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Spirometry is widely used in clinical practice, however, in
some cases, to it’s conduction it is nessessary to approach
with caution. During forced maneuvers we seek maximum
efforts in order to get valid results, and the maximum physical
exertion may, under certain circumstances, to provoke
unwanted negative effects. Therefore, before the procedure, is
necessary to interrogate the test in terms of its holdings of
possible contraindications for this study [4]:

* hemoptysis (the previous month).

* Pneumothorax,

+ unstable cardiovascular system,

* recent (within 3 months) myocardial infarction or stroke,

* uncontrolled hypertension,

* pulmonary embolism,

+ aneurysm (any),

+ failure of the venous valves of the lower limbs with
varicose veins,

+ trophic disorders and a tendency to increased blood
clotting,

* recent eye surgery, chest or abdominal cavity — within the
previous 3 months,

* retinal detachment,

* nausea, vomiting,

» impairment of consciousness, dementia,

* respiratory infection, tuberculosis

There are reasonable difficulties for this investigation in
patients with the inflammatory diseases of the oral cavity
(pain or discomfort when the mouthpiece in the mouth),
neuralgia of the facial nerve paresis (the same reason, plus the
inability to tightly cover the mouthpiece lips).
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In the majority of cases spirometry is well tolerated, side
effects are rare, but the most deep breathing can lead to
dizziness, headache, facial flushing, fainting, and maximum
effort — to a transient incontinence.

Spirometry should be performed as in a sitting position,
as standing, however, subsequent studies should adhere to
the same position. Preferred position — sitting, to avoid
potentially an unconscious situation. If the research is
done standing, the patient must stand close to the seat or
chair, in case he became dizzy during respiratory maneu-
vers, so that he could sit down and avoid falling [1, 2, 5,
6, 8].

Standing position can be used for patients with obesity, it
will allow them to make a more deep-breathing exercises. For
patients with normal weight position is not significant.

On spirometry results may influence some factors, which
have been checked prior the study:

Patient have been:

abstained from smoking for at least one hour before the
procedure,

- do not drink alcohol for at least 4 hours prior to the study,

- avoid significant physical activity for at least the last 30
minutes,

- came in loose clothing, which do not impede chest and
abdomen during full breath,

- do not have square meal 2 hours before the study
(assuming a light breakfast);

- if patient is taking bronchodilators - withdraw
bronchodilators for appropriate washout periods prior to the
study (Table 1).
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Table 1
Recommended time washout bronchodilators before
spirometry [2].

Broncholytic medicine Wash-out period
(hours)
SABA, SAMA, their combination 4-6
LABA (salmeterol, formoterol) 12
Ultra LABA (indacaterol) 36
LAMA 36

Spirogram validity criteria are well known [2,3,5,6, 7,
8]. Curves of flow — forced expiratory volume should be
acceptable:

1) on the forced expiratory curve should not be artifacts:

* cough during the first second forced expiratory volume,

* closing of the vocal cords,

+ premature termination of the respiratory maneuver or it’s
interruption,

* breathing maneuver is carried out not at the maximum level,

* air leakage,

* block mouthpiece (tongue, chewing gum, dentures or
their fragments),

+ additional respiratory maneuvers;

2) rapid onset of exhalation (no back extrapolation);

3) the duration of forced expiratory volume at least 6 sec-
onds or reaching a plateau on the exhale part of the curve.

¥ Spirametry V5 10,0

FVC and FEV, data must be reproducible: upon receipt of
at least 3 acceptable curves is necessary to assess:

« 2 largest values of FVC differ by no more than 150 ml,

* two largest FEV, differ by no more than 150 ml, in theat
FVC < 1.0 L — 100 ml).

If these two criteria are met, the test can not continue.

If not, continue:

« until both criteria are met, or

* up to 8 attempts, or

« the patient is unable or unwilling to continue the study.

In this paper we present examples of how to assess spiro-
gram. It is important to remember that the results of func-
tional techniques should be interpreted only in conjunction
with the clinical evaluation.

Consider the examples spirograms executed after receiving
a bronchodilator.

Figure 1 shows the spirogram of patient N.

