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ABSTRACT

Introduction: COPD (Chronic Obstructive Pulmonary Disease) is characterized by airflow limitation that is not fully reversible and that
can lead to respiratory failure. Objective: to show the changes of arterial blood gases in COPD during the 4 -year evolution of illness.
Material and Methods: The research was done on patients suffering from COPD treated at the Clinic “Podhrastovi” during 2006 and
2007 year. The tested parameters were examined from the date of receiving patient with COPD to hospital treatment in 2006 and 2007
and then followed prospectively until 2010 or 2011 year (the follow-up period was 4 years). There were total 199 treated patients who were
chosen at random and regularly attended the control examinations. The study was conducted on adult patients of both sexes, different
age group. In each patient the duration of illness was recorded so is sex, age, data of smoking habits, information about the regularity of
taking bronchodilator therapy during remissions of disease, about the treatment of disease exacerbations, results of blood gases analysis
as follows : pH value, PaO2 (partial pressure of oxygen in arterial blood), PaCO2 (partial pressure of carbon dioxide in arterial blood).
All these parameters were measured at the beginning and at the end of each hospital treatment. We took in elaboration data obtained in
the beginning of the first hospitalization and at the end of the last hospitalization or at the last control in outpatient department when
patient was in stable state. Patients were divided into three groups according to the number of exacerbations per year. Results: there is
the statistically significant decrease of PaO2 (p<0.01) and pH, (p<0.05) and an increase of PaCO2 (p<0.01) during follow-up period. But
in patients regularly treated in phases of remission and exacerbations of illness the course of illness is slower. The decrease of pH and
PaO2 and increase of PaCO?2 is statistically significantly smaller in those received regular treatment in phases of remissions (P values are
respectively: <0.05, <0.01 and <0.01) and exacerbations of illness (p values are respectively: <0.01, <0.01 and <0.05). Conclusion: COPD is
characterized with airflow limitation which is progressive in the course of illness , and by the changes in arterial blood gases that can lead
to respiratory failure, but that course may be made slower using appropriate treatment during remission and exacerbations of diseases.
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1. INTRODUCTION

COPD is one of the major causes of chronic morbidity
and mortality worldwide. It is the fourth leading cause of
death in the world (1), and further increases in its prev-
alence and mortality can be predicted in the coming de-
cades (2, 3). COPD is a pulmonary disease with significant
extrapulmonary effects that may contribute to the severi-
ty of illness. Its pulmonary component is characterized by
airflow limitation that is not fully reversible (4), usually is
progressive and can lead to respiratory failure (1).

Systemic manifestations and co-morbidities in COPD
are body weight loss, skeletal muscle wasting, cachexia,
osteoporosis, right heart failure, cardiac ischemia, cardiac
arrhythmias, anemia, hypoalbuminaemia, diabetes, cog-
nitive deficits, depression (5, 6). Co-morbidities are com-
mon for people with COPD because organ systems work
differently when they do not receive enough oxygen.

Cigarette smoking is the most common risk factor for
COPD, although in many countries, various kinds of air
pollution have also been identified as COPD risk factors
(1,4,7).

The chronic airflow limitation of COPD is caused by
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a mixture of small airway disease (obstructive bronchi-
olitis) and parenchymal destruction (emphysema), the
relative contributions of which vary from person to per-
son (1). Chronic inflammation causes structural changes
and narrowing of small airways. Destruction of the lung
parenchyma leads to the loss of alveolar attachments to
the small airways and decreases lung elastic recoil; these
changes diminish the ability of the airways to remain open
during expiration (8, 9, 10, 11). So in COPD inflammation
causes small airway disease (airway inflammation, airway
remodelling) and parenchymal destruction that all lead to
airflow limitation (9, 11,12).
1.1. Respiratory failure in COPD

Because of these anatomic changes in pulmonary tissue
and consecutive airflow limitation respiratory failure can
develop. For the body to function normally, ventilation
must meet the metabolic demand of body tissue. Thus,
metabolic tissue consumption of oxygen must be equal to
the oxygen taken up in the blood from alveolar gas. Or,
metabolic tissue production of carbon dioxide must be
equal to the amount of carbon dioxide blown off at the al-
veoli. Respiratory failure is defined as a PaO2< 60 mmHg
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(8kPa) and is divided into type I and type II depending on
PaCO2.

Type I of respiratory failure: PaCO2< 45 mmHg (6kPa)—
normal or low; PaO2 is low (hypoxemia); this represents
a ventilation/ perfusion mismatch; we talk about partial
respiratory insufficiency.

