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Prothrombotic state in senile patients with acute
exacerbations of chronic obstructive pulmonary
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Abstract. The aim of this study was to study the clinical
value of prethrombotic state and treatment with low molecular
weight heparin (LMWH) in senile patients with acute exacer-
bations of chronic obstructive pulmonary disease (AECOPD)
combined with respiratory failure. Hemorheological markers
(hematocrit, blood viscosity and plasma viscosity), fibrinogen
(FIB), D-dimer and gas analysis were evaluated in 30 senile
patients with AECOPD combined with respiratory failure
and compared with those in 30 cases without respiratory
failure. A total of 30 cases with AECOPD combined with
respiratory failure were randomly divided into treatment and
control groups. The two groups received conventional treat-
ment. The treatment group also received LMWH injections
every 12 h for 6 days and the clinical effect was observed.
The levels of FIB, D-dimer, hematocrit, blood viscosity and
plasma viscosity were significantly higher in the patients with
AECOPD combined with respiratory failure compared with
those in the patients without respiratory failure. The plasma
D-dimer and FIB levels had significantly positive correlations
with the partial pressure of CO, (PaCO,) and negative corre-
lations with the partial pressure of O, (Pa0,) in the patients
with AECOPD combined with respiratory failure. The cura-
tive effect was improved in the treatment group, compared
with that in the control group without side-effects. However,
no significant changes in activated partial thromboplastin
time (APTT) and international normalized ratio (INR) were
observed between the treatment and control groups. The senile
patients with AECOPD combined with respiratory failure
suffered from hypercoagulation. Early detection and diagnosis
of the prethrombotic state and timely treatment with LMWH
may benefit these patients without side-effects.
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Introduction

Although chronic obstructive pulmonary disease (COPD) is
not a high risk factor for pulmonary embolism (PE), acute
exacerbations of chronic obstructive pulmonary disease
(AECOPD) complicated with PE occur in numerous patients.
The correlation between AECOPD and PE has been a key
research topic. The pathophysiological changes in COPD are
as follows: i) reconstruction of the pulmonary vascular bed:
extensive contraction and arterial hypertension caused by
long-term hypoxia, vascular intimal hyperplasia and vascular
fibrosis and occlusion; and ii) blood hypercoagulability:
blood stasis caused by increased erythrocyte formation due
to long-term hypoxia, vascular endothelial cell dysfunction,
pulmonary heart disease combined with right ventricular
dysfunction, dependence on corticosteroids and increased
concentrations of blood-clotting substances. These changes
cause venous blood stasis, vein endothelial injury and blood
hypercoagulability (the three elements of Virchow's triad),
leading to formation of the prethrombotic state (PTS).

AECOPD is often complicated with respiratory failure.
In the majority of patients, due to hypoxemia and carbon
dioxide retention (1-3), the blood is in a hypercoagulable or
PTS state, with the formation of small pulmonary artery
thrombi leading to a poor prognosis (4-6). For elderly patients
the less stable internal environment, decreased defense against
external infection and organ aging cause a higher incidence
of AECOPD. The change in the illness condition is character-
ized by acute onset, severe condition and poor drug reaction.
Consequently respiratory failure occurs more easily. It has
been observed that the incidences of pulmonary infarction
and disseminated intravascular coagulation (DIC) are higher
in elderly patients with AECOPD complicated with respira-
tory failure, and this has been a significant cause of increased
mortality (7-9). There are multiple risk factors, such as senility,
being bedridden and vascular injury induced by interventional
surgery during hospitalization, which frequently lead to the
PTS state. Therefore, intervention in thrombus formation is
essential.

At present, research on the PTS state in elderly patients
with AECOPD complicated with respiratory failure is seldom
reported. In the present study, simple detection methods were
used to observe blood hypercoagulability and hyperviscosity
and assess the severity of illness. The incidence of PE was
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reduced by timely anticoagulation therapy. The objective of
this study was to identify an appropriate and effective treat-
ment for elderly patients with AECOPD complicated with
respiratory failure, thus reducing the mortality and improving
the physical and mental health and quality of life of patients.

