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Effect of acute exacerbations on circulating endothelial, clotting
and fibrinolytic markers in COPD patients
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Abstract Patients with chronic obstructive pulmonary

disease (COPD) are prone to clinical exacerbations that are

associated with increased airway inflammation, a potent

pro-thrombotic stimulus. Limited information is available

on the mechanisms underlying the putative alterations of

the endothelial-coagulative system during acute exacerba-

tions. The aim was to investigate whether the activation of

the endothelial-coagulative system occurs in association

with the acute inflammatory response of COPD exacerba-

tion. We monitored the blood levels of surrogate markers

of inflammation: interleukin-6 (IL-6); endothelium dam-

age: von Willebrand’s factor (vWF); clotting activation:

D-dimer (D-D), and prothrombin fragment 1?2 (F1?2);

fibrinolytic response: plasminogen activator inhibitor 1

(PAI-1), in COPD subjects, during hospital admission and

after clinical resolution. In 30 COPD subjects, IL-6, vWF,

D-D and F1?2 levels were elevated during exacerbation

and decreased significantly at clinical stability (IL-6,

p = 0.005; vWF, p \ 0.001; D-D, p \ 0.001; F1?2,

p \ 0.001). PAI-1 levels did not change at exacerbation

compared to clinically stable situations. Positive correla-

tions were observed between several of the markers mea-

sured. Elevation of IL-6, vWF, D-D and F1?2 levels

during COPD exacerbations implies a strict association

between acute inflammation, endothelial activation and

clotting initiation. This was not associated with a change in

PAI-1, implying an increase in the fibrinolytic response to

inflammation. The pro-thrombotic nature of COPD exac-

erbations sustained by enhanced clotting activation appears

to be mitigated by excessive fibrinolysis.
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Università di Catania, Catania, Italy

e-mail: polosa@unict.it

M. Malerba (&)

1st Divisione di Medicina,

Dipartimento di Medicina Interna, Università di Brescia,
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Introduction

Exacerbation of chronic obstructive pulmonary disease

(COPD) is a major cause of morbidity and mortality [1].

COPD exacerbations are triggered by a variety of factors,

including acute infections with viruses or bacteria, and are

known to be associated with considerable physiological

deterioration and increased airway inflammatory changes

[1]. Moreover, elevated pro-inflammatory markers have

been found in association with acute exacerbations of

COPD (AECOPD), including the inflammatory cytokines,

interleukin (IL)-6 and IL-8, the vascular activation marker,

endothelin-1, and the neutrophil chemo-attractant leuko-

triene B4 (LTB4) [2–4]. Recent evidence indicates that the

inflammation is a potent pro-thrombotic stimulus. The pro-

inflammatory cytokine IL-6 is known to be critical for

hemostasis not only by virtue of its ability to activate the

endothelial cells, to increase tissue factor (TF) expression

on the endothelium, and to enhance thrombin-induced

platelet activation, but also for being a potent stimulus for

the synthesis of coagulative factors such as fibrinogen and

factor VIII [5]. Amplification of thrombin-induced platelet

activation induced by IL-6 appears to be dependent on the

endothelial release of von Willebrand factor (vWF) [6].

Hence, it is not surprising that substantial changes in the

endothelial phenotype from thrombo resistant to pro-

thrombotic is likely to occur during inflammation [7, 8].

Increased thrombin generation following clotting activa-

tion is associated with enhanced release of prothrombin

fragment 1 ? 2 (F1?2), and, as a result of the subsequent

fibrin formation, elevated D-dimer (D-D) generation occurs

[9]. Plasminogen activator inhibitor 1 (PAI-1) is the major

inhibitor of the plasminogen activators, and hence it

inhibits fibrinolysis [10]. Bearing in mind that expression

of PAI-1 is increased by a variety of inflammatory stimuli

[9, 10], changes in PAI-1 levels during AECOPD should be

anticipated. A systematic review by Ambrosetti et al. [11]

