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Blood coagulation in healthy and severely ill
new born infants
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N orm al values of blood coagulation factors were investigated in  30 
hea lthy  new born infants. On the  basis of these norm al standards 8 in fan ts 
w ith  DIC were evaluated . All of them  had  serious underlying disease. B y  a p ­
p ropria te  trea tm en t o f th e  prim ary disorder an d  replacem ent o f depleted  
procoagulants, th e  bleeding disorder d isappeared in  six of eight pa tien ts  
w ithou t heparinization. D iagnostic criteria an d  m anagem ent o f neonata l 
dissem inated in travascu lar coagulation are discussed.

During the past two decades, knowl­
edge about fetal and neonatal phys­
iology and pathology has greatly 
increased. Application of the new 
discoveries has dramatically improved 
the neonatal mortality rate in recent 
years. By maintenance of fluid and 
electrolyte balance, correction of aci­
dosis, parenteral nutrition and modern 
respiratory therapy a great number 
of newborns and prematures can be 
treated successfully.

Among the life-threatening acute 
events of the newborn period blood 
coagulation disorders have a special 
importance because of their severity 
and multiple aetiology [2, 4, 5, 6, 
19, 21, 23].

The bleeding disorders and blood 
coagulation standards of adults are 
well-known but less is known con­
cerning their values in the newborn 
period [3, 14]. The normal values for 
blood coagulation factors in newborns 
are not only different from those of

adult life but there is also a consider­
able variation between laboratories.

In this paper we present coagula­
tion standards of healthy newborn 
infants, and on the basis of these 
normal values we have investigated 
some infants suffering of dissemi­
nated intravascular coagulation (DIC) 
caused by various diseases.

Ma t e r ia l  a n d  Meth o d s

T hirty  h ea lth y  newborn in fan ts were 
investigated from  Ju ly , 1977, to  Ju ly ,
1979. All w ere full-term  babies, th e ir  m ean 
gestational age was 39.6 ±  0.39 weeks, 
the ir m ean birth -w eight was 3380 ±  960 g. 
The pregnancies an d  deliveries were u n ­
eventful. A pgar score values a t  one and  
five m inutes w ere eight or more. The babies 
did n o t receive v itam in  К  prophylactically . 
All were b restfed . Their blood gas values 
and o ther re lev an t d a ta  are show n in 
Tabló I.

Blood was sam pled for coagulation s tu d ­
ies a t  12 hours o f life and on th e  3rd and
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T a b l e  I
Clinical d a ta  of the  h ea lth y  newborn infants

Gestational age, Birth weight, Apgar pO, pHweek g mmHg

39.6 ±  0.99 3380 ±  960 ^ 8 58.66 ±  9.9 7.33 ±  0.17

BE Temperature, SeCa, Blood sugar, Htc
mEq/1 °0 mEq/1 mg/dl per cent

—6.3-± 1.18 35.6 ±  0.1 4.77 ±  0.37 53.9 ±  16 57.7 ±  6.9

Hgb Sebi GOT GPT
g/ai mg/dl IU IU

19.6 ±  2.29 5.17 ±  2.8 25.7 ±  14.5 10.3 ±  6.7

T a b l e  I I
Blood coagulation  factors o f h ea lth y  newborn in fan ts

1
X SD

3
X SD

_  7
X SD Adult values

mg/dl 172.7 ±  32.3 254.8 ±  40.2 257.1 ±  73.8 200—400
X 103 mm3 226 ±  57 215 ±  43.5 261 ±  48 150—400

per cent 72.3 ±  20.9 33.2 ±  12 70.77 ±  18 80—110
sec 71.26 ±  9.9 76.07 ±  21.61 56.6 ±  7.25 40
sec 30.13 ±  2.86 29.68 ±  3.11 30.7 ±  3.0 20

'4  sec 93.25 ±  38.2 93.11 ±  38.2 71.75 ±  29.5 55
1.53 ±  0.52 1.41 ±  0.49 1.18 ±  0.36 0.9—1.3

Day

Fibrinogen
P latelets
PA
P T T
T T
P la te le t fact 

AT I I I

7 th  d ay . The blood was ta k e n  from  a periph­
e ra l vein . Coagulation w as inh ib ited  by  
3 .8%  sodium  citrate  or 1.4%  potassium  
o x a la te  9 : 1 .

T h e  following coagulation factors were 
s tu d ied : platelet count [13], fibrinogen 
concen tra tion , pro throm bin  ac tiv ity  (PA)
[30] , p a r tia l th rom boplastin  tim e (PTT) 
[29], th rom bin  tim e (TT) [24], p la telet 
fa c to r  4 [28] and an tith rom bin  I I I  (AT III )
[31 ] . F o r  detecting th e  presence of fib rin  
m onom er, th e  ethanol gela tion  te st was 
u sed  [16].

