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Lack of Effects of Continuous Positive Airway 
Pressure on Vagal Control of Breathing in Term 

and Preterm Newborn Lambs 
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Summary 

The relationships between tidal volume ( V,), ventilation ( V rl, 
inspiratory duration (Ti), and total breath duration (T,,,,) durin~ 
hyperventilation induced by 4"/c CO, exposure were studied in 
five lerm and four pretcrm lambs to evaluate lhe effect of 
continuous positive airway pressure (CPAP) on control of 

breathin~. Al barometric pressure V,. was 308 :t: 44 ml/k~ and 
V I was 41.5 :t: 10.3 ml (mean :t: SD) in term lamhs; in preterm 
animals,\' , was 51 I :t: 133 ml/k~ and V, was 32.6 :t: 0.6 ml. 
Application of CPAP (+5 cm H ,0) producerl an increase in 
thoracic ~as volume of 9.6 :t: 3.4 ml/k~ in term lambs and 9.6 :t: 
3 .5 ml/k~ in pre term lambs. V 1 , V 1 , and lhe slope of the V 1. - V 1 

relationship were not si~nificantly affected by CPA P. At barn-
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metric pressure. all animals showed inverse curvilinear relation
ships between V, and Ti and between V, and T,,,,. When CPAP 

was applied, Ti and the relationship of V, to Ti did not change; 

the curvilinear relationship between V, and T,,,, was unchanged 
in shape, but was shifted to the right due to a significant increase 
in expiratory time (Tc) in response to the increase in end expira
tory lung volume. The increase in Tc was ().10 ± 0.05 sec in 
term lambs (mean ± SD, P < 0.01) and 0.11 ± 0.04 sec in 

preterm lambs (P < 0.01). Vagotomy abolished the curvilinear 
relationship between V I and T,,,, and decreased the slope of the 

V,.-V, relationship. The data indicate that vagal feedback con

trol of breathing is similar in term and preterm lambs. The 

mechanism responsible for breath-to-breath regulation of Ti and 

T,,,, is unchanged when CPAP is applied and is dependent on 

phasic lung volume changes above end expiratory volume. 

Speculation 

Recent studies in human infants have shown .:hat application 

of continuous positive airway pressure results in the prolonga
tion of inspiratory time and the slowing of respiratory rate 
implicating either a vagal response (20) or the generation of 

intercostal afferent impulses related to a stabilization of the rib 

cage (10). Although our data in lambs cannot be extrapolated to 
the human infant, our results suggest that the beneficial effect of 

continuous positive ainrny pressure on apnea of prematurity is 
probably independent of the vagal control mechanism, and that 

the reRex phenomenon is probably derived from the intercostal 
afferent impulses. 

During the last kw years there has he.:n an increasing interest 

in the pmhlem of apn.:a of prematurity ( 7. 24 . 28) . The L'linlogy 

of this disonk r is still unckar and different hypotheses have 

bl'en proposed. including: neurnlogic immatuity ( 13 ). altered 

pattern of sleep state ( I I . 25) . periodic breathing associall'd 

with relative hypoxia (22. 23). pall'nt ductus arteriosus with 

pulmonary l'uema ( 16) . mechanical charactl'ristics of the chest 

lung sysll'm in the premature infant . and alteretl sensitivity of the 

pulmonary stretch receptors ( 2 . .1 . I 'i. 21 ) . More ree.:ntly . it has 

been shown that the frequency of apnea of prematurity is re

duced when CPAP is applied (4. 14. 26). This clinical ohsl·n ·a

tion has been attribukd to the improvl' lllent nf oxygL' nation by 

increasing lung volume (27) antl to the stabilization of the rib 

cage (10). It rnuld also he theorizetl that CPA!' motlifies val!al 

control of breathing to account for the reduction of apneic ,pells. 

The purpose of this study was tu determine whether or not the 

vagal control of breathing is affecll'u when CPAP is applied. 

Term antl pretcrm lambs were used as experimental subjects tu 

cvaluall' the role of maturity in the control of breathing. 