Patients and methods

Subjects. A total of 60 elderly patients with AECOPD were
admitted and treated at the Huangpu District Central Hospital
between January 2010 and December 2011. The present study
was conducted in accordance with the Declaration of Helsinki
and with approval from the Ethics Committee of Huangpu
District Central Hospital. Written informed consent was
obtained from all participants. The patients were treated at
the respiratory and geriatric special procurement depart-
ments of the hospital. Patients were evaluated according to
medical history, physical examination and various physical
and laboratory analyses and divided into AECOPD with type
II respiratory failure and AECOPD without type II respira-
tory failure groups. There were 30 patients in each group.
AECOPD diagnosis was in line with China's 2007 edition of
the COPD treatment guidelines (9); diagnosis of type II respi-
ratory failure was in accordance with diagnosis standards: in
a patient at rest, breathing air at sea level, a partial pressure of
0, (Pa0,) <60 mmHg and a partial pressure of CO, (PaCO,)
>50 mmHg. In the AECOPD with type II respiratory failure
group, there were 21 males and 9 females, aged between 74
and 85 years, with an average age of 79.27+3.43 years. In the
AECOPD without type II respiratory failure group, there were
20 males and 10 females, aged between 74 and 85 years, with
an average age of 80.17+3.04 years. The differences of age and
gender between the two groups were not statistically signifi-
cant (P>0.05).

The 30 patients in the AECOPD with type II respiratory
failure group were randomly divided into a low molecular
weight heparin (LMWH) treatment and conventional treatment
group. There were 15 patients in each group. In the LMWH treat-
ment group, there were 11 males and 4 females, aged between
75 and 85 years, with an average age of 79.27+3.43 years. In
the conventional treatment group, there were 10 males and
5 females, aged between 74 and 85 years, with an average age
of 79.80+3.78 years. The differences of age and gender between
the two groups were not statistically significant (P>0.05).

All patients with blood coagulation dysfunction caused by
conditions such as liver and blood diseases and splenomegaly
were excluded. Drugs which affect blood coagulation function
were not used during the two weeks of blood collection.

Methods. For all patients, venous and arterial blood was
extracted on an empty stomach early in the morning.
Hematocrit, whole blood viscosity (high and low shear),
plasma viscosity, fibrinogen (FIB), D-dimer, activated partial
thromboplastin time (APTT), international normalized ratio
(INR) and blood gas analysis were then evaluated. Patients
in the AECOPD with type II respiratory failure group were
randomly divided into a LMWH treatment and conventional
treatment group. On the 7th day following treatment, blood
collection was performed again and the parameters of the
previously mentioned indicators were measured.
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Hematocrit was tested by the capillary method and the
detection instrument was an EHK-40 sedimentation hemato-
crit instrument; whole blood viscosity and plasma viscosity
were tested by the rotary viscometer method and the detection
instrument was a Succeeder-SA-6000; FIB, APTT and INR
were tested by the solidification method and the detection
instrument was a Sysmex CA-510 coagulation analyzer (Kobe,
Japan); D-dimer was tested by the colloidal gold assay method
and the detection instrument was an Uppergold U2 reader;
arterial blood gas was analyzed by the electrode method and
the detection instrument was an ABL80 blood gas analyzer
(Radiometer, Brgnshgj, Denmark).

All patients in the LMWH and conventional treat-
ment groups were treated with conventional treatment. The
conventional treatment included continuous low-flow oxygen,
anti-infectives, bronchial antispasmodics, expectorants,
respiratory stimulants, correctors of acid-base and electrolyte
imbalance and the reasonable application of glucocorticoids,
cardiotonics, diuretics, vasodilators and other symptomatic
supportive treatments. Other drugs that affected coagulation
function were not included. Patients in the LMWH treatment
group received LMWH calcium treatment in addition to
conventional treatment. LMHW was subcutaneously injected
at a dose of 4,000 Units, twice a day, for 6 days. Blood samples
were collected before LMWH treatment and on the 7th day
after treatment and the previously mentioned indicators were
subsequently measured. Patients in the conventional treatment
group received only conventional treatment, without LMWH
treatment. The detection methods and measurement times of
the associated indicators were the same as those of the LMWH
treatment group.