Type II of respiratory failure: PaCO2> 45 mmHg (6kPa),
PaO2< 60 mmHg (8kPa). Both PaO2 and PaCO2 indicate
that lungs are not well ventilated; we talk about a global or
hypoventilation respiratory insufficiency.

In Clinic “ Podhrastovi ” we have a stand that if after
two weeks of bronchodilator therapy with 24-hour ox-
ygen therapy (for two weeks) there is no normalization
of arterial blood gases it can be saying about the chronic
respiratory failure (13, 14). The acutissation of chronic re-
spiratory failure is caused either by worsening of primary
disorder—COPD or by superimposed secondary illnesses
such as pneumonia.

The pH of the intracellular and extracellular compart-
ments must be tightly controlled to the body to function
efficiently, or at all. The normal arterial pH lies in nar-
row range: 7.35-7.45 ([H'] range 45-35 mmol/L). An acid
-base disturbance arises when arterial pH lies outside that
range. If pH is less than 7.35 an acidosis is present, if pH is
greater than 7.45 the alkalosis is present. Tight control on
blood pH is achieved by a combination of blood buffers
and the respiratory and renal systems which make adjust-
ments to return pH toward its normal levels.

Acidosis can be caused by either of: a rise in PaCO2 or
fall in HCO3- Alkalosis can be caused by either of: a fall in
PaCOz2 or rise in HCO3  When the primary change is in
CO2 we name the disturbance respiratory, and when pri-
mary change is in bicarbonate, we name the disturbance
metabolic.

It is clear that lung diseases affect gas exchange and
therefore PaCO2 have major affection on body’s acid-base
status. It is also clear that while the respiratory system can
act quickly to compensate for metabolic disturbance it
will take time for compensation to take place in respirato-
ry disease; the renal system cannot act as quickly. It is seen
in clinical practice; a change in bicarbonates is character-
istic of chronic lung disease rather than in acute.

1.2. Treatment of COPD

Although COPD is progressive illness it has periods of
remission and exacerbations. An exacerbation of COPD is
defined as an event in the common course of the disease
characterized by a change in the patient’s baseline dys-
pnea, cough, and/or sputum production that is beyond
common day-to-day variations, that is acute in onset, and
may warrant a change in regular medication (1). In severe
exacerbations the patient may be unable to maintain nor-
mal blood gases that can lead to respiratory failure. Respi-
ratory failure is the leading cause of death in patients with
COPD and is most often hypercapnic (type II).

The treatment of COPD shows some differences in
phases of remission and exacerbation. Bronchodilator
medications are central to symptom management in
COPD. Inhaled therapy is preferred (1, 14).

1.3.1 Bronchodilators in stable COPD
The choice between B2-agonist, anticholinergics, the-
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ophylline, or combination therapy depends on availability
and individual response in terms of symptom relief and
side effects. Bronchodilators are prescribed on an as-need-
ed or on a regular basis to prevent or reduce symptoms.
Long-acting inhaled bronchodilators are more effective
and convenient than treatment with short-acting bron-
chodilators. Combining bronchodilators may improve
efficacy and decrease the risk of side effects compared to
increasing the dose of a single bronchodilator (1). Today
the combined inhaled bronchodilators (corticosteroids
and laba- long acting 2-agonist) are preferred (1, 14).

1.3.2. Treatment of COPD exacerbations

Itis needed to: assess severity of symptoms, blood gases,
chest X-ray. It is also needed to administering controlled
oxygen therapy and repeating arterial blood gas measure-
ment after 30-60 minutes. As to use of bronchodilators:
— increase doses and/or frequency is needed, and so com-
bination p2-agonists and anticholinergics, using spacers
or air-driven nebulizers, adding intravenous methylxan-
thines, if needed, adding oral or intravenous corticoste-
roids. Antibiotics (oral or intravenous) are administrated
when signs of bacterial infection are presented. Non-inva-
sive mechanical ventilation (NIMV) in some patients ac-
cording to level of blood gases. At all time: — monitor fluid
balance and nutrition, considering subcutaneous heparin.
Identifying and treatment of associated conditions (e.g.
heart failure, cardiac arrhythmias) (1).

2.OBJECTIVE

Objective of our study is to show the changes of arterial
blood gases in COPD during the four—year evolution of
illness.

