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Abstract

Introduction: This is a preliminary study to measure lung volume in patients with stable COPD in RSUP
Persahabatan Jakarta to determine the prevalence of the increasing value of the lung volume in patients
with stable COPD.

Methods: This study used a cross-sectional study design of outpatiens with stable COPD who visited
Asthma-COPD clinica RSUP Persahabatan Jakarta. The Lung volume test using a gas dilution MBN'W
taken consecutively from February to March 2016.

Results: Test Spirometry and Lung volumes performed on 36 subjects. There were 3 subjects (8.3%) the
COPD group A, 10 subjects (27.8%) COPD Group B, 9 subjects (25%) COPD Groups C and 14 subjects
(8.99%) COPD Group D. At the age <60 years of 9 there were subjects (25%) and =60 years of 27 subjects
(75%). Value RV / TLC has a significant relationship with the MmRC scale, a 6-minute walking test and
exacerbation within one year, however of FRC / TLC significantly associated with MmRC scale.
Conclusion: Value RV / TLC has a significant relationship with the MmRC scale, a 6-minute walking
test and exacerbation within one year, however of FRC / TLC significantly associated with MmRC scale.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is defined as a chronic progressive disease characterized
by air flow obstruction that has no real change in its course. According to the 2014 Global Chronic
Obstructive Lung Disease (GOLD) COPD is a preventable and treatable lung disease, characterized by
persistent air flow barriers which are usually progressive and are associated with chronic inflammatory
and respiratory tract responses to toxic / dangerous particles or gases, exacerbations and comorbidities
contribute to the severity of the disease.'?

Changes in COPD pathology are complex and are associated with worsening respiratory physiology.
Distal airways experience inflammation, airway wall fibrosis, smooth muscle hypertrophy, goblet cell
hyperflation, mucus hypersecretion and pulmonary parenchymal destruction. The volume and number of
submucosal glands and goblet cells increase which results in chronic mucus hypersecretion in chronic
bronchitis. In emphysema, widening of the airways persists distal to the terminal bronchioles due to
damage to the airway wall without fibrosis.>*

Pulmonary function measurement has an important role in helping the diagnosis and management of
patients with respiratory disease. Pulmonary function tests that are often used are spirometry, diffusion




capacity measurement, lung volume, respiratory muscle strength and bronchial provocation test. Lung
volume testing is very necessary in helping to diagnose, manage and prognosis for COPD. The
importance of this test was shown by one of the studies by Talag AA et al® which explained that in COPD
patients who experience hyperinflation it is necessary to have investigations such as spirometry and other
tests, one of which is a static volume test. However, it is different from the results of a study by Dykstra
et al° who performed lung volume examination in 4,774 patients with obstructive pulmonary disease who
found that there was little correlation between static volume and clinical symptoms. But in Indonesia

there is no research data on the static volume test on clinical COPD patients in Indonesia.

Based on the description above the author wants to do research on how the relationship between RV, RV /
TLC ratio, the ratio of FRC / TLC to clinical symptoms in patients with stable COPD with influencing
factors.

MATERIAL AND METHODS

The design of this study was a cross sectional study, conducted at the Asma-PPOK Persahabatan Hospital
starting from February-April 2016. The sampling technique in this study was consecutive sampling, every
affordable population who arrived at the time of data collection was examined and samples that meet the
research criteria are included as research samples.

Admission Criteria are all stable COPD patients who visit the Asthma-COPD and are willing to sign an
informed consent form after the full explanation of the research procedure. Rejection criteria are COPD
patients suspected of having acute pulmonary infectious disease characterized by the addition of
symptoms of shortness of breath, sputum and sputum discoloration, patients suffering from life-
threatening infections, fatal terminal diseases, severe underlying diseases including immunocompromis,
COPD patients who are unable complete spirometry examination and measurement of lung volume and
former TB.

The latest chest X-ray was not performed, this was based on the assumption that subjects who had been
diagnosed with COPD in the Asthma-COPD at Persahabatan Hospital. Researchers explain the purpose
and background of the study to research subjects who meet the acceptance criteria and do not meet the
rejection criteria. The patient must sign an approval letter after receiving an explanation if the patient
understands and agrees to participate in the study and a copy of the statement will be given to the patient.
Stable COPD patients who were controlled to the Asthma-COPD at Persahabatan Hospital will be taken
for history, physical examination, then stable COPD patients will be tested for spirometry and RV test,
FRC and TLC are calculated as tight scores based on mMRC and filled out research worksheets.
Recording of required data: General records which include gender, age, smoking history, Brinkman
Index. Record of measurements of the Body Mass Index, tightness score based on the criteria of mMRC,
6 minute walking test, exacerbation in the previous year.




