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ABSTRACT. We studied the time course and change in
heart rate during respiratory pauses in puppies (3-4 wk)
and young adult dogs. We measured ventilation and venti-
latory pattern using barometric plethysmography and re-
corded the respiratory rate (RR) interval using a pre-
processor with an accuracy of 0.2 ms. During tidal breath-
ing, the fluctuations in RR interval were an order of mag-
nitude smaller in the puppy than in the dog. During respi-
ratory pauses in dogs, the RR interval increased sharply,
stabilized around the level of expiration of previous
breaths, and dropped immediately with the subsequent
inspiratory effort. The time course of the change in heart
rate was different in the puppy: there was a gradual in-
crease in the RR interval during the entire course of the
pause and the maximum RR interval reached was substan-
tially higher than during expiration of previous breaths.
Our results suggest that 1) the change in heart rate at the
outset of respiratory pauses is too fast to be related to
blood gas changes in both puppies and dogs and 2) the
mechanisms responsible for the vagal gating of heart rate
during tidal breathing and during respiratory pauses are
not well developed in early life in the puppy. (Pediatr Res
22: 306-311, 1987)

Abbreviations

HRYV, heart rate variability

RR, respiratory rate

ANS, autonomic nervous system

EEG, electroencephalogram

REM, rapid eye movement

Vi, tidal volume

Ti, inspiratory time

Te, expiratory time

Ttot, total respiratory

max(RR), maximum RR interval within a respiratory cycle
min(RR), minimum RR interval within a respiratory cycle
range(RR), difference between min(RR) and max(RR)
NTS, nucleus tractus solitarius

NA, nucleus ambiguus

VMN, vagal motoneurons

The importance of the study of heart rate and HRV stems
from the fact that abnormal HRV has been associated with
certain clinical conditions (1-3). For instance, fetal heart rate has
been used clinically to diagnose fetal distress during labor for a
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number of years (3). We have demonstrated previously that
HRYV is abnormal in certain groups of infants who are at risk of
sudden death (4, 5) and more recently, it as been shown that
HRYV can be used to estimate cardiac age in adult humans (6,
7).

We (8) and others (9-12) have previously examined the rela-
tion between breathing and heart rate and found that HRV is
closely tied to breathing in mature subjects. However, HRV is
not determined only by breathing, especially in early life (8. 12).
For instance, during apnea or lack of breathing, heart rate varies,
albeit much less than during breathing. These heart rate changes
during respiratory pauses have not been studied in detail. For
example, we do not know the time course of the change in RR
interval during pauses in early life and how these changes com-
pare with those in the mature subject. In order to understand
further the mechanisms that control heart rate and HRV. we
examined herein the time course and the change in heart rate
during respiratory pauses and compared them to those during
breathing. Since the ANS is not mature early in life (8, 12-14)
and since the ANS plays a major role in HRV (10), we studied
the heart rate response to a respiratory pause in early life (pup-
pies) and in an adult mature animal (dog).

METHODS

Animal population. Seven puppies from two litters (four pup-
pies from one litter and three from another) and five young adult
dogs (2-6 vyr of age) were used. Postnatally, all puppies were
nursed by the bitch through the experimental age but supple-
mental nutrition was sometimes required after the age of | wk
to keep the weight gain of puppies at >20 g/day. Adult dogs
weighed between 8-12 kg.

Physiological experiments. Experiments on puppies were per-
formed at 3-4 wk of age. This age was chosen because matura-
tional changes of the nervous system in the puppy occur for the
most part after 2 wk of age (15). Also, sleep states could not be
determined from neurophysiologic criteria before 2 wk of age
(8). Experiments were started within 1 h after feeding. A more
detailed description of these experiments on puppies is given in
a previous publication (8). In brief, experiments were performed
at a room temperature of 26-30° C. The lights were dimmed in
the room and, for consistency, reflected light from the experi-
mental chamber was kept below 5 ft-cd in all experiments.
Auditory noise was also measured and kept at less than 40 dB.
Experiments were performed on healthy young adult dogs be-
tween 1100 and 1600 h.

