Journal of
INTERNATIONAL
MEDICAL RESEARCH

Clinical Research Report

Journal of International Medical Research

Bronchoalveolar pH and 6 The Authar) 2018
° ° Avrticle reuse guidelines:
I n ﬂ am m ato ry b I o m arke rs sagepub.com/iournals-pegrmissions
. . ° DOI: 10.1177/030006051881 1560
in patients with acute "gpbégXéE
exacerbation of chronic

obstructive

pulmonary disease

Emilija Lozo Vukovac'?, Kornelija Mise'?,
Ivan Gudelj'?, Irena Peri¢'?,

Darko Duplanéiém, Ivica Vukovié¢?3,
Zoran Vuéinovi¢* and Mislav Lozo?

Abstract

Objectives: This study aimed to directly measure pH in the lungs, determine lactate dehydro-
genase (LDH), C-reactive protein (CRP), and glucose levels in serum and bronchoalveolar aspi-
rate, and identify bacterial pathogens from bronchoalveolar fluid during acute exacerbation of
chronic obstructive pulmonary disease (AECOPD).

Methods: We performed an observational, analytical case—control study from February 2015 to
March 2017. We included 84 patients with AECOPD and 42 with stable chronic obstructive
pulmonary disease (COPD). All participants underwent detailed medical anamnesis, a clinical
examination, chest radiography, spirometry, an arterial blood gas test, bronchoscopy, bacterial
culture, and serum/bronchiolar aspirate laboratory testing.

Results: The mean pH of bronchoalveolar fluid was significantly higher in patients with AECOPD
than in patients with stable COPD. The mean lung pH value, bronchoalveolar and serum LDH
levels, and serum CRP levels in patients with isolated bacteria were higher than those in patients
without isolated bacteria in the AECOPD patient group. Lung pH values in patients with
AECOPD were significantly correlated with bronchoalveolar LDH and glucose levels.

4Depart:men'c of Endocrinology, University Hospital
Center Split, Split, Croatia

'Department of Pulmonary Diseases, University Hospital Corresponding author:

Center Split, Split, Croatia Emilija Lozo Vukovac, Department of Pulmonary
2University of Split School of Medicine, Split, Croatia Diseases, University Hospital Center Split, Spinciceva I,
3Department of Cardiology, University Hospital Center 21 000 Split, Croatia.

Split, Split, Croatia Email: emilija.lozo@gmail.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which
permits non-commercial use, reproduction and distribution of the work without further permission provided the original work is
attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


mailto:emilija.lozo@gmail.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060518811560
journals.sagepub.com/home/imr

792

Journal of International Medical Research 47(2)

Conclusions: AECOPD is associated with local cell and tissue injury in the lungs, especially

in the presence of bacterial
inflammatory response.
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Introduction

Chronic obstructive pulmonary disease
(COPD) is an important global health
issue that is predicted to be the third cause
of death in the world by 2020. COPD is
described as a chronic and progressive
inflammatory lung disease, which causes
persistent respiratory symptoms and airflow
limitation." Development of COPD is
related to smoking, air pollution, genetic
factors, and infections. Increased levels of
inflammatory mediators and cytokines are
also observed in COPD as part of systemic
inflammation.*

COPD is a progressive disease, and
patients experience periods of increased
COPD symptoms called exacerbations.’
Acute exacerbation of COPD (AECOPD)
are periods of this disease with worsening
of respiratory symptoms, according to the
Global Initiative for Chronic Obstructive
Lung Disease (GOLD).® Exacerbations are
often triggered by respiratory pathogens,
such as bacteria or viruses. AECOPD is
usually accompanied by normal or slightly
elevated blood test results, such as
C-reactive protein (CRP) levels, the sedi-
mentation rate, and lactate dehydrogenase
(LDH) levels.