Statistical analysis. The measurement data were expressed as
the mean + SD. The data which were in line with the normal
distribution were tested by t-tests, while the data which were
in line with a skewed distribution were tested by the Wilcoxon
test. Comparisons between the AECOPD with type I respira-
tory failure and AECOPD without type II respiratory failure
groups were tested by t-tests, independent sample tests and
NPar tests. Nonparametric correlations were used for the
analyses of correlations between D-dimer, FIB, PaCO, and
PaO, in the AECOPD with type II respiratory failure group.
Comparisons between data before and after treatment were
tested by paired sample tests and Wilcoxon signed ranks
tests. Comparisons of curative effect between the LMWH and
conventional treatment groups were tested by t-tests, inde-
pendent sample tests, NPar tests and Mann-Whitney tests.
P<0.05 was considered to indicate a statistically significant
difference.

Results

General data. Compared with the AECOPD without respira-
tory failure group, the AECOPD with respiratory failure group
had higher hematocrit, plasma viscosity, whole blood viscosity
(including high and low shear), FIB and D-dimer levels. The
differences were significant (P<0.01; Table I).

Correlation analyses. For patients in the AECOPD with
respiratory failure group (30 cases), correlations of D-dimer
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Table I. Comparisons of hemorheology, FIB, D-dimer and blood gas analysis between the AECOPD with respiratory failure and
AECOPD without respiratory failure groups.

Parameter With respiratory failure (n=30) Without respiratory failure (n=30)
Hematocrit (%) 45.97+7.79 38.25+6.44"

Plasma viscosity (mPas) 1.57+£0.22 1.34+0.23"

Whole blood viscosity (high shear; 200 s) 4.56+0.58 4.13£0.59°

Whole blood viscosity (low shear; 1 s) 18.72+2.88 16.38+2.19°

FIB (g/1) 4.40+0.64 3.20+0.64"

D-dimer (mg/1) 0.36+0.26 0.11x0.08"

PaO, (mmHg) 52.53+8.01 79.73+10.77

PaCO, (mmHg) 85.27+£16.08 45.07+8.58"

Comparisons were between the COPD with respiratory failure and COPD without respiratory failure groups: "P<0.01. AECOPD, acute exacer-
bations of chronic obstructive pulmonary disease; FIB, fibrinogen, PaO,, partial pressure of O,; PaCO,, partial pressure of CO,.

Table II. Analyses of the correlations of FIB and D-dimer with PaCO, and PaO, in the AECOPD with respiratory failure group.

Comparison r P-value
FIB and PaO, -0.73 <0.01
FIB and PaCO, 0.66 <0.01
D-dimer and PaO, -0.80 <0.01
D-dimer and PaCO, 0.62 <0.01

AECOPD, acute exacerbations of chronic obstructive pulmonary disease; FIB, fibrinogen, PaO,, partial pressure of O,; PaCO,, partial pressure
of CO,.

Table III. Comparisons of the parameters of the low molecular weight heparin and conventional treatment groups before and
after treatment.

Conventional treatment
group (n=15)

Low molecular weight heparin
treatment group (n=15)

Factor Before treatment After treatment Before treatment After treatment
Hematocrit (%) 45.39+8.37 36.88+5.00™ 46.56+7 .41 44.04+7.68"
Plasma viscosity (mPas) 1.58+0.23 1.36+0.13"4 1.55+£0.22 1.52+0.15
Whole blood viscosity (high shear; 200 s') 4.60+0.58 3.60+0.40™ 4.51+0.59 421031
Whole blood viscosity (low shear; 1 s) 18.68+2.82 16.19+1.46™ 18.76+3.04 17.93+1.70
FIB (g/l) 4.45+0.64 3.20+0.484 4.36x0.66 4.11+0.44"
D-dimer (mg/l) 0.37£0.25 0.07+0.05 0.36+0.28 0.17+0.06"
Pa0O, (mmHg) 52.53+8.31 83.73+7.92" 52.53+7.98 74.40+8.72"
PaCO, (mmHg) 86.00+17.01 46.07+6.31™ 84.53+15.66 57.07+9 48"
APTT (S) 34.02+6.31 40.04+6.88" 32.98+5.67 38.98+6.55"
INR 0.98+0.14 1.08+0.18" 1.00+0.13 1.14+0.22"

“P<0.05, compared with data before treatment, *P<0.05, compared with the control group. FIB, fibrinogen, PaO,, partial pressure of O,; PaCO,,
partial pressure of CO,; APTT, activated partial thromboplastin time; INR, international normalized ratio.

and FIB with PaCO, and PaO, were observed in the present
study. The results showed that D-dimer and FIB levels were
positively correlated with PaCO, and negatively correlated
with PaO, (Table II).