emphasizes that pulmonary venous thromboembolism

(PTE) may be a frequent and serious threat to patients

admitted for AECOPD. PTE is a blockage of the main

artery of the lung or one of its branches by a substance

(often a thrombus) that has travelled from elsewhere in the

body through the bloodstream (embolism), whilst a venous

thromboembolism (VTE) is a blood clot that forms within

any vein. The clinical suspicion of PTE in patients with

COPD ranges from 19 to 29% [12, 13]. However, a more

recent study by Rutschmann et al. reports that PTE is

probably not as prevalent in patients in the emergency

department (ED) for AECOPD [14, 15]. In this study we

used COPD exacerbations as a clinical model to test the

hypothesis that acute inflammatory responses of COPD

exacerbation are associated with the activation of the

endothelial-coagulative system. This would provide a

mechanism linking the acute inflammation to pro-throm-

botic events in AECOPD. We have prospectively moni-

tored the blood levels of surrogate markers of inflammation

(IL-6), endothelium injury (vWF), and clotting activation

(D-D and F1?2) in a cohort of patients with COPD at the

time of hospital admission for disease exacerbation and

after clinical resolution.

Methods

Part of the results have been previously reported as a letter-

to-the-editor [16].

Study population

In this observational cohort study, we recruited 30 con-

secutive subjects with moderate and severe COPD with

symptoms suggestive of an AECOPD admitted as emer-

gencies to the respiratory wards. These patients were seen

within 24–48 h of the onset of their symptoms, and were

selected on the basis of their willingness to participate in a

prospective study. The diagnosis of COPD was according

to the current global initiative for chronic obstructive lung

disease [17] and the patients’ smoking history was noted.

The presence of COPD exacerbation was based on the

criteria suggested by Anthonisen and his colleagues [18],

and included an increase in all three of the symptoms of

breathlessness, sputum volume and sputum purulence.

Patients with commonly acquired thrombotic risk fac-

tors including hypertension, diabetes mellitus, hypercho-

lesterolemia, surgical procedures, malignancy and atrial

fibrillation were excluded. Subjects with hypercoagulable

co-morbidities (e.g. congestive heart failure, coronary heart

disease) and the occurrence of critical complications of

COPD exacerbations (i.e. severe acidosis and cor pulmo-

nale) were excluded. Subjects receiving heparin, antico-

agulants, statins or anti-hypertensive drugs were excluded.

No changes were made to the subjects’ regular medications

(including inhaled corticosteroids) in the study.

Study design

All the participants underwent an initial assessment

including spirometry, arterial blood gas (ABG) and venous

blood sampling. After initial assessment (admission/exac-

erbation; visit 1), all the patients were prescribed a stan-

dardized treatment regimen consisting of oral antibiotics,
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intravenous corticosteroids, nebulized bronchodilators and

oxygen as recommended by current guidelines [17–19].

The possibility of significant VTE was investigated by

multi-slice computed tomography (CT) scans or venous

dopplers. After discharge from hospital, patients were

followed up regularly to monitor the progress or deterio-

ration by checking the changes in their symptoms and

measuring regularly their peak expiratory flow (PEF) using

a mini-Wright peak flow metre. Participants were asked to

return for a routine follow-up appointment approximately

4 weeks after discharge (Visit 2); if their COPD was consid-

ered to be stable (i.e. when symptoms of breathlessness,

sputum volume and sputum purulence recovered and morning

PEF improved by at least 25% of the value obtained at visit 1),

venous blood samples were taken once again. If no

improvement could be demonstrated within 4 weeks after

hospital discharge, the patients were considered to have

unstable disease and the blood samples were not drawn. The

study was approved by the Local Research Ethics Committee

of the Ascoli-Tomaselli University Hospitals, and written

informed consent was obtained from each patient.

