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Ida Martinelli, Marco Moia, Arnaldo Arbini, Armando Tripodi, and Pier Mannuccio Mannucci 

Angelo Bianchi Bonomi Hemophilia and Thrombosis Center, Institute of Internal Medicine, University and [RCCS Maggiore Hospital, 
Milan, Italy 

Summary. Type II C is a subtype of  defective an- 
tithrombin III deficiency in which there is a molecular 
defect in the heparin binding site. Usually, heterozygous 
patients with this defect have little or no thrombotic 
symptoms. Ischemic stroke has never been described. We 
report the case of a young woman who had an episode of  
right-sided hemiparesis. The computed tomographic scan 
showed an ischemic lesion in the left hemisphere. There 
were no previous thrombotic episodes in the patient's 
history and the sole risk factor for thrombosis was taking 
of an oral contraceptive. Her family history was mildly 
positive for thrombosis (superficial thrombophlebitis in 
two relatives). Laboratory tests showed normal an- 
tithrombin III antigen, low heparin cofactor activity and 
an increased slow-moving peak in crossed-immunoelec- 
trophoresis with heparin. The same pattern was found in 
7 of 20 relatives. Thus, a diagnosis of  congenital type II 
C defective antithrombin III was made. This report sug- 
gests that young patients with ischemic stroke should be 
screened for defective anti thrombin III. 
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Introduction 

Antithrombin III (AT III) is the major protein that in- 
hibits the serine proteases of  the intrinsic and common 
pathways of blood coagulation, mainly thrombin and 
activated factor X [1]. Congenital AT III deficiency, in- 
herited as an autosomal dominant  trait, predisposes to 
venous thromboembolism. Its relation to arterial throm- 
bosis is not clearly established [1]. Two main phenotypes 
of congenital AT III defects have been recognized [14]: 
type I, in which there are concomitantly low levels of 
AT III activity and antigen; and type II, in which low 
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levels of  AT III activity contrast  with normal levels of 
AT III antigen. Type II is further subdivided into three 
phenotypes. One of these, type II C, consists of  mutations 
of  DNA encoding the protein domain responsible for 
binding heparin and heparin-like substances, which 
markedly accelerate inactivation of  serine proteases [2]. 

Type II C leads to peculiar clinical features, being 
characterized by a much lower frequency of venous 
thromboembolic complications than in the other types of 
AT III defects in the heterozygous state [3]. That  the type 
II C defect is less severe is also indicated by the fact that 
homozygotes with moderately severe clinical symptoms 
have been described, whereas homozygosity for other AT 
III defects has not been reported, probably because it is 
incompatible with life. There is no clear explanation for 
the fact that the type II C AT III defect is less severe, 
although it is surmised that the integrity of  the AT III 
domain responsible for inactivation of coagulation en- 
zymes minimizes the importance of  the defect in acceler- 
ation by heparin-like substances. 

We describe the case of  a young woman with het- 
erozygous type II C AT III defect who developed an 
ischemic stroke. Stroke, and arterial thromboses in gen- 
eral, are rare in congenital AT III deficiency [6], and have 
not been reported for heterozygous type II C. 

Case report 

On 23 March 1991 a previously healthy 34-year-old 
woman suddenly developed headache and paresthesia of 
her right side. Neurological examination revealed right- 
sided hemiparesis and right homonymous hemianopsia. 
Approximately 3 h after the onset of  symptoms, a com- 
puted tomographic (CT) scan was normal. On day 2, two 
low-density areas became apparent: one about  2.5 cm in 
the left parieto-occipital hemisphere and a smaller one at 
the level of the left thalamus (Fig. 1). Left carotid and 
vertebral angiography performed on day 12 showed no 
significant abnormality. Chest X-ray, electrocardiogram 
and echocardiography were normal. 
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Table I. Antithrombin III (AT III) in the propositus and her family 
members 

Gener- Relation to Heparin Progressive AT III 
ation propositus cofactor AT III antigen con- 

activity activity centration 
(%) (%) (%) 

Fig. 1. Computed tomographic scan shows two low-density areas, 
one in the left parieto-occipital hemisphere and one in the left 
talamus 
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F i g .  2 .  Crossed-immunoetectrophoresis with heparin (25 IU/ml) of 
normal plasma (upper panel) and patient plasma (lower panel). 
Cathode is on the left 

In the pat ient 's  clinical history there were three opera-  
tions under  general anesthesia and two pregnancies with- 
out  mishaps; there had been no prophylaxis  against 
thrombosis .  She did not  smoke  and had neither arterial 
hypertension nor  diabetes or  dyslipidemia. Oral contra-  
ceptives (triphasic pill: levonorgestrel 0.05, 0.075, 
0.125 mg; e thynyloestradiol  0.03, 0.04, 0.03 mg), taken 
for 4 years until the day o f  the episode, were the only 
possible risk fac tor  for thrombosis .  The family history 
was mildly positive for thrombosis :  her mother  and ma-  
ternal aunt  had  had recurrent  superficial throm-  
bophlebitis. 