1) Evaluating the eligibility criteria of spirogram: there are
no artifacts on spirometry, no back extrapolation, there is a
sharp peak expiratory, expiratory duration of more than 6
seconds and reached a plateau phase [2, 3, 5, 6, 7, 8].
Spirogram acceptable.

Achieved at least 3 attempts acceptable? Yes.

2) Now it is nessessary to evaluate the reproducibility of
attempts. The difference between the highest FEV, (FEV,) —
in this example is 3.10 liter and most closest (2.99 L) is less
150 m1? Yes, 110 ml. By FVC (FVC) — 4,87 1and 4,79 1 — less
150 ml? Yes 80 ml. Reproducibility is achieved.
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Figure 1. Example of mild bronchial obstruction, GOLD 1
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Spirogram suitable for evaluation.

FEV, (FEV,) — 3,101, 88, 3 % due — in the normal range
(see Table 1), forced vital capacity (FVC) — 4,87 (110 %) —
the norm, but their ratio of 3.10 / 4 87 = 0,636 — less than 0.7
(70 %) — in the presence of clinical symptoms we can think
about COPD, mild bronchial obstruction (GOLD 1).

The presence of a minor, but fixed bronchial obstruction, in
this example may be suspected and appearance expiratory
curve, it is quite noticeable concave rather than straight.

The example of moderate bronchial obstruction (the study
was carried out after receiving 400 mcg salbutamol) we can
see on Fig. 2. The left graph has 3 acceptable curves (all
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except the third), 1.2 and 4th attempts highly reproducible,
highest FEV, — 2.44 liters (66.7 % predicted), FVC 4.68 1. On
the presence of persistent bronchial obstruction indicates
decrease FEV,/FVC below 0.7 — in this case — 0.52 — corre-
sponds to spirometric classification GOLD 2, a moderate
degree of bronchial obstruction.

The right graph — all curves are acceptable and reproduc-
ible FEV, —2.18 (67.7 %), FVC — 3.45, FEV1/FVC — 0.616,
also a fair fixed bronchial obstruction.

Example of severe bronchial obstruction and its dynamics
over time are shown in Figures 3 and 4. The first study was
conducted in 2007, the second — two years later.
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Figure 2. Moderate bronchial obstruction, GOLD 2
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Figure 3. Patient K. Severe bronchial obstruction, 2007
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Figure 4. Patient K, 2 years later, 2009

Let’s check criteria for acceptability curves.

FEV, is low, the maximal value of 1.08 liters, the minimal
0.95. In the case when FEV/ is less than 1 liter of criteria to
assess the reproducibility of more narrow — the difference
between the highest and the nearest value of FEV, and FVC
should be up to 100 ml. In this case, high reproducibility (for
FEV, (FEV)) — 1,24—1,21 = 30 ml, FVC (FVC) — 3,76-
3,75 = 10 ml, FEV, — 42 % due, FEV,/FVC 0,45 (45 %).
study was performed correctly, the result corresponds to the
severe obstruction by GOLD (III).

Example demonstrates the decline in FEV, over time in
patients with severe COPD. Over 2 years FEV, decreased
from 1,24 L to 1.08 L, despite the basic therapy with the use
of a triple combination — inhaled corticosteroid + long-act-
ing bronchodilators (b,-agonist and anticholinergic).

Forced expiratory curves of such a configuration is often
observed in patients with verified CT emphysema. .

Figure 5 shows an example bronchoobstructive violations,
patient 1D, and heavy, FEV, — 47,8 %, but the character of
the curve is somewhat different than in Figure 2. FVC is also
reduced, and more pronounced than in the previous example
(63.4 % predicted). However, the patient — the owner of over-
weight (BMI 30.4), significant stomach, high standing and
flattening of the diaphragm exacerbate its ventilation viola-
tions and explain the low rates of FVC. This patient ventila-
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tory disorders can be characterized as mixed, but you need to
keep in mind that reducing the capacity of the lungs due to the
physiological characteristics of the patient.

Example of a very severe bronchial obstruction fixed
(corresponding GOLD 1V) presented in Figure 6.

At the patient’s FEV, below 1 liter. In this example, we can
note an important caveat: the maximum value of 0.88 was
obtained in the second attempt, but the computer is auto-
matically chosen as the best shot in this case the other,
although it does not FEV, highest — 0.73 1. We agree with the
choice of the computer, because the attempt with the highest
FEV, was not done at maximum effort (you can see a wider
peak expiratory curve). FEV, —0.73 (25.5 % predicted) indi-
cates very severe bronchial obstruction, respectively GOLD
IV. FVC this patient is also reduced, but not to the extent of
catastrophic (to 63.4 % predicted).