3. MATERIAL AND METHODS

The research was done prospectively on patients suffer-
ing from COPD treated at the Clinic “Podhrastovi” during
2006 and 2007 year. The tested parameters were examined
from the date of receiving patient with COPD to hospital
treatment in 2006 and 2007 and then followed prospec-
tively until 2010 or 2011 year (the follow-up period was
4 years). There were total 199 treated patients who were
chosen at random and regularly attended the control ex-
aminations. The study was conducted on adult patients of
both sexes, different age groups.

In each patient the duration of illness was recorded so
is sex, age, data of smoking habits, information about the
regularity of taking bronchodilatatory therapy during re-
missions of disease, about the treatment of disease exac-
erbations, results of blood gases analysis : pH value, PaO2,
PaCO2. All these parameters were measured at the begin-
ning and at the end of each hospital treatment. We took in
elaboration data obtained in the beginning of the first and
at the end of the last hospitalization or at the last control
in outpatient department when patient was in stable state.

Patients were divided into three groups according to the
number of exacerbations per year : 1% group made of 65
patients with one or less exacerbation per year , 2" group
made of 65 patients with 2-3 exacerbations per year, 3™
group made of 69 patients with more than 3 exacerbations
of disease per year .

Smoking habits imply the duration of smoking in years,
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the number of cigarettes smoked per a day. The complete
anty obstructive therapy involves antibiotics, combined
spray therapy (inhaled corticosteroids and long acting
B-agonists), eventually anticholinergic, corticosteroids
and methylxanthines (either orally or intravenously). Data
were collected from patients’ hospital charts in phases
of exacerbations and data during remissions were taken
from the competent pulmonologist of Houses of Health
or Counseling Department of Clinic “Podhrastovi”.

4.RESULTS

The average age of patients in 1 group is 57.36 years,
in 2" group 61.57 and in 3™ group 61.58 years. Patients
with 1 or less exacerbations per year are statistically sig-
nificantly younger than patients with 2-3 (p=0.05) and pa-
tients with more than 3 exacerbations per year (p=0.05).
There is no statistic significant difference between two
last groups.

There are 149 (74.87%) males and 50 (25.13%) females:
in the 1 group are 44(67.69%) males and 21 (32.31%)
females, in 2" group 51 (78.46%) males and 14 (21.54%)
females, in the 3 group are 54 (78.26%) males and
15(21.74%) females. The number of male patients is sta-
tistically significantly bigger than females (p= 0.01). There
are not statistically significant differences in sex according
to the number of exacerbations of diseases per year. Chi-
squared tests are respectively: 2.716 and 1.218, 2 degrees
of freedom. There is 157 (78.89%) smokers and 42(21.11%)
non —smokers .In the 1% group there is 42(64.62%), in the
2™ group 54(83.08%) and in the 3" group 61(88.41%) of
smokers. There is high statistically significant difference
in the number of smokers and non-smokers (p=0.01). The

greatest number of non-smokers is in patients with the
least number of exacerbations. Chi-squared test=12.367,
the level of significance: p=0.01, 2 degrees of freedom. It
is significant that 91 .05% of smokers have been smoking
more than 20 years.

The average duration of illness (at the last examination)
is 10.51 years. In the 1 group it is 8 years, the 2™ group
10.82 and in the 3" group 12.70 years .The number of ex-
acerbations is statistically significantly bigger in patients
with the longer duration of illness. The levels of signifi-
cance are: between first and second group p=0.05, be-
tween first and third group p=0.05, between second and
third group p=0.10. The number of patients using regular
therapy in the phases of remission of illness is statistical-
ly significantly smaller than number of patients not using
therapy (p<0.05.) (Figure 1). There are not statistically sig-
nificant differences in receiving therapy according to the
number of exacerbations of illness per year. Chi-squared
test= 3.124; 2 degrees of freedom). (Figure 2). In patients
with bigger number of exacerbations there is less number of
them who received complete therapy in phases of illness ex-
acerbations. Chi- squared test = 9.307, level of significance:
p<0.01, 2 degrees of freedom (Figure 3).

In all patients, in second and third group pH value of
arterial blood decreased statistically significantly in the
follow-up period (p< 0.05 for all patients, and for second
and third group). In the second and third group difference
of pH value is statistically significantly bigger than in first
group. P values are respectively: p<0.01 and p<0.01.In the
first group there is not statistically significant change of
pH value (Figure 4)

In all patients, in second and third group PaO2 de-
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Figure 1. Using therapy in phases of COPD —remissions in groups
of patients expressed as percentage of examined patients
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Figure 2. Using therapy in phases of COPD —exacerbations in
groups of patients expressed as percentage of examined patients

=—4=firstexam last exam ==
7.400 7395 7.395
7.392
7.395 721 ,_jw/e ——
7.390 — 7.384
7.385 \ 7.381
e \\ /./l
7.375
N7367

7.370 -~
7.365
7.360
7.355
7.350 T T

1.group 2.group 3.group total

Figure 3. The average measured pH values of arterial blood at the
first and last examination
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Figure 4. The average measured values of PaO2 (mmHg) at the first
and last examination
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. . Not using .
Using therapy Differ- therapy Differ-
ence ence
First ex. Lastex. Firstex. Lastex.