RESULT

This study is a cross sectional study that aims to answer the question "What is the relationship between
RV,RV / TLC ratio, the ratio of FRC / TLC to stable COPD patients and their relationship with clinical
symptoms that visit the Asma-PPOK Polyclinic Jakarta Persahabatan Hospital". The results of this study
are primary data obtained from interviews, physical examination, spirometry examination and lung
volume test. A total of 36 consecutive subjects were collected and interviewed then spirometry
examination and lung volume test.

Characteristics Of Research Subjects

A total of 36 study subjects consisted of 972% of men and 2.8% of female subjects. Subjects aged more
than or equal to 60 years as many as 75% are the most subjects. Subjects with a diagnosed duration of
COPD less than 5 years were 77.8% of subjects and more than or equal to 5 years as much as 22.2%. If
divided into COPD groups according to the latest GOLD criteria, group A-B COPD was 36.1% and group
C-D COPD was 63.9%. As many as 41.7% of subjects with normal BMI are the most BMI. The highest
MmRC value in MmRC is more or equal to 2 as much as 69.4%. Other congested symptom scores in the
form of CAT obtained CAT more than or equal to 10 as many as 66.7% are the most CAT. The most six-
minute walking test at a distance of 250-350 meters by 55.6% followed by a distance of more than 350
meters by 25% and a distance of 150-250 meters by 19.4%. History of exacerbations is more than or
equal to 2 as many as 61.1% of subjects and exacerbations of less than 2 as many as 38.9%. Smoking
history in the former smoker subject was 97.2% while non-smokers were 2.8%. The brinkman index of
the most smokers in the medium Brinkman Index was 55.6%, then the Brinkman Index was 38.9% by
weight. Symptoms of shortness of breath are the most complaints of 72.2% while symptoms of chronic
cough are 27.8% of subjects. Subjects of COPD who were accompanied by comorbid were 52.8% more
subjects than without comorbidities.

Table 1 Characteristics Of Research Subjects

Subject Total (n) G
characteristics
Gender Man 35 97.2
Woman 1 2.8
Age < 60 years 9 25
=60 years 27 75
History of COPD < 5 years 28 778
=35 years 8 22.2
COPD group Group A 3 8.3
Group B 10 27.8
GroupC 9 25
GroupD 14 389
Body Mass Index  Malnutrition 4 1.1
(BMI) Normmal 15 41.7
More nutrition 25
Obese 8 222
mMRC <2 11 30.6
=2 25 69.4




Six minute =350 9 25

walking test 250-350 20 55.6
150-250 7 194
<150 0 0
Exacerbation <2 14 389
=2 22 61.1
Smoking history Not a smoker 1 2.8
Former smoker 35 97.2
Brinkman Index Not a smoker 1 2.8
light 1 2.8
medium 20 556
weight 14 389
Symtoms Dyspnoe 26 72
Chronic cough 10 217.
Comorbid Without comorbid 17 472
With comorbid 19 528

The Relationship Between RV, RV / TLC And FRC / TLC Values With FEV, Values In Stable
COPD Patients.

Table 2 shows the relationship between RV, RV / TLC and FRC / TLC values with FEV; values. There is
no meaningful relationship between FEV, and RV, RV / TLC and FRC / TLC values. RV values that are
smaller, RV / TLC and FRC / TLC are found in degrees III-IV compared to degree I-1I.

Table 2 The Relationship Between RV, RV / TLC And FRC / TLC Values With FEV; Values In Stable
COPD Patients.

Category FEV, Total P
I-11 r-1v
RV
Normal 18 16 34 0.236
529% 47.1% 100%
Increase 2 0 2
100% 0% 100%
RV/TLC
Normal 1 0 1 0.888
100% 0% 100%
Increase 19 16 35
543% 457% 100%
FRC/TLC
Normal 9 6 15 0.962
60% 409 100%
Increase 11 10 21
524% 47 6% 100%

The Relationship Between RV Values, RV / TLC And FRC / TLC With Clinical Symptoms In
Stable COPD Patients.

