
tein S functions as a cofactor of APC for the degradation of acti-
vated factors Va and VIIIa and as a cofactor of tissue factor path-
way inhibitor in the inhibition of factor Xa (26).

Inherited protein S deficiency is transmitted as an autosomal 
dominant trait and its gene (PROS1) is located at 3q11.2 chromo-
some. Almost 200 loss-of-function mutations have been identified 
in the PROS1 gene so far, the majority being missense mutations 
or short deletions or insertions (27), although large deletions were 
relatively common in recent studies (28–30). The prevalence of 
protein S deficiency in the general population is estimated at 
0.03–0.1%, while its prevalence in patients with VTE is around 
2 %, similar to that of protein C deficiency (▶ Table 1) (17). In-
herited protein S deficiency has a clinical presentation very similar 
to that observed for protein C deficiency (25). Thus, heterozygotes 
experience early and recurrent episodes of VTE and sometimes 
skin necrosis, while the very rare homozygotes exhibit a more se-
vere clinical picture with neonatal purpura fulminans. The risk of 
VTE is 10-fold higher in carriers than in non-carriers. Three types 
of protein S defects have been described: type I is a quantitative 
deficiency with decreased plasma levels of functional and immu-
noreactive total and free protein S; type II is a qualitative deficien-
cy with decreased cofactor activity but normal total and free pro-
tein S levels; type III is a quantitative deficiency, with reduced 
functional activity and free protein S antigen levels but normal 
total protein S levels (12).

Gain-of-function mechanisms
Factor V Leiden

In 1993, a poor anticoagulant response to APC was associated 
with an increased risk of VTE (31, 32). The following year, a gain-
of-function mutation in the F5 gene (chromosome 1q23) was first 
described in the city of Leiden (33, 34) as being responsible for the 
majority of cases of APC resistance. The factor V Leiden mutation, 
which results from a substitution of adenine to guanine at the 1691 
position (G1691A) in exon 10 of the F5 gene, is located in the part 
of the gene encoding one of the cleavage sites of the factor 
(Arg506) involved in the inactivation of activated factor V (6). As a 
consequence, the mutant activated factor V molecule (factor V 
Leiden) is resistant to proteolytic inactivation by APC and retains 
full procoagulant activity (33). Another point mutation in the F5 
gene occurs at Arg306, another APC cleavage site, and the result-
ing factor V variants (factor V Hong Kong and factor V Cam-
bridge) cause varying degrees of APC resistance, intermediate be-

tween wild-type factor V and factor V Leiden, and are usually as-
sociated with a lower VTE risk than that of factor V Leiden (35).

The factor V Leiden mutation has a dominant autosomal trans-
mission and in heterozygosis is the most common prothrombotic 
gene mutation in the Caucasian population, with a prevalence of 
about 5 %, ranging from 2-10 % with a positive gradient from 
Southern to Northern Europe (36). This prevalence rises up to 
20 % in non-selected VTE patients. The risk of VTE is increased 
approximately seven-fold in heterozygous and 80-fold in homozy-
gous carriers of the mutation compared to non-carriers (▶ Table 
1) (37, 38). Homozygosity for factor V Leiden mutation occurs in 
approximately in one in 1,000 individuals in the general popu-
lation and in 1 % of non-selected patients with VTE.

Prothrombin G20210A

This mutation in the prothrombin gene (located on chromosome 
11p11-q12), first described in 1996 by the Leiden group (39), con-
sists of a guanine to adenine substitution at the nucleotide 20210 
within the 3’ untranslated region of the gene that results in an ap-
proximately 30 % increase of prothrombin plasma levels (39). Like 
factor V Leiden, prothrombin G20210A has a dominant autoso-
mal transmission and is the second most common thrombophilia 
abnormality, with a prevalence of heterozygotes in populations of 
Caucasian origin of 2–3 %, that increases to 6 % in patients with 
VTE (▶ Table 1) (40). The mutation is more common in Southern 
than in Northern Europe, with a gradient opposite to that of factor 
V Leiden. Heterozygosity for prothrombin G20210A mutation 
confers an approximately three- to four-fold increased risk of de-
veloping VTE. Thus these individuals exhibit a relatively low 
thrombotic risk, and most of them will not develop a premature 
thrombotic episode. In contrast, homozygosity for the prothrom-
bin gene mutation which is much rarer and occurs in four out of 

Mannucci, Franchini: Genetics of thrombophilia

Table 1: Prevalence of thrombophilia abnormalities and relative risk 
of venous thromboembolism (VTE).