In severe bronchial obstruction is often reduced FVC
between VC (performed during quiet maneuver) and FVC
(forced expiratory made) there is a significant difference
(normally they usually are, there are physiological fluctua-
tions in the average of 100—200 ml). Slowly and quietly as
possible to inhale and exhale level VC patient with severe
obstruction may, but with significant exertion small bronchi
subsides formed air “traps” to maximize exhale, you need to
make greater efforts. It is a vicious circle. In severe and very
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Figure 5. Severe bronchial obstruction
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Figure 6. Very severe bronchial obstruction

severe obstruction exhalation significantly lengthened. If a
healthy person breathes FVC for a few seconds and exhale
problem for him as much as 6 seconds, a patient with severe
bronchial obstruction exhales for 12, 15, 20 seconds or more,
and the stage of the plateau and is not achieved. Therefore not
recommended for severe obstruction to exhale more than
15 seconds, even if at that time the plateau is reached.

Today itself reversibility of bronchial obstruction in COPD
is neither diagnostic nor differential diagnostic criterion, and
its role in asthma remains the same. Functional diagnostic

criterion is the increase in asthma in the sample FEV,
bronchodilator > 12 % and 200 ml, more growth — the more
likely the diagnosis of asthma. Figure 7 shows spirogram
asthma patient before and after administration of 400
micrograms of salbutamol.

Initially the patient’s FEV, was reduced to 1.87 L (with the
proper value 3.18) — 59 % of predicted. After receiving bron-
chodilator FEV| increased to 2.57 liters (an increase of 700 ml,
and (2,57-1,87) / 1.87 * 100 = 37.4 %. Very high reversibility in
response to salbutamol, the argument “for” bronchial asthma.
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Figure 7. Positive trial with bronchodilatator
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Figure 8. Spirogram of partly controlled asthma patient
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Figure 10. In reaching of acceptability it is necessary to perform up to 8 attempts
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Spirogram of asthma patient. Figure 8 — spirogram of
patient with persistent, partially controlled asthma. 1-2 times
a week disturb daytime symptoms, sometimes wakes up at
night due to asthma symptoms (2-4 times a month), a few
times a week uses salbutamol to relieve symptoms, ausculta-
tion — forced expiratory listened dry wheezing in small quan-
tities.

Analysis of spirogram: acceptable are all 5 attempts, repro-
ducible — 4. FEV, — 87.2 % of predicted, 3.42 L, FVC — 4.59
liters, FEV,/FVC ratio — 0.745: no signs of persistent bron-
chial obstruction, FEV, within normal limits. But if you look
closely at the curve of exhalation, at its descending part, and
as in the first example, noticeable concave curve, which sug-
gests the presence of a small bronchial obstruction in this
patient, what is confirmed in this case, the collection of his-
tory (see above).

Not all patients can be successfully perform spirometry,
despite the explanation and demonstration of respiratory
maneuvers. Example of the lack of doctor-patient interac-
tions — in Figure 9.

It was performed 6 attempts. Assessment of each one in
details: the first (blue) — there is a sharp peak on the exhale,
no cough, but the maneuver is finished prematurely plateau
phase is reached, the expiration lasted considerably less than
6 seconds, the second — red — the peak is there, but in the
middle descending part of the curve the patient made a small
breath, and again reached the plateau phase, exhale lasted
considerably less than 6 seconds, the maneuver is finished
prematurely, and the third attempt, the green curve — exhale
weak, not the maximum, ended prematurely, the fourth curve,
yellow — start forced expiratory weak, in the middle of an
additional breath, not achieving plateau phase; attempting to
try — raspberry — very faint exhalation, the sixth attempt —
orange — no peak exhalation weak. Patient refused to con-
tinue the study, for any acceptable curve analysis is not
received, nothing to evaluate.

We want to remind — spirogram can be assessed if received
at least 3 acceptable curves, and among them there are repro-
ducible. To achieve acceptability and reproducibility makes
sense to do up to 8 attempts, then — no, the patient is likely to
be tired, and up to a level approaching the maximum values
do not exhale.