Blood collection and analysis of IL-6, vWF, D-dimer,

F1?2 and PAI-1

Blood samples were obtained on two different occasions: at

exacerbation/admission (Visit 1; within 24–48 h of

admission) and at follow-up when clinically stable (Visit 2;

approximately 4 weeks after hospital discharge). Venous

blood was collected into plastic tubes for serum IL-6 and

then into 3.8% trisodium citrate tubes for assaying of vWF,

D-D, F1?2 and PAI-1 in plasma. Samples were centri-

fuged, and supernatants were aliquoted and stored at

-70�C until use. Serum IL-6 concentrations and plasma

vWF, D-D, F1?2 and PAI-1 were measured with a

enzyme-linked immunosorbent assay (ELISA) technique

using commercial kits (IL-6, R&D Systems, Oxon, UK;

Asserachrom vWF and PAI-1, Diagnostica Stago, Asni-

eres, France; Zymutest D-Dimer, Hyphen Biomed, Neu-

ville-Sur-Oise, France¸ Enzygnost F1?2 Micro, Dade

Behring; Marburg, Germany). The coefficient of variation

for intra-assay variability for the measured parameters was

13, 7, 9, 11 and 8%, respectively.

Statistical analyses

Besides age, expressed as mean and standard error of the

mean (SEM), all the other objective measures were not

normally distributed and expressed as median values and

inter-quartile range (IQR). For these variables, within

group comparisons during and after clinical exacerbation

of COPD were tested using Wilcoxon signed rank test.

Between group analysis was conducted using univariate

analysis of variance (ANOVA). Relationships between the

percentage change in the parameters measured were con-

ducted using Spearman’s rank correlation test.

Two-tailed p values \0.05 were considered to indicate

statistical significance. All analyses were performed using

Statistical Package for Social Sciences (SPSS Inc., Chi-

cago, IL) for Windows version 11.5.0.

Results

Fifty-seven (45 M,12F) consecutive patients with specifi-

cally defined COPD exacerbation criteria were initially

recruited, but 23 were considered ineligible because of the

exclusion criteria (Fig. 1). These patients did not differ

significantly from those who remained in the study in any

Fig. 1 Number of patients recruited and the flow of patients within

the study. Fifty-seven (45 M, 12 F) consecutive patients with

specifically defined COPD exacerbation criteria were initially

recruited. Twenty-three were considered ineligible because of the

exclusion criteria (2 had a history of coronary heart disease; 3 having

atrial fibrillation; 2 had a diagnosis of lung cancer; 5 having

congestive heart failure; 11 had a combination of several conditions

and/or comorbidities). Thirty-four COPD patients were able to take

part in the study. However, clinical deterioration requiring hospital

readmission occurred in three COPD patients. Furthermore, one

COPD patient was lost to follow-up due to failure of attendance at the

control visit. The remaining 30 COPD patients were available for final

analyses
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of the baseline parameters. Clinical deterioration requiring

hospital readmission occurred in three COPD patients.

Furthermore, one COPD patient was lost to follow-up.

Characteristics of the remaining 30 COPD patients (27 M,

3F) are summarised in Tables 1 and 2. Neither significant

VTE nor deep vein thrombosis was documented either by

multi-slice computed tomography (CT) scans or by

Doppler ultrasound studies of the lower limbs.

Functional respiratory tests and arterial blood gases

Changes in physiological parameters of COPD patients at

diagnosis of an exacerbation and when clinically stable are

summarised in Table 2. Compared to acute exacerbation,

median forced expiratory volume in 1 s (FEV1) and forced

vital capacity (FVC) were measured, when COPD patients

were clinically stable improved significantly by 0.1 L

(from 1.04 L (0.73, 1.39) to 1.14 L (0.82, 1.58); p \ 0.001)

and 0.15 L (from 2.17 L (1.77, 2.60) to 2.32 L (1.81, 2.81);

p \ 0.001) respectively.

Compared to acute exacerbation, median PaO2 and pH

(but not PaCO2) were measured, when COPD patients were

clinically stable improved significantly from 59.5 (50.8,

63.0) to 67.5 (61.5, 75.0) mmHg (p \ 0.001) and from 7.40

(7.33, 7.43) to 7.44 (7.42, 7.45) (p \ 0.001), respectively.