Recently, our research group showed
that bronchoalveolar pH can also reflect
the local inflammatory burden in patients

with idiopathic pulmonary fibrosis (IPF)
and those with gastroesophageal reflux.”:®
Lung pH has most commonly been investi-
gated using non-invasive sampling methods
of the lower respiratory tract in humans.
However, direct measurement of lung pH
from the peripheral branches of bronchi
has not been performed in patients
with AECOPD.

In this study, we aimed to examine sys-
temic and local inflammatory processes in
patients with AECOPD by determining
inflammatory biomarkers, bronchoalveolar
pH, and bacterial culture from bronchoal-
veolar fluid. We hypothesized that the local
pH of patients with AECOPD is more alka-
line compared with those with stable
COPD, as well as more alkaline in
bacteria-isolated versus non-isolated bacte-
ria patients with AECOPD.

Methods

The study was performed at the University
Hospital Center Split, Department of
Pulmonary Diseases, from February 2015
to March 2017. The clinical diagnosis of
AECOPD was determined by an experi-
enced pulmonologist according to previous-
ly published GOLD criteria as described
above.® COPD was confirmed by spirome-
try, and it was defined by an forced expira-
tory volume in 1 second/forced vital
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capacity (FEV|/FVC)<0.70 after inhala-
tion of nebulized salbutamol (400 mcg),
which proves permanent limitation of lung
airflow. We included patients in whom
exacerbation began no more than 3 days
before admission to the Emergency
Department. All patients were diagnosed
with COPD in the moderate or severe
stage (GOLD B, C, D) within 5 years
before admission to hospital, by following
the recommendations of GOLD.® All
patients who received antibiotics and/or
systemic corticosteroids at least 2 months
before admission were excluded from the
study. Participants underwent detailed
medical anamnesis, a clinical examination,
chest radiography, spirometry, an arterial
blood gas test, bronchoscopy, bacterial cul-
ture, and serum/bile acid laboratory testing.
The study was granted approval by the
University Hospital Center Split Ethics
Committee. To be included in this study
and for presentation of data in this paper,
all of the participants signed an informed
consent. All experimental procedures
were performed following the Helsinki
Declaration.

During admission, FVC and FEV,
values were obtained by a plethysmograph
(Masterlab circa 2000; Jaeger, Wiirzburg,
Germany). A blood gas electrolyte analyzer
(GEM® Premier™ 3000; Instrumentation
Laboratory, Lexington MA, USA) was
used to perform arterial blood gas analysis.
Blood samples were withdrawn anaerobi-
cally from the radial artery. The partial ten-
sion of arterial CO, (PaCQO,) and partial
tension of arterial O, (PaO,) were analyzed.

Before the beginning of antibiotic
treatment, patients underwent a video-
bronchoscopy procedure. For this proce-
dure, we wused a video-bronchoscope
(Olympus BF 1T160; Olympus Corp.,
Tokyo, Japan). As preparation for the
bronchoscopy procedure, the patients were
sedated with 2% lidocaine local anesthesia.
We used test strips (Multistix 10 SG;

Bayer-Diagnostics, Leverkusen, Germany)
to measure lung pH within the range of
4.5 to 8.0 as reported in our previous stud-
ies.”® Briefly, a piece of test strip was
inserted by forceps for 15 to 20 seconds
into the right lower lobe peripheral branch
(DB9, DBI10). The forceps with the strip
were retracted from the working channel
of the bronchoscope, and a pH value read-
ing was obtained at the same moment. The
color of strips changed from orange to
green to blue in 0.5 pH value increments.
The pH value was always read and verified
by the same three medical staff, including
one doctor and two assistants. The pH strip
was advanced through a biopsy/suction
channel of the fiber bronchoscope to
avoid any contamination of the pH strip
from the bronchial tree and other structures
during the procedure. A catheter (18 cm
long, 2 mm wide) was used for deep
catheter aspiration to obtain aspirate from
DB9 or DBI0 peripheral bronchial
branches. After the lumen of the catheter
was completely filled with the aspirated
fluid, the assistant used 1.5 mL of distilled
water to extract the aspirate from the
catheter. A minimum amount of distilled
water was used to avoid any effect on
inflammation markers, which were ana-
lyzed later.

