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was also signifi cantly lower than in controls (40.0%, 8/20; 
p  !  0.05).  Conclusions:    The new treatment with hemoco-
agulase in addition to mechanical ventilation is effective 
in newborn infants with pulmonary hemorrhage. 

 Copyright © 2005 S. Karger AG, Basel 

  
  
 Pulmonary hemorrhage is still a life-threatening com-

plication in newborn infants. It was present in the lungs 
of 68% of the neonates who died in the 1st week of life, 
and is one of the most signifi cant clinical casualties asso-
ciated with the need for cardiopulmonary resuscitation 
in the neonatal intensive care unit (NICU)  [1] . It has been 
found to be the principal cause of death in about 9% of 
neonatal autopsies. Pulmonary hemorrhage has also been 
suggested to be an important risk factor for mortality in 
meconium aspiration syndrome  [2] . Overall, 74% of live-
born infants had histological evidence of pulmonary 
hemorrhage upon autopsy  [3] . Pulmonary hemorrhage 
occurred in 5.7% of the total population of very-low-
birth-weight infants and the associated mortality was 
rather high  [4] . A recent report indicated that pulmonary 
hemorrhage in very small infants has tended to increase 
since 1998. Nevertheless, there has been no great im-
provement in the treatment of neonatal pulmonary hem-
orrhage in recent years  [5] . 
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 Abstract 
  Objective:    To investigate the effect of a new treatment 
for neonatal pulmonary hemorrhage with hemocoagu-
lase in addition to mechanical ventilation.  Methods:    For-
ty-eight newborn infants with pulmonary hemorrhage 
were included and divided randomly into 2 groups. 
Among them, 28 patients were treated with hemocoagu-
lase in addition to mechanical ventilation, and the other 
20 neonates served as controls and were treated with 
mechanical ventilation only.  Results:  Both the length of 
pulmonary hemorrhage and the duration of   mechanical 
ventilation in the survivors were signifi cantly shortened 
in the infants treated with hemocoagulase in addition to 
mechanical ventilation as compared to controls (p  !  
0.05). Moreover, all infants that were unable to remain 
in the neonatal intensive care unit died after discharge, 
and when their outcome was estimated as non-survi-
vors, the mortality in the patients with this new treatment 
was 39.3% (11/28), which was signifi cantly lower than in 
controls (75.0%, 15/20; p  !  0.05). When the discharged 
infants were not included in the statistics, the mortality 
in the hemocoagulase group was 10.7% (3/28), which 
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 Hemocoagulase, introduced in 1966 from the venom 
of the Brazilian snake  Bothrops atrox , was used clinically 
 [6] . It has been used in plastic and abdominal surgery, 
and human vitrectomy  [7–9] . The aim of this study is to 
investigate the clinical effect of hemocoagulase on new-
born infants with pulmonary hemorrhage. 

 Patients and Methods 

 The study population comprised newborn infants with pulmo-
nary hemorrhage admitted between January 2001 and January 
2004 to the NICU, Department of Pediatrics, Research Institute of 
Surgery and Daping Hospital, Third Military Medical University, 
Chongqing, China. The neonates were identifi ed clinically to have 
suffered from pulmonary hemorrhage when blood-stained fl uid ef-
fused from endotracheal tube aspirates, especially if repeated suc-
tioning showed an increase in the amount of hemorrhagic fl uid, in 
addition to some primary diseases such as hyaline membrane dis-
ease and severe bacterial sepsis. Other supporting evidence includ-
ed: (1) radiograph of the infant chest showing the fl uffy appearance 
of     pulmonary     edema     in     addition     to    the    underlying    pathology;   

 (2) increased respiratory distress, and (3) systemic deterioration 
such as shock  [10] . 

 The NICU, Department of Pediatrics, Research Institute of 
Surgery and Daping Hospital, Third Military Medical University 
is the center of neonatal transport and a saving network consisting 
of 32 hospitals in Chongqing. The infants were immediately trans-
ported into the NICU when the primary diseases had been diag-
nosed. 

 Complete obstetric histories were obtained and examinations 
were performed upon admission. The neonatal clinical course was 
followed prospectively and data were recorded on predetermined 
performance sheets. Written parental consent was obtained prior 
to enrolling the subjects. This study was approved by the Clinical 
Research Committee of Daping Hospital and Research Institute of 
Surgery, Third Military Medical University. 

 Because of fi nancial diffi culties or worry about severe sequelae 
of the infants, some parents decided to abandon active life-saving 
measures, so that these infants were discharged from the NICU. 
These infants were followed up after discharge and estimates of 
their outcomes were made. 

