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TESTING IN OFFICE "
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- Pulnionary function tests (PFT) prop-
erly carricd out in the office can help the
pediatrician considerably in the diagnosis

of respiratory discases, in determining the

severity and patterns of pulmonary dys-
function and in assessing response to ther-
apy. Most children above 5 years of age can
be taught to perform these tests(1). The
reliability of the results are best when the
technical personnel are well trained in test-
ing children, when equipment best suited
for children is selected and the child
is patiently trained to perform the
mancuvres(2,3).

Selection of Equipment -

The peak flow meters and spirometers
are recommended for office use.

" Peak Flow Meter (PEM)

~This is most inexpensive instrument for

office use to determine peak expiratory
flow rate (PEFR) and peak inspiratory
flow rate (PIFR), which are useful in diag-
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nosis and follow up of obstructive airway
discases(4). The Wright’s PFMs for pedia-
tric use are of two types: circular dial type
and cylindrical type. The details of various

- PFMs available are given in Tgble 1.

Spirometer

This 1s the most useful instrument for
office use. The bell type wet spirometer in-
troduced by Hutchinson is not now recom-
mended for office use because of the prob-
lem of water movement during fast breath-
ing maneuvre, spillage of water into the
tubing system, bacterial growth and corro-
sion of the equipment by water. Hence, dry
spirometers are recommended. Those hav-
ing sensitivity at low volumes and flow
rates are suttable for children. Essentially,
it consists of accordian like bellows and
mechanical or electronic recording sys-
tem(1,5). The spirometers which give the
visual liguid crystal display (LCD) and
print out of the mancuvres are ideal but
expensive. They have the advantage of
judging the perfectness of various ma-
neuvres carried out by the child. Second in
order of preference are those which give

TABLE 1—_Available Peak Flow Meters

Name Approx. - Remarks
- cost (Rs.)
1. Wright’s (Mini )PFM
P.K. Morgan Pvt. Ltd,, _ | .
England 1000/-  PEFR
2. PEM
Vitallograph, U K. 550/- PEFR
3. Pink City Flowmeter - 200/- PEFR

Tirupati Scientific and
Instrument Company PIFR
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the digital print out of various pulmonary
function parameters as well as the record-
ing of volume time (VT) curves and flow
volume (FV) loops from which the pulmo-
nary function data are derived. Third in
order of preference are those which give
only the digital print out. The details of
various spirometers available are given in
Table I1.

After recording the tidal breathing, the
following maneuvres should be carried out
by the child on the spirometers:

Inspiratory or Two Stage Vital Capacity
(IVC/2 SVC) Maneuvre: In this, the patient
is encouraged to exhale slowly to maximum

extent and then inhale as deeply as pos-
sible(1). IVC maneuvres can give the fol-
lowing lung capacities, i.e, IVC (2 SVC),
ERV, IRV, IC and TV(7,8) (Fig. 1).

*Forced Expiratory Vital Capacity (FVC)
Maneuvre: The patient first breathes nor-
mally, following which, child is asked to
breathe in as deeply as possible and hold
his breath momentarily and then exhale as
rapidly and completely as possible. FVC
maneuvre will give the following
paramcters viz.,, FVC, FEV , FEV,, FEV,,
FEV /FVC ratio, FEF 25-75% and FEF
200-1200(6,7) (Fig. 2). .

TABLE ll-Available Spirometefs

Name Approx. cost ~ Remarks
(Rs))

1. Spirocheck portable spirometer. 13,636 FVC, FEV, PEFR, portable.
P K. Morgan Pvt. Ltd., England B

2. Morgan Flexiflow Pulmonary 1.68 lacs
System with Dell Computer.
P.K. Morgan Pvt. Ltd ~ v

or ) :
Morgan Flexiflow Pulmonary 95,000 All lung capacities including TLC, FRC,
system with Indian 1BM com- RV, FV, loop, VT curve, Raw lung elas- .
patible computer. England. ticity, constant, predicted and actual val-
ues and computer interpretation.

3. Morgan TLC Test Automated 5 lacs Same as above with helium analyzer; Not
lung volume spirometer with portable.
Dell computer. P.K. Morgan
Pvt. Ltd,, England. SRS o :

4. Spiroanalyzer, ST-90, Pulmo- 70,000 VC test, FVC test, FV test MVV tegt;
nary Products, Fakuda Sanyo, portable.
Tokyo. : SR

5. Spiroanalyzer, ST-300, Pulmo- 1.5 lacs Same as above with actual and predicted
nary Products, Fakuda Sanyo, values memory system and direct BTPS
Tokyo. values.

6. Spirometer by Jaeger, Erich 2.5 lacs Same as above with gas exchange (CO,
Jaeger GMBH and Company, VCO,); Not portable.
Germany.

