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c- 1 :f ^*/«^«ionai evaluation of the lungs in children
yo-..i „i,e presents a nirtber of difficulties. In ex^-ir—c c-"-' 

re=,_w. dop»d on holn fron =ho noni.r.-.n; T-'
p0..s .n..u .ne recording process itself tvust disturb the chi'd 
-...-0 ..s possiole. For infants, contactless .tiethods -o- re---^ —

. anyt.ting which eight hinder respiration'-o t"e
deJirSbli?“ ^««rding of the physiological process as, "ar; ZsV

^ if.e essence of the nethod which we suggest is that the c’--'d be 
?.a..ea tn a stee^ chaoter (whole body nlethysr.o-’raphl and a -a-o- 
ceter records changes in pressure as the child breathes*.'

p:oon;“

non: of B.n. in of in-.enon: in conr.oo-.ion .Sr^eTohr.?lo.,‘“^'.-!^"- 

et al.; Bergetor. et al.; Polgar; Jaiger et ai^.
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Cur :.;cthod allows xo obtain certain indexes of the functional state
or the lungs, under physiolcgical conditions,for uationts
or any a;;,:, rejardiess of the severity of their condition. *As our 
pletnysuoy.raph, v:e used the char-'oer of an artificial respirator

with a volur;e of 200 1, after assuring the rec-ulred ti^;.t- 
. ness of seal Ctiae constant of leads S-10 sec). The pressure Measur­

ing device was a low-inertia capacitive nanc.-neter, the recordin • 
device was a VKS-4 type device. If re consider that i.; one r.iru'e 

10 :::l/k;: oxygen are absorbed and 9 nl/kg CC2 are evolved, we see 
that ;u:ter fifteen minutes a chamber v.ith a vciu.-:.e of 2C0 ’ v;-'t 
contain 20.5 % o.xygen and C.3S CO2 for a child weighing 5 k? anu 
2ij.2 -j oxygen 5*nd 0.72 % CO*? for a. child wei^hir.i- 10 kg. There- 
fore, it can be considered that the composition of the“’air breath.d 
oy the child remains practically unchanged curing the time of in­

vestigation (2-3 run). Usually, a child could stay in the piethr/s- 
mograph for about an hour.

Anal'-sis of physical urocesses on •■vhich method is ba'-ed '-n 
order to illustrate the first factor causing a cha.;ge in oressure 
in tne chamber, we can draw an analogy with a syringe ,7ig. 1). As 
t.iC p_s«.or. is wit.ndrawn (inhalation), air enters the s'/rin'e throu'h 
tne rnirrow apperture (respiratory tract), the presenc4 of which “ 
causes a rarefaction in the syringe while the nressure in the 
cn^ocr increases. Tne pressure, in the cha.uber (n) is deteiained by
SLhlT (?a) and the ratio of* the volume of the

.chamber cV) and the syringe (Va);

PV -
?aVa

Applied to the method being described, this means that 
t..e wynamics of pressure in the plethysnograph depend or. the pressure 
changes in the lungs.

_ Tne secorxi principal factor influencing the pressure within t'-e 
^-.amoer is the hygrothermal factor. As it enters* the lur.gs. air is 
heatea ano saturated with water vapor, causing an increase in the 
tota. pressure within the chamber. During exhalation, the nressure 
drops. *nis factor can be quantitatively estimated using the 
equation of Bargeton:

SS-

. C2)

2
M-w::.
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w
r .?Svli;:f'’'/'.*® -x-css pressure in t;.o plethysnio-raph; T is the ahse- v 

tc .pcrau.re in tnc ?ietnys:noa:-<;;; h is -ho vcatcr vanor or^s^ure 
i: ...o p.c.n;.-s:;;osrapn; i. is the absolute tenioernture in the ’u; ---

-T* l-o is the antosohcric'
i-ross_:e, VT is the rospimtory voluno; V is the vclune of the chonbc’

^_ '--.n-sos in cnanbor pressure as a result of the h /^rother..; .1
rci.^ot the volu.tetric char.;os during filling' of the lungs with

-lUrcrnri? _ _ _ _ _ _ _ _ ._ _  . . . . ^

'■r

!SF_ w<c sor.c’.uiax -cv;c* “nar. boa/ te::v3jrature. At-
ter.ptin.i to perforr.; the nethoo under the best nhysioio'-icnl co- ^'-~-^o-'

■.•;e perroraed our investigations v;ith‘a tenterature d-'^-e'-e-oe 
ano body of child of H-i5'c. Tne ab'soiute uoistGra "

investi-ntion vas lS-24 =a Hg. hnder these' 
Xtr*,': V- curve snov.-s the su;i of two trocesses: the
w—or aiveolar pressure and the hy-rothernal effect.

sSflISs— “SSS--MSS'
ret.ectea on the pressure in the piethysuograuh. Under norr.al'oc-t-- 

A spirograpnic factor predoninates. For a cuantita-

-iw t..^ ?. ^....ica.or, tne proauct of the voittne of the cha; be" ^ir. 11
subject C\':,ar.d the total

h-SS-hh': if Siirjiji” -- -spi„-.„r, c^cu.

pi . ■.:: Um.