Before and after treatment. The conditions of the patients in
the LMWH and conventional treatment groups were notice-
ably improved following treatment. Compared with the
conventional treatment group, the hematocrit, whole blood



SONG et al: PROTHROMBOTIC STATE AND AECOPD COMBINED WITH RESPIRATORY FAILURE

viscosity (high shear), whole blood viscosity (low shear),
plasma viscosity, FIB, PaO, and PaCO, of the LMWH treat-
ment group were clearly improved. The differences were
significant (P<0.05). The D-dimer levels of the patients in
the two groups were decreased following therapy. Compared
with the conventional treatment group, the LMWH group was
improved noticeably, but the difference between groups was
not significant (P>0.05). APTT and INR lengthened within the
acceptable range and the difference between the groups was
not significant (P>0.05). No serious bleeding events occurred
(Table III). However, in the conventional treatment group, one
patient was complicated by cerebral infarction and another by
lower limb vein embolism.

Discussion

Elderly patients with COPD often suffer from complications
due to underlying diseases, such as hypertension, coronary
heart disease, cardiac insufficiency, diabetes and cerebral
infarction. These diseases cause hypercoagulability and
viscosity of the blood. When elderly patients with AECOPD
are complicated with respiratory failure, hypercoagulability
of the blood occurs and minute thrombi form due to various
causes. There are often risk factors which cause venous
thromboembolism, such as being bedridden in the long-term,
repeated bronchopulmonary infection, right heart failure and
vein drainage disturbance. These make the condition more
complex, increase complications and lead to a worse prognosis.
Further complications may arise during the hospitalization
process due to the acute exacerbation period, vessel damage
caused by deep vein puncture and the use of diuretics which
also increase the risk of phlebothrombosis.

For certain thrombosis-related diseases, a pathological
process called the PTS state often exists in the blood prior to
thrombosis, which refers to the visible pathological changes
in the biochemistry and rheology of the blood or intangible
components caused by a variety of factors (1,2). COPD has
the three key factors for phlebothrombosis formation, vascular
endothelial injury, increased blood viscosity and blood stasis,
and it is a type of PTS disease (6,10-12). Preliminary studies
have been performed by the present research group and it was
demonstrated that elderly patients with COPD had a certain
degree of hypercoagulability and viscosity in the relatively
stable period as well as the acute exacerbation period, which
was directly associated with repeated infections, hypoxia and
hypercapnia.

The hyperviscosity state of patients with AECOPD
complicated by respiratory failure was more serious than that
of patients without respiratory failure. It was demonstrated
in the present study that the hematocrit, plasma viscosity
and whole blood viscosity (including high and low shear) of
elderly patients with AECOPD complicated by respiratory
failure increased. Compared with the AECOPD without
respiratory failure group, the differences were significant. In
blood viscosity measurements, it is generally acknowledged
that high-shear-specific viscosity represents red cell deform-
ability and low-shear-specific viscosity mainly reflects the
aggregation of red cells. Patients with AECOPD, particularly
those complicated by respiratory failure, are usually elderly.
The decline in lung function and respiratory failure may
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limit activity and lead to the patient being bedridden in the
long-term. Furthermore, hypoxia, malnutrition and other
COPD-inherent pathophysiological phenomena also increase
blood viscosity.

The hypercoagulability of patients with AECOPD compli-
cated by respiratory failure was more serious compared with
that of the patients without respiratory failure; thromboses may
be present. It was indicated in the present study that the levels
of D-dimer and FIB in the elderly patients of the AECOPD
complicated by respiratory failure group were noticeably
higher than those of the AECOPD without respiratory failure
group. FIB is a glycoprotein synthesized by the liver. Agnelli
et al (13) indicated that an increased FIB level was an impor-
tant risk factor for thrombosis and cardiovascular diseases.
D-dimer is the specific degradation product of cross-linked
fibrin and is used as a molecular marker of hypercoagula-
tion and secondary increased fibrinolytic activity (14-16). In
addition, it was shown in the present study that the D-dimer
and FIB levels of the respiratory failure group were positively
correlated with PaCO, and negatively correlated with PaO,.
This indicated that the rise in D-dimer and FIB levels in the
plasma of patients with respiratory failure had a close corre-
lation with the degree of hypoxemia and hypercapnia and
reflected the severity of the condition.