Figure 10 shows an example of attempts to achieve
acceptable and reproducible curves. Criteria to assess study
(curves acceptable FEV, and FVC repeatable) were achieved
only when the 8 attempts were done.

Evaluating the results of spirometry it is important to see
not only the digital result, but also a graphic representation of
curves. If the study is judged only by the digital results, it is
not clear why it was nessessary to do so many attempts.
Reproducibility of FVC (FVC) is high — the greatest result of
5.54 1, closest to it — 5.53 L, then 5.52 L, 5.49 L, 5.48 L, the
lowest value of 5.42 liters — the maximum difference between
the largest and smallest value — 120 ml, FEV, (FEV1) — 4,54
1 ( the highest value), followed by 4.501, 4.461,4.411,4.391,
4.38 1 etc. FEV, is highly reproducible (a difference of less
than 150 mL) in 4 attempts.

But, if you look at the graphic image — you can see that the
three curves (attempts (tests) 2, 3, 8) are not acceptable — on

ACTMA TA ANEPTIA, Ne 4 - 2013

the curve forced expiratory additional respiratory maneuvers.
And if we see only the data curves without graphics, only fig-
ures (Table 2):

Table 2
Indicators of FEV1 and FVC from technically
unacceptable attempts

Test 2 Test 3 Test 8
FVC 5,46 5,46 5,42
FEV, 4,39 4,46 4,20

One would think that the study was carried out well, the
results are reproducible. However, these three curves are not
suitable for evaluation and interpretation! Only fully
represented result, when we can see all curves, and the digital
data can be the basis for interpretation.
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NPOBEAEHHSA CMIPOMETPIi B KIIHIYHIA MPAKTULLL.
®YHKLIOHAJIbHI MPOAABN BPOHXOOBCTPYKTUBHUX
3AXBOPIOBAHb (KNIHIYHI MPUKNALN)

M. O. lloaauceka

Pe3iome

Cnipomempis — nowupene ingpopmamusne 00CAiONHCeH s, AKe WUPOKO
BUKOPUCIOBYEMbCS 8 KAiHIuHIU npakmuyi. [Ipome ockinbku 0CHO8HI
duxanvHi Manespu npu yboMy 00CAI0NCeHHI NOMPeOYIOMb MAKCUMANbHUX
3ycuns, 6 psadi eunaodkie npoeedenHs cnipomempii — Hebadxcane
yu @saeanri npomunokasawe. JOKAAOAHHS MAKCUMAAbHUX 3YCUNb
(3a gidcymHocmi npomunoKasamy) mModice CRPUMUHUMU HebaXNCaHi npos-
6u, ye maxoxc mpeba mamu Ha ysasi. [lpomunokasanna ma nebaxcaui




nposisu w0do cnipomempii Hagedero y cmammi. 3Hauny ygaey npudiseHo
npouecy auanizy cnipoepamu, 0emanvHo HA KAIHIYHUX RPUKAAOax
suceimaeHO emanu OyiHKU, 8id0ip mecmie, npudamuux abo Henpudam-
HUX 045 N00AAbULO020 AHANIZY.

KorouoBi cioBa: cnipomempis, Xponiute 06cmpyKmugHe 3axX60pHo8aH-
Hsl Ne2eHb, OponxiasbHa acmma
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IMPLEMENTATION OF SPIROMETRY IN CLINICAL
PRACTICE. FUNCTIONAL EXPRESSION
OF BRONCHOOBSTRUCTIVE DISEASES
(CLINICAL EXAMPLES)
M. A. Polianska

Summary
Spirometry is a widespread, informative study, which is widely used in
clinical practice. But since the main respiratory maneuvers in this study
require maximum effort, in some cases, conducting spirometry undesirable
or even contraindicated. Application of maximum effort (in the absence of
contraindications) may cause undesirable manifestations, it must be borne
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in mind. Contra-indications and adverse manifestations on spirometry are
given in the article. Much attention is paid to the analysis process of
spirogram. The stages of evaluation and selection of tests, suitable or not
suitable for further analysis is described in details on clinical examples.

Key words: spirometry, chronic obstructive pulmonary disease, bronchial
asthma.
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