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Pulmonary hemorrhage occurring in preterm newborns is a catastrophic event and is significantly associated with neonatal deaths.
Low-weight-molecular heparin is a medical agent usually used as anticoagulants during pregnancy and has the advantages of good
absorption, long half-life, and high bioavailability. This study evaluated the pulmonary function and coagulation function in
neonates with pulmonary hemorrhage following intravenous drip of low-molecular-weight heparin and the effects of low-
molecular-weight heparin on serum prealbumin and retinol-binding protein levels. A total of 96 neonates with pulmonary
hemorrhage were included as study subjects and arranged into the control group and the observation group, 48 per group,
based on intravenous drip of unfractionated heparin with or without low-molecular-weight heparin. The neonates receiving
intravenous drip of unfractionated heparin and low-molecular-weight heparin exhibited elevated partial pressure of oxygen
(PaO2) concomitant with declined partial pressure of carbon (PaCO2) compared to those receiving unfractionated heparin
treatment alone. With regard to pulmonary function, neonates receiving combined treatment of unfractionated heparin and
low-molecular-weight heparin displayed increased forced expiratory volume in the first second (FEV1), FEV1/forced expiratory
vital capacity (FVC), and peak expiratory flow (PEF) (P < 0:05) when comparable to neonates receiving unfractionated heparin
treatment alone. As for coagulation function, neonates with pulmonary hemorrhage had decreased activated partial
thromboplastin time (APTT), prothrombin time (PT), thromboplastin time (TT), and fibrinogen (FIB) after treatment.
Expectedly, these decreases were more significantly in neonates undergoing unfractionated heparin coupled with low-molecular-
weight heparin (P < 0:05). The control group was given unfractionated heparin, and the observation group was given
unfractionated heparin coupled with low-molecular-weight heparin. In addition to pulmonary function and coagulation
function, it was also observed that neonates undergoing unfractionated heparin coupled with low-molecular-weight heparin
exhibited higher serum levels of serum prealbumin and retinol-binding protein than those treated with unfractionated heparin
alone. Finally, higher recovery rate and lower incidence rate of complications, such as pulmonary infection, intracranial
hemorrhage, and respiratory distress, were found in the observation group than the control group (P < 0:05). In conclusion,
additional treatment with low-molecular-weight heparin could provide a better patient outcome for neonatal pulmonary
hemorrhage with unfractionated heparin treatment, as it could notably improve pulmonary function and coagulation function
and reduce the incidence of complications.

1. Introduction

Pulmonary hemorrhage represent a life-threatening event
that shows an approximate incidence of 0.1% in all infants,
while the incidence rate reaches to 5%-11% in newborns

who are preterm or suffer intrauterine growth restriction
[1]. Preterm infants usually experience pulmonary hemor-
rhage within 72 hours after birth, leading to significant mor-
bidity and mortality and long-term neurological sequelae [2].
The occurrence of neonatal pulmonary hemorrhage is
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attributed to several factors including low body weight, pre-
mature delivery, intrauterine growth restriction, coagulation
dysfunction, infection, the administration of exogenous sur-
factant, intubation in delivery room, and previous use of
blood components [3–5]. Interestingly, the phenomenon that
pulmonary hemorrhage follows a neurological insult has
been termed as neurogenic pulmonary hemorrhagic edema,
indicating the relationship between pulmonary hemorrhage
and neonatal neurological disease [6]. The histologic charac-
teristics of the lung in the context of pulmonary hemorrhage
remain to be characterized, and it seems that pulmonary mal-
development such as pulmonary hypoplasia and presence of
intra-acinar arterioles may contribute to pulmonary hemor-
rhage. So far, mechanical ventilation, medication, and circu-
latory management have been performed treating neonatal
pulmonary hemorrhage [7–9], but the mortality rate of the
children is still high.