Measurements of IL-6, vWF, D-D, F1?2

and PAI-1 levels

Results from the COPD study group show that IL-6, vWF,

D-D and F1?2 levels are elevated during COPD exacer-

bations (Visit 1) and decrease significantly when patients

were clinically stable (Visit 2) (Table 3), median IL-6

levels decreased from 4.95 (2.98, 9.75) to 3.2 (2.38, 4.78)

pg/mL (median 35% reduction) (p \ 0.001) (Fig. 2a),

median vWF levels decreased from 169.6 (121.6, 231.4) to

122 (91.1, 160.2) pg/mL (median 28% reduction)

(p \ 0.001) (Fig. 2b), median D-D levels decreased from

157.5 (141.75, 233) to 127 (111.25, 151.5) ng/mL (median

19% reduction) (p \ 0.001) (Fig. 2c), median F1?2 levels

decreased from 1.19 (0.95, 1.66) to 0.73 (0.53, 0.91) nmol/

L (median 39% reduction) (p \ 0.001) (Fig. 2d).

No statistically significant changes of PAI-1 levels were

observed during COPD exacerbations in comparison with

clinically stable situations, their median levels being 11.35

(9.38, 14.28) and 10.7 ng/mL (8.48, 13.35) (p = 0.765),

respectively (Fig. 2e).

Correlations among pro-thrombotic, fibrinolytic

and inflammatory markers

Statistical analysis revealed a positive correlation between

the percentage change in concentrations of IL-6 and D-D

(q = 0.56, p \ 0.001); percentage change in concentra-

tions of D-D levels and vWF (q = 0.38, p \ 0.05); and the

Table 1 Characteristics of the patients studied

Patients

Age (years) 70.0 (1.4a)

Sex (M/F) 27/3

Height (cm) 165.2 (160.2–169)

Weight (kg) 68 (61–77.7)

BMI (kg/m2) 25 (23.8–27.2)

COPD severity 3 moderate 9 severe

18 very severe

Smokers 21

Ex-smokers 4

Non-smokers 5

Data expressed as median (IQR)

IQR Interquartile range, M male, F female, cm centimetres, kg kilo-

grams, BMI body mass index, kg/m2 kilograms/(metres)2

a Standard error of mean

Table 2 Parameters at time of acute exacerbation and clinical stability in patients with COPD

Acute exacerbation Clinical stability p value

FEV1 (L) 1.04 (0.74–1.34) 1.14 (0.84–1.54) \0.001

FEV1% predicted 37.0 (25–51.25) 40.5 (27.25–56.75) \0.001

FVC (L) 2.17 (1.82–2.59) 2.32 (1.84–2.8) \0.001

FVC % predicted 59.0 (48.25–68.75) 65.0 (48.75–74.5) \0.001

FEV1/FVC ratio (%) 51.86 (38.44–63.62) 51.54 (38.84–62.83) 0.015

PaO2 (mmHg) 59.5 (51.75–63) 67.5 (62–74.5) \0.001

PaCO2 (mmHg) 46.0 (39–54.75) 44.0 (42–49.25) 0.202

pH 7.4 (7.34–7.43) 7.44 (7.42–7.45) \0.001

Data expressed as median (IQR)

COPD Chronic obstructive pulmonary disease, FEV1 forced expiratory volume in 1s, FVC forced vital capacity, L litres, PaO2 partial pressure of

oxygen in arterial blood, PaCO2 partial pressure of carbon dioxide in arterial blood, mmHg millimetres of mercury, IQR interquartile range
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percentage change in concentrations of PAI-1 and vWF

(q = -0.415, p = 0.022).No other significant associations

were observed for all the other parameters measured in the

blood.

Moreover, statistical analysis also failed to reveal any

significant association during acute exacerbation and at

clinical stability between the percentage change for all

physiological parameters measured and in the blood levels

for IL-6, vWF, D-D and F1?2 during COPD exacerbations.

Discussion

This study provides evidence that a pro-thrombotic con-

dition is associated with AECOPD. We have shown for the

first time that the levels of vWF, D-D and F1?2 are ele-

vated in COPD patients during acute exacerbation of their

disease, and decline substantially when clinically stable. In

addition, IL-6, a critical inflammatory cytokine with pro-

thrombotic effects, is elevated during acute exacerbation.