II 

III 

Normal 

Father 
Mother 
Maternal uncle 
Maternal aunt 
Maternal uncle 
Maternal aunt 

Propositus 
Brother 
Sister 
Sister 
Maternal cousin 
Maternal cousin 
Maternal cousin 
Maternal cousin 
Maternal cousin 
Maternal cousin 
Maternal cousin 
Maternal cousin 
Maternal cousin 

Son 
Daughter 

laboratory range 

89 - 83 
65 103 98 

1 0 1  - - 

110 - - 
6 5  - 98 
59 - 102 

62 94 107 
98 - 108 
90 - 90 
63 - 108 
98 - 100 
93 - 100 
64 - 107 

100 - - 

8 9  - - 
96 - - 
96 - - 
59 - 118 
71 - 113 

1 0 0  - 95 
98 - 106 

80-120 80-120 80-120 

Dur ing  hospital ization the pat ient  was treated with 
subcutaneous  heparin followed by aspirin; her condi t ion 
gradual ly improved and on 9 April  she was discharged, 
presenting only paresthesia o f  her right side and right 
temporal  hemianopsia.  These symptoms  still persist, 
1 year after the stroke. A C T  scan performed 9 weeks 
after the event conf i rmed the presence o f  the two low- 
density areas in the left hemisphere. 

The patient was referred to the Hemophi l ia  and 
Thrombos i s  Center  4 months  after the stroke. A labora-  
tory  examinat ion gave normal  values for hemocy tome-  
try, liver and renal function; there was no evidence o f  
immunological  diseases. Coagula t ion  tests, including 
p ro th rombin  time, activated partial  th romboplas t in  time, 
th rombin  time, fibrinogen, fac tor  VII,  protein C and 
protein S (both determined by immunologica l  and func- 
tional methods),  were within the normal  range. The hep- 
arin cofactor  activity o f  AT III ,  which measures the ca- 
paci ty o f  heparin to accelerate the inact ivat ion o f  
th rombin  [12], was low (62% o f  normal) ;  progressive 
AT I I I  activity, which measures the capaci ty  to inactivate 
th rombin  with no heparin added  [12], was normal  (94% 
o f  normal)  and AT II I  antigen, which is a measure  o f  the 
total immunological  protein concent ra t ion  [10], was also 
normal  (107%). The crossed- immunoelect rophores is  [15] 
pat tern  was normal  in the absence o f  heparin,  bu t  showed 
an abnormal  s low-moving peak in the presence o f  hepar- 
in, indicating that  the molecule had poor  hepar in-binding 
capaci ty  (Fig. 2). This pat tern o f  results is consistent  with 
a diagnosis o f  congenital  type II  C AT I I t  defect. Da ta  
f rom the proposi tus  and all the family members  studied 
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are  shown in Table 1. The  same abnormal i t i e s  were pres- 
ent in 7 o f  20 relatives.  

Discussion 

Whet he r  low AT III  act iv i ty  is a p red i spos ing  fac tor  for 
cerebra l  ar ter ia l  t h rombos i s  is still cont rovers ia l .  Only  six 
cases o f  ischemic s t roke  assoc ia ted  with famil ial  AT I I I  
defects have been prev ious ly  repor ted .  O f  these, four  pa-  
t ients had  type II C AT I I I  defects: three were ho-  
mozygotes  [4, 13, 16], whereas  the s ta tus  o f  the four th  
pa t ien t  cou ld  not  be precisely es tab l i shed  because  she was 
an o r p h a n  and childless [7]. The  o ther  two pat ients  had  
type II A [5] and  type I [8] AT III  defects,  charac te r ized  
by defective t h r o m b i n  inac t iva t ion  but  no rma l  hepar in  
co fac to r  activity.  

This is the first case o f  ischemic s t roke  as the sole 
t h r o m b o t i c  episode in a y o u n g  w o m a n  he te rozygot ic  for  
type II C AT III  defect.  The  case is pecul iar ,  not  only  
because ar ter ia l  t h rombos i s  is rare in congeni ta l  AT III  
defects,  but  also because  t h rombos i s  is inf requent  in type 
II C defect. In our  pat ient ,  ora l  con t racep t ives  could  have 
p layed  a causal  role, as several  s tudies have d e m o n s t r a t e d  
an assoc ia t ion  between oral  con t racep t ive  in take  and  
s t roke  occur r ing  at  a young  age [9]. 

In conclus ion,  this r epor t  suggests  tha t  young  pat ients  
with ischemic s t roke  as the sole t h r o m b o t i c  s y m p t o m  
should  be screened for AT III  defect  and  s t rengthens  a 
previous  suggest ion [11] that  the measu remen t  o f  hepar in  
co fac to r  act ivi ty  is the me thod  o f  choice for screening 
t h r om boph i l i c  pat ients ,  since immuno log i ca l  assays  
might  miss qua l i ta t ive  defects.  
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