Heparin is a polysaccharide activator of antithrombin by
producing protease interaction exosites for blood clotting
proteinases, thus promoting the inactivation of thrombin.
Nonfractionated heparin has a mixture of polysaccharides
with molecular weight from 3,000 to 30,000 Daltons [10,
11]. The administration of heparin has been reported to
reduce the risk of developing intraventricular hemorrhage
and parenchymal venous infarct which is a condition compli-
cating intraventricular hemorrhage [12]. Low-weight-
molecular heparin is a medical agents usually used as antico-
agulants during pregnancy and has the advantages of good
absorption, long half-life, high bioavailability, and low inci-
dence of adverse reactions [13, 14]. The purpose of this study
is to analyze the effect of low-molecular-weight heparin on
pulmonary function and coagulation function of newborn
with pulmonary hemorrhage and additional influence on
expressions of serum prealbumin and retinol-binding pro-
tein, so as to provide reference for clinical treatment.

2. Material and Method

2.1. Inclusion and Exclusion Criteria. This retrospective study
received the approval of Ethics Committee of our hospital,
and the informed consent was obtained from each guardian.
Eligible newborns with pulmonary hemorrhage should meet
the following inclusion criteria: (a) in accordance with the
“diagnosis and treatment of neonatal pulmonary hemor-
rhage” issued by Chinese Medical Association; 9b) the plate-
let level was less than 80 × 109/L; (c) the mother of neonate
the did not use drugs related to fibrinolysis and coagulation
during prenatal and delivery; (d) all the guardians of the neo-
nate implemented informed consent. The newborns with
pulmonary hemorrhage who died within 24 hours after
admission or whose family members gave up treatment,
complicated by congenital heart disease and abnormal liver
and kidney function, congenital genetic diseases, hyperbiliru-
binemia, severe intrauterine infection, coagulation dysfunc-
tion, or immune function diseases, and stayed in coma after
resuscitation treatment with low Apgar score (PMID:
3183690) (no less than 3) should be excluded.

2.2. Eligible Study Subjects. A number of 96 neonates with
pulmonary hemorrhage in our hospital from December
2016 to December 2018 were analyzed and divided into the
observation group with 48 cases and the control group with
48 cases according to different treatments. The control group
involved 28 males and 20 females, with age ranging from 1 to
21 days, an average of 7:59 ± 0:51 days, weighing from 2011
to 4510 g, an average of 3520 ± 720 g; with Apgar scores rang-
ing from 5 to 10 points, an average of 7:04 ± 1:35 points; with
onset time ranging from 30 minutes to 24 days after birth, an
average of 11:28 ± 3:54 days. There were 25 premature
infants, 13 full-term infants, and 10 late born infants among
them. There were 30 males and 18 females in observation
group involving 24 cases of premature infants, 13 cases of
full-term infants, and 11 cases of late birth, with aging from
1 to 24 days, an average age of 7:39 ± 0:48 days, weighing
from 2046 to 4571 g, an average weight of 3582 ± 697 g; with
Apgar scores from 5 to 10 points, an average of 7:10 ± 1:29
points; with onset time ranging from 40 minutes to 22 days
after birth, an average of onset time 11:15 ± 3:45 days. The
two groups were comparable (P > 0:05).

2.3. Management Protocols. All newborns with pulmonary
hemorrhage were given regular treatments including anti-
shock measures, anti-infection, better fluid, and electrolyte
balance. Afterwards, they underwent orotracheal intubation
by using the ventilator (Stephanie, Germany) with inspired
oxygen (FiO2) 0.6-1.0, mean airway pressure (MAP) 0.78-
1.18 kPa, inspiratory time (Ti) 33%, respiration rate (RR) 8-
12Hz, and amplitude 3-5 (oscillating pressure 1.96-4.90).
Parameters were changed according to the blood gas value,
and the pH value of blood gas, partial pressure of oxygen
(PaO2), partial pressure of carbon (PaCO2) were, respec-
tively, maintained at 7.4-7.5, 60-80mmHg, and 35-
55mmHg. When fraction of inspired oxygen (FiO2) was no
more than 40%, and mean airway pressure (MAP) was no
more than 0.78 kPa, it can be transferred to synchronized
intermittent mandatory ventilation (SIMV), and continuous
positive airway pressure (CPAP) was given after ventilator
removed. The control group was treated with unfractionated
heparin (6μg/kg, body weight, No. 21071115, Hainan
Changshi Medicine Co., Ltd., China) injected into vein once
every 6 hours, and the drug was withdrew after the activated
partial thromboplastin time (APTT), prothrombin time
(PT), fibrinogen (FIB), and thrombin time (TT) recovered,
respectively, to 25-37 s, 11-14 s, 2-4 g/L, and 12-16 s. As for
the observation group, on the basis of the treatment in the
control group, were additionally treated with low-
molecular-weight heparin (40μg/kg, body weight, No.
21060805, Jilin Huakang Pharmaceutical Co., Ltd., China)
dripped into vein twice a day for preventive treatment, and
the withdrawal criteria were consistent with that of the con-
trol group.