I n  add ition  to  th e  h ea lth y  babies 8 new ­
b o rn  in fan ts  w ith dissem inated in travascu­

la r  coagulation (DIC) were studied. In  7 
o u t o f the  8, th e  bleeding disorder s ta rted  
w ith in  16 hours afte r b ir th . All had  had 
serious prolonged in trau te rin e  asphyxia. 
One in fan t w ith DIC h ad  sepsis and the 
bleeding sym ptom s appeared  on the  11th 
d a y  of life. Two of th e  8 newborns died 
w ith in  6 hours afte r b irth . R elevan t clinical 
d a ta  of th e  patien ts are show n in Table I I .

A dequate trea tm en t o f th e  underlying 
disease was applied an d  6 patien ts were 
given fresh blood transfusion  or fresh blood 
plasm a.

S tu d en t’s t te s t was used to  evaluate 
th e  results.
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R e s u l t s

Normal values for blood coagula­
tion factors obtained in the 30 healthy 
newborn infants are shown in Table 
III, where the right column shows 
the normal adult values of the haem­
atology laboratory of our hospital.

As can be seen, platelet count and 
fibrinogen concentration were within 
the normal adult range except on the 
first day of life. Prothrombin activity 
was significantly lower (p <  0.01) 
than in adults, especially on the third 
day of life. Partial thromboplastin 
time was significantly prolonged 
(p <  0.001) compared to the normal 
adult value. During the neonatal pe­
riod these values gradually decreased 
but the difference was still significant 
on the seventh day (p <  0.01). Throm­
bin time was significantly lower than 
the average adult value and it did not 
change during the first seven days 
(p <  0.001). Platelet factor 4 activity 
was lower than in adults (p <  0.001). 
It increased by the seventh day, but 
even then it was significantly lower 
than the adult value. Antithrombin 
III activity was low as seen from the 
high plasma antithrombin index, then 
it gradually decreased by the seventh 
day.

As can be seen from these results, 
the coagulation factors are low in the 
neonatal period. This fact must be 
taken into account when evaluating 
the laboratory data [22].

During the past two years we have 
observed eight infants suffering from 
DIC. All but one had severe intra­
uterine asphyxia, marked acidosis

after birth and bleeding symptoms 
starting within 15 hours of life. One 
infant exhibited symptoms of DIC 
after the eleventh day of life; the 
underlying disease was septic shock.

Two infants died within six hours. 
One infant had a hypoplastic left 
ventiicular syndrome with coarcta­
tion of the aorta. The other infant 
had a grave gastrointestinal haemor­
rhage shortly after birth; it involved 
the gastrointestinal, pulmonary and 
central nervous systems.

The most characteristic features of 
our patients were petechiae, suffu­
sions, bleeding from sites of puncture. 
The laboratory findings showed 
decreased prothrombin activity, 
prolonged partial thromboplastin time 
and thrombin as compared to our 
normal values. The most pronounced 
changes were thrombocytopenia and a 
marked decrease of blood fibrinogen. 
Table IV shows the relevant blood 
coagulation findings of the pati­
ents.

Antithrombin III activity was ex­
amined in few patients; low values 
were found. It is interesting that hepa­
rin added to plasma caused a further 
decrease in antithrombin III activ­
ity.

The ethanol gelation test was not 
positive in every case. The most im­
portant feature of the treatment was 
the elimination of the causative factor 
and replacement of the decreased or 
missing coagulation factors. For this 
reason the underlying disease was 
promptly and vigorously treated in 
all newborns, acidosis and hypoxia 
were corrected and the blood volume
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Table III
Clinical d a ta  of eight infants w ith  DIC