Table 3 shows the relationship between RV values, RV / TLC and FRC / TLC with clinical symptoms.
There is no significant relationship between clinical symptoms and RV values. Increased RV values are
found in symptoms of tightness. The value of RV / TLC when compared to clinical symptoms shows no




significant relationship. The value of RV / TLC increased more in the symptoms of shortness of breath
compared to symptoms of cough by 71 4% or as many as 25 subjects. The relationship between the value
of FRC / TLC and clinical symptoms also showed no significant relationship. The value of FRC / TLC
increased more in the symptoms of shortness of breath compared to symptoms of chronic cough by 81%
or as many as 17 subjects.

Table 3 The Relationship Between RV Values, RV / TLC And FRC / TLC With Clinical Symptoms In
Stable COPD Patients.

Category Symptoms Total P
Cough Dyspnoe

RV
Normal 10 24 34 0135
29.4% 706% 100%
Increase 0 2 2
0% 100% 100%
RV/TLC
Normal 0 1 1 0.094
0% 100% 100%
Increase 10 25 35
28.6% T14% 100%
FRC/TLC
Normal 6 9 15 0.337
40% 60 % 100%
Increase 4 17 21
19% 81% 100%

The Relationship Between RV, RV / TLC Values And FRC / TLC On The mMRC Scale In Stable
COPD Patients.

Table 4 shows the relationship between RV, RV / TLC and FRC / TLC values with the MmRC scale.
There is no meaningful relationship between mMRC scale and RV, RV / TLC and FRC / TLC values
when compared with the mMRC scale show a meaningful relationship. RV / TLC values increased more
on the mMRC scale skala2 compared to the mMRC <2 scale of 68.6% or as many as 24 subjects. The
relationship between FRC / TLC values with the mMRC scale shows a meaningful relationship. The
value of FRC / TLC increased more on the mMRC scale =2 compared to the MmRC <2 scale of 81% or
as many as 17 subjects.

Table 4 The Relationship Between RV, RV / TLC Values And FRC / TLC On The mMRC Scale In
Stable COPD Patients.

Category MmRC Total P
<2 =2
RV
Normal 10 24 34 0378
204%  T0.6%  100%
Increase 1 1 2
50% 509  100%
RV/TLC
Normal 0 1 1 0032
0%  100%  100%
Increase 11 24 35

314%  68.6%  100%




FRC/TLC

Normal 7 8 15 0.006
46.7%  533%  100%
Increase 4 17 21

19% 81%  100%

The Relationship Between RV, RV / TLC And FRC / TLC Values On The 6-Minute Walking Test
In Stable COPD Patients.

Table 5 shows the relationship between RV, RV / TLC and FRC / TLC with a 6-minute walking test.
There was no significant relationship between the 6-minute walking test scale and RV value. The value of
RV / TLC when compared with the 6-minute walking test shows a meaningful relationship. The value of
RV / TLC increased more in the 6-minute walking test less than 350 meters compared to the 6-minute
walking test 350 meter road test of 74.3% or as many as 26 subjects. The relationship between the value
of FRC / TLC with the 6-minute walking test showed a non-significant relationship but the FRC / TLC
value increased more in the 6-minute <350 meter walking test compared to the 6-minute >350 meter
walking test of 85.7% or 18 subjects.

Table 5 The Relationship Between RV, RV / TLC And FRC / TLC Values On The 6-Minute Walking
Test In Stable COPD Patients.

Category 6 minute walking Total P
test

<350 =350

RV

Normal 25 9 34 0295
73.5% 26.5% 100%

Increase 2 0 2
100% 0% 100%

RV/TLC

Normal 1 0 1 0.022
100% 0% 100%

Increase 26 9 35
74.3% 25.7% 100%

FRC/TLC

Normal 9 6 15 0.168

60% 40% 100%
Increase 18 3 21

85.7% 14.3% 100%

Relationship Between RV, RV / TLC Values And FRC / TLC Against Exacerbations In 1 Year In
Stable COPD Patients.

Table 6 shows the relationship between RV, RV / TLC and FRC / TLC with exacerbations in 1 year.
There was no significant relationship between exacerbations in 1 year and RV values. RV values that
increased significantly were found in exacerbations in | year =2 compared to exacerbations in 1 year <2.
The value of RV / TLC when compared to exacerbations in 1 year shows a meaningful relationship. The
value of RV / TLC increased more in exacerbations in 1 year =2 compared to exacerbations in 1 year <2
by 62.9% or as many as 22 subjects. The relationship between the value of FRC / TLC and exacerbations




in 1 year showed a non-significant relationship but the value of FRC / TLC increased more in
exacerbations in 1 year =2 compared to exacerbations in 1 year <2 by 71.4% or as many as 15 subjects.