2.4. Outcomes. The value of PaO2 and PaCO2 were, respec-
tively, recorded before, 6 h, and 24 h after treatment. The
changes of the first second forced expiratory volume
(FEV1), FEV1/forced vital capacity (FVC), and peak expira-
tory flow (PEF) were analyzed by pulmonary function tester
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(CHESTAT-8800, Japan). Blood sample (2mL) was collected
from each fasting patient before and after treatment and
placed in tube with the presence of 0.109mol sodium citrate
with ratio 1 : 9. APTT, PT, TT, and FIB were measured by
automatic blood coagulation analyzer (CA15000, SYSMEX,
Japan). The levels of prealbumin and retinol-binding protein
before and after treatment were detected by automatic bio-
chemical analyzer (MODULE P800, Roche, Switzerland)
using corresponding kits (Sichuan Maccura Biotechnology
Co., Ltd., China).

2.5. Recovery Criteria of Pulmonary Hemorrhage. The blood
gas value and ventilator parameters returned to normal,
and there was no blood aspirated from trachea. Bilateral pul-
monary rales disappeared or significantly reduced, and clini-
cal symptoms disappeared or significantly improved.

2.6. Statistical Methods. SPSS21.0 statistical software was
used for data analysis. The counting data were expressed as
percentage (%) and detected by chi-square test; the measure-
ment data were described as mean ± standard deviation and
analyzed by t test and one-way and two-way analysis of var-
iance (ANOVA). With α = 0:05 as the test level, the P value of
less than 0.05 indicates that the difference was statistically
significant.

3. Results

3.1. Additional Treatment with Low-Molecular-Weight
Heparin Maintained Arterial Partial Pressures of Neonates
with Pulmonary Hemorrhage. PaCO2 and PaO2 are an essen-
tial component of patient care. We first examined PaCO2 and
PaO2 of each patient in the observation and control group
before, 6 h, and 24h after treatment. It was found that the
PaO2 was notably increased, and PaCO2 was descended in
both groups after intravenous drip of unfractionated heparin
and low-molecular-weight heparin (P < 0:05). The newborns
with pulmonary hemorrhage undergoing unfractionated
heparin coupled with low-molecular-weight heparin exhib-
ited elevated PaO2 concomitant with declined PaCO2 com-
pared with those receiving unfractionated heparin
treatment alone at indicated time points (6 h and 24 h after
treatment) (P < 0:05). Additionally, the elevation of PaO2
and the reduction of PaCO2 were greater in the observation
group when comparable to the control group (P < 0:05,
Table 1 and Figure 1).

3.2. Additional Treatment with Low-Molecular-Weight
Heparin Restored Pulmonary Function of Neonates with
Pulmonary Hemorrhage. Pulmonary function testing is usu-
ally performed to diagnose many categories of pulmonary
disease. We next evaluated the FEV1, FEV1/FVC, and PEF
to reflect the pulmonary function of neonates with pulmo-
nary hemorrhage. No remarkable difference was observed
between the observation and control group before treatment
(P > 0:05). After unfractionated heparin treatment with or
without additional low-molecular-weight heparin treatment,
FEV1, FEV1/FVC, and PEF were all increased in the two
groups (P < 0:05). The newborns with pulmonary hemor-
rhage undergoing unfractionated heparin coupled with low-

molecular-weight heparin exhibited elevated FEV1,
FEV1/FVC, and PEF when comparable to those receiving
unfractionated heparin treatment alone (P < 0:05, Table 2).