Thrombophilia 
 abnormality

Antithrombin deficiency

Protein C deficiency

Protein S deficiency

Factor V Leiden
(heterozygous)

Factor V Leiden
(homozygous)

Prothrombin G20210A
(heterozygous)

Prothrombin G20210A
(homozygous)

Non-O blood group

Prevalence (%)

General 
population

0.02–0.2

0.2–0.4

0.03–0.1

5

0.02

2

0.02

55–57

Patients 
with VTE

1

3

2

20

1.5

6

< 1

75

Relative risk

First 
VTE

50

15

10

7

80

3–4

30

2

Recur-
rent VTE

2.5

2.5

2.5

1.5

-

1.5

-

2
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Thrombophilia	 Thrombophilic	
VTE/Total*	

Controls	
VTE/Total*	

ODDS	RATIO	(95%	CI)	

All		 Case-control	 Cohort	 High	quality	

AT	 48/153	 710/2178	 9.5	(1.6	to	31.9)	 5.0	(0.6	to	24.7)	 25.9	(0.0	to	176.3)	 8.9	(0.3	to	34.7)	

PC	 49/180	 691/2024	 9.3	(2.1	to	43.1)	 12.3	(0.0	to	139.8)	 5.9	(0.0	to	49.6)	 7.7	(0.0	to	48.1)	

PC		 53/192	 700/2212	 7.0	(1.3	to	21.9)	 6.7	(0.2	to	34.7)	 7.2	(0.0	to	35.4)	 6.9	(0.2	to	24.6)	

Heterozygous	
FV	 305/3345	 923/34 626	 6.4	(4.0	to	9.7)	 7.2	(4.3	to	12.6)	 3.9	(0.2	to	11.9)	 6.4	(3.9	to	10.6)	

Homozygous	
FV	 27/80	 919/26 906	 35.8	(0.4	to	137.8)	 128.9	(3.0	to	3093.9)	 12.0	(0.0	to	69.9)	 46.7	(4.1	to	193.1)	

Heterozygous	
FII	 94/1433	 1002/21 736	 5.1	(2.6	to	9.8)	 4.9	(2.0	to	11.4)	 4.9	(0.0	to	23.7)	 4.3	(2.0	to	8.8)	

Homozygous		
F	II	 4/5	 559/19 692	 21.1	(0.0	to	727.4)	 18.2	(0.0	to	1073.7)	 NA	 13.4	(0.0	to	584.2)	

Compound		
FV	/	FII	 45/242	 803/2652	 21.2	(1.6	to	89.0)	 45.4	(0.6	to	478.6)	 8.6	(0.5	to	62.3)	 26.9	(1.1	to	147.1)	
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Thrombophilia	 VTE/Total*	 AR	of	VTE,	all	studies,	%	pregnancies	(95%	CrI)	
Baseline	risk:	0.5%	(family),	0.1%	(non-family)	
Overall	 Antepartum	 Post	partum	

Antithrombin	(family)	 23/125	 16.6	(0.0	to	45.1)	 7.3	(1.8	to	15.6)	 11.1	(3.7	to	21.0)	

Protein	C	(family)	 10/137	 7.8	(0.0	to	33.8)	 3.2	(0.6	to	8.2)	 5.4	(0.9	to	13.8)	
Protein	S	(family)	 7/135	 4.8	(0.0	to	20.0)	 0.9	(0.0	to	3.7)	 4.2	(0.7	to	9.4)	
Heterozygous	FV	Leiden	
 Overall	 45/3031	 1.1	(0.3	to	1.9)	 0.4	(0.1	to	0.9)	 2.0	(0.9	to	3.7)	
 Family	 35/1359	 2.4	(0.9	to	4.4)	 0.4	(0.0	to	0.9)	 2.5	(1.2	to	4.4)	
 Non-family	 10/1672	 0.4	(0.0	to	0.9)	 0.7	(0.0	to	2.6)	 0.4	(0.0	to	1.8)	
Homozygous	FV	Leiden	
 Overall	 5/58	 6.2	(0.0	to	18.0)	 2.8	(0.0	to	8.6)	 2.8	(0.0	to	8.8)	
 Family	 4/35	 8.3	(0.0	to	29.6)	 NA	 NA	
 Non-family	 1/23	 5.6	(0.0	to	34.3)	 NA	 NA	
Heterozygous	FII	
 Overall	 14/1322	 0.9	(0.2	to	2.0)	 0.0	(0.0	to	0.2)	 0.9	(0.2	to	2.0)	
 Family	 11/998	 1.0	(0.0	to	2.5)	 NA	 NA	
 Non-family	 3/324	 0.8	(0.1	to	2.0)	 NA	 NA	
Heterozygous	FV	/	FII	
 Family	 5/199	 2.5	(0.0	to	9.5)	 NA	 NA	