 Therapeutic Methods 
 Once the neonatal patients had been diagnosed with pulmonary 

hemorrhage, they were divided randomly into 2 groups based on 
the method of random number table: the hemocoagulase group, and 
the control group. In the control group, the neonates were treated 
with mechanical ventilation, keeping an adequate mean airway 
pressure, particularly end-expiratory pressure. The mechanical 
ventilator used in the study was Babylog 8000 newborn infant ven-
tilator (Dräger, Germany), and synchronized intermittent manda-
tory ventilation was the commonly performed breath mode in ad-
dition to the positive end-expiratory pressure levels from 5 to 7 cm 
H 2 O. 

 Other routine methods included: (1) clearing the airway of blood 
to allow ventilation; (2) resisting the temptation to administer large 
volumes of blood; (3) evaluation of the possibility of coagulopathy 

and administration of vitamin K and platelets if appropriate, and 
(4) treatment of the primary diseases. In the therapeutic group, in 
addition to the methods mentioned for the controls, the neonates 
received treatment with hemocoagulase. The hemocoagulase was 
dripped through the endotracheal tube. 

 The hemocoagulase used in this study was Reptilase, which is 
prepared from the venom of the Brazilian snake  B. atrox . Repilase 
is the isolated, purifi ed hemocoagulase, and is completely free of 
neurotoxins and toxic substances. Each batch is carefully controlled 
biologically, and is produced by Solco Basel Ltd. (Birsfelden, Swit-
zerland). Each vial contains 1 Klobusitzky unit (KU) of hemoco-
agulase in lyophilized form. One KU is the quantity of the enzyme 
hemocoagulase which coagulates standard human plasma incubat-
ed at 37     °     C in vitro   within 60  8  20 s. 

 Hemocoagulase was dripped through the endotracheal tube at 
a dosage of 0.5 KU each time. It was repeated every 4–6 h until 
pulmonary hemorrhage had stopped and the critical condition had 
stabilized. 

 Bleeding time, prothrombin time, and partial thromboplastin 
time were assayed just after pulmonary hemorrhage had started in 
all newborns. 

 Statistical Analysis 
 The data are expressed as mean  8  standard deviation, or me-

dian (range), for descriptive purpose. The  �  2  test or Wilcoxon two-
sample test were used to analyze the difference between groups. 

 Results 

 Forty-eight neonates (26 boys, 22 girls) were involved. 
The main perinatal data of these neonates are shown in 
 table 1 . No differences were found between the hemoco-
agulase group and the controls regarding gestational age, 
birth weight, gender, type of delivery, patent ductus arte-
riosus, intracerebral hemorrhage, bronchopulmonary 
dysplasia, and the time of occurrence of pulmonary hem-
orrhage. The administration of surfactant, platelet trans-
fusion, plasma transfusion, or red blood cell transfusion 
were not different between the 2 groups. There were also 
no differences in bleeding time, prothrombin time, and 
partial thromboplastin time between the 2 groups.  Ta-
ble 2  shows the primary diseases of the neonates, and 
there was no difference between the groups. Prophylactic 
vitamin K was the standard treatment for each infant 
with a single dose of 0.5–1 mg intramuscularly at birth, 
with a subsequent dose for breastfed neonates. Values for 
bleeding time, prothrombin time, and partial thrombo-
plastin time were within the normal range for new-
borns. 

 As  table 3  shows, both the length of pulmonary hemor-
rhage and the duration of   mechanical ventilation in the 
survivors were signifi cantly shortened in the infants treat-
ed with hemocoagulase in addition to mechanical venti-
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lation as compared with the controls. Eight of 28 infants 
in the hemocoagulase group (28.6%) and 7 of 20 controls 
infants (35.0%) were unfortunately discharged from the 
NICU, but there was no signifi cant difference between 
these 2 groups (p  1    0.05). All these infants died after leav-
ing the NICU, and when their outcome was estimated as 
non-survivors, the mortality in the patients with this new 
treatment was 39.3% (11/28), which was signifi cantly 
lower than in the controls (75.0%, 15/20; p  !  0.05). When 
the discharged infants were not included in the statistics, 
the mortality in the hemocoagulase group was 10.7% 
(3/28), which was also signifi cantly reduced compared to 
the controls (40.0%, 8/20; p  !  0.05). 