PH values 7.388 7.394 +0.006 7.393 7.380 -0.013
Pa02 61.69 62.79 +1.00 60.32 56.21 -4.11
mmHg
PaCO2m- 3070 3892 4022 4085 4412 +327
mHg

Using  Notusing .. A
therapy therapy Difference Significance
PH values 7.394 7.380 - 0.014 p<0.05
Pa02 62.79 56.21 -6.58 p<0.01
mmHg
PaCO2m- 40 99 44.12 +5.20 p<0.01
mHg

Table 1. The average measured values of pH, PaO2 and PaCO2 at
first and last examination according to the use of therapy in phases
of COPD remissions

Table 2. The average measured values of pH, PaO2 and PaCO2 at
last examination according to the use of therapy in phases of COPD
remissions

Using complete . Not using com- . Receiving  Not receiving . L
therapy Differ- plete therapy Differ- complete  completeth- Differ- Signifi-
- ence - ence ence cance
Firstex. Lastex. Firstex. ~Lastex. therapy erapy
PH values  7.393 7.388  -0.005 7.389 7.376 -0.013 PH values 7.388 7.376 -0.012 p<0.01
PaO2 Pa0O2
61.26 60.07 -1.19 59.85 54.68 -5.17 _
mmHg mmHg 60.07 54.68 3.93 p<0.01
PaCO2m-
. . . . X . PaCO2m-
mHg 39.30 40.85  +1.56 41.83 45.66 +3.83 rnaHg m 40.86 45.66 +4.80 p<0.05

Table 3. The average measured values of pH, PaO2 and PaCO?2 at
first and last examination according to the use of therapy in phases
of COPD exacerbations

46 -

a4 -
42 - M firstexam

M last exam
40 A

38 1 last exam

firstexam

36 T T T

1l.group  2.group  3.group total

Figure 5. The average measured values of PaCO2 (mmHg) at the
first and last examination

creased statistically significantly in the follow-up period
(p< 0.01 for all patients, and for second and third group).
In the second and third group decrease of PaO?2 is sta-
tistically significantly bigger than in first group. P values
are respectively: p<0.01 and p<0.01.In the first group de-
crease of PaO2 is not statistically significant (Figure 5).

In all patients, in second and third group PaCO2 in-
creased statistically significantly in the follow-up period
(p< 0.01 for all patients, and for second and third group).
In the second and third group increase of PaCO2 is statis-
tically significantly bigger than in first group. P values are
respectively: p<0.01 and p<0.01.In the first group increase
of PaCO2 is not statistically significant (Table 1).

In patients using regular therapy during remissions of
COPD there is increase in values of pH, PaO2 and PaCO2
during follow-up period that is not statistically signif-
icant. In patients not using therapy there is statistically
significant decrease in PaO2 and statistically significant
increase in PaCO2 values (p < 0.01 for both).

The difference of measured changes of parameters be-
tween patients using and not using therapy is statistically
significant for PaO2 and PaCO2 (p<0.01 for both) and not
statistically significant for pH (Table 2).

The difference in values of pH, PaO2 and PaCO2 at the
last examination shows significant difference between those
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Table 4. The values of pH, PaO2 and PaCO?2 at last examination
according to the use of therapy in phases of COPD exacerbations

using and those not using regular therapy in the phases of
COPD remissions during follow-up period (Table 3).

In all patients with COPD there is the decrease of pH,
Pa02 and increase of PaCO2 during follow-up period but
in patients receiving complete therapy during exacerba-
tions of COPD the changes are statistically significantly
smaller than in patients not using complete therapy . The
difference of measured changes of parameters between
patients using complete and using not complete therapy is
statistically significant. For pH: p< 0.01, for PaO2: p<0.01,
and for PaCO2: p< 0.05.

The difference in values of PH, PaO2 and PaCO?2 at the
last examination shows significant difference between
those receiving and those not receiving complete thera-
py in phases of COPD exacerbations during the follow-up
period.