Croles	FN.	BMJ	2017;359:j4452	
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Thrombophilia	 VTE/Total*	 AR	of	VTE,	%	pregnancies	(95%	CrI)	
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 Family	 5/199	 2.5	(0.0	to	9.5)	 NA	 NA	

Croles	FN.	BMJ	2017;359:j4452	
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Un popolo che ignora il proprio passato non saprà mai nulla del 
proprio presente 

Indro Montanelli 
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Fig.	2.	Decidual	segment	of	a	spiral	artery	in	the	basal	plate	
of	the	placenta.	Absence	of	physiologic	changes.	
Intraluminal	thrombosis.		
Necrosis	of	the	vessel	wall.	(X	530.)	
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Odds	ratio	(95%	CI)	for	early	foetal	loss	and	type	of	positive	marker	in	
women		
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THROMBOFILIA	

ODDS	RATIO	(95%	CI)		
EARLY	PL	
(n/N)	
	

RECURRENT	EARLY	PL	
(n/N)	

LATE	PL	
(n/N)	
	

PREECLAMPSIA	
(n/N)	
	

ABRUPTIO	
PLACENTAE	

(n/N)	

IUGR		
(n/N)	
	

FV	HETERO	 1.7	(1.1-2.6)	
172/243	 1.9	(1.0-3.6)	

173/287	

2.1	(1.1-3.9)	
27/382	

2.2	(1.5-3.3)	
161/249	

4.7	(1.1-19.6)	
13/28	

2.7	(0.6-12.1)	
25/49	

FV	HOMO	 2.7	(1.3-5.6)	
37/76	

2	(0.4-9.7)	
2/118	

1.9	(0.4-7.9)	
4/5	 -	 -	

FII	HETERO	 2.5	(1.2-5.0)	
53/75	

2.7	(1.4-5.3)	
54/78	

2.7	(1.3-5.5)	
348/1134	

2.5	(1.5-4.2)	
42/71	

7.7	(3-19.8)	
10/20	

2.9	(0.6-12.1)	
69/323	

MTHFR	HOMO	 1.4	(0.8-2.5)	
75/110	

0.9	(0.4-1.7)	
22/39	

1.3	(0.9-1.9)	
69/323	

1.4	(1.1-1.8)	
221/481	

1.5	(0.4-5.3)	
3/14	

1.2	(0.8-1.8)	
62/121	

HYPERHOMOCYS	 6.2	(1.4-28.4)		
33/37	

4.2	(1.3-13.9)		
33/37	

1	(0.2-5.5)	
2/7	

3.5	(1.2-10.1)	
37/41	

2.4	(0.4-15.9)	
32/42	 -	

LAC	 4	(1.0-8.6)	
59/107	 -	 2.4	(0.8-7)	

22/39	
1.4	(0.8-2.7)	

63/89	 -	 -	

ACA	 3.4	(1.3-8.7)	
127/149	

5.0	(1.8-14.0)	
116/120	

3.3	(1.6-6.8)	
52/130	

2.7	(1.6-4.5)	
130/217	

1.4	(0.4-4.8)	
6/12	

6.9	(2.7-17.7)	
7/60	

PC,	PS,	AT	not	shown	because	of	the	small	sample	size	(<10	cases)	
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Conclusions 
Our review has confirmed that women with thrombophilia are at 
increased risk of developing complications during pregnancy. 
However, despite the increase in relative risk, the absolute risk of 
VTE and adverse outcomes in pregnancy remains low. 
Furthermore, aside from recurrent pregnancy loss in 
antiphospholipid syndrome and prevention of VTE, there is 
insufficient evidence on the benefit of antithrombotic interventions 
to guide therapy.  
Thus, at present, universal screening for thrombophilia in 
pregnancy cannot be justified clinically. 
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La filosofia è quella cosa con 
la quale o senza la quale 
tutto rimane tale e quale 
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La trombofilia è quella cosa 
con la quale o senza la quale 

tutto rimane tale e quale 
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Dalla fisiopatologia alla clinica…!
TERAPIA	
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René	Magritte	–		L’uso	della	parola	I,	1928-1929		
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Trombofilia congenita e terapie ormonali: 
sempre, mai, quando?

 
Marco Marietta, Paola Pedrazzi

STRUTTURA SEMPLICE “MALATTIE DELLA COAGULAZIONE” AZIENDA OSPEDALIERO-UNIVERSITARIA, MODENA

“Dottore, ho la sindrome di Leiden, mi hanno detto che 
rischio la trombosi e non potrò mai prendere la pillola…”

Credo che a tutti noi, ematologi o ginecologi non importa, sia 
capitata una situazione di questo tipo. È una frase solo appa-
rentemente banale: è vero che non si riferisce ad un patologia 
grave, e veramente neppure ad una vera e propria patologia, 
ma fra le pieghe dei termini usati si nascondono molti temi di 
grande importanza clinica pratica, che cercheremo di affronta-
re e possibilmente risolvere nelle prossime pagine e che ci gui-
deranno attraverso l’analisi della letteratura scientifica, spesso 
complessa e a volte addirittura confondente.