3.3. Additional Treatment with Low-Molecular-Weight
Heparin Improved Coagulation Function of Neonates with
Pulmonary Hemorrhage. Pulmonary hemorrhage is a coagu-
lation disorder. In this part, the anticoagulation effects of
unfractionated heparin treatment with or without additional
low-molecular-weight heparin treatment on pulmonary
hemorrhage were evaluated. As shown in Table 3, before
treatment, the observation and control groups were compa-
rable as no significance existed in coagulation parameters
(P > 0:05). After unfractionated heparin treatment with or
without additional low-molecular-weight heparin treatment,
APTT, PT, TT and FIB were all remarkably reduced in the
two groups (P < 0:05). These reductions were more signifi-
cant in the newborns with pulmonary hemorrhage undergo-
ing unfractionated heparin coupled with low-molecular-
weight heparin than those receiving unfractionated heparin
treatment alone (P < 0:05).

3.4. Additional Treatment with Low-Molecular-Weight
Heparin Increased Prealbumin and Retinol-Binding Protein
Levels in Neonates with Pulmonary Hemorrhage. Prealbumin
and retinol-binding protein belong to hepatic secretory pro-
teins that are markers of visceral protein stores and used as
indicators of nutritional status. The serum levels of prealbu-
min and retinol-binding protein showed little difference
between the two groups before unfractionated heparin treat-
ment with or without additional low-molecular-weight hep-
arin treatment (P > 0:05). After treatment, there were
significant increases in the serum levels of prealbumin and
retinol-binding protein in the two groups (P < 0:05). The
newborns with pulmonary hemorrhage undergoing unfrac-
tionated heparin coupled with low-molecular-weight heparin
exhibited elevated serum levels of prealbumin and retinol-
binding protein compared with those receiving unfractio-
nated heparin treatment alone (P < 0:05, Figure 2).

3.5. Efficacy and Safety of Additional Treatment with Low-
Molecular-Weight Heparin for Neonates with Pulmonary
Hemorrhage. Finally, we calculated the recovery rate and
incidence rate of complications, such as pulmonary infection,
intracranial hemorrhage, and respiratory distress to evaluate
the efficacy and safety of additional treatment with low-
molecular-weight heparin for neonates with pulmonary
hemorrhage. There were 35 cured neonates out of 48 cases
in the control group with 72.92% cure rate and involved 3
cases of pulmonary infection, 2 cases of intracranial hemor-
rhage, 1 case of respiratory distress out of 48 cases with
12.50% complication rate; there were 44 cured neonates out
of 48 cases in the observation group with 91.67% cure rate
and contained 1 case of pulmonary infection and 1 case of
intracranial hemorrhage out of 48 cases with 4.17% compli-
cation rate, suggesting that the cure rate and complication
rate improved significantly in the observation group com-
pared with the control group (P < 0:05, Figure 3).
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4. Discussion

Heparin is an anticoagulant for the prevention and treatment
of venous thrombosis [15]. Low-molecular-weight heparin
prepared from heparin has different pharmacokinetic and
pharmacodynamics characteristics from unfractionated hep-
arin, and it can reduce capillary permeability, improve local
edema, and promote smooth muscle contraction and local
hemostasis [16]. At the same time, low-molecular-weight
heparin can significantly improve the vasoconstriction and
oxygen supply in neonate [17].

The alveolar elastic fibrous tissue and bronchial wall fiber
development of neonate are dysplasia, and alveolar surfac-
tant is less, prone to alveolar and bronchial occlusion, which
leading to hypoxia and microvascular damage [18]. Neonates
with lung dysplasia have more blood vessels with less alveolar
tissue, easy to cause bleeding phenomenon [19]. The increase
of capillary pressure in alveolar wall caused by many factors
leads to pulmonary hemorrhagic disease. Pulmonary hemor-
rhage is an important cause of perinatal death and complica-
tions [20]. Low-molecular-weight heparin plays a positive
role in improving lung function of patients with lung disease.

Table 1: The PaCO2 and PaO2 of each patient in the observation and control group before, 6 h, and 24 h after unfractionated heparin
treatment with or without additional low-molecular-weight heparin treatment.