5. DISCUSSION

COPD is one of the major causes of chronic morbidi-
ty and mortality worldwide. It is the fourth leading cause
of death in the world (1). It is a pulmonary disease with
significant extrapulmonary effects. Its pulmonary compo-
nent is characterized by airflow limitation that is not fully
reversible (4), is usually progressive and can lead to respi-
ratory failure (1). Cigarette smoking is the most common
risk factor for COPD.

Respiratory failure is defined as a PaO2< 60 mmHg
(8kPa) and is divided into type I and type II depending on
PaCO2. Type I of respiratory failure: PaCO2< 45 mmHg
(6kPa), PaO2 is low (hypoxemia); this represents a venti-
lation/ perfusion mismatch. Type II of respiratory failure:
PaCO2> 45 mmHg (6kPa) and PaO2< 60 mmHg (8kPa).
Both PaO2 and PaCO?2 indicate that lungs are not well
ventilated.

Cigarette smoking is the most common risk factor for
COPD. The real role of smoking in accelerating the course
of COPD and in the development or respiratory failure
in patients with COPD could not be clearly determined
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in this study because of large number of smokers in this
sample (78.89% of patients were smokers) and 91.05% of
them have been smoking more than 20 years. The big-
gest number of non-smokers was in patients with one or
fewer exacerbations per year; and knowing that a bigger
number of exacerbations lead to faster damage of lung
function-ventilation in the course of COPD; these data
indirectly indicate that cigarette smoking leads to faster
damage of lung function; and disturbance in pulmonary
ventilation leads to disturbance in gas exchange.

In the phases of illness- remissions therapy (the main-
tenance therapy) is most often taken by those with one or
less disease exacerbation per year, and most rarely taken
by patients with more than three exacerbations per year
which indicate the importance of taking therapy contin-
uously that lessen bronchial inflammation and so the re-
sponse to environmental factors —such as viruses, bacte-
rias, air-pollution (1, 14). The more expressed bronchial
inflammation causes easier the development of COPD
exacerbations when pulmonary ventilation worsen and
make worse the gases exchange that can lead to respira-
tory failure .

Number of exacerbations per year and receiving full
therapy in these phases are close connected. The num-
ber of exacerbations per year is statistically significantly
bigger in patients not taking full therapy. It implicate the
importance of treating of each exacerbation that leads to
less sequels on bronchial mucosa (airway re- modulation)
, because on more damaged bronchial mucosa it is easier
for disease to exacerbate by doing of various environmen-
tal factors (1,14).

In phases of COPD exacerbations there is the expressed
worsening of bronchial obstruction, bronchial mucosal
edema and sputum production, so that pulmonary ven-
tilation is decreased that leads to disturbance in gas ex-
changes in lungs. We considered why patients have not
been given full therapy in phases of exacerbations of ill-
ness although all of them have been treated in hospital.
That is because we didn’t have apparatuses for non-inva-
sive ventilation until 2010.year, that many patients refused
non-invasive ventilation, that we were not in the habit to
give anticholinergics, that many of patients had diabetes
that is the contraindication for corticosteroids, that many
of them couldn’t stand 24-hour oxygen therapy, that some
of patients had allergy to proper antibiotics, and that we
had no always full monitoring of using spray bronchodila-
tors in conscious patients.

In all patients with COPD there is the decrease of pH
and PaO2 and an increase of PaCO2 during follow-up
period that indicates that airflow limitation is progressive
but in patients taking regular therapy treatment during
remissions and exacerbations of illness both pH and PaO2
are statistically significantly bigger and PaCO?2 is statisti-
cally significantly smaller in comparison with patents not
taking full therapy. These results indicate the importance
of rapid- in right time inclusion of bronchodilator therapy
to slow the progression of disease and preventing or post-
poning the development of respiratory failure.

6. CONCLUSION

The basic characteristic of COPD is airflow limitation.
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The course of COPD is progressive and can lead to re-
spiratory failure, but the course of disease may be made
slower with appropriate continuous therapy using in
phases of remissions and appropriate treatment of exacer-
bations of illness. The regular using of therapy during the
remissions of illness prevents or delays the occurrence of
exacerbations of disease. There is the importance of vig-
orous treatment of each disease exacerbation because of
better recovery of the inflamed bronchial mucosa for it
leads to remaining of less number of mucosal changes —
sequels. All that damage of bronchial mucosa can lead to
impairment lung ventilation that cusses the impairment
of gases exchanges that can lead to development of respi-
ratory failure. There is the importance of ceasing smok-
ing, and avoidance of other environmental factors causing
the acutissation of COPD.
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