Positive correlations between IL-6 and D-D and between vWF

and D-D changes during exacerbation are also observed.

Taken together these observations imply a strict associa-

tion between acute inflammation, and endothelial and clot-

ting activation. The data of the present study are in agreement

with those of others. Earlier work by Wedzicha et al. [20]

postulates an enhanced platelet activity in COPD by showing

lower platelet aggregate ratio in hypoxemic COPD patients

compared to controls with a trend to lesser aggregate ratios in

the more hypoxemic patients. Further support to the view

that a pro-thrombotic condition is present in COPD was

provided by Alessandri et al. [21], who demonstrated that

about two-thirds of patients with stable COPD have elevated

the plasma levels of the thrombin generation marker F1?2.

The results of the study show an increase of IL-6 levels

during COPD exacerbations as compared with the levels

during stable conditions, these data are in agreement with

previous work showing that COPD patients have increased

the blood level of fibrinogen and IL-6 during exacerbations

of their disease [22].

Smoking per se may be responsible for the observed

endothelial/platelet dysfunction and clotting activation.

There is sound evidence that cigarette smoking is associ-

ated with high levels of vWF [23]. Moreover, we have

reported that smoking cessation reduces vWF and D-D

plasma levels in regular smokers [24]. However, when the

effects of AECOPD on the blood levels of IL-6, vWF, and

D-D levels are compared between COPD smokers and

never smokers, we observe a similar decline in IL-6, vWF,

and D-D levels during clinical stability. That a pro-

thrombotic condition is present in COPD patients regard-

less of their smoking status has also been reported [21].

The hypoxia associated with an AECOPD is another

factor that may induce the high levels of vWF, D-D, and

F1?2. Basic science and animal studies indicate that

hypoxia in isolation may elicit a pro-thrombotic state [25],

and enhances pro-coagulant activity of endothelial cells in

vitro [26, 27]. An uncontrolled study in healthy subjects

shows that acute induction to hypoxia increases factor VIII

in the blood [28]. However, when the effects of AECOPD

on the blood levels of vWF and D-D levels were analysed

for statistical association with the percentage change in

PaO2, we failed to show any correlation of statistical rel-

evance. This is in agreement with the notion that it has

been hard to prove that hypoxia is a pro-thrombotic stim-

ulus in man either in altitude chambers or in field studies

[29].

A large variety of clotting and inflammation biomarkers

including fibrinogen, anti-thrombin III (AT III), protein C

(PC), protein S (PS), activated protein C ratio (APCR),

P-selectin, E-selectin and L-selectin [30, 31] could have

been also assessed. During exacerbations, patients with

COPD, compared to controls, have elevated the serum

levels of fibrinogen and P-selectin. In particular, circulating

P-selectin, which is crucial for platelet aggregation and

platelet-leucocyte interactions [32] is negatively correlated

to low arterial oxygen tensions. Furthermore, there are

reductions in the natural anti-coagulants AT III, PS, APCR

and PC during disease exacerbation, however only the

latter to significantly low levels. Systemic steroids have

Table 3 Changes in circulating endothelial, clotting and fibrinolytic markers in COPD patients

At acute exacerbation (visit 1) At clinical stability (visit 2) Median change (%) p value

IL-6 (pg/mL) 4.95 (2.98–9.75) 3.2 (2.38–4.78) -35.4 0.005

vWF (pg/mL) 169.6 (121.6–231.4) 122 (91.1–160.2) -28.1 \0.001

D-D (ng/mL) 157.5 (141.75–233) 127 (111.25–151.5) -19.4 \0.001

F1?2 (nmol/L) 1.19 (0.95–1.66) 0.73 (0.53–0.91) -38.7 \0.001

PAI-1 (ng/mL) 11.35 (9.38–14.28) 10.7 (8.48–13.35) -5.7 0.765

All values are medians (IQR)