Bronchoalveolar aspirate lactate dehy-
drogenase (BA-LDH), C-reactive protein
(BA-CRP), and glucose (BA-Glu) levels
were measured using an Architect ¢8000
clinical chemistry analyzer (Abbott
Laboratories, Abbott Park, IL, USA)
within 1 hour. Levels of these parameters
were also measured in the serum of partic-
ipants (S-LDH, S-CRP, and S-Glu,
respectively). Finally, identification of
microorganisms from the bronchoalveolar
aspirate was performed according to stan-
dard methods.? Bacteria were only regarded
as clinically significant in case of reach-
ing > 10°cfu/mL. One  pulmonologist
(K.M.) with more than 30 years of
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bronchoscopic experience conducted all
endoscopic procedures in all of the subjects.
There were no periprocedural complica-
tions or serious adverse effects related to
study procedures.

For statistical analysis, the Student’s
t-test (analysis of variance) was used to
compare group differences in quantitative
variables (normally distributed data). The
Mann—Whitney test was used for data that
were not normally distributed. We also used
Pearson’s correlation coefficient (r) to
determine the correlation of bronchoalveo-
lar pH with bronchoalveolar LDH levels,
bronchoalveolar glucose levels, and FEV;.
All analyses were conducted using Statistica
8 software (StatSoft Inc., Tulsa, OK, USA).
A p value < 0.05 was considered statistical-
ly significant.

Assessed for eligibility (n=173)

Results

A total of 84 patients were included with
AECOPD without concomitant pneumonia
or other significant respiratory disease other
than COPD (e.g., pulmonary fibrosis,
asthma, or bronchiectasis) who were con-
secutively admitted to hospital. We also
included 42 age- and sex-matched
patients with stable COPD (Figure 1).
Anthropometric data are presented in
Table 1. FEV, predicted was significantly
lower in patients with AECOPD compared
with those with stable COPD (p=0.014,
Table 1). PaO, (p =0.006) was significantly
lower in patients with AECOPD, while
PaCO; (p=0.019) was higher than that in
patients with stable COPD (Table 1). The
mean pH of bronchoalveolar fluid in
patients with AECOPD was 6.89 +0.53,

Excluded (n=80)

-confirmed pneumonia or other respiratory disease (n=47)
not meeting inclusion criteria (n=16)

-declined to participate (n=12)

-other reasons (n=5)

Enrolled (n=93)

Incomplete data (n=9)
- bronchescopy data missing (n=5)
- bacterial culture data missing (n=4)

Analysed (n=84)

Figure |. A flow diagram of all assessed patients (included and excluded). This figure shows the number
of patients assessed for eligibility and number of patients completing the study. Only patients with acute
exacerbation of chronic obstructive disease, who had completed the whole study protocol, were included

in the present analysis.



Lozo Vukovac et al. 795

Table I. Anthropometrics, smoking status, pulmonary test function, and arterial blood gas data.

AECOPD Stable COPD

(n=84) (n=42) p
Age (years) 61.9+8.1 624+11.6 0.545
Sex, male 58 (69%) 16 (64%) 0.637
BMI (kg/m?) 254+5.2 247 +3.7 0.604
Current smoker 30 (35.7%) 14 (33.3%) 0.625
Pack years of smoking (current smokers) 386+21.4 352+189 0.593
Former smoker 45 (53.6%) 23 (54.8%) 0.609
Pack years of smoking (former smokers) 34.1 £23.1 32.8+204 0.534
Non-smoker 9 (10.7%) 5 (11.9%) 0.612
FVC (L) 2.37+0.73 3.14+£0.96 0.331
FVC (% predicted) 60.1 +15.9 85.7+13.9 0.104
FEV, (L) 1.27 £0.41 2.07+0.68 0.156
FEV, (% predicted) 41.02£11.5 794+£11.2 0.014
FEV,/FVC (%) 53.58 £ 14.4 66.52 +£4.92 0.215
PaO, (kPa) 86+ 1.5 12.1 £0.61 0.006
PaCO, (kPa) 57+0.9 4.52+0.39 0.019
Arterial blood pH 729+0.3 747+04 0.052

