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　　Abstract :　Objective 　To study the lung function changes of infants with pneumonia via tidal breathing pattern analysis before

and after treatment . Methods 　Tidal Flow2Volume Loops( TFV) were measured using the tidal breathing pattern in 58 infants (1～

40 months old) with pneumonia. Sixty2three normal infants were used as controls. The parameters , including respiratory rate (RR) ,

inspiratory and expiratory time ( Ti , Te) , the ratio of Ti/ Te , peak tidal expiratory flow ( PTEF) , the ratio of time to reach peak

tidal expiratory flow ( TPTEF) to total expiratory time ( TE) , the ratio of volume to reach peak tidal expiratory flow (VPEF) to total

expiratory volume (V E) , tidal volume per kilogram (V T/ kg) , mean inspiratory flow (MIF) , mean expiratory flow (MEF) , and

tidal expiratory flow at 25 % , 50 % , 75 % lung volume ( TEF 25 % , TEF 50 % and TEF 75 %) were measured using the

Masterscreen2Paediatric (a tool for the lung function test) . Results 　RR increased , TPTEF , TPTEF/ TE , VPEF , VPEF/ V E were

lower in infants with pneumonia compared with those ofthe controls [ RR = (36 ±9) / min vs (30 ±8) / min , TPTEF = (0. 20 ±

0. 08) s vs (0. 40 ±0. 16) s , TPTEF/ TE = (18. 8 ±5. 8) % vs (33. 0 ±7. 5) % , VPEF = (17. 2 ±10. 9) ml vs (25. 4 ±12. 8) ml ,

VPEF/ V E = (22. 1 ±4. 6) % vs (33. 4 ±6. 35) %] ( P < 0. 01) . TI , TE , TI/ TE were shortened. It appeared that the airway was

obstructive. After the routine therapy , RR decreased to (33 ±11) / min , TPTEF/ TE and VPEF/ TE were significantly higher

[ (26. 2 ±8. 7) and (8. 4 ±7. 3) % , respectively ] ( P < 0. 01) . Conclusions 　Tidal breathing pattern can be used to evaluate the

lung function and the effect of therapy in infants with pneumonia.
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　　It has been demonstrated that respiratory disor2
der is the main disease in children. It represents the

most common cause of death in infants worldwide.

The patients , especially the younger children and in2
fants with their developing respiratory systems , rep2
resent a challenge for the clinician. The ability to

measure pulmonary function provides a tool that can

confirm a clinical diagnosis , monitor the response to

therapy , and follow the progression of disease[1 ] .

The traditional forced expiratory technique mea2
sures the flow and volume requiring patients to take a

slow deep breath to total lung capacity , and then ex2
hale as quickly and completely as possible. Obviously

this is not appropriate for infants. The tidal breathing

method only needs quiet respiration , so it is very sim2

ple and suits infants. This report describes measur2
ment of lung function using the tidal breathing tech2
nique in 58 patients before and after the treatment .

1 　Materials and Methods

　　The study group consisted of 58 infants ( 40

males) at a mean age of 15 ( ranging 1240 months

old) . All were hospitalized because of coughing (some

with fever , and tachypnea) , fine rales and exudation

in X2ray.

The control group consists of 63 infants ( 38

males) at a mean age of 15. 8 ( ranging 1240 month

old) . No respiratory infection within 2 weeks , pas2
sive smoking , asthma heredity , and congenital dis2
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ease were detected which would affect the respiratory

function.

The pulmonary function tool used was the Mas2
terscreen2Paediatric , developed by the Jaeger compa2
ny , Germany. The volume and flow , and its time in2
tegral were calibrated before each patient using a pre2
cision syringe every morning. Measurements in the

infants were frequently obtained following sedation

with 20230 mg/ kg chloral hydrate given orally[2 ] .

The infants were studied in the supine position.

When the infant was in quiet sleep , a thin ring of

therapeutic silicone was placed around nose and

mouth. Airflow was measured using a pneumota2
chograph ( attached to a mouthpiece ) and a flow

transducer and was subsequently integrated to the

tidal volume. The data were recorded 5 times , each

time consisting at least 20 breaths[3 ] . On conclusion

of the measurement , the computer processed the data

and provided the average values. All the tests were

performed at 8210 AM.

Up to 30 parameters were identified for each

breath , including respiratory rate ( RR) , inspiratory

and expiratory time ( Ti , Te) , inspiratory time as a

ratio to expiratory time , peak tidal expiratory flow

( PTEF) , time to reach peak tidal expiratory flow as

a ratio of total expiratory time ( TPTEF/ TE) , vol2
ume to reach peak tidal expiratory flow as a ratio of

total expiratory volume ( VPEF/ V E) , tidal volume

per kilogram ( V T/ kg ) , mean inspiratory flow

(M IF) , mean expiratory flow (MEF) , and tidal ex2
piratory flow at 25 % , 50 % , 75 % lung volume

( TEF25 % , TEF50 % , TEF75 %) . Results are dis2
played as the mean and standard deviation ( SD) for

each parameter over the specified number of breaths.

A P value of less than 0. 05 was considered to be sta2
tistically significant .

Also we got a tidal flow2volume ( TFV) loop ,

the lower part representing inspiration , and the upper

part represents expiration.

2 　Results

　　There was no significant difference between the

groups with respect to sex , age , weight , and length

at the time of test . Characteristics of the two groups

and the results of tidal breathing analyses are summa2
rized in Table 1. When hospitalized , patients with

pneumonia showed high RR , lowed Ti , Te , especially

Ti , and increased M IF , MEF , PEF. But the in2
creasing range from TEF75 % , TEF50 % to

TEF25 % became small. Even TEF25 % showed no

significant change. TPTEF , VPEF , TPTEF/ TE ,

and VPEF/ V E all decreased obviously. Figure 1 is

the TFV loop of a 332month2old healthy boy. Figure

2 is a 132month2old boy with pneumonia ; the slope of

TFV loop was steep . Figure 3 is the same patient af2
ter therapy ; we can see the slope became flattened.