Table 6 Relationship Between RV, RV / TLC Values And FRC / TLC Against Exacerbations In 1 Year In
Stable COPD Patients.

Category Exaserbation 1 years Total P
<2 =2
RV
Normal 14 20 34 0413
412% 58.8% 100%
Increase 0 2 2
0% 100% 100%
RV/TLC
Normal 1 0 1 0012
100% 0% 100%
Increase 13 22 35
37.1% 629% 100%
FRC/TLC
Normal 8 7 15 0057
53.3% 46.7% 100%
Increase 6 15 21
28 6% T14% 100%
DISCUSSION

This study aims to determine the increase in lung volume values namely residual volume, the ratio
between residual volume and total lung capacity and the ratio between functional residual capacity and
total lung capacity in stable COPD who visited the Polyclinic Asma-PPOK Persahabatan Hospital Jakarta
conducted in February - March 2016. In this study interviews, physical examinations, spirometry tests and
lung volume tests were conducted.

Characteristics Of Research Subjects In General

A total of 36 study subjects consisted of 35 subjects (97.2%) men and 1 subject (2.8%) female subjects.
This is similar to the research from Ismail’ in the Persahabatan Hospital that getting male sex is the most
gender (92.3%), but slightly different from Travers et al * and O'donnell et al ? in Canada getting male
gender 72% and 64%. In contrast to the study Stroband et al ' in Leiden to get fewer male gender
categories (28%).

This study had subjects with age more than or equal to 60 years as many as 27 subjects or 75% were the
most subjects while the age of less than 60 years was 9 people or by 25%. Research from Ismail’s
research’ also shows similar results, namely the highest age is 60-90 years as many as 42 subjects or
64 .6%. Similar results were also reported by Travers et al. * mean ages of the study subjects were 60 years
and also the study of O'donnell et al * mean age of the study subjects as 66 years.

Subject nutritional status based on BMI in this study showed 41.7% of subjects with normal BMI, 25%
with over nutrition, 22.2% with obesity and the least with less BMI of 11.1%. Similar to Ismail's research
7 in the normal BMI category, the largest is 40 people or 61.5%. Results different from Travers' study *
getting a BMI average of 26.8, also similar to O'donnell et al's study ? getting an average BMI was 25.8
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and research from Stroband et al *" with an average BMI of 26.2. The three studies obtained obesity

nutritional status is the highest average BMI.

The scale of tightness in this case is the mMRC scale, in this study the highest mMRC score is mMRC
more than or equal to 2 as much as 69.4% or as many as 25 subjects, while the MmRC scale of less than 2
was 11 subjects or 30.6%. This result is similar to the Stroband et al study '’ in Leiden getting the most
MmRC scale on MmRC scale more than 3.

The value of the most 6-minute walking test in this study is a distance of 250-350 meters as much as
55.6% followed by a distance of more than 350 meters as much as 25% and a distance of 150-250 meters
as much as 19.4%. Similar to the study by Hartman JE et al'® getting a mean 6-minute road test in 91
COPD subjects of 319.2 + 97.5 meters, but different from the study of Balcells et al > in Spain who
received a midpoint test of the 6-minute road test on COPD subjects in the study this is 440 meters, also
similar to the research by Nizet et al. '* in the Netherlands also get a mean test score of 6 minutes of 410
meters.

Smoking history in the former smoker subject was 97.2% while non-smokers were 2.8%. Similar to the
study of Balcells et al > in Spain, the subjects who had and were smoking were 94% while those who
never smoked were smaller by 6%, but different studies from Nizet et al '* in the Netherlands in their
study of smoking with the subject smokers are 29.8%.

While the brinkman index value in this study was the subject with the highest number of smokers in the
moderate Brinkman Index as much as 55.6% then the heavy Brinkman Index was 38.9%. In contrast to
the Brinkman Index results from Travers et al's study ® and Stroband et al '’ getting the most Brinkman
Index is the heavy Brinkman Index.