7. Pneumoscope, Erich Jaeger 60,000 Flow volume loop MVV, Raw, portable.
GMBH & Company, Germany. '

8. 90,000 VT curve, Flow volume, portable.

Vitalograph. Vitalograph, UK.
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Fig. 3. Flow volume loop of a normal child,
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Fig. 2. Spirogram tracing showing measurements

+— INSPIRATION

EXPIRATION —>

[
O
R G

- 3
(@] O
RS SO A

of FVC, FEV, FEV,, FEV .

-FEF 25%
\

N
{~, PREDICTED FEF goe,
AN

— EXP.VC% —>

FIF 50%

Fig. 4. Flow volume loop of a child with pen-
pheral obstructive airway disease.
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Filow Volume Loop Maneuvre: FVC
maneuvre is followed by maximum inspira-
tory mancuvre to full inflation of the
chest(1,6). The last three maneuvres may
be repeated after inhalation of broncho-
dilators such as two puffs of salbutamol
(asthalin) or terbutaline (brecanyl) from
Metered Dose Inhaler (MDI). Flow
volume loop maneuvre can give the follow-
ing parameters, i.e, FVC, MFEF (PEFR),
FEF 25, 50 and 75%, FIF 50% and ratio of
'FEF 50% and FIF 50%(7,8) (Figs. 3 & 4).

Maximum Voluntary Ventilation (MVV)
maneuvre: The measurement is made by
having the child breathe air in and out
maximally for 10-15 seconds. One then cal-
culates the volume which would be exhaled
or inhaled over a one minute period(1).
MVYV is the maximum volume of air that
can be breathed in and out in one minute
and can help in distinguishing obstructive
and restrictive diseases. MVV is often nor-
mal in early obstructive airway disease but
1s reduced in moderate to severe impair-

ment to air flow. Normal is considered to"

be equal to or greater than 80% of the pre-
dicted. A classic pattern for air trapping is
often detected in ‘significant obstructive air-
way discase(7,8) as shown in Fig. 5.

Calculation of Indices and Interpretation
of Data Obtained from Clinical Spiro-
metry

The  spirometers  which  are
computerized can give the print out of the
above indices directly obviating the need
for calculation. Some of these spirometers
also give the predicted values for many of
the indices for comparison with actual
values obtained from the patient.

Pulmonary function tests are most use-
ful in identifying the pattern of pulmonary
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Fig. 5. Spirographic tacings showing madmal
voluntary ventilation maneuvres. Normal
is compared with obstructive and restric-
tive airway disease.

function abnormalities as shown in Table
111, 1t also can show the severity of the pul-
monary dysfunction as shown in Table IV.
The sensitivity of the various parameters
for outlining the severity of the obstructive
airway diseases varies. Table V lists the in-
dices in order of increasing sensitivity to
detect obstructive peripheral airway dis-
eases.

When hyperreactive airway disorders
such as bronchial asthma is suspected, VT, -
and FV curves obtained before and after
inhalation of bronchodilators are very use-
ful, Healthy children show an increase in
FEV,, by less than 5% and in maximal
mid-cxpiratory flow rate (MMEF) by less
than 20%, whercas children with hyper-
reactive airway disorders will show a much
higher increase than values cited above.
Similarly, VT and FV curves obtained
before and after exercise challenge or inha-
lation of acrosolized antigen are useful in
suspected cases of bronchial asthma. If
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TABLE WI—Pattemns of Pulmonary Function Abnormality

Function Normal™* Obstructive Restrictive Combined
FvC ' _ =80 Nto | 4 {
FEV, . 280 Nto !} { {
FEV, /FVC x 100 =75 Nto ¢t 1
FEF 15 160, =80 ?Nto | |
TLC 80 to 120 Nto ? ! I
RV/TLC x 100 25 to 40 N 1

~ * Normal values represent the percentage of predicted values except for FEV, x 100/FVC and

RV x 100/TLC which are absolute percentages.

TABLE [IV_-The Staging of Severtty of Restiic-
B tive Diseases and Obstructive
Diseases

FVC, % of predicted

normal Interpretation
=80 No restriction
60-79 - Mild restriction
50-60 Moderate restriction
<50 Severe restriction
FEV, JFVC
Percentage of normal Interpretation
=80 No obstruction
60-79 Mild obstruction
40-59 Moderate obstruction
<40 Severe obstruction
Adapted from Tist GM(S).

‘exercise challenge produces a reduction of
- FEV, greater than 10%, it supports the
diagnosis of Extrinsic Bronchial Asthma
(EBA).