Data are presented as mean =+ standard deviation or n (%). AECOPD, acute exacerbation of chronic obstructive pul-
monary disease; COPD, chronic obstructive pulmonary disease; BMI, body mass index; FVC, forced vital capacity; FEV|,
forced expiratory volume in | second; PaO,, partial pressure of arterial oxygen; PaCO,, partial pressure of arterial carbon
dioxide. Statistical significance for group comparisons was tested using the Student’s t-test or one sample t-test.

Table 2. Bronchoalveolar pH and other variables in bronchoalveolar fluid and serum in patients with
AECOPD versus those with stable COPD.

Bacteria isolated in AECOPD

Stable COPD
No (n=24) Yes (n=60) controls (n =42)
Lung pH 6.31+0.55 7.1340.52% 621 +0.37¢
BA-LDH (U/L) 361 4250 1381 + 1621* 124 4 50*
S-LDH (U/L) 173436 188 4 24* 160 4 25*
BA-CRP (mg/L) 0.17+0.34 0.14-£0.26 0.12+0.11
S-CRP (mg/L) 168+ 11.6 2944 11.2% 43+26M
BA-Glu (mmol/L) 1.6+0.7 0.9+0.7* 1.6 +0.6*
S-Glu (mmol/L) 58407 6.1+ 1.4 56+ 1.2

Data are presented as mean =+ standard deviation. AECOPD, acute exacerbation of chronic obstructive pulmonary
disease; COPD, chronic obstructive pulmonary disease; BA-LDH, bronchoalveolar lactate dehydrogenase; S-LDH,
serum lactate dehydrogenase; BA-CRP, bronchoalveolar C-reactive protein; S-CRP, serum C-reactive protein; BA-Glu,
bronchoalveolar glucose; S-Glu, serum glucose. *p < 0.05, non-isolated bacteria versus isolated bacteria; Tp < 0.05,
non-isolated bacteria versus stable COPD controls; ip < 0.05, isolated bacteria versus stable COPD controls.

which was significantly higher than that of  patients with isolated bacteria in the

patients with stable COPD (6.21+0.37,
p<0.001). The mean pH of bronchoalveo-
lar fluid in patients without isolated bacte-
ria was significantly lower than that in

AECOPD patient group (p < 0.05, Table 2).
No significant difference was found
between lung pH in AECOPD patients
according to smoking status (ex-smokers
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versus current smokers: 6.67+0.67 and
6.99 +£0.63, p=0.238, respectively).
BA-LDH, S-LDH, and S-CRP levels
were significantly lower in patients without
isolated bacteria compared with those with
isolated bacteria in the AECOPD patient
group (p<0.05; p=0.042; p=0.028,
respectively) (Table 2). BA-Glu levels were
significantly higher in patients without iso-
lated bacteria compared with those with
isolated bacteria in the AECOPD patient
group (p=0.014). No significant differences
were found in BA-CRP and S-Glu levels
between the AECOPD groups (Table 2).
Patients with AECOPD had higher BA-
LDH and S-CRP levels compared with
patients with stable COPD, and this differ-
ence was more pronounced if a bacterial
pathogen was isolated (all p<0.05,
Table 2). Significant differences were
found in lung pH, and S-LDH, BA-Glu,
and S-Glu levels (p<0.05, p<0.05,
p=0.012, and p=0.032) only in patients

with isolated bacteria and AECOPD com-
pared with patients with stable COPD
(Table 2). Lung pH values were significant-
ly correlated with BA-LDH levels
(r=0.629, p<0.001) and BA-Glu levels
(r=0.573, p<0.001) (Figures 2, 3). Lung
pH was not correlated with FEV; in the
AECOPD patient group (r=-—0.198,
p=0.070). Furthermore, lung pH was not
correlated with FEV, in the stable COPD
patient group (r= —0.093, p=0.402).