Group Time PaO2 (mmHg) PaCO2 (mmHg)

Control group (n = 48)
Before treatment 50:62 ± 5:01 59:39 ± 4:74
6 h after treatment 56:46 ± 6:16 50:16 ± 5:24
24 h after treatment 72:41 ± 4:56 42:51 ± 3:11

F 31.410 16.120

P 0.001 0.001

Observation group (n = 48)
Before treatment 50:171 ± 5:89 59:31 ± 4:77
6 h after treatment 62:72 ± 4:51 42:29 ± 4:26
24 h after treatment 84:28 ± 3:71 37:01 ± 2:75

F 57.740 32.630

P 0.001 0.001

PaO2: partial pressure of oxygen; PaCO2: artery partial pressure of carbon.
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Figure 1: Alternations of PaCO2 and PaO2 of neonates with pulmonary hemorrhage before, 6 h, and 24 h after intravenous drip of
unfractionated heparin with or without low-molecular-weight heparin treatment. ∗ indicates P < 0:05 compared with the control group at
indicated time points after treatment.
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Nasal continuous positive airway pressure (NCPAP) com-
bined with low-molecular-weight heparin in the treatment
of severe pneumonia has a good effect, which is helpful to
improve the lung function and blood oxygen level of patients
[21]. Low-molecular-weight heparin combined with acetyl-
cysteine in the treatment of IIPs can improve the lung func-
tion of patients more effectively than single drug treatment.
On the basis of conventional treatment, low-molecular-
weight heparin combined with acetylcysteine in the treat-
ment of IIPs can improve lung function more effectively than
single drug treatment. On the basis of conventional treat-
ment, the use of low-dose low-molecular-weight heparin cal-
cium in the treatment of chronic obstructive pulmonary
disease can significantly improve the total effective rate and
blood gas index. The effect of rivaroxaban in the treatment
of elderly patients with acute exacerbation of chronic
obstructive pulmonary disease (AECOPD) is better than that
of low-molecular-weight heparin calcium injection, which
may be related to the age of patients. In the future research,
we will analyze the patients with different ages separately to
provide reference for more reasonable clinical treatment.
On the basis of conventional treatment, increasing the use
of low-molecular-weight heparin can improve the treatment
effect of acute exacerbation of chronic obstructive pulmonary

disease, and low-molecular-weight heparin combined with
budesonide in the treatment of severe pneumonia in children
can help to improve tidal breathing pulmonary function and
accelerate the disappearance of symptoms and signs. This
study also found that FEV1, FEV1/FVC, and peak expiratory
flow of the two groups were significantly increased after
treatment, suggesting that low-molecular-weight heparin
can significantly improve pulmonary function and coagula-
tion function in neonate with pulmonary hemorrhage. In
the future study, we will further analyze the changes of blood
gas indexes of the two groups after treatment, so as to provide
reference for more reasonable clinical treatment.

Organ system development of neonate is not perfect, and
they are prone to get infection, shock, even disseminated
intravascular coagulation, and organ failure which cause
death. Incomplete development of neonatal coagulation
mechanism is the main cause of neonatal pulmonary hemor-
rhage death. At the same time, due to the physiological pro-
tection of the newborn, the coagulation function of the
newborn is maintained in a low activity state. Therefore,
improving coagulation dysfunction and hemostasis is an
important idea for clinical treatment. APTT, PT, TT, and
FIB are sensitive indicators of coagulation system [22].
Low-molecular-weight heparin can play a role in the

Table 2: The FEV1, FEV1/FVC, and PEF of each patient in the observation and control group before and after unfractionated heparin
treatment with or without additional low-molecular-weight heparin treatment.

Group Time FEV1 (L) FEV1/FVC (%) PEF (L/s)

Control group (n = 48)
Before treatment 1:31 ± 0:36 49:6 ± 7:44 5:90 ± 0:96
After treatment 2:58 ± 0:48 58:6 ± 8:65 7:11 ± 1:21

t 2.586 5.172 3.857

P 0.012 0.007 0.014

Observation group (n = 48)
Before treatment 1:30 ± 0:41 49:2 ± 6:48 5:84 ± 0:78
After treatment 3:15 ± 0:52∗ 66:9 ± 7:44∗ 8:85 ± 1:33∗

t 3.125 8.635 5.173

P 0.021 0.001 0.001

The symbol of ∗ indicates P < 0:05 compared with the control group; FEV1: the first second forced expiratory volume; FVC: forced vital capacity; PEF: peak
expiratory flow.