,0:1 _w.

1 -s i'-m
■' m

..sing this nethod, we studied 92 children, ranging in a.-a 
two_weeas to four years. Of these 50 were ena^ined duAng vaAiur 
-«.-.s c. ,...e_tonia, 16 of the children showing nulir.onarv nathole'v

respiratory insufficiency resu!tir.g 
f = "-act (exudation in the brcnchi/

.rX-'"',:: <:-"-roi grout included 6 healthy
- - -  — vnildren witaout pulnonary patholor/. who wa-o ->athology, who were in t.ne 

chronic tonsillitis and 
ed in children with
was preceeded by studies :-:Mm ■

A ,
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o C*~131ZIV 0 ••tdvitOw X«i cviwSwibOr* X' 
-1" gc.'.cr~*. is ufe.o suú;cct zo z:.<¿ ;.:itortir. 

Uuc..wv .o, ow.rjic^ r.iu¿cu*:.r .:.0,:0:.. Curing n&rr.ai rospiratior., 
^•*0 C. w’ i", ,/y,*¿ H . » O £i ~ " C" "Î'"1í^ - ■»*» ■»*-.!. ••- • .^ í « - !? ' ». 

. , w ^ a * *. > c» u» *.r*..w. .a ^ior. » r.c* ex * 

caiUvior., uirrurunce in amplitude bcuvucn respiratory cycles, etc. 
respiratory conditions, thé t:a:;w.»etrii 

» *, *“ * ‘ —•••»«w»^^**.»,* c*y 

Unde; 
pneu:r.o:ro .1 is 
volume causes a 'Ji'O’eort ■" or al ,-. 4« -1. , „„„i.;-, ‘.-- _• , _ • * w-ué.ci. _..^u i.i .i .0..c o W..J /a; ;a- 
:ion -.n CiVtHiber pressure*• I T-- 0 « * e a c* c2*i.c¿ ov s e V c c-.. 
or tne r.anoaetric curve increases by 5 to ¿ tijr.es so.t.étir.ôà cl cr • s ^ -» 
tne si:..ilnrity to a spirogran, a result of the caá.pressior. of the 
alveolar au¿ Cue to the constriction of the larynx. 

rigure 2* snows a chamber pneun.ogran (bottorO and a nneur.c.gre.t 
rrc;t the thorax (top curve). Tan curves are characteristic rV/norsal at rest 
respiration; tney were recorded fror, a child six .-..oaths in are d-rin- 
sleep. The rise in both curves near the and of the r'-ec-'u--~-•* * 
résultée troai a short, deep inhalation. The ? indicator average' 
5 crt. water • v, or 24 en water • ¿ with the deep inhalation. 

;"VC“ is not complicated by an acute disorder in the 
oroncnia. passages,the pi ethy smog rams arc similar to spirograms 
measured .cr children without pulmonary pathology, hith extreme 
àys,?r-ití . . when Ûùr* is á great deal of mucus ln"th. 
respiratory tract or when an asthmatic syndrome is present, the manoz&etric 
curve changes: the amplitude incr 
has peaks unrelated to even change 

¡•ij-ort 3 shows a plethysmograri and an 

oy o-iO times, an 
ir flew. 

♦ i" a » 11 • *« 
1 V • • V. W M » 

rdinary nneumo • r»:.. 

"r-U °sn i J‘‘0n!hS 0f a5C "ith pronounced'dyspnea,'resulting 
*rw“’ ** savlw ^ut? or,acuV -7 insufficiency. V.-.o patient 

was surr or mg rrom hypertoxic pneumonia, complicated 
by^ ate. act as; s of two segments, the lungs presented an abundance of 
rai.es,^tnc upper respiratory tract and bronchi contained a good 
aeal of mucus. The °V averaged 16 cm water • l . Durir.~ c-'v’t* 

voc ^ . 
tJWk*.*4 WA A. «. W W w w 

T.;c oscillograph was connected so that its 
upward v.ncn the pressure in the chamber increased Jov.v.w_rb 
decreased. The polarity of the uneumegram is the same: inha'-'-'c-- 
upward, exhalation-downward. The time marks correspond tú”ú.Ú¡'¡ec"- 
‘ -- smpeiruae of the plethysmograr. corresponds to Û.C04 cm water • ¿. 
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■i ;.cuwC '/-V. JiCw. or "roo :: rocoso. T/.^r., porai leí .;ith i::.; re/, 

w s..^0*a¡.. aroppeu, ana the curvea r>ecai.*e áxiar^ar to tnosc 
, J.*. -y. O 

• . :tn ^rear.rr.r -- ccwnward wa/ús nn mir'' C ¿5 Vj. 
jV ir.k-,rc; tir.g atmcuity in exaa-citiGnj tai, 