Symptoms in COPD subjects in this study were dominated by symptoms of 72.2% shortness of breath
while the symptoms of chronic cough were 27.8% of subjects. Slightly different from the study conducted
by Kitaguchi et al ' in Japan, the most clinical symptoms in subjects with COPD were symptoms of
shortness of breath, which was 36.5% while chronic cough was 28.2% and other symptoms were 35.3%.

COPD patients in this study were mostly accompanied by 52.8% comorbid while 47.2% without
comorbidities. In contrast to the research conducted by Nizet et al ' in the Netherlands in his study
obtaining COPD subjects with comorbid only 38.3% of which included cardiovascular comorbid 17%,
diabetes mellitus 14.9%, hypertension 8.5% and other comorbidities 8.5%.

The relationship between RV, RV / TLC and FRC / TLC values with FEV, values in stable COPD
patients.

There is no meaningful relationship between FEV, and RV, RV / TLC and FRC / TLC values. The
residual volume is = 120%, RV / TLC > 30% and FRC / TLC > 55% is smaller in degrees III-IV
compared to degree I-II. This is possible because the predicted RV values used are taken from European
subjects. In contrast to the study of Dykstra et al® in Rochester in 4774 subjects and using a body
plethysmograph and also predictive values used using predictions with the same race. There was a




negative relationship between RV, RV / TLC, FRC / TLC with FEV,; which means that the higher RV,
RV / TLC and FRC / TLC in COPD patients the lower the FEV value obtained. Weaknesses in Dykstra
et al study were that some patients did not remember the diagnosis of previous pulmonary disease that
was told by their doctor.® In line with the study of Papaioannou et al'® in Greece in 49 male subjects had a
significant relationship (p <0.003) between an increase in the value of FRC / TLC with a decrease in
FEV| value, the percentage of the relationship was 64%.

The Relationship Between RV Values, RV / TLC And FRC / TLC With Clinical Symptoms In
Stable COPD Patients.

RV values increased more found in symptoms of tightness but there was no significant relationship with
clinical symptoms. Similarly, the value of RV / TLC when compared with clinical symptoms also showed
no significant relationship but the value of RV / TLC which increased in this study was more on the
symptoms of shortness of breath compared to symptoms of cough which was 71.4%. In line with the
study by Stroband et in Leiden which examined 114 COPD patients who were divided into two groups,
namely the group with chronic bronchitis and without chronic bronchitis comparing the RV / TLC values
showed that there were no significant differences (P = 0.61) between events chronic bronchitis and
without chronic bronchitis with 46.6% and 47.8% , respectively.

The relationship between the value of FRC / TLC and clinical symptoms also showed no statistically
significant relationship but the value of FRC / TLC increased more in the symptoms of shortness of
breath compared to symptoms of chronic cough which was 81%. In contrast to Parker et al study ' in
Canada in 20 patients with a prospective cohort method five times of observation, it was found that there
was an increase in symptoms of shortness of breath compared to chronic cough associated with an
increase in lung volume values both RV, RV / TLC and FRC / TLC values . This was in Parker et al study
that there was an increase in trapped air and pulmonary hyperinflation so that symptoms of breathlessness
were more dominant than chronic cough.”

The Relationship Between RV, RV / TLC Values And FRC / TLC On The mMRC Scale In Stable
COPD Patients.

This study obtained results that there was no significant relationship between the mMRC scale and the
RV value. This study got RV values increased in mMRC =2 by 50% (P = 0.378). The higher the RV
value, the higher the value of the mMRC obtained, this is because the RV prediction that is used to
produce RV predicted values does not use the value of Indonesian fiction. In contrast to the research from
Gompertz et al" in Germany conducted with a prospective cohort obtained a positive relationship
between the value of mMRC with the volume of residue so that the higher the residual volume value, the
higher the value of mMRC with the relationship obtained at P = 0.02.

RV / TLC values increased more on the mMRC scale =2 compared to the mMRC <2 scale of 24 subjects
or 68.6% so that a significant relationship was found between the value of RV / TLC and the mMRC
scale. In line with Shin et al'’ in Korea that divides the two groups, namely RV / TLC group > 40% and
RV / TLC value group <40%, when linked to the mMRC scale it is statistically significant so that the




higher the RV / TLC value of a person then there will be pulmonary hyperinflation and the higher the
value of mMRC obtained.