MATERIALS AND METHODS 

Seven experiments were performed on five spontaneously 

delivered full ll'rm lambs ranging in weight from 4 .8 kg- 7 .2 kg. 

within the first 5 days of life. and four studiL'S were done on four 

preterm lambs delivcretl spontaneously at 125-130 days of ges

tation weighing between 2.3 and 3A kg , Premature delivery was 

achieved by fetal intramusl·ular injection of hetamcthasone to 

induce labor and fetal lung maturation (I. 'i . 17-19) . The pre

term lambs were free of respiratory distress . The anesthetized 

full term lambs ( chloralosc. 2:'i mg/kg of b11dy weight) and 

unanesthctizcd pretcrm lambs were intubakd with an endntra

cheal cuffed tube of appropriate size and studied while breathing 

spontaneously. The spirogram was obtained following electronic 

integration of the instantaneous flow by a Fleisch pncumotacho

graph (no. 00) connected to the endotracheal tube, Hoth sil!nals. 

instantaneous flow. and tracheal pressure were fed througl1 two 

carrier preamplificrs (Hewlett-Packard). Arterial blood pressure 

was constantly monitored through one carotid arll'ry with a 

Hi:wlett-Packard (Sanborn) 267 BC transduci:r. Arterial sam-

pli:s were obtaini:d for blood gas determinations . Body tempera

tures were monitorl'll using a rectal probe. All studii:s were 

performed with the animal lying in the side position. 

Tidal volumi:. inspiratory duration . total breath duration . and 

ventilation were calculated during control periods and following 

hyperventilation induCL' d by exposure tu 4 ~:r CO, in atmospheric 

pressure. Similar measurements were obtained following IO min 

application of CPi\P (5 cm water) . Thi: tracings \\erL' those of a 

stable respiratory pattern corresponding to a new vcntilatory 

steady stall', The CPA P was given by a constant !low ( 12 liters/ 

min) and monitored continuousl y with a water manometer 

adapted on the expiratory side of the circuit. The CO, was 

delivered with a blender to avoid any drop in CPAP at the 

moment of change. The tracings were recorded 20 sec before 

and continuously during the first 2 min following CO, adminis

tration. then for a period of five bri:aths every 30 sec 1,vcr the 

next 3 min. 
Bilateral vagotomy was performed in one term and four pri:

tcrm lambs . and after a Ill'\\ steady state was reached the same 

study protocol was followed . 

RLSULTS 

After the application of CPAP. a pi:riod of transient hypm·en

tilation was observed. with compensation within 5 min. Ventila

tion was 308 ± 44 ( mean ± SD) ml / kg during the control period 

in term lambs and 313 ± 53 ml/kg at the end of 5 min of CPAP 

application . Thi: pri:tcrm lambs had a similar vcntilatory re

sponse to CPAP: 511 ± 133 ml/kg vs. :i47 ::!: 121 ml/kg . re

spectively , Tidal volume was not significantly affected by CPA P: 

41.5 ± l!U ml vs. 42 .3 ± 10 .8 ml in term animals and 32.6 ± 

0,6 ml vs. 32.9 ::!: I ,8 ml in prcterms during control periods and 

a t the end of 5 min of CPAP. ri:spectively . The spirogram was 

constantly shifted upwards when CP AP was applied . showing 

an increase in thoracic gas volume (TGV), The average in

crease in TGY measured at the end of expiration was 9 .6 ::!: J .4 

ml/kg and lJ ,6 ::!: 3 .5 ml/kg for term and prctcrm lambs , rc

spi:ctively. 
Figure I shows the correlation between Y 1 and V, at baroml'l

ric pressure. during the appliL·atiPn of Cl'AI'. and following. 

bilall'ral vagotomy in a prctcrm lamb (P:i) during hyperventila

tion induced hy exposure to 4r, CO,, A linear correlation 

between V, and V I was observed with and without CPAP . with 

no Jiffercncc in the slopes obtained under the two cxperimL'ntal 

conditions. The individual values of the slnpe (a). the inten:ept 

(h) . and the ri:grcssion uidficii:nt (r) for all study subjects arc 

shown on Tahk I . The correlation bl'lwcen VI and V I was 

always high (r > 0.945 for term lambs and r , 0 .854 for preterm 

lambs). Theri: was a slight reduction in the slope of the correla

tion in both term and prcterm lambs following the applicati,1n of 

CPAP. hut the change was not statistically significant (a= 5:'i.4 

± 10.7 during cnntrnl and 49.1 ::!: 8.7 during CPAP in term 

lambs . and 72. I ± 24 vs. 64 .5 ± 15 in pri:term lambs . respec

tively). When bilateral vagotomy was pl'rfnrmcd (Fig. I). the 

linear correlation pl' rsisted hut the slope of the lini:ar rq!rl'ssion 

was signifa:antly less steep than in nonvagotomi zcd lambs at the 

saml' cxpcrimi:ntal conditions (a = 24.2 ± IO vs. 72. I ± 24 for 

the pri:term lambs./' < 0.025). Sine.: onlv one term lamh was 

vagotomizc<l. statistical analysis cannot he ~lone. hut the slope nf 

thi: regression line is considerably less sll'ep than the nonvagnt

omized value (23.0 vs. 59.7. ri:spcctively). 