Neurophysiological measurements. Sleep staging in puppies
and state consciousness in adult dogs were determined from
polygraphic records with the aid of bipolar EEG and behavioral
criteria (8). To record the EEG, coated steel wires (0.003 inch
diameter) were inserted subcutaneously in the temporoparietal
region before each study using a modified Basmajian technique
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Table L. Duration of respiratory pauses in puppics and adult
dogs*

State of State of

Puppy  Ttot(s)  consciousness  Dog  Ttot (s)  consciousness
I 5.7 0 I 14.04 0
2 3.88 Q IN.16 Q

5.40 R 2 20.60 A
9.72 Q 3 14.60 0
6.04 R 15,52 A
10.08 R 13.52 A
3 7.4% 0 12.44 Q
5.40 Q 13.48 A
6.16 6 12.68 %)
5.04 Q 13.40 Q
7.96 R 13.92 Q
4 7.22 0 4 17.96 0]
7.60 R 15.84 A
S 7.84 Q 19.00 A
O 588 R 2252 A
592 R 20,12 A
928 Q 18.96 A
9.40 Q 18.40 A
7 7.04 R 18.92 A
744 R 16.80 A
6.00) R S 27.24 R
6.04 R 2592 R
7.20 R
7.04 Q
0.92 R

*Srate of consciousness is denoted by RO REM sleep: QU quiet sleep:
AL wakefulness.
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(8). While dogs were studied during wakefulness and during sfeep
(REM and quict sleep). puppies could only be studied i sleep.
Generally. while awake. puppics moved considerably. thus pre-
venting the acquisition of a suthiciently tong period of artitact-
free ECG for the analyvsis of RR oscillations.,

Measurement of RR ingerval. To record the RR interval,
clectrodes were placed subcutancoush on the anterior chest using
the same techniques as for the recording of EEG. To measure
the RR interval. a preprocessor with an accuracy of 0.2 ms was
used. The method used for detection of the RR interval has been
previously described (16). Fach RR interval when determined by
the preprocessor. was transferred 10 4 microcomputer using a
parallel 170 port. and stored on disk. Artifactual RR intervals
were identified using automatic screening and examination ot
the original polveraphic records. Pertods used for analvsis did
not contain any of the artitactual RR intervals,

Respiratory measurements. Dogs and puppies were studied
noninvasively using barometric plethvsmography. The mam ad-
vantages of this method are: 1) animals are freely moving during
experiments and 2) no devices (e.g. mouthpiece, mask). which
are known to influence breathing are needed. Venulation, /¢
Vi T Te. and Ttot were obtained.

Data analvsis. A sigh is defined as a breath with a Vit that s
larger than twice the mean Vit of baseline. All the RR intervals
analyzed occur within a respiratory eyvele which includes inspi-
ration and expiration. The first RR interval considered as part
of the respiratory pause coincides in general with the first RR
interval during expiration or during inspiratory-expiratory tran-
StIon.

Herein, we studied the changes in the RR interval during
apnea in puppies and dogs. We examined the direction of change
in the RR interval and applied the sign test in both groups of

€

—
P
T

Fig. 1. Respiratory wavelorm (op). clectrocardiogram (middle). and RR iterval (hotrom) i one dog during waketulness. Note the near evehie

fluctuations in RR interval during breathing and the lack thereot during the respiratory pause following the sigh (6th breath trom Teft of top trace).

Note also that the RR interval stavs high during the respiratory pause.
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Fig. 2. Respiratory waveform (top), electrocardiogram (middle) and
RR interval (bottom) in one puppy during REM sleep. Note that the
fluctuations in RR interval during breathing are small when compared
to those in the dog (Fig. 1). The RR interval increases continuously
during the respiratory pause.

+ AWAKE
% REM
DEEP
s DOGS e
> 4 v
O
zZ
LS' 3 +
(&
W
x 2 * ++ o
L
1 P40 4+ OO0F X+ O +OF O o + o+
-10 6 22 38 54 70

% INCREASE OF max({RR)

+ + {

P4 K KKO ORKOK OOXD @ O O

FREQUENCY
e

* REM

PUPPIES

o DEEP

HADDAD ET AL.

animals. Standard linear regression was performed in puppies
because of a continual linear trend within the pause (see “Re-
sults™), while two-phase regression was performed in dogs where
there was an initial sharp rise in the RR interval followed by a
subsequent flat or decreasing trend within the pause. Two-phase
regression (17) uses the method of least squares to determine the
“change-point” x and to fit the lines b, (x — x) for x < x, and
by (X — Xo) for x > xo. We also used the / test and the Kolmogorov-
Smirnov two-sample test (18) to study the change in maximum
RR interval (see “Results”) from baseline during a respiratory
pause in puppies and dogs and determine whether this change in
puppies is significantly different from that in dogs.