COPD Chronic obstructive pulmonary disease, FEV1 forced expiratory volume in 1 s, FVC forced vital capacity, L litres, PaO2 partial pressure

of oxygen in arterial blood, PaCO2 partial pressure of carbon dioxide in arterial blood, mmHg millimetres of mercury, pg/mL picogram/millilitre,

ng/mL nanogram/millilitre, nmol/L nanomole/litre, IQR Interquartile range
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Fig. 2 Changes in individual serum a IL-6 concentrations (IL-6:

0.44–8.50 pg/ml), b vWF concentrations (vWF: 50–140 pg/ml),

c D-Dimer concentrations (D-D: below 200 ng/ml), d F1?2 concen-

trations (F1?2: 0.2–0.6 nmol/L), e PAI-1 concentrations (PAI-1:

4.0–30.0 ng/ml) obtained from 30 COPD patients during an acute

exacerbation and when clinically stable. Median values are shown as

horizontal bars. Dotted lines delineate reference values for healthy

donors

572 Intern Emerg Med (2013) 8:567–574

123



been reported to significantly attenuate serum CRP, IL-6

and fibrinogen levels [30, 33], and increase AT III, PC and

PS levels [30]. Although systemic steroids have been

implicated in improving the hypercoagulable state, blood

gases, lung function and restoring hemodynamic states,

other therapeutic options such as anti-aggregate, selectin

inhibitors and anti-thrombins need to be further investi-

gated [30, 34].

The clinical implication of elevated vWF, D-Dimer and

F1?2 concentrations in the blood during AECOPD is that

this condition might increase the likelihood of thrombo-

embolic events in these patients just as it has been reported

in ischemic heart disease [35, 36]. Death from PTE occurs

in about 10% of patients admitted for an AECOPD [37].

Numerous studies report incidences of acute VTEs as high

as 31% during admission for AECOPD [13, 38, 39].

However, the prevalence of PTE was questioned when in a

recent study only 6.2% of suspected and 1.3% of unsus-

pected patients who attended the ED for an AECOPD were

diagnosed as having PTE [14]. Concerns were raised of the

prior studies having a selection bias of patients. Sugges-

tions have been raised that prolonged and complicated

hospital stays may have higher incidences of VTEs and that

patients having re-admissions secondary to further exac-

erbation recurrences may be attributed to PTE [15].

Although an increase in PAI-1 levels during COPD

exacerbations was expected, this was not observed in the

present study. The absence of changes in PAI-1 levels

suggests that an enhanced fibrinolytic response to inflam-

matory stimuli may occur. This observed lack of elevation

in PAI-1 levels may be an endogenous protective mecha-

nism that attenuates the pro-thrombotic state in the course

of COPD exacerbations. This may explain the lack of

clinically relevant thrombotic events observed in the

patients studied, as has been reported previously [14].

There are a number of limitations in our study. First,

some of the patients in the study group were not very

severe in terms of their COPD exacerbations, hence

appropriate characterisation of the patients in terms of their

severity may have provided a better idea about the risk of

PTE. However, we did assess their PEF and symptoms at

recovery and a 30% increment in PEF from the time of

exacerbations is an indication of reasonably severe AE-

COPD, we concede that systemic steroids may influence

early clotting activation results. However, blood was col-

lected up to 4 weeks after hospital discharge, and during

this period no systemic steroid was given. Therefore, given

the known pharmacodynamic of IV methylprednisolone, it

is unlikely that the effect observed in this study may be due

to a direct inhibition caused by the steroid treatment [40].

The transient elevation in IL-6, vWF, D-D and F1?2

levels in association with COPD exacerbation suggest

a composite relationship between acute inflammation,

endothelial activation and clotting initiation. The height-

ened clotting state during COPD exacerbation may pre-

dispose to venous thromboembolism (as in acute ischemic

heart disease) and could, in principle, justify a general

recommendation for anticoagulation and pharmacological

thrombo prophylaxis in these patients during exacerbation

of their disease. Yet, only direct visualization of ongoing

thrombosis by multi-slice CT scans and Doppler ultraso-

nography in prospective studies will establish realistic risk

levels for pulmonary emboli and/or DVT and confer clin-

ical relevance to our observations.
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