An inverse curvilinear relationship was observed whl' ll V I was 

plottL'd against Ti during 4 r; CO, i:xposurc in both term a nd 

preterm lambs. and no dilfrrencc in the curvilinear slope was 

observed when CPA P was applied , A rcprcsi:ntativi: graph for a 

pre term lamb ( I' I) is shown in Figure 2. 

When plotting V, against T ,,,, . there was also a curvilinear 

inverse relationship. Figure -' shows the rcprcsi:ntativc graph 

from lamb 'f.J/1. This curvilinear relationship was similar be

tween term and pretcrm lambs and was not significantly modi-
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Tahle I. Slope (a), intercept (h), and regression coefficient (r) of correlation hen1·een 1·entilation and tidal volume in term and preterm 
la111h Ji1lloll'ing application of continuous positii·c ai1"ll'a_l' 11n·s.111rc / C/'1\ I') {//Ill hilataal 1·t1goto111_1· during ./ r·; ( '( ), 

a 
-------·--

Age at f' I II 

Birth wt. study. 
Animal no. kg Jay, CPAP" 

Term 

Tl ).2 2 32 31 _lj 

I':! 'i .4 .. h6.4 'i'i.h 

T?I ).2 2 'i<J_:, .. 8.'J 

T31/ -4.8 .. 'i'J.7 2.,.3 'iO.I 

J'./1 6.6 3 .;s_:; ,;:, 2 
J'./11 7 .2 'i 61 .') :'itU 
T5 6 h0,3 h2 .. , 

Mean + SD 'i .7 :,:,_.; .;<J.I 

:':ll.8 • I ll.7 :': 8. 7 
Prete rm 

I'/ 3.4 .;o_<) 22 .7 'i 1.2 
1'2 2.lJ (il) 20.6 'i8 'i 
/'3 2.3 hS.8 3'!.8 :,7.,, 
P./ 3 .3 I Ill 1.; <JI .7 

Mean :': SD 2.<) 72. 2 ... 2 <,.;_:, 
_,_()_'i :=24 :': 111 + l'i 

I Barometric pressure. 
2 Nnvagntnmized lambs. 
:i Bilateral vagotnmy. 
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Fig. I. Linear rnrrelation between ventilation (V, .. milliliters per min) 

and tidal volume ( V,. milliliters) in premature lamb 1'3 during .;0;. CO, 
exposure in baroml'lric pressure(•)); continuous positive airway pres

sure ((PAI') (e). and after bilateral vagotomy in baroml'lrie pressure 

(1' 11 ) (6). Lach point is a mean value of five consecutive breaths. 
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Fig. 2. Curvilinear relationship between V 1 ( milliliters) and Ti (sec-

onds) in prl'lerm lamb I'/ during,.,_, CO,. Continuous positive airway 

pressure ((PAI') has no significant effect on the shape and on the 

positillll of the curve (Same symbol, a, in hgure I). 1' 11 : barometric 
pressure. 

fied in its shapL' when ( 'P ;\ I' \\ ,IS applied. 1 lmn:ver. thne was a 
significant shift of this curve to the right when CPAP was ap
plied. 

These two curvilinear relationships (YrTi and V 
1
-T,",) repre

sent the vagal feedback mechanism regulating breath to breath 
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inspiratory duration and total hrcath duration. Bilateral , ·agot
omy aholishcd these curvilinear relations whcn hyperventilation 
was induced. The frequency rcmaincd constant and the increasc 
in \1\ was mainly (.kpen(.k~ll on thc increasc in V 1 (Fig. I). 