This study also tried to connect the value of FRC / TLC to the mMRC scale. This study found a
significant relationship of FRC / TLC values that increased more on the mMRC scale =2 than the mMRC
<2 scale of 17 subjects or 81%. In line with the research by Parker et al '* getting a tendency to increase
the mMRC scale with an increase in the value of FRC / TLC, the increasing value of FRC / TLC in
COPD patients, the mMRC scale also increased. The tendency of an increase was also shown from the
results of the study by Papaioannou et al” who obtained an increase in the value of FRC / TLC in the
emphysema group followed by an increase in the value of mMRC in the emphysema patient.

The Relationship Between RV, RV / TLC And FRC / TLC Values On The 6-Minute Walking Test
In Stable COPD Patients.

This study found no significant relationship between the 6-minute walking test and RV value because of
the limited subject due to the prediction used by Europeans. In addition, in this study between FRC / TLC
with a 6-minute walking test also showed a non-significant relationship but FRC / TLC increased more in
the 6-minute <350 meter walking test compared to the 6-minute >350 meter road test of 85.7%. In
contrast to the Wijkstra et al study'® in the Netherlands in 40 subjects this study did not connect directly
but obtained an increase in RV, FRC / TLC with a decrease of 6 minutes of walking test so that the RV
value increased and FRC / TLC on COPD subjects decreased test values 6-minute walking is obtained in
COPD patients. This is explained by the occurrence of dynamic hyperinflation during activities.

The value of RV / TLC when compared with the 6-minute walking test shows a meaningful relationship.
The value of RV / TLC increased more in the 6 minute walking test less than 350 meters compared to the
road test 6 minutes >350 meters at 74.3%. In line with research Shin Shin et al'’
between the value of RV / TLC more or equal to 40% and less than 40% connected with a 6-minute
walking test. This study found that there was a significant difference in P value = 0.045 with a 6-minute
path test value which decreased when hyperinflation occurred.

who saw the difference

Relationship Between RV, RV / TLC Values And FRC / TLC Against Exacerbations In 1 Year In
Stable COPD Patients.

There was no significant relationship between exacerbations in 1 year with RV values but obtained RV
values that increased larger were found in exacerbations in 1 year =2 compared to exacerbations in | year
<2. The relationship between the value of FRC / TLC and exacerbation in 1 year also showed a non-
significant relationship but the value of FRC / TLC increased more in exacerbations in 1 year =2
compared to exacerbations in 1 year <2 by 71.4%. This study is different from the research from Kim et
al*® who divided the two groups, namely the chronic bronchitis group and without chronic bronchitis with
290 and 771 subjects respectively. Kim research did not directly link the value of lung volume and
exacerbations 1 year earlier. The patient also performed a thoracic CT examination to confirm existing
abnormalities in the lungs. The results showed a significant relationship between RV values and FRC /
TLC with the group without chronic bronchitis as well as exacerbations were also statistically significant.
We can see the tendency to increase lung volume with a 1-year exacerbation in the group without chronic
bronchitis.




The value of RV / TLC when compared to exacerbations in 1 year shows a meaningful relationship. The
value of RV / TLC increased more in exacerbations in 1 year =2 compared to exacerbations in | year <2
by 62.9%. In line with the research of Shin et al'” in Korea which also looked at the relationship between
RV / TLC values and the occurrence of exacerbations. Another study by Shin et al also found a
significant relationship between the value of RV / TLC and the occurrence of exacerbations. The more
frequent exacerbations in COPD patients, the higher the RV / TLC value in those COPD patients with P =
0.012. In contrast to research from Birmingham by Gompertz et al"® conducted on 70 subjects with a
retrospective cohort method. Gompertz et al study looked at the relationship between exacerbation events
in the previous year by dividing <2 and = 3 exacerbations with one of the lung volume values, namely RV
/ TLC. There were no significant differences between exacerbations in the previous year <2 with = 3 in
terms of RV / TLC with values of 118.8% and 124.8% respectively but there was an increase in lung
volume values in this case RV / TLC if the exacerbation was = 3.

Limitations Of Research

This study has limitations in several ways, namely that this study did not carry out FRC examination
using a body plethysmograph as a gold standard check and was most accurate in determining functional
residual capacity. The number of male subjects in this study were more than female subjects. This study
also did not perform chest X-ray examinations so it could not confirm spirometry results. Predictive
values used for residual volume still use European predictions because Indonesians do not yet have a
standard predicted residual volume value.
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