“…ho la sindrome di Leiden, mi hanno detto che rischio  
la trombosi…” 

Il tema che c’è dietro questa affermazione è il corretto inqua-
dramento concettuale ed epidemiologico della trombofilia 
venosa, che, va subito ribadito ma soprattutto va chiarito alle 
pazienti, NON costituisce una condizione patologica. Per fare 
chiarezza occorre avere chiarezza, e quindi rifacciamo insieme 
il punto su che cosa si intende per trombofilia, iniziando con 
il chiarire che in questa review ci occuperemo solo di quella 
venosa, ignorando volutamente l’aspetto del rischio di patolo-
gia trombotica arteriosa legato all’uso di preparati ormonali, e 
questo per due buone ragioni. La prima è che gli estro proge-
stinici determinano un aumento del rischio assoluto di trom-
boembolismo arterioso decisamente inferiore rispetto a quello 
di TE venoso e di entità assoluta davvero minima, stimabile 
intorno a 0,2 casi/anno ogni 10.000 donne. La seconda, alme-
no altrettanto importante, è che mentre abbiamo test di labo-
ratorio in grado di identificare condizioni congenite o acquisite 
a maggior rischio di trombosi venosa, non altrettanto si può 
dire di quella arteriosa, per la quale non sono note condizioni 
congenite a maggior rischio identificabili in modo affidabile 
con semplici test di routine. 

DI CHE COSA PARLIAMO QUANDO PARLIAMO 
DI TROMBOFILIAIl Tromboembolismo Venoso (TEV) è un eccellente mo-

dello di patologia multifattoriale, nella cui genesi concor-
rono cioè più elementi [1]. Si può pensare che ogni indivi-

duo abbia un proprio “potenziale trombotico” che dipende da 
fattori sia ereditari sia acquisiti, riportati nella Tabella I, e che 

l’evento clinico “trombosi” si manifesti solo quando l’insieme 
di questi fattori supera una determinata soglia. Non sempre 
è possibile conoscere esattamente quale sia questa soglia, ma 
va trasmessa con molta attenzione alla paziente l’informazione 
che né il contraccettivo ormonale, né una condizione trombo-
filica sono di per sé cause della trombosi, ma agiscono al più 
come fattori di rischio aumentando il potenziale trombotico 
del’individuo. 

ACQUISITI   
R5�.à
R5	'')�#&#44�4#)(�
R5	(!�--�./,�
R5�"#,/,!#�5'�!!#),�5I),.)*��#��
R5��)*&�-#�
R5�)(.,����..#0#5),�&#5I5��,�*#�5),')(�&�5-)-.#./.#0�
R5�#(�,)'�5��5��85�(.# )- )&#*#�#
R5�&�..#�5'#�&)*,)&# �,�.#0�
R5�&�..#�5#(ŀ�''�.),#�5�,)(#�"�5#(.�-.#(�&#
R5�)&&�!�()*�.#�
R5���-#.à
R5�#(�,)'�5'�.��)&#��
R5��.�.�,#50�()-#5��(.,�&#5 5 5
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R5�#0�&&#5�&�0�.#5�#5��			
R5�#0�&&#5�&�0�.#5�#5�5	�
R5�#0�&&#5�&�0�.#5�#5��	
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della mutazione FV Leiden   
Tabella 1 - Fattori di rischio per tromboembolismo venoso 
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duo abbia un proprio “potenziale trombotico” che dipende da 
fattori sia ereditari sia acquisiti, riportati nella Tabella I, e che 

l’evento clinico “trombosi” si manifesti solo quando l’insieme 
di questi fattori supera una determinata soglia. Non sempre 
è possibile conoscere esattamente quale sia questa soglia, ma 
va trasmessa con molta attenzione alla paziente l’informazione 
che né il contraccettivo ormonale, né una condizione trombo-
filica sono di per sé cause della trombosi, ma agiscono al più 
come fattori di rischio aumentando il potenziale trombotico 
del’individuo. 
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MECCANISMO MISTO O SCONOSCIUTO 
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della mutazione FV Leiden   
Tabella 1 - Fattori di rischio per tromboembolismo venoso 

Vol 5:8-15, 2011

Trombofilia	acquisita	
	
!
!
!
!
!
!


