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Comparison of in.1piratory effort in sniff-like aspiration reflex. gasping and normal 
breathing in cats. Z. Tomori, V. Donit', M. Kw·pas. 
ABSTRACT: Tbe changes in a ir·way occlusion pressure and airflow, occurring 
during two spasmodic breathing patterns, were studied and compared with nor
mal breathing pattern in 12 anaestheti~ed cats. 

The inspiratory effort developed du.ring the sniff-like aspiration reflex elic
ited by mechanical stimulation of the nasopharynx under control conditions 
11rovcd to be very similar in character and intensity to the activity observed 
during gasping which occurred on resuscitation, of the same cats, from hypoxic 
apnoea. Tbe storting (P

50
) nnd maximum (P mu) a irway occlusion pressure de

veloped in these two spasmodic breathing patterns were very high. Extremely 
rapid rates of contraction and reluxution were detected by computer -assisted 
measurements of d.vnamic changes in both the pressure values and the slopes 
(If pressure curves. 

T he results suggest common effector mechnnisms, refl ecting similar forceful 
inspiratory drives, for the aspinltion reflex a nd gasping. These two spasmodic 
processes differ substantially from normal breathing. Nevertheless, the aspira
tion reflex differ·s from gasping in that it can he elicited by acti vation of up
per airway afferents during cupncn. Moreover, as yet, there is no definiti ve 
evidence that the brainslem mechanisms responsilllc for generating the aspir·a
tion refl ex arc the sarne as those of the gasp. Tbe ma in benefits of this rcllex 
are its rather easy elicihtbility under various conditions and its capability to 
induce important cardiorespiratory effects (e.g.) reversal of central apnoea) ow
ing to its powerful activity. 
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The apnoea caused by hypoxia or asphyxia of vari
ous origin may be reversed by spontaneous gasping, 
which has been referred to as autoresuscitation LI. 2]. 
However, for some unknown reason, recovery from 
apnoea by gasping may not take place in serious 
breathing disorders such as sudden infant death syn
drome, and sleep apnoea syndrome, as well as vari
ous fonns of central apnoea (3-4). Therefore, there 
have been efforts to study, in experimental models, 
both the central control mechanisms of breathing and 
recovery from apnoea. The effectiveness of auto
resuscitation by gasping is reduced by general anaes
thesia and sleep compared to the awake state, and it 
varies widely with age, animal species and anaesthet
ics used [2, 5-8] . During previous experiments in 
adult cats anaesthetized with sodium pentobarbitone, 
autoresuscitation by gasping was effective in approxi
mately only ,20% of apnoeic episodes induced by in
halation of pure nitrogen. Hypoxic apnoea could be 
reversed more often by repeated evocation of the sniff
like aspiration reflex [9). This reflex can be induced 
by mechanical stimulation of the nasopharyngeal mu
cosa and comprises an extremely strong and fast in
spiratory effort [10-13] resembling a gasp, and also a 

sniff which is a semi-reflex response that occurs in 
animals when a new odour attracts attention [14]. In 
man, sniffing is mostly a voluntary behavioural act 
originating from the cortical area 6 b [15]. 

Fast and powerful activation of practically all 
phrenic motoneurons and inspiratory muscles is typi
cal of gasping [2, 16], the aspiration reflex [I 0-13, 
17] and sniffing [ 18]. Because the striking similari
ties of these forced inspiratory processes are obvious, 
we found it reasonable to compare them using a 
multiparametric analysis. Analysis of the breathing 
pattern suggested that the inspiratory airflow is prac
tically the same in sniff-like aspiration reflex and the 
gasp [19]. But since the airflow rate can be limited 
by various mechanisms such as the actual lung vol
ume, and respiratory resistance, airway occlusion pres
sure was chosen to characterize the inspiratory effort, 
reflecting the gradual activation and overall contrac
tion and relaxation of the muscles recruited in the res
piratory processes studied. 

The aim of our study was: 1) to investigate the 
changes in the airway occlusion pressure developed 
during both periodic gasping and the aspiration reflex 
provoked by mechanical stimulation of the upper 
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airways, compared to normal breathing; 2) to analyse 
the dynamics of changes in pressure intensity and rates 
of contraction and relaxation that characterize the three 
respiratory patterns studied; and 3) to discuss some 
characteristic features of the spasmodic inspiratory ef
forts in gasping and the aspiration reflex compared 
with normal breathing. Some results have been pub
lished in an abstract form [20]. 