Gest. age, 
week

Birth 
weight, g Underlying disease Onset of 

symptoms
Presentation of 

bleeding Treatment Improvement 
of values Outcome

1. P. L. 36 2750 Breech delivery 
i.u. asphyxia

2 hours petechiae suffusion 
venipuncture 
gastrointestinal

plasma
transfusion

death at 
6 hours

2. Sz. G. 36 2800 Maternal diabetes 
i.u. asphyxia 
vacuum extraction

8 hours venipuncture
gastrointestinal

20 hours survival

3. Cs. K. 37 2600 Toxaemia 
i.u. asphyxia

4 hours venipuncture
gastorintestinal

transfusion 7 days survival

4. 0 . K. 42 3500 I.u. asphyxia 
vacuum extraction

6 hours petechiae intracranial 
gastrointestinal

9 days survival

5. V. J. 37 2500 Hypoplastic left 
ventricle

2 hours petechiae suffusion 
venipuncture gastro­
intestinal pulmonary

plasma death at 
6 hours

6. B. Cs. 34 2600 Premature rupture of 
membranes, sepsis

11 days venipuncture
gastrointestinal

transfusion 1 month survival

7. N. G. 42 3000 I.u. asphyxia 
Caesarean section

15 hours suffusion
venipuncture

transfusion 10 days survival

8. N. T. 42 2500 I.u. asphyxia 
i.u. retard. M. Down

1 hour suffusion
venipuncture

10 days survival

G
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T a b l e  IV

Values of blood coagulation factors of e igh t in fan ts w ith DIC

Time of 
investigation, 

hour

Fibri­
nogen,
mg/dl

Platelet 
s count

PA
per cent

FIT
вес

TT
sec AT III

Etha­
nol
gel
test

Platelet 
factor 4 Outcome

1. P.L. 4 66,000 no coagulation death

2. Sz.G. 8 130 45,000 50 95 34 + survival
20 170 60,000 55 72 26

3. Cs.K. 6 160 100,000 66 140 37 + survival
54 160 37,000 50 65 29 +

7. day 250 130,000 100 61 32

4. O.K. 8 140 67,000 25 95 43 1.5 + survival
80 105 30,000 35 85 43 3.08 —

9. day 190 140,000 100 45 37 1.87 —

5. V.J. 4 170,000 20 >240 + death

6. B.Cs. 11.day 80 12,000 23 175 50 4.07 ___ 90 survival
12. day 110 16,000 57 72 32 + 87
6. week 175 600,000 68 48 22 1.15 — 75

7. N.G. 16 130 90,000 23 170 40 3.0 ___ 130 survival
40 120 64,000 35 120 50 3.05 — >600

10. day 265 36,000 54 73 31 1.04 — 480

8. N.T. 1.5 110 40,000 40 90 45 2.2 + 95 survival
22 100 40,000 42 93 45 1.07 220

was replaced. Since the blood coagu­
lation factors of the newborn are phy­
siologically weak, they were replaced 
by transfusion of fresh whole blood or 
blood plasma. Heparin was not ap­
plied.

Three patients improved dramati­
cally without blood or plasma trans­
fusion. The bleeding tendency of the 
surviving patients was abolished with­
in 24 — 48 hours but the laboratory 
findings showed low values even after 
one week. The platelet count was the 
last to normalize among the blood 
coagulation factors examined. It be­
came normal by about the end of the 
third week

D is c u s s io n

Normal haemostasis is a compli­
cated process involving vascular in­
tegrity and coagulation factors. 
Changes in any of these parameters 
can cause bleeding disorders in the 
neonatal period [18, 19, 20]. Anti­
epileptic treatment of the mother, 
birth asphyxia, hypoxia, acidosis, 
hypothermia, infection together with 
the physiological depletion of clot­
ting factors can all trigger DIC in the 
neonate.

The laboratory diagnosis of neo­
natal haemorrhage is often difficult, 
due to differences between normal
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neonatal and adult coagulation val­
ues and to the fact that the neonates 
have low levels of certain clotting 
factors, especially of those dependent 
on vitamin K. In addition, slight 
variations in blood sampling and 
assay methods occur between labora­
tories. Гог this reason it is necessary 
that each hospital should establish 
its own normal values. Anv abnormal 
value of a coagulation factor must be 
compared to own normal neonatal 
standards.

The primary aim of our work was 
to establish these neonatal coagula­
tion standards. The results found in 
our healthy newborn infants agreed 
well with those of the literature [9].

DIC must be suspected whenever 
diffuse bleeding occurs and if there is 
an underlying disease known to be 
associated with DIC [10, 25, 27, 34, 
36].

The condition is characterized by 
petechiae, suffusions, bleeding from 
puncture sites and sometimes gastro­
intestinal haemorrhage [1]. Coagulo­
pathy is suspected when the patient 
has thrombocytopenia, prolonged clot­
ting time, prolonged PT and PTT, and 
low fibrinogen concentration [9]. 
Complete analysis of all coagulation 
factors is not available everywhere. 
For this reason the minimum criteria 
for diagnosis are, thrombocytopenia, 
hypofibrinogenaemia, prolonged TT, 
and a positive ethanol gelation test.

Since DIC is a secondary condition, 
appropriate treatment of the under­
lying process alone will abolish the 
coagulopathy. In some cases other 
steps have to be taken, first of all

replacement of the deficient proco­
agulants by fresh blood or plasma 
transfusion [9, 17, 25, 32]. In infants, 
interruption of the process by anti­
coagulants is rarely indicated [16, 26, 
31, 35). A number of reports strongly 
suggests that replacement therapy 
alone is effective in DIC particularly 
in newborns afflicted by septic shock 
or respiratory distress syndrome.

Once the coagulopathy has im­
proved due to early correct diagnosis 
and vigorous treatment of the pri­
mary disorder, heparin therapy which 
may be life-saving in fulminant pur­
pura, giant haemangioma and some 
cases of malignancy [7, 8, 11, 12, 33], 
is needed only exceptionally. In the 
neonatal period management of the 
underlying disease and replacement 
therapy will make the DIC disappear 
without the use of anticoagulants.
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