RESULTS

Table I shows the duration of all the respiratory pauses studied
in puppies and dogs. Note that these pauses occurred in both
REM and quite sleep in the puppy and in wakefulness or sleep
(REM or quiet) in the adult dog. In this section, we categorize
each respiratory pause by the state it occurs in. Qur assumption
was that a pause occurring, say, in REM sleep may show a
different heart response from that occurring in quiet sleep in
dogs and puppies. However, our analysis shows that heart rate
response during pauses depends on maturation, 7.e. on whether
it occurs in dogs or puppies more than on any other factor
including state of consciousness. Actually, changes in RR during
pauses in wakefulness are often superimposable on those from
REM or quite sleep. Figures 1 to 5 still show the relation between
pauses and state of consciousness.

Figure 1 gives the plots of the breathing waveform, the ECG,
and the magnitude of the RR interval in an adult dog before,
during, and after a respiratory pause in quiet sleep. Prior to the
respiratory pause, the RR interval exhibits cyclical variations

RELATIVE FREQUENCY
o
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-10 5 22 38 54 70
% INCREASE OF max(RR)

Fig. 3. Left panel, frequency distribution of the percent increase of max(RR) in puppies and dogs in wakefulness and sleep. Although the
distribution overlaps, the median percent increase in max(RR) is higher in puppies than in dogs. Right panel, cumulative relative frequency of the
percent increase of max(RR). About half of the percent increase in dogs are below 8% whereas a much smaller proportion of values are below this

level in puppies.
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with breathing: in cach breath. the minimum RR interval occurs
during mspiration and the maximum RR interval during expi-
ration. Note that the pause occurs immediately after a sigh.
During the mspiratory phase of the sigh. the RR interval de-
creases and reaches a mummum that 1s fower than the mimima
of previous breaths. During the respiratory pause. the RR interval
imcreases sharply, fuctuates much less than during breathimg and
reaches a level that is sinular to the maxima of previous breaths,
It then stabilizes around this level for the rest of the respiratony
pausc. The mitation of the subsequent inspiratory effort coin-
cides with an immediate drop in RR interval.

Figure 2 shows the same signals as in Figure 1 Tor a puppy at
3wk of age in quiet sleep. Note that in the puppy: 1) the
fluctuations in RR nterval occurring prior to the respiratony
pause are much smaller than those in the dog. 2) there 1s a
gradual mcrease v the RR nterval during the entire course of
the paunse, and 3) the masimum RR mterval reached during the
pause i1s much higher than the RR maxima of previous and
subsequent breaths,

As shown in both Figures |and 2. the RR interval undergoes
cyvchical variations with respect 1o respiratory eveles and 1s muoch
more clearly seen i the dog than in the puppy. Max(RR) oceurs
during the expiratory phase or pause ol the evele, The mean of
max(RR) during five consceutive basceline breaths, denoted by
maxg RR) was computed and compared to the max(RR) during
respiratory pauses denoted by max (RR). for dogs and puppies,
Max,(RR) was higher than max(RR} i cach puppy. and the
majority (19/22) of max{RR} was also higher than maxoRR)
in adult dogs. Therefore max (RR) is significantly higher than
max,(RR) in dogs (p << .01y and 1 puppies (2 < 0.0001) by the
sign test, The pereentinercase in max{RR Y (Irom baseline) during
respiratory pauses 1s reported i Figure 3 for both puppies and
dogs. Cumulative distribution functions show that the percent
increase in max{RR) tends to he considerably higher in puppies
than in dogs. and the Kolmogorov-Smirnov two-sample test
shows that this difference between puppies and dogs 1s statistically
stgnificant (p < 0.01).

Figure 2 shows that min{RR) differs little from max(RR) in
the puppy during bascline. This contrasts remarkably with the
big difference between mintRR) and max(RR) in the adult dog
as shown in Iigure 1. The mean of range(RR) during five
consceutive bascline breaths. denoted by rangeo RR) was found
to be lower than range,(RR) [=rangetRR)Y during respiratory
pausc] for all respiratory pauses inall dogs and puppies. The
percent increase in range{RR) (from bascline) during respiratory
pauses 18 summarized in Table 2 using the S-number summary
(19). This shows that cach of the summary values 1s an order of
magnitude farger in the puppy than in the dog. Thus the pereent
increase in rangce(RRY 1s significantly higher in puppics than 4n
dogs (p < 0.01. 1 and Kolmogorov-Smirnov tests). As shown in
Figure 2 for one puppy. the RR interval gradually increases
during a respiratory pause. The pattern ol incerease in RR interval
for other respiratory pauses and for all puppies is summarized 1n
Figure 4 which shows the means of RR intervals of three equal
periods which represent the mitial, middle, and latter thirds of
cach respiratory pause in puppies. The individual lines joming
individual means of RR intervals deseribe an inercasing trend in
23 of 25 respiratory pauses. The increasing trend 1s therefore
statistically significant (p < 0.01. sign test). Regression analvsis
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of individual RR ntervals during the course ol a respivitor
pause shows that all slopes are positive and range from 0.7 1o
115 ms per interval (mean slope = 3.6 ms per RR interval),