Methods 

The experiments were performed in 12 adult cats 
(weight 1.8-3.0 kg) anaesthetized with sodium pento
barbitone (Pentobarbital Spofa 40 mg·kg-1, given 
intraperitoneally). In order to achieve satisfactory lev
els of anaesthesia, supplementary doses of pentobarbi
tone were given, when limb movements could be 
elicited by pinching of the skin. A tracheal catheter 
was introduced to allow spontaneous breathing of room 
air or pure N

2 
from a cylinder, or to apply artificial 

venti lation when needed. A wide ventrolateral 
pharyngostomy was performed to allow mechanical 
stimulation of the nasopharynx (fig. 1). An 0.3 mm 
diameter elastic nylon fibre was used to elicit the as
piration reflex mechanically [10, 11]. 

Control recording of several eupnoeic breaths 
and aspiration reflexes was followed by N

2 
inhala

tion, to induce hypoxic apnoea [21]. Usually, after 
40-50 s of apnoea, there was marked mydriasis, indi
cating the onset of brainstem paralysis, and a manda
tory type of artificial ventilation with air (Bird, Mark 
7) combined with cyclic compression of the chest was 
induced. Typical periodic gasps occurring in six out 
of 12 cats resuscitated from hypoxic apnoea were 
compared with the sniff-like aspiration reflexes and 
normal breaths recorded in control conditions before 
N

2 
inhalation in the same cats. 

End-tidal C0
2 

monitored in part of the experiments 
indicated 3.5--4.0 volume % for control conditions 
when the normal breaths and aspiration reflexes were 
recorded. The periodic gasps were selected from 
anaesthetized cats performing autoresuscitation from 
hypoxic apnoea at end-tidal C0

2 
values varying 

between 3--4 volume %. The airflow and airway 
occlusion pressure were continuously recorded on a 
thermal array polygraph. The signals were stored on 
magnetic tape (EAM 340, Testa) and on-line or 
off-line evaluated by a microcomputer. The inspira
tory efforts of normal breaths, aspiration reflexes and 
gasps were calculated from the changes in airway 
pressure developed during transient plugging of the 
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Fig. I . - Schematic diagram of the experiments in anaesthetized cats. Induction of apnoeic episodes by nitrogen (N2) inhalation. me
chanical stimulation (mcch. stim.) of the nasopharynx, parallel recording of airflow ('V) and airway occlusion pressure (Paw) by a pneu
motachograph (PT) befo re. during nnd qfter plugging (lf the tracheal tube (occlusion), and evaluation of various parameters during normal 
brea1h (NB). :tspiraliOn re flex CAR) tg: rate of chun~:c in Paw during airway occlusion (1-4 denote 4 s lopes. For details see methods. 
p 'il' p .... . p ...... lo' r ..... ~· r ....... .,. r .• n ,. plnlll: pressure imensily Ill 50 ms from the beginning, at maximum value. then 10, so and 100 ms 
after maximum a.~ well as m the first and second 1nflection poirus on the ascending and descending parts of the curve, respectively. TP "'"' 
TP,,.,..,0 , TP mu+>O' TP mu+~OO' TP1.n ,. TP1nn 2: time to reach these pressure intensities; Tf: time of total inspiratory period; TP!: total post in
spiratory period. 
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tracheal tube performed for 10-15 s (fig. l). The 
method of airway occlusion pressure measurement was 
the one that is generally used for experimental and 
clinical investigations. 