Table 3: The changes of coagulation parameters function of each patient in the observation and control group before and after unfractionated
heparin treatment with or without additional low-molecular-weight heparin treatment.

Group Time APTT (s) PT (s) TT (s) FIB (g/L)

Control group (n = 48)
Before treatment 82:3 ± 8:52 19:3 ± 2:69 20:8 ± 2:76 5:24 ± 0:83
After treatment 66:6 ± 7:25 14:1 ± 2:85 15:6 ± 2:63 3:31 ± 0:79

t 10.176 6.175 5.746 3.963

P 0.001 0.001 0.004 0.024

Observation group (n = 48)
Before treatment 83:0 ± 9:77 19:6 ± 3:10 21:3 ± 3:05 5:14 ± 0:79
After treatment 50:5 ± 8:35∗ 10:2 ± 1:24∗ 12:3 ± 1:25∗ 2:57 ± 0:76∗

t 21.084 8.173 6.712 4.183

P 0.001 0.001 0.001 0.016

The symbol of ∗ indicates P < 0:05 compared with the control group; APTT: activated partial thromboplastin time; PT: prothrombin time; TT: thrombin time;
FIB: fibrinogen.

5Journal of Nanomaterials



treatment of venous thrombosis by regulating the abnormal
levels of the above factors. Low-molecular-weight heparin
combined with prednisone can effectively improve the renal
function of children with nephrotic syndrome, but has no
obvious adverse effect on blood coagulation. Fasudil hydro-
chloride combined with low-molecular-weight heparin cal-
cium can affect APTT, PT, TT, and FIB concentrations,
improve blood hypercoagulability in patients with ischemic
stroke, and improve the clinical therapeutic effect of ischemic
stroke. This study also found that the pulmonary function
indexes of the two groups were significantly improved after
treatment, and the coagulation function indexes such as acti-
vated partial thromboplastin time, prothrombin time, and
the level of coagulogenic enzyme phase were significantly
decreased, suggesting that the clinical effect of low-

molecular-weight heparin and the improvement of pulmo-
nary function in patients with neonatal pulmonary hemor-
rhage are related to the abnormal coagulation function
indexes.

Prealbumin is a thyroxine and retinol-binding protein
synthesized by hepatocytes, which belongs to the category
of carrier protein [23]. Liver is also an important place for
the synthesis of coagulation factors [24], and abnormal or
damaged liver function can lead to abnormal expression of
coagulation factors and prealbumin. There was significant
difference in plasma prealbumin between patients with
AECOPD and healthy controls before and after treatment
[25]. The detection of plasma prealbumin is helpful to reflect
the nutritional status of COPD patients [26]. The decrease of
prealbumin in patients with COPD reflects the severity of
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Figure 2: The serum levels of prealbumin and retinol-binding protein in neonates with pulmonary hemorrhage before and after intravenous
drip of unfractionated heparin with or without low-molecular-weight heparin treatment. ∗ indicates P < 0:05 after treatment. # indicates P
< 0:05 compared with the control group.
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Figure 3: The recovery rate and incidence rate of complications after intravenous drip of unfractionated heparin with or without low-
molecular-weight heparin treatment. ∗ indicates P < 0:05 compared with the control group.
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COPD to a certain extent, which can be an important refer-
ence index for clinicians to judge the prognosis of COPD.
Retinol-binding protein is also a sensitive indicator of nutri-
tional status. In a study reported by Delgado et al., an
increased level of retinol-binding protein was found after
parenteral support of critically ill infants during short period
of intensive care [27].

In conclusion, additional treatment with low-molecular-
weight heparin could provide a better patient outcome for
neonatal pulmonary hemorrhage with unfractionated hepa-
rin treatment, as it could notably improve pulmonary func-
tion and coagulation function and reduced the incidence of
complications. There were many factors influencing new-
borns, and the number of study subjects included in this
study is limited; we will further increase the sample size
and observation indicators in future studies and use multi-
center comparative study to provide reference for more rea-
sonable clinical treatment.

Data Availability

The data used to support the findings of this study are
included within the article.
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