Figure 1. which shows the RR interval i ume during 2
respiratory pause. sugeests that there is an abrupt change i the
magnitude of the RR interval shortly after the pause starts, We
theretore apphed a two-phase regression (see “Methods™) and
Figure 5 shows the result of such an analvsis Tor all pauses 1
dogs. Unlike puppies. dogs have a biphasic pattern: they show a
sharp initial increase in their RR interval but subsequently the
RR interval decreases or changes hitle. The slopes of the first
phase range between 123 and 679 ms/RR interval in all dogs
(mean slope = 323 ms/RR interval) whereas the stopes of the
second phase range from =29 to 18 ms/RR interval tmean slope
= —6.3 ms/RR interval). The change-point occurs at about one
to four RR intervals (mean = two RR intervals) alter the start
of the respiratory pause.

DISCUSSION

Although the relation between heart rate. HRV . and respira-
tion has been studied i animals and humans (8 -13% o our
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Fig. 4. Means of RR nterval of three equal periods which represent
the innal, muddle, and latter thirds of cach respiratory pause i puppics,
Note the inereasing trend in the RR interval in the mayority of (23 of
23) respiratory pauses.

Table 2. Percent increase in vange (RR) (from baseline during respiratory pauses i puppies and dogs: sunpniary statistics

S-number summuary (ol ¢ merease)

Smallest 25th
value pereentile Median
Puppics 131 21y 344
Dogs 4 2! 46

75th Largest Mean SD or
pereentile value “Oanerease CCmerease

688 1050 494 235

124 189 70 57
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Fig. 5. Two-phase regression line of the RR intervals for each respiratory pause in adult dogs. The biphasic pattern shown a sharp increase
initially followed by a decreasing or a steady RR interval. The mean initial slope is 323 ms/RR interval and the mean slope of the second phase

—6.3 ms/RR interval.

knowledge, this is the first report that details the changes in heart
rate during respiratory pauses in a young, relatively immature
animal such as the puppy and in mature dogs. These studies
were performed in the dog and puppy for at least two reasons.
First. the dog is fairly well studied from the point of view of
brain development (15) and this is helpful for the interpretation
of results. Second, since the puppy is immature at birth, devel-
opmental trends in this species would be more readily apparent
than in other more mature animals.

There are two main findings herein. The first is that during
respiratory pauses the RR interval increases and remains high in
both puppies and dogs. However, the pattern of increase in the
puppy 1s very different from that in the dog. The second is that
the RR interval starts to increase within a very short time after
the onset of the respiratory pause in both the dog and puppy.

Figures 1 and 2 as well as our analysis on dogs and puppies
indicate that whereas the increase in RR interval during respi-
ratory pauses is gradual in puppies, it is very abrupt and reaches
maximum or near maximum after the second RR interval in the
adult dog. Although the pauses in the puppies are shorter than
those in the dog (Table 1), the maximum RR interval that is
reached in the puppy during respiratory pauses occurs at a much
later time than in the dog. The reason for this difference is not
clear. We believe that the understanding of the changes in heart
rate during breathing and respiratory pauses requires understand-
ing of some of the peripheral and central mechanisms that
control vagal tone to the heart.

In the mature adult subject, we known that there are several
components of the respiratory and cardiovascular control sys-
tems that are essential for the expression of heart rate changes
during breathing and respiratory pauses. For example, it has been
shown that there are at least three central nuclei that are impor-
tant for the decrease in heart rate during apnea or for its accel-
eration during tidal inspiration. These are the NTS, NA. and the
VMN (20-23). Information via the carotid sinus, baroreceptor,
vagal, and possibly intercostal afferents have also been considered
critical components in this system (20. 21, 24, 25). These nuclei
and pathways form a “gating” network (21) which controls the
passage of impulses and thereby modulates heart rate and heart
variability during breathing and apnea. These previous studies
have suggested that a basal vagal (or slow) heart rate exists and
that this basal level is interrupted by phasic accelerations during
tidal breathing (21). Hence, in the mature animal, as in our dogs,
the basal level is apparent when breathing is absent. In this
situation and using the gating model, the absence of lung inflation
is tantamount to dysfacilitation of the NTS which. in turn, ceases
to inhibit the NA and VMN. Therefore the gate is open and
complete vagal discharge is let pass. The opposite occurs with
lung inflation.