The rate of neuromuscular recruitment and relaxa
tion rate [22, 23] characterizing the inspiratory effort 
in the aspiration reflex, gasp and normal breath were 
evaluated according to various parameters calculated 
from the pattern of the airway occlusion pressure 
changing from zero level to strong subatmospheric 
values (inspiratory part) and back to zero (post
inspiratory part) (fig. 1). In order to characterize the 
three respiratory processes in greater detail, the ampli
tude, time and slope were determined by the compu
ter at typical points on the airway pressure curve. The 
following 19 parameters were measured: pressure ~
tensity achieved at 50 ms from the beginning, at the 
maximum value, then 10, 50 and I 00 ms after the 
maximum as well as at the first and second inflection 
points of the ascending and descending parts of the 
CUrVe (P50' pmax' p maX+IO' p max+50' pmax+IOO' pinfl I' pinfl 2 re
spectively), the time to reach these intensities (TP mu' 

TP maX+IO' TP mu+SO' TP mOJ<+IOO' TPinn ,, TPinn 2' respectively) 
and the time of both the total inspiratory and 
postinspiratory periods (Tl and TPI respectively). The 
slopes of the curve before and after the first and sec
ond inflection points (tg 1, tg 2, and tg 3, tg 4) were 
also evaluated. The airflow was also recorded and 
evaluated before and after tracheal occlusion and the 
analysis of the breathing pattern was used for better 
characterization of the respiratory processes investi
gated. 

1 sec 

Occlusion 

Altogether 55 aspiration reflexes were analysed 
in 10 cats, together with 67 gasps from 6 animals and 
38 normal breaths from 11 cats. Using these data, the 
mean values of the starting and maximum pressures 
characterizing the inspiratory effo1t were calculated for 
each animal, as well as for the three respiratory proc
esses. 

In order to study the dynamics of changes the con
traction and relaxation rates of the inspir
atory effort were investigated in detail in a smaller 
sample, since only one representative record for each 
process from each cat was available for technical 
reasons. Altogether, 10 aspiration reflexes, 6 
gasps and 11 normal breaths were analysed for this 
purpose. 

The aspiration reflex, gasp and normal breath were 
compared using two-sample analysis of the mean 
values calculated in an IBM PC AT computer for each 
cat (in the larger group) or their representative rec
ords available (in the detailed analysis from the 
smaller sample). Student's t-test for unpaired and 
independent samples was used. Population differences 
were considered significant if p was <0.05. The 
results of experiments are given as means and stand
ard errors of the means (mean+SEM). 

Results 

The airflow and airway occlusion pressure re
cords shown in figure 2 demonstrate that repetitive 
mechanical stimulation of the nasopharynx evokes 
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Fig. 2. - Polygraphic recording of airflow (V) and airway occlusion pressure (Paw) before, during and after tracheal occlusion in nor
mal breathing (NB); periodic gasping (G); and aspiration reflex (AR) induced by mechanical stimulation. Mech. slim.: mechanical stimu
lation of the nasopharynx with a nylon fibre. Panels A, B and C are records from different sections of experiments in the same cat. 
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aspiration reflexes (AR in panel C). differing substan
tially from the normal breaths (NB in panel A). 

The pattern of airflow and the airway occlus
ion pressure records during these reflexes seems to be 
practically the same as those in the periodic gasp
ing occurring in the same experiment during re
suscitation from hypoxic apnoea (G in panel B). 
However, the aspiration reflex differs substantially 
from gasping by co-existence of some eupnoeic breaths 
occurring before or after several spasmodic inspiratory 
reactions to nasopharyngeal stimulation (NB in panel 
C), as discussed later. 

Table 1. - Mean values (mean±sEM) of some pres
sure and time parameters in the sniff-like aspiration 
reflex (AA) and gasp (G) compared to normal breath 
(NB) 

Pso p 
mu TI TP 

IIUl' 

mm H
2
0 mm Hp ms ms 

mean 71* 734* 369* 125* 
AR ±sEM 16.0 49.4 50.9 25.4 
n=JO 

mean 89* 772* 297* 104* 
G ±SEM 6.9 37.8 22.9 8.9 
n=6 

mean 5.9 127 2091 1552 
NB ±SEM 1.2 22.1 270 231 
n=ll 

There are no significant differences between AR and G, but 
they differ significantly from normal breaths. *: less than 
0.0 I; n: number of animals. P .10: pressure intensity achieved 
at 50 ms from the beginning; Pm._,: maximum pressure; TI: 
total inspiratory period; TP : time to reach maximum pres
sure. See legend to Fig. 2 for further abbreviations. 
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Fig. 4. - Contraction and relaxation rates in various phases sepa
rated by characteristic points (Pw P.,.,. elc.) in the aspiration re
flex , gasp and normal breath expressed as percentage changes of 
airway occlusion pressure (% 6 Paw) within 10 ms, compared to 
maximum pressure ~p .,.,) (simi~ar to met~~~ in [231), Signifi
cant differences: p<0.05; p<O.O I; p<O.OO I. c::::::::i : 
aspiration reflex(n=lO);c:::::::J: gasp (n=6);-: nonnal breath
ing (n=ll). 