As mentioned previously, PTS gradually occurred in the
pathophysiological process of COPD and there was a vicious
cycle between PTS and COPD. Due to the existence of PTS,
COPD was not only a simple airway or lung disease but also a
vascular disease, particularly in elderly patients with AECOPD
complicated by respiratory failure. PTS increased the risk of
deep vein thrombosis and pulmonary thromboembolism and
promoted the occurrence and development of pulmonary
hypertension and pulmonary heart disease. Furthermore, PTS
increased the occurrence of cardiovascular and cerebrovas-
cular events in patients with COPD. In the present study, there
were two elderly patients with AECOPD complicated by respi-
ratory failure who were also complicated by pulmonary heart
disease. Within two weeks after treatment, one patient was
complicated by cerebral infarction and the other was compli-
cated by lower limb vein embolism, which also indicated the
high occurrence of vascular diseases in elderly patients with
AECOPD complicated by respiratory failure.

It has been widely demonstrated that hyperviscosity
and hypercoagulability occur in the blood of patients with
AECOPD (17,18), which provided a theoretical basis for the
clinical detection of PTS in patients with AECOPD and the
rational use of anticoagulants. PTS in elderly patients with
AECOPD complicated by respiratory failure is more serious.
Therefore, for elderly patients with AECOPD complicated by
respiratory failure, the timely use of anticoagulation treat-
ments at the time of conventional treatment may improve the
ventilation/perfusion ratio and the hypoxic state of the patient
and prevent cardiovascular and cerebrovascular events.

LMWH is a novel antithrombin III-dependent anti-throm-
bosis drug. It is a heparin fragment generated via chemical
or enzymatic depolymerization. Its size is ~one-third that of
the unfractionated heparin. The T,,, of LMWH is ~8-fold of
that of unfractionated heparin (19). Therefore, LMWH has the
following advantages for anticoagulation therapy: i) it may be
absorbed easily via subcutaneous injection; ii) it has a specific
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anticoagulant effect; and iii) hemorrhage side-effects are
reduced and monitoring of coagulation function is not required.
It was shown in the present study that a number of indicators of
patients in the LMWH treatment group were improved more
clearly following treatment. Compared with the conventional
treatment group, hematocrit, whole blood viscosity (high
shear), whole blood viscosity (low shear), plasma viscosity,
FIB, PaO, and PaCO, were improved noticeably and the
differences were significant. This indicated that anticoagulant
therapy has a certain effect on PTS improvement in elderly
patients with AECOPD complicated by respiratory failure. It
was also revealed in the present study that the D-dimer levels
of patients in the two groups decreased after treatment. The
LMWH group was improved more markedly than the conven-
tional treatment group, although the differences between the
groups were not significant. In addition, the safety of LMWH
anticoagulation was monitored in the present study and it was
observed that APTT and INR lengthened within the accept-
able range. The differences between the groups were not
significant. No serious bleeding events occurred, indicating
the effectiveness and safety of the LMWH treatment.

During the present study, there were two elderly patients
with AECOPD complicated by respiratory failure and pulmo-
nary heart disease in the conventional treatment group. Of
the two patients, one was complicated by cerebral infarction
and the other by lower limb vein embolism within two weeks
after treatment, while there were no such complications in the
LMWH treatment group. This suggested that anticoagula-
tion intervention therapy for elderly patients with AECOPD
complicated by respiratory failure in the early stage may be
effective in preventing the occurrence of vascular diseases.

In conclusion, PTS existed in elderly patients with
AECOPD complicated by respiratory failure. The monitoring
of plasma D-dimer, FIB and hemorheology was simple and
aided in understanding the hyperviscosity, hypercoagulability
and fibrinolytic state of the elderly patients with AECOPD
complicated by respiratory failure, which provided an objec-
tive basis for early interventions. The prophylactic use of
LMWH in the early stage had certain clinical significance
for the remission of patient PTS, decrease of vascular disease
incidence and improvement of patient prognoses.
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