Tahlc 2 shows that following CPAP in term lambs total breath 
duration was significantly elcvatl·d (mcan incrcasc = 0.111 ::':: 
0. IO sec. (P < (l.0 I) in term lamb. hy paired 1-ll'st) as a result of 
a I linger expiratory duration . 1Te = 0 . 1 () ::+:: () .O'i. The inspira-
tory duration was not significantly affected. l'reterm lamb, had 
changcs similar to those in tcrm animals. 

DISC US SION 

Thc linl·ar relation betwccn tidal volume and ventilation dur
ing hypcrvcntilat1on as a result of ('()" exposure is consisll'nt 
with the results obtained hy Hey t'I al. ( 12) in man. The slopc of 
this \/ 1-V, relationship has the· diml·nsion of a frequency: it is 
indcpcndcnt of wide variation of alveolar CO, and pH hut is 
influcnccd hy body ll'mpnaturl· (6 . 2'1). In our cxperimcnts . 
body temperature did not changl' significantly to account for the 
dccrcaSl' in slope seen in mo,t animab (Table I ) . The dcnca,c 
in slope is relall'd to an incrcasc in T, .. , with Cl'AP (Tabk 2) 

through a vagal influcncc rcgulating Tc . dcpclllknt on TCiV . 
The incrcasc in T,,., scen aftcr bilateral vagotomy is shown by thc 
significant decrease in slope of thc \/ 1- V, relationship. as shown 
in Figurl· I . 

The curvilinear relationship hl·twccn V, and Ti is similar to 
those described in man and in thc adult cat by Clark and Von 
Eukr (6). The similarity in thc curvilinear relationship in term 
and prcterm Iambs suggests that thc vagal feedback mechanism 
regulating Ti is well organized in lambs of different kvcl of 
maturity during the first few day, of life. The lack of effect of 
CPAP on the curvilinear rclatiDn,hip between V, and Ti indi
call's that distending airway prc.,.,urc doc, not alter thc pulmo
na ry strcll'h receptors' activit y. This observation is consistent 
with a prcvious work of (irunsll'in et 11/ . (8. ')) in cats following 
cxpiratorv throhold loading . The pulmonary stretch receptors 
underwent an adaptation process to thc increase in TGV and 
acted only in response to the phasic changes in lung volumc 
ahov.: th.: .:nd .:xpiralory volum.: . Th.: V 1-T, .. , r.:lationship is 1101 

afkrted in its shape for the same reason. and the vagal control of 
T, .. , from breath to hreath remains unchanged when CPAP 1s 
applicd. The shift to the right of the V ,-T, .. , rclationshir is 

a,T<Hllltcd for hv an inncasc in Tl· as a val!al effect of incrcasc in 
absolute thoracic gas volumc in rcsp,111sc to CPA P (Tahk 2). 

In conclusion. this studv shows that in term and prcll'rm 
lambs. Cl'AI' (/)docs not .a lter thl· vagal feedback m,Thanism 
regulating Ti related to phasic ch,111gcs in lung volume. and ( 2) 
inncases Tc. probably through a vagal pathway dcpcndcnt on 
absolute end expiratory lung volume. ThesL' findings cannot he 
extrapolated to the human infant. hut the absence of an dkct of 
CPAP <lll the vagal lllL'chani,m rL·gulating Ti and T , .. , from breath 
to bn:ath suggests that the hcndicial action of CPAP in apn.:a of 
prematurit y is independent of this vagal control mechanism. 
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CONCLUSION 

Vagal control of bn:athing with and without CPAP was stud
icd in fivc term and four prctcrm lambs during hypervcntilation 
induccd by 4r, CO, exposurc. CPAP produecd an increase in 
cnd- cxpiratory lung volumc and a significant kngthcning of 
cxpira!ion timc (Tc) in both term and pn:tcrm animals. Vcntila
t_ion (Y,. ). tidal volume· (V,). duration of inspiration (Ti). and 
Y,.· Yr and V ,-Ti relationships were not significantly affccll'd by 
CPA P. Bilateral val!otomv abolished the· curvilinear rclation
ships between V, a~d Ti ,;nd bct\\'l'l'n V, and T, .. , and lowcrcd 
the slopc of thc V 1-V, relationship. Thc vagal kcdback mecha
nism regulating Ti appears well dcvclopcd in term and prell'rm 
lambs during the first kw dar of lik. and constant distending 
airway pressure (CPAP) docs not appear to alter thc vagal 
control of respiration. 
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