The original records (fig. 2) and the results summa
rized in table 1 and figures 3-5 indicate that inspira
tory efforts developed during tracheal occlusion are 
very similar in the two spasmodic respiratory proc
esses, but are markedly different from normal breaths. 
The data collected from a larger group (table I) 
indicate that the spasmodic inspiratory efforts in aspi
ration reflex and gasp generate 6-15 times stronger 
starting and maximum values of occlusion pressure 
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Fig, 3. - Dynamics of airway occlusion pressure changes during the gasp (G), aspiration reflex (AR) and normal breath (NB). per
formed during airway occlusion. The curves are constructed from the mean values of Pw Pm><' P m,., 10, P.,..,w and P mu+ooo· The pauerns 
of the lhree respiratory processes are compared before and after their maximum pressures (Pm,.) superimposed at 0 va lue on a common 
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within a 6-15 times shorter time than in normal 
breaths. 

From the results of detailed analysis in a smaller 
group, comprising one typical record from each cat, 
the average pattern of the airway occlusion pressure 
was computed to characterize the general dynamics of 
pressure changes in the three processes studied 
(fig. 3). Figure 4 indicates the airway occlusion pres
sure expressed in % change of maximum pressure 
within 10 ms, in a similar way to that used in human 
subjects [23]. The changes are very high in both spas
modic processes compared to normal breathing, espe
cially during 50 ms from the beginning of inspiration 
(0-P50, indicating the maximum contraction rate) and 
between the 10th and 50th ms from the peak values 
(P mmiO- P ma>+SO' expressing the maximum relaxation 
rate). Figure 5 indicates the slopes of the preinflection 
and postinflection portions of both the ascending (tg 
1, tg 2) and descending parts (tg 3, tg 4) of the air
way occlusion pressure curve. The slopes indicate that 
the rate of contraction (tg 1) as well as the relaxation 
rate (tg 3) are very similar in the aspiration reflex and 
gasp, differing rather significantly from normal breath. 
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Fig. 5. - Airway pressure changes during airway occlusion 
expressed as slopes of both the ascending (tg I, tg 2) and des
cending parts ( tg 3, tg 4): preinflection (tg I, tg 3) and 
postinflection portions (tg 2, tg 4) in aspiration reflex (AR), gasp 
and normal breath. S ignificant differences; **: p<O.O I. 
~:aspiration reflex (n= IO); a;:;::;;::] : gasp (n=6); - : nor
mal breathing (n= 11 ). 

Discussion 

In anaesthetized cats, the gasp and the sniff-like 
aspiration reflex evoked by mechanical stimulation of 
the nasopharynx are very similar in some respects but 
different in others. 

Both processes are characterized by powerful in
spiratory effort resembling an all-or-nothing reaction in 
character, and appearing as very similar high-frequency 
activities in diaphragmatic electromyograph (EMG) and 
phrenic electronystagmograph (ENG) [2, 11 , 16, 17, 
24-26] and rapid and strong inspiratory airflows ex
ceeding many times the eupnoeic breaths [2, 19]. The 
airway occlusion pressures (especially P

50
, P,.., and 

p ma<+50) are also very similar in both spasmodic inspira
tory processes, starting suddenly and finishing abruptly. 
The rate of contraction, as well as the relaxation rate 
expressed as percentage changes of maximum airway 
occlusion pressure in 10 ms (fig. 4) and as slopes of 
the pressure curve (fig. 5), are extremely high in both 
spasmodic processes, indicating the prompt involve
ment of neuromuscular control. The maximum relaxa
tion rates (MRR) described during sniffing manoeuvres 
in human subjects [231 are of the same order as those 
observed in both spasmodic processes. In gasping 
occurring after short-term hypoxic-apnoeic episodes 
there was no marked effect of acute hypoxia on MRR, 
as has also been shown in man [27]. In addition to 
manual measurement of MRR [23], the computerized 
evaluation of both the MRR and tbe slopes of airway 
occlusion pressure changes (especially tg 1 and tg 3), 
successfully applied in our experiments, could also be 
useful for the detection of pathological alterations in 
respiratory muscle contraction and relaxation, i.e. in 
muscle fatigue. 