^*v'»•• •' ^ -•• tac amplitude or tae pneur/.c jrcor» ana a shara ir.creao r ir. 
v*;' ‘ \ 0: *nc r.:a::cn;ccric curve, cuurou by narked rest ir .“cry aove« 
avrils , ui’ir** u ¿puso oí tue iuryr.x. öujsccpuontiy» cu che zt. ;vsni 
* * * ^ . c -i . ^ v*¿ ... c mO ¿ cu to, u.. ^ . o toU c * ..cr uu o ve- uuu c*. cr ... ¿ 

to o., to.,to' o.to.-to.,/.s.¿0o...... ir.útCtotto cxpuuiicn ur... cor.tr .ot*ot. 
ex c..to a.vcolar ¿us with blockade of the respiratory tract, .-.¿s ira- 
txcr. xs tuen ¿ruuualiy r.ornaiiced. Figure 5 shows a fragment of the 
sur.o reCto-rdir.g 15 seconds later, when respiration was less labored. 

Pathological, "nonspirographic'1 plethysnograns, sinilar to 
figures 3 and 4, were observed in ló patients with acute dysonea 
resulting iroa an increased pulmonary pressure variation amplitude 
due to increased resistance in the respiratory tract. As this con* 
dation was eliminated, the pathologically altered curve assumed 
S^euter similarity to the spircgraphic curve. 

...... :u.pi.tUtoC or the nonspirographic curves best reflects the pres* 
sure an the lungs, ¿o that, by subtracting the hygrotherrai 
coup,,ru : ron tnc PV value, wc can estxrtatd fh.e alveolar pressure 
...■.to. resistance of the respiratory tract. Differentiation of 
nonspiroc,r..phio plethysr..o¡¿ra:r.s is possible only during simultaneous 
r-toCo.'..er vent*ration, in cur experiments, this was achieved by a 
^a*tear.cjUí> rc*cox*ain¿¡ or aa in*pcaancc ar.w'U,...G¿i'anit calib*?atGu ia 
amts e: vo.ume. Nevertheless, the recording of a chamber plethys- 

• c. * vjw* w ^a t-crest fa r caaractizaticn of the respiratory 
J.fc to* *è to* to. A. C 4 :, as can be seen from the examples presented. 

• * 

-., normal at rest respiration, a spirographic plethysaogram shows 
• CO... vW«4to,»* C , 

Oto.** a 

- < ■ ' V • • p »' ' f ,-- 
• A * J to. ». w • • / .o* oi'o* C , to ' ' to. ^ to* 

V V to.««*. *. 

** •• w Wto... Wto«awú*to*to.c ».ac icsp^rcwor/ vc«-to*rr.c ra^«acr occviratcXy troni t**e 
ror cxar/./D 1 c^ on fa.^urc a tr*c voiarnc cf a tN^ctcal 

¿a^-rf.^..*.to*tow*y cywie xs aboaw tae voxurr.e or a acca xnaa^ation 

j 



'*i KJ ■ J k. » •* - c*. w.iw oXw.Vr or 3o0 4**-'/voiUi..c or w*ic __ ^ 
wwí.i^V13.Vw*^ w* tmù wurc cOéiwOéiw .rra c«*c 31^^.02 vr.c^r 

prc¿¿ure^;vkkS 7o0 ira K¿; the minute volume in this stuay was 
k*OOU w 1*0 

« U 

c 

Conclusion 

-. ’•’•'.e aeïhod of piezhys::iopriOu.:.o¿>,c^h/ ¿¿ te-ehr* 1 er.i 
anu üafv', ailov.’s external respiration to be studied un-er 

ni:. :. 

p.'.ysioio: .o cor.citions, iiiii. „'.eci.vyv* *0 sn^.aoie »or exar.ir.ot-on 
of chHéron of any a¿c, beginning witn the first cays of life 
regarclw'ss of the severity of their condition. 

-• h’ith a significant temperature difference between tlcthv_.T.o- 
grapn and body of patient Con the order of 10* C), plethysno- 
rneumograpr.y can be used to obtain a spirographic characteristio ef the 
* c 5> p í r c 

3* «Á-rrc is puVwicul^z* interest in the use or* this rr.cthcd 
infants v.uth severe pneumonia. The increase in pressure within the 
lungs resulting fror, obstruction of the respiratory tract chances 
the nature of the nanonetric curve. In these cases, the method 
allows the increased resistance of the respiratory tract to be 
e^tinatea. me method is an aid to diagnosis and reflects the changes 
in the dynamics of the respiratory function. 

i 



Fig. 2. Char.b^r 
and pneuiaogran 

pr.êu:r.cgrar. (òottor.O 
of thorax (top). 

Fig 3. Plethysr.ogran 
child one ana 

age with 

and ordinary pneurr.ograr. 
onc-half aonths in 
pronounced dyspnea. 

or 



4. Pnouj'.'.wv.w.. ..:.4 picti-./ssopr.öurr.o^rar» 
ot .child three :.n c. ’c wit.! 

acute exp ir.re cry -y^pr.cc or 
^ c*«.«i.* w.»i» ^ype« 

ragrr.er.t of pneur.c¿rati and piethysr.opneur.o-ra::. 
of ser.e child after attack. 
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