Figure 1 　TFV loop the same of a healthy baby

Figure 2 　TFV loop of a patient with pneumonia before therapy

Figure 3 　TFV loop of patient after the same patient after

therapy

　　After therapy , compared with the time when

hospitalized , RR decreased , Ti , Te increased and

TPTEF , VPEF , TPTEF/ TE , VPEF/ V E were

higher , but they still could not match those of the
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healthy children ( Table 1) .

Table 1 　Main parameters of tidal breathing in healthy baby and in infants before and after treatment of pneumonia ( �x ± S )

Parameters Healthy Infants( Ⅲ) Before Treatment ( Ⅰ) After Treatment ( Ⅱ)

V T(ml/ kg) 7. 39 ±1. 43 7. 48 ±2. 41 8. 22 ±2. 68b ,d

RR(times/ min) 29. 8 ±8. 1 35. 7 ±9. 3a 32. 7 ±10. 8a ,c

TI(s) 0. 96 ±0. 28 0. 74 ±0. 17a 0. 81 ±0. 19a ,c

TE(s) 1. 20 ±0. 34 1. 04 ±0. 28a 1. 19 ±0. 36a ,c

TI/ TE 0. 80 ±0. 14 0. 73 ±0. 13a 0. 71 ±0. 12a

TPTEF(s) 0. 40 ±0. 16 0. 20 ±0. 08a 0. 31 ±0. 16a ,c

TPTEF/ TE( %) 33. 0 ±7. 54 18. 8 ±5. 77a 26. 2 ±8. 70a ,c

VPEF(ml) 25. 4 ±12. 8 17. 2 ±10. 9a 25. 5 ±10. 5a ,c

VPEF/ VE( %) 33. 4 ±6. 35 22. 1 ±4. 62a 28. 4 ±7. 30a ,c

PEF(ml/ s) 74. 2 ±29. 3 109 ±57. 5a 104 ±82. 1a

TEF75 %(ml/ s) 69. 4 ±28. 4 107 ±57. 4a 100 ±79. 0a

TEF50 %(ml/ s) 69. 4 ±28. 1 86. 6 ±52. 0a 92. 2 ±81. 1a ,d

TEF25 %(ml/ s) 54. 9 ±25. 1 58. 5 ±42. 2a 68. 7 ±69. 8

TEF 25/ PEF( %) 0. 72 ±0. 12 0. 52 ±0. 16a 0. 62 ±0. 14a ,c

MIF(ml/ s) 78. 9 ±30. 0 104 ±66. 9b 105 ±76. 5a

MEF(ml/ s) 60. 6 ±18. 7 73. 3 ±44. 0a 75. 0 ±56. 1b

　　a ( P < 0. 01) and b ( P < 0. 05) represented statistical differences compared with the controls ; c ( P < 0. 01) and d ( P < 0. 05) represented

statistical differences compared with the children before treatment ( P < 0. 05)

3 　Discussion

　　Tidal breathing test acts as a kind of pulmonary

function test which requires no patient co2operation

and its simplicity suggests that it can be the best fit to

little babies. In our study , the children , when sedat2
ed , could respire quietly through a facemask[5 ] ,

without discomfort and influence by subjective fac2
tors. The veracity and repeatability of the test were

thus ensured.

Before the therapy , the patients experienced

higher RR , M IF , MEF , PEF , and lower Ti , Te ,

Ti/ Te ( Te was relatively high) , suggesting that with

pneumonia the respiratory center was obviously excit2
ed in order to inpel the patient for respiration more

quickly , so as to increase the minute ventilation to

satisfy the increasing O2 need. But we have also

found at the same time that the increasing range from

TEF75 % , TEF50 % to TEF25 % became smaller ,

and TEF25 % even had no significant change. This e2
laborates that when infected small airways are obvi2

ously edema and obstructive. Even if the driving force

increases , it cannot make the flow in small airways

higher. This suggests that the main pathological

change is in the small airways.

In the TFV loop , the X2axis is volume , and the

Y2axis represents flow. V T decides the width of the

loop , and resistance influences the shape and makes

the slope change. The more severe the obstruction ,

the steeper the slope will be and it will even show the

sinking of the falling line of expiration. With the

TFV loop of the healthy baby as standards (oval) ,

pneumonia patients before therapy revealed high

PEF , and the elevated range of TEF75 % , TEF50 %

to TEF25 % became smaller and smaller. TEF25 %

even had no significant change. The more severe

pneumonia is , the more severe the obstruction , and

more obvious for this t rend. Then the falling line of

expiratory will be sunken.

In the tidal breathing , considering TPTEF/ TE ,

VPEF/ V E as the index of airway obstruction has

been affirmed by many specialties[4 ,6 ,7 ] . Some people

have studied healthy children of different ages , and
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some have studied asthma children before and after

inhaling bronchial dilator. They all find that these

two parameters have significant meanings , especially

TPTEF/ TE. In patients with asthma or lower air2
way obstruction , their values are low. In our study ,

we compared them before and after therapy in young

children with pneumonia. The result was that before

therapy , TPTEF/ TE , VPEF/ V E were lower ; after

therapy , they became higher. But they are not as

high as the normals. This illust rates that , even if it

seems recovered and has no clinical symptoms , the in2
fection and damage of airways need more recovery.

As for when the lung function will completely recov2
er , we need to follow up .
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