 Discussion 

 Pulmonary hemorrhage is still a critically fatal disease 
in newborn infants, and lacks effective treatment  [11] . In 
China as well as in other developing countries, the re-
ported mortality from neonatal pulmonary hemorrhage 
is high (40–50%)  [12] . Parents’ inability to support the 
ongoing neonatal intensive care might be a major reason 
for the relatively higher mortality compared with the cur-
rent statistics in the United States and Europe  [13, 14] . 
Pulmonary hemorrhage usually occurs between the 2nd 
and 4th day of life in neonates who mostly suffer from 
some severe primary diseases. It has been associated with 
a wide variety of predisposing factors including prematu-
rity, hyaline membrane disease, asphyxia, severe sepsis, 
intrauterine growth retardation, severe hypothermia, and 
coagulopathy  [15] . 

Hemocoagulase 
group

Controls p value

Gestational age, weeks 30.581.8 30.982.9 >0.05
Birth weight, g 1,3808630 1,4108720 >0.05
Gender (male/female) 15/13 11/9 >0.05
Type of delivery (vaginal/cesarean) 9/19 5/15 >0.05
Surfactant administration (Curosurf), % 11 (3/28) 10 (2/20) >0.05
Plasma infusion, % 96 (27/28) 100 (20/20) >0.05
Red blood cell or platelet transfusion, % 18 (5/28) 15 (3/20) >0.05
Patent ductus arteriosus, % 7 (2/28) 10 (2/20) >0.05
Intracerebral hemorrhage, % 11 (3/28) 15 (3/20) >0.05
Bronchopulmonary dysplasia, % 7 (2/28) 5 (1/20) >0.05
Time of pulmonary hemorrhage, h 48.1819.9 50.3826.9 >0.05
Bleeding time, min 5.282.3 4.982.5 >0.05
Prothrombin time, s 14.282.1 14.582.5 >0.05
Partial thromboplastin time, s 70.384.8 68.983.8 >0.05

  Table 1.  Clinical data of the newborn 
 infants with pulmonary hemorrhage 

  Table 2.  Primary disease of the neonates with pulmonary hemor-
rhage 

Primary disease Hemocoagulase
group

Controls

Perinatal asphyxia 13 8
Respiratory distress syndrome 9 6
Sepsis 3 3
Pneumonia 2 2
Cold injury syndrome 1 1

  Table 3.  Length of pulmonary hemorrhage and duration of   me-
chanical ventilation 

Group Hemoco-
agulase

Control

Number of surviving patients
Length of pulmonary hemorrhage, days
Duration of mechanical ventilation in

the survivors, days

17
1.8680.85

2.5080.95

5
3.6080.88*

4.0581.01*

* p < 0.05 vs. hemocoagulase group.
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 In most cases of pulmonary hemorrhage, there is no 
evidence that coagulation disorders initiate the condition 
but they probably serve to exacerbate it in some cases. It 
was postulated that the important precipitating factor 
might increase the fi ltration pressure and so injure the 
capillary endothelium of the lung. Pulmonary hemor-
rhage might be considered as an extreme form of high 
permeability pulmonary edema  [16] . Thus mechanical 
ventilation, which maintains an adequate mean airway 
pressure, particularly end-expiratory pressure, was per-
formed in all neonatal patients with pulmonary hemor-
rhage. Nevertheless, in most cases, pulmonary hemor-
rhage seems to be very diffi cult to control once it hap-
pens. 

 The results of this study provide the fi rst evidence that 
hemocoagulase, when given through the endotracheal 
tube, is effective in the treatment of neonatal pulmonary 
hemorrhage. Hemocoagulase has been used in plastic and 
abdominal surgery, and in human vitrectomy. In cases of 
cleft palate and septum deviation, primary studies have 

suggested that hemocoagulase plays a good hemostatic 
role in the hemorrhagic capillary in abdominal incision 
during plastic surgery, and also appears to be a useful 
agent in the control of intraocular bleeding during vitre-
ous surgery. Twenty minutes after the parenteral admin-
istration of 1 KU of hemocoagulase, the normal bleeding 
time in healthy adults sinks to half or one third. This ten-
dency towards elevated coagulability is maintained for 
2–3 days. The hemostatic effect of hemocoagulase is not 
associated with any increase in the prothrombin level of 
blood and therefore constitutes no danger of thrombosis 
 [17, 18] . Our present study also indicates that the clotting 
system of neonatal patients seems impervious during lo-
cal hemocoagulase treatment, and the danger of cerebral 
hemorrhage is not increased. 

 In conclusion, the present study indicates that, in ad-
dition to mechanical ventilation, treatment with hemo-
coagulase can be safely performed in newborns with pul-
monary hemorrhage and reduce the associated mor-
tality. 
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