This scheme is based on the assumption that the neuronal
circuitry (structure and function) that is responsible for the
changes in heart rate is present and well developed. This as-
sumption may not be valid for the puppy. Our previous data (8)
and those of others (12, 13) support the idea that the parasym-
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pathetic system is not well developed in carly life postnatally and
the predominance of the vagal svstem for heart rate control takes
several weeks to mature in voung mammals (13). Additionally.
since there 18 no « priori reason 1o assume that the development
of peripheral afterents, central circuitry. and efferent imb of the

control system proceeds at the same rate. 1t 1s likely that some of

the componemts of this control system mature at a faster rate
than others. On the basis of the preceding analvsis and published
data. we speculate that this differential maturation can create
differences in time constants of responses to natural stimuli.
Henee, itis not surprising that although the RR interval increases
in both puppics and dogs. the time course of this increase is
different: the RR interval reaches maximum within two RR
intervals while the RR interval in the puppy has a much more
progressive course as detailed i our results.

Since the respiratory pauses in the adult dog are rather lengthy
(=10 s) and since the voung have a high O, consumption when
related to body weight and Os stores. one might ask whether the
mechanism that triggered the increase in RR interval. (or the
drop in heart rate) that s associated with respiratory pauses is
related to O, desaturation in both puppy and dog. Our current
data and analysis suggest that this mechanism is not related to
O, desaturation. Our regression analvsis shows that in the dogs.
maximum RR mterval 1s reached withim an average of two RR
intervals, with some cases reaching maximum within one RR
interval and all cases within four RR intervals. Assuming that.
on average. an RR interval 15 about 600-700 ms. this analvsis
indicates that within 2.5-3 s of the start of the respiratory pauses
and in all pauses in the dog. the RR interval increases to about
its highest value for the rest of the respiratory pause duration.,

Although the time course 1s not as brisk in puppics. the start of

the increase in RR interval takes place also within few seconds
after the start of the respiratory pause. Therefore. we do not
believe that O, desaturation triggered the increase in RR iterval
in the dog or puppy.

It 15 possible that hypoxia may develop during the course of

the respiratory pause. especially during the more lTengthy ones
and may have an effect on the change in heart rate (26). The
magnitude of O, desaturation and its effects will clearly depend
on a number ol factors including the size of O stores. (.
consumption, state of consciousness. and the length of the respi-
ratory pausc. Previous studies from our laboratory i the dog
(27) have shown that PaO, doces not drop below 30-35 mm Hg
in adult dogs after pauses of 15 10 20 s duration. Also. since most
pauses do not generally exceed 10 s i the puppy. we do not
expect major falls in PaO.. Although (3, desaturation can start
alter a few seconds ol apnea in the voung mammal. decreases in
desaturation reaching levels of about 60-70% occur only after
about 30 s of apnea (28). Therefore, herein we doubt that hypoxia
plavs an important role in modulating heart rate during respira-
tory pauses since the carotid bodies. the major hypoxia sensors,
are mimmally stimulated by PaQ, levels that are higher than 43—
SO0 mm Hg.

In summary. we have described and quantitated the changes
in heart rate during respiratory pauses in both puppies and dogs.
Although the RR interval increases (bradveardia) dunng pauses
in both puppies and dogs. the pattern of change in the RR

mterval in the puppy is different from that in the dog. These

changes are not considered to be related to hypoxia.