In 60 of 84 (71%) patients the following
bacteria were isolated: Haemophilus influen-
zae (n=15, 25%), Streptococcus pneumo-
niae (n=11, 18%), Moraxella catarrhalis
(n=8, 13%), Pseudomonas aeruginosa
(n=06, 10%), Escherichia coli (n=4, 7%),
Klebsiella pneumoniae, Methicillin-sensitive
Staphylococcus aureus, Proteus mirabilis,
and anaerobic bacteria (n=3, 5%),
Enterobacter cloacae and Serratia marces-
cens (n=2, 3%). Lung pH and levels of
bronchoalveolar and serum parameters for
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Figure 2. Relationship between bronchoalveolar lactate dehydrogenase (BA-LDH) and pH at acute exac-

erbation of chronic obstructive pulmonary disease.
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Figure 3. Relationship between bronchoalveolar glucose (Ba-Glu) levels and pH at acute exacerbation of

chronic obstructive pulmonary disease.

the five most frequently isolated bacterial
pathogens are shown in Table 3.

Discussion

This study showed that pH of bronchoal-
veolar fluid in patients with AECOPD was
more alkaline compared with that in
patients with stable COPD. Furthermore,
the mean lung pH value in patients with
isolated bacteria was higher than that in
patients without isolated bacteria in the
AECOPD patient group. These findings
confirmed our hypothesis. In patients with
stable COPD, the mean bronchoalveolar
pH was 6.21 £0.37 and in patients with
AECOPD it was 6.89+0.53, while pH
was even more alkaline in the presence of
bacteria. We speculate that the inflammato-
ry process accompanied by bacterial metab-
olites contributed to the increase in pH.
Previous studies have shown that sputum
in patients with chronic bronchitis is

alkaline (7.6 and 7.8)'° and that the lower
airway mucus pH is alkaline in patients
with cystic fibrosis.'" Lung pH in patients
with pneumonia is approximately 7.3,'* and
patients with rhinitis have nasal mucosa pH
values ranging from 7.2 to 8.3.'*'* These
studies indicate that there is an association
between alkaline mucosal pH and inflamed
respiratory tract tissue. Our findings of
arterial blood pH showed that there was a
3% lower arterial blood pH in patients with
AECOPD compared with those with stable
COPD, which is consistent with findings
by Grumelli.'?

Alkalinity in the lungs contributes to
local tissue damage by promoting cellular
injury, apoptosis, necrosis, and inflamma-
tion.'” In our study, amore alkaline bron-
choalveolar pH values were significantly
correlated with higher BA-LDH values,
which indicated more intense tissue
damage. Higher lung pH in exacerbation
contributes  to  surfactant  structural
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Table 3. Lung pH and levels of parameters measured in bronchoalveolar fluid and serum for the five most

frequently isolated bacterial pathogens.

Lung pH BA-LDH

S-LDH

BA-CRP S-CRP BA-Glu  S-Glu

Haemophilus 7.37+0.64 2912+2505
influenzae
(n=15)

Streptococcus
pneumoniae
(n=11)

Moraxella
catarrhalis
(n=8)

Pseudomonas
aeruginosa
(n=6)

Escherichia coli
(n=4)