The spirometric data should be evalu-
ated by comparing them with predicted
normal. The normal values for Indian chil-
dren have been reported(7-11). Regression
equations are available to predict normal
values and many of the computerized

TABLE V_PFT Related to Seventy of Obstruc-
tive Airway Disease

Function Mild Moderate Severe

PEF or FEF__
FVC
FEV, /FVC

FEFZS—‘]S%

FEFSO% *

FEF,q,

He-O,/air FEF,,,
He-O,/air FEF .,

PIF . 4 Y Y

He-O,/air FEF 50 and 75%~The ratio of flows
achieved while breathing He/O, and air at 50
and 75% of expired vital capacity.

PIF—Point of identical flow.

Adopted from Lemen RI(1).

spirometers give print out of normal values
based on such regression equations(12).
Another point of importance which
should be taken into account in interpret-
ing parameters of lung function is that
some functions are cffort dependent while
others are effort independent. The effort
dependent parameters are those that are
measured during the expiration of first
25% of vital capacity such as PEFR or FEF
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TABLE VI-Predicted Normmal Values

Height Males Females a
vC FRC TLC VC = FRC TLC.
(Lung volumes in litres)

92 0.68 038 0.88 s+ 066 041 088
96 0.77 0.43 1.00 0.74 047 099
100 0.87 0.49 1.14 084 054 142 . o
104 0.98 0.56 1.28 - 0.94 061 - 125 .
108 1.10 0.64 1.44 1.05 0.68 140

112 1.23 0.72 1.60 1.17 0.76 155
116 137 0.81 1.78 1.29 0.85 172
120 152 0.90 1.98 1.43 0.95 190
124 1.67 1.01 2.19 1.57 105 209 -
128 1.84 1.12 2.41 1.73 116 229

132 2.02 1.24 2.64 1.89 1.28 2.50

136 221 1.36 2.89 206 1.40 2.73

140 2.42 1.50 3.16 2.24 1.54 2.97

144 2.63 1.65 3.44 243 1.68 323

148 2.86 1.80 3.74 2.64 1.83 3.49

152 3.10 197 4.06 2.85 1.99 378

156 335 214 439 3,07 2.16 407

160 3.62 2.33 474 331 234 438

164 39 253 511 3.56 2.53 4n

168 42 274 5.50 382 272 5.05

172 4.51 2.96 591 409 293 541

176 483 319 634 437 3.15 578

180 517 3.44 6.78 467 330 6.17

Adopted from Cook and Hamann-.J Pediatr 1961, 59: 710. .

25% (V max 25); during inspiratory effort
such as FIF 25, 50 and 75%. The effort in-
dependent parameters are those that are
measured during the expiration of last 75%
of VC such as FEF 50-75% and FEF 200-
1200 ml. Obstruction of central airways,
ie., larynx, trachea and main stem bronchi
will reduce the effort dependent parame-
ters whereas obstruction of peripheral air-
ways will reduce the effort independent
parameters(1) (Fig. 4). |
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EMERGENCY TIPS

J.S. Surpure

Persistent Purulent Nasal Discharge

Purulent nasal discharge i1 a common
clinical symptom in children. Wald(1) re-
views the differential diagnosis, evaluation

VOLUME 29_.MARCH 1992

and management of this most common
problem. S

Viral Infection: The most llkely dlag- ;

‘nosis with acute onset purulent nasal dis-

charge is viral infection. The discharge is
usually clear and watery and the condition
does not require specific antimicrobial
intervention.

Sinusitis: Thick and colored nasal dis-
charge persists for more than ten days. The
symptoms include: day time cough, mal-
odorous breath, and fever. In children
older than one year, sinus radiographs
show either complete opacification or mu-
cosal swelling of at least 4 mm; air fluids
levels are rarely seen. In infants, the diag-
nosis 1s difficult and radiographs show
diffuse opacification.

Streptococcosis: In young children (un-
der 3 years) Group A streptococcus causes
a more indolent and less localized illness
characterized by low grade fever, purulent
nasal discharge and cervical adenopathy.
Sore throat is not a common complaint nor
is pharyngitis a typical finding. The diagno-
sis is confirmed by isolation of Group A
streptococei from the nasopharynx or
throat. Staph. aureus, Strep. pneumoniae,
nontypical H. influenzae and N. catarrhalis
are often recovered from the noses and
throats of asymptomatic children and con-
stitute normal flora of the upper respira-
tory tract.

Adenoiditis: Another potential cause of
purulent nasal discharge; an enlarged ade-
noid shadow is demonstrated on a lateral
neck radiograph. Most children require

Reprint requests:  Dr. 1.S. Surpure, Associate
Professor, Department of Pediatrics,
Emergency Medicine and Training Centre,
800 Northeast 13th Street 1700 Jessie James,
Okalhoma City, OK, 73104 U.S.A.

393