The expiratory effort characterized by activity in in
ternal intercostal and abdominal muscles is temporar
ily inhibited during both gasping [2, 26] and aspiration 
reflex [12, 13]. 

The same medullary inspiratory neurons may be 
involved in both processes, accounting for their simi
larities. Gasping is generated independently of 
eupnoeic neurogcnesis through the activity of pace
maker elements localized in the lateral tegmental field, 
ventrolateral to the dorsal respiratory group [2]. Neu
rons in the areas close to the ventrolateral nucleus 
tractus solitarius appear to be active in spasmodic res
piratory acts [18, 28, 29]. Nevertheless, different nerv
ous inputs promoting gasping and aspiration reflex, as 
well as various central and peripheral actions of 
hypoxia inducing gasping, will result in many differ
ences between the two spasmodic respiratory proc
esses, as discussed later. 

Both processes possess strong resuscitation efficacy 
frequently resulting in recovery from hypoxic or 
asphyxic apnoea due to rapid aeration of the lungs and 
strong intero- and proprioceptive inputs [2, 9, 16]. 

In addition to the clinically important resuscitative 
effects of spasmodic inspiratory efforts and other char
acteristics common to both processes, there are some 
peculiar properties and many reflex effects involved 
only in the aspiration reflex. 

It is a reflex in origin and physiological in charac
ter. Therefore, it can also be elicited during eupnoea, 
and thus it is possible to alternate the reflex with 
eupnoeic breaths, (fig. 2C). The reflex can immedi
ately interrupt the ongoing inspiratory-expiratory cycle 
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quite independently of the level of inspiratory or 
expiratory airflow or the instantaneous lung volume. 
Therefore, there is a variable lung volume at the on
set of the reflex, whereas gasps always start from 
functional residual capacity (FRC) and zero airflow 
(fig. 2B). Aspiration reflexes starting from the lung 
volumes above FRC may develop smaller maximum 
occlusion pressures and, hence, smaller inspiratory 
efforts, as also described for the maximum sniff
generated mouth and transdiaphragmatic pressures [30). 

The reflex can also be made to interrupt various 
kinds of apnoea in anaesthetized cats [12, 13, 21] 
causing a violent arousal which may contribute to a 
higher recovery rate from hypoxic apnoea by the 
aspiration reflex than by gasping [9]. Hence, investi
gation of the arousal effect of the airway stimulation 
could contribute to the explanation of some questions 
in the pathogenesis of sudden infant death syndrome. 
Various forms of upper airway stimulation have also 
proved to be useful in the treatment of different res
piration-related acts, such as hiccough [31], obstruc
tive sleep apnoea [32-34] and bronchoconstriction 
[35). 

Upper airway stimulation can strongly activate the 
respiratory centre [ 12, 13. 24]. especially the 
postinspiratory neurons, with a simultaneous inhibition 
of the expiratory neurons, giving rise to a two-cyclic 
rhythmogenesis of breathing [36]. Therefore, upper 
airway stimulation could be very useful for both the 
facilitation of resuscitation and testing of the respira
tory centre reactivity in respiratory arrest, as well as 
for evocation of fictive aspiration in paralysed animals. 

Nasopharyngeal stimulation can result in reflex va
soconstriction and transient sympathetic hyperactivity 
leading to transient systemic hypertension and ventricu
lar extrasystoles even in paralysed animals [11-13] and 
in quadriplegic subjects [37], facilitating resuscitation. 

However, the aspiration reflex was not observed in 
some species, i.e. rabbits possessing marked ability for 
gasping respiration [ 1, 2, 16]. 

Many characteristics of both the aspiration reflex 
and gasping, as well as their functional significance 
and possibilities of their application, are still only par
tially known and need further investigation. 
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