REFERENCES

I Kero POE9734 Heart rate sanaten i ntants with the respiratorns distress
svadrome. Acta Pacdiatr Scand [Suppl] 250:1.70
20 Hon EH Zannmy D Quilhigan FE 1977 The neonatal value of fetal monitoring,
Cire Res 40508 2540
30 Mudter FCL Paul RH 197X Intrapartum fetal heart rate monttoring, Chin Obstet
Ghvneeol 21:5361
4. Haddad GGl Mazza NML Defendini R, Blane WAL Doscoll 1ML Fpstein MAT,
Epstein RAL Mellins RB 1978 Congenital fulure of automatic control of
ventilation, gastromntestinal moulity and heart rate. Medicine 37:317 326
o Leister HIL Haddad RAL Epstein RAL Epstein MALF. Mellhins RB 1980 1eart
rate and heart rate vanability dunng sleep in aborted sudden infant death
svindrome. J Pediatr 97:31-35
6. Hellman JB, Stacy RW 1970 Vananon ot respiratory sinus arrhy tumia with
age. J Appl Phyvsiol 41:7 342738
o Hrushesks WIML Fader 1 1984 The respirators sinus arthvthmun a measure
of cardiac age. Science 224:1001 1004
8. Haddad GGl Jeng HIO Lee SHL Tan 11
interval during sleep and wakefulness in pupptes and dogs
247:H67-HT3
9. Chess GE, Fam RMK. Calaresu R 1973 Influence of cardiae neural inputs
of rhythmic variations of heart perniod in the cat. Am I Physiol 2287752780
10. Akselrod 5. Gordon D, Ubel FAL Shannon DC. Barger AC, Cohen RI 1981
Power spectrum analysis of heart rate tluctuation: @ quantititive probe of
beat-to-beat cardiovascular control. Science 213220 222
LE Hirseh JAL Bishop B 1981 Respiraton sinus arthvthmias in humans: how
hreathing pattern modulates heart rate, Am ) Physiol 24 Heart Cire Phavsiol
10:HO620-H629
12, Harper RM. Walter DO. Teake B Hottman HLL Sicck GO Sterman MB,
Hoppenbrouwers 1. Hodgman 11978 Development of sinus arvhythmia
during sleep and waking states in normal infants, Sleep 1:33 48
13, Eghert JR. Katona PGEEIRO Development ol autenomie heart rate control i
the Kitten during sleep. Am d Phyvsiol 238¢Heart Crre Phystol TyRTIS29 FiN3S
14, Frath HG Jre Boerth RO Grahame TP e 1982 Funcetonal signiticance ot
reduced cardiac ssympatheue innervaton i the newbarn dog. Am J Physiol
245 Heart Cire Physiol 1281202126
150 Fox MW 1971 Integrative development of brain and behavior in the dog,
Chicago, Umiversity of Chicago Press
Haddad GG Epstein RAL Fpstein MALF, [eistner HIL Melling RB 1980 The
R-Ronterval and R-R varabilits i normal mtants during sleep. Pediatr Res
1-4:809 X1l
17 Hinkley DV 1969 Interence about the intersection i two-phase regression
Biometnka 36:4935 504
18, Sokal RR. Rohll F1 1969 In: Biometin
Francisco. pp 440-445
19, Tukey JW 1977 Exploratory Data Analvsis, Addison-Wesles, Reading, M
20,0 Korner PLINTY Integrative neural cardiovascular controb, Physiol Rev 31312
36T
21 Lopes OUL Palmer I 1976 Proposed resprrinory “pating” mechanisin fos
cardiae slowimg, Nuture 204434456
22 Kunze I 1930 Regulanon of activity of cardiac yvagal motoncurons, Fed Proc
3925132518

23 Loaewy ADC MeRellar S 1980 The neuroanatomical basis of central cardiosas-

ta

1984 Rbvthmice vanatons i R-R
Am I Physiol

2nd ed WH Freeman and Col San

cular control. Fed Proc 39:2495 22503
24 Angell-lames JEL Blsner R deBureh Daly MOPOST ang iflation: eftects on
heart rate. respiraters. and vagal afferent activiy moseals. vm I Phvsial

2400 Heart Cree Phvsiol 9uiT190 F198

250 Ashton JH, Cuassidy 85 1985 Retles depression ol cardiosascular function
during lung inllaton. J Apply Physiol 38137 143

26, Jwilhich C.Devhin 1. White D, Douglas N Wal I Marnn R 198 Brads cardia
during sleep apnea. J Clin Tnvest 69:1 2861292

27, Schaetter I Haddad GGoO198S Regulation of sentlation and o
sumption by a- and - oproid receptor agomsts. J Appl Phasiol 38

280 Sanocka UM Donnelly DE. Haddad GO O8O Desaturanon and FECGE changes
develop betore brady cardia dunng prolonged central apnea in piglets Peduate
Ros 2003660

CIoCoNn-
S0 UpN




	Heart Rate Variability during Respiratory Pauses in Puppies and Dogs
	METHODS
	RESULTS
	DISCUSSION
	REFERENCES