7.14+£056  959+829

7254027 859+133
7.01 £045 1457 £1256

6.75+0.29 673 £ 121

186+ 19

197 £28

186 £26

198 £ 21

186 + 38

0.03+0.06 273+135 09+07 63*14

021+033 178+87 1.1 £0.6 6+ 1.4

0.12+020 15.1+86 08+07 58=£12

009+0.19 187+98 08£03 6.1k

023+037 27.1+147 I1.1£13 62+09

Data are presented as mean = standard deviation. BA-LDH, bronchoalveolar lactate dehydrogenase; S-LDH, serum lactate
dehydrogenase; BA-CRP, bronchoalveolar C-reactive protein; S-CRP, serum C-reactive protein; BA-Glu, bronchoalveolar

glucose; S-Glu, serum glucose.

changes, which can result in ventilatory
problems (microatelectasis). This could
explain fluctuations in the patient’s state.''
To date, lung pH has most commonly been
investigated in exhaled breath condensate
(EBC), which represents a sampling
method of the lower respiratory tract that
is not invasive.'” Several studies have
shown that EBC pH is more acidic in
patients with AECOPD/COPD compared
with the healthy population.'*'* However,
there are difficulties encountered in sam-
pling and analysis of EBC. Detection and
quantification of biomarkers in EBC,
including cytokines, nitric oxide and pH,
are compromised by many factors. These
factors include the condenser type, cigarette
smoking, ambient temperature, contamina-
tion of saliva, indoor humidity, liquid
intake, volatile oral contaminants, and
exhaled carbon dioxide as potential con-
founders, especially in patients with acute
or chronic hypercapnic pulmonary insuffi-
ciency, which is often present in AECOPD
and even in stable COPD.>'®?° EBC is

only used in experimental conditions and
is not validated for use in clinical practice.
Based on these findings, we consider that
direct bronchoalveolar fluid sampling pro-
vides a more accurate assessment of local
lung pH and inflammatory biomarkers
compared with EBC sampling.
Bronchoalveolar fluid sampling thus pro-
vides better information for evaluating
local lung tissue damage.

To define different phenotypes of COPD
and to assess the therapy response, bio-
markers of respiratory tract inflammation
and oxidative stress could be useful. Our
measurements of LDH and CRP levels
from serum are not valid local pulmonary
inflammation and tissue damage indicators.
Obtaining these biomarkers from bron-
choalveolar aspirate may represent a more
specific alternative.

LDH is a cytoplasmic enzyme that is
found in the majority of body cells, includ-
ing the lungs. Detection of higher than
normal range LDH values is used to iden-
tify cellular damage or death.?' The highest
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BA-LDH wvalues in the present study
were observed in patients with isolated
Haemophilus influenzae and Pseudomonas
aeruginosa, which indicated the most
active local inflammation, cell injury, and
necrosis when the most pathogenic bacteria
were present. If a bacterial pathogen was
isolated, 7.4 times higher values of LDH
were found in bronchoalveolar aspirate
compared with serum, while if no bacterial
pathogen was isolated, this ratio was only
2.1. In patients with stable COPD, mean
S-LDH and BA-LDH Ilevels were 160 £ 25
and 124 4+50 UL, respectively. Compared
with these values, S-LDH and BA-LDH
in patients with non-isolated bacteria in
the AECOPD patient group were 1.1 and
2.9 times higher, respectively; and if a bac-
terial pathogen was isolated, this ratio was
1.2 and 11.2, respectively. Higher BA-LDH
levels in bronchoalveolar aspirate in
patients with AECOPD, especially if a bac-
terial pathogen was isolated, compared with
patients with stable COPD suggests the
presence of local inflammation, cell injury,
necrosis, and disease activity. Our finding
indicates that BA-LDH is a relevant bio-
marker of tissue damage in the lungs and
it may reliably be used to estimate bacterial
infection in AECOPD. However, only 9%
of patients had S-LDH values >220 U/L
(above the reference range). This finding
indicated that in patients with AECOPD,
S-LDH levels were relatively normal,
suggesting a low systemic inflammato-
ry response.

CRP is a marker of inflammation, and
CRP levels are increased during underlying
inflammatory conditions.”?> Some studies
have shown an association of higher sys-
temic CRP levels and other inflammatory
biomarkers in patients with COPD com-
pared with healthy patients.”® > A study
by Bircan et al.?® showed that increased
CRP values in serum are an indicator of
COPD exacerbation caused by a respirato-
ry infection. In the present study, we found

slight, but significantly higher S-CRP levels
in patients with AECOPD compared with
those with stable COPD, which were even
higher if a bacterial pathogen was isolated.
Recently, Peng et al.?” showed that, to iden-
tify the bacterial origin of AECOPD, the
cut-off value of CRP was 19.65 mg/L.
S-CRP appears to be a better indicator of
a systemic inflammatory response in
patients with AECOPD than S-LDH.
However, BA-CRP levels were low in our
study. Our findings suggest that BA-CRP
levels should not be measured because
their levels were low or even hardly detect-
able, with no difference in measured levels
among the groups.

While blood glucose levels are not relat-
ed to mortality, hospital stay duration,
or re-hospitalization in patients with
AECOPD,?® detection of glucose in bron-
choalveolar aspirate is associated with the
presence of pathogenic bacteria.”**® In the
present study, if bacteria were isolated in
patients with AECOPD, BA-Glu levels
were 1.8 times lower than those in patients
without bacterial isolation, while no differ-
ence was found in S-Glu levels. Therefore,
results for BA-Glu levels could also serve as
a good predictor of bacterial presence.

We also investigated bacterial pathogens
to evaluate the level of inflammation and
pH values in relation to bacterial patho-
gens. This study was based on identification
of bacterial ctiology directly from bron-
choalveolar aspirate, and not from
sputum, as performed in previous stud-
ies.>'*? Bacterial etiology is predominant
as an origin of inflammation in AECOPD.
In this study, bacterial pathogens were
found in 71% of patients in contrast to
24% in study by Boixeda et al.** We believe
that the reason for this difference between
studies was due to direct analysis of bron-
choalveolar fluid instead of sputum samples
because sputum samples are vulnerable to
sampling errors. We isolated 42 (70%)
Gram-negative bacteria and 18 (30%)
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Gram-positive bacteria. Microbiological
patterns were similar as shown by
Siddigi et al.**

There are two possible limitations in the
present study. First, our study was per-
formed on a relatively low number of sub-
jects and thus the results have to be viewed
with caution. Second, a semi-quantitative
technique (pH test strips) was used to
directly measure pH in the lungs, and ide-
ally, a more precise method to determine
pH would be better. However, we believe
that the technique that we used is an accept-
able substitute. Recently, this technique has
been shown many times to be efficient

in studies performed by our research

3
group.'®!

In conclusion, this study shows a strong
pathological process in the lungs of patients
with COPD during AECOPD. This patho-
logical process is present, even in cases with
scarce clinical symptoms of deterioration or
scant or no pathological findings in periph-
eral blood, such as CRP and LDH levels,
especially in the presence of a bacterial
pathogen. More alkaline bronchoalveolar
pH values are a clear indicator of more
intense tissue damage. There is no correla-
tion between bronchoalveolar pH and
FEV; in patients with AECOPD and
those with stable COPD. FEV, measure-
ment does not adequately express the
effect of COPD on the quality of life of
patients. Therefore, measurement of local
bronchoalveolar pH and proposed inflam-
matory mediators in bronchoalveolar fluid
in some patients could be useful as an addi-
tional test for diagnosing the severity of
AECOPD. Although somewhat invasive,
analyses of lung pH and inflammatory
bronchoalveolar and serum biomarkers
represent a feasible and easy method for
repeated assessment of systemic and
local inflammation in AECOPD. Further
research is required to fully determine
the importance and influence of bacterial
culture,  bronchoalveolar = pH, and

inflammatory biomarkers regarding clinical
intervention and patient care in patients
with AECOPD.
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