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ABSTRACT. Endotracheal suctioning of intubated infants
produces profound changes in cardiovascular and cerebral
hemodynamics, but the mechanisms regulating these
changes are not fully understood. To determine the role of
the autonomic nervous system in regulating these physio-
logic changes, we investigated the effects of endotracheal
suctioning on heart rate (HR), mean arterial blood pressure
(MABP), and renal sympathetic nerve activity (RSNA) in
nine ventilated newborn lambs. In the first part of the study
(n = 6), ventilation was interrupted for suctioning. With
suctioning (15 s), HR decreased by 39 * 6% (p < 0.05),
whereas MABP and RSNA increased significantly (p <
0.05) by 36 * 5% and 68 * 8%, respectively. These
changes were significantly (p < 0.05) larger than changes
observed during disconnection from the ventilator (15 s)
without suctioning. Administration of atropine (0.02 mg/
kg) blocked the HR response to suctioning without altering
MABP or RSNA changes. After bilateral vagotomy, suc-
tioning produced no changes in any parameter. When a
closed tracheal suction system was used and ventilation
was maintained, suctioning again resulted in significant (p
< 0.05) increases in MABP (+10 % 3%) and RSNA (+34
* 5%) and a decrease in HR (=15 * 4%). These data
suggest that suctioning stimulates sympathoexcitatory
receptors localized in large airways whose afferent fibers
course within the vagus, resulting in increased sympathetic
activity, which induces peripheral vasoconstriction and el-
evates MABP. In contrast, the HR response appears to be
mediated by increased parasympathetic activity as this is
abolished by atropine. (Pediatr Res 33: 649-652, 1993)

Abbreviations

HR, heart rate

MABP, mean arterial blood pressure

RSNA, renal sympathetic nerve activity

DX, disconnection from ventilator

SUX, endotracheal suctioning

SUX-A, endotracheal suctioning after atropine administra-
tion

SUX-VX, endotracheal suctioning after bilateral vagotomy

Endotracheal suctioning of intubated infants is routinely per-
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formed to remove secretions and prevent obstruction of the
endotracheal tube. In many intensive care nurseries, this proce-
dure is performed at standard intervals regardless of gestational
age and often requires disconnection from the ventilator. How-
ever, suctioning has been shown to increase arterial blood pres-
sure, cerebral blood flow velocity, and intracranial pressure and
to induce bradycardia and hypoxemia (1-6). Such alterations in
systemic and cerebral hemodynamics may place the preterm
infant at increased risk for intraventricular hemorrhage (2, 7).
Although a number of phenomena have been postulated to
explain these complex cardiovascular manifestations, the mech-
anisms explaining these changes are not fully understood (1, 2,
5, 8, 9). We therefore investigated the role of the autonomic
nervous system in regulating the blood pressure and HR re-
sponses to endotracheal suctioning in ventilated newborn lambs.

MATERIALS AND METHODS

Studies were conducted in chronically instrumented newborn
lambs (n = 9) between 3 and 7 d of age. Anesthesia and surgery
were performed as previously described.'® Briefly, with the lambs
under anesthesia in sterile conditions, polyethylene catheters
were placed into the femoral arteries and veins bilaterally. The
left renal pedicle was exposed through a flank incision. After
isolation of a branch of the left renal nerve bundle, platinum
electrodes were secured onto the nerve for recording RSNA as
previously described (10). A plastic-coated copper wire used as a
ground wire was secured in the paravertebral muscle and the
flank incision was closed. A midline incision was made over the
trachea, and the vagal nerves on both sides were freed from the
sympathetic trunk and surrounding structures. Loops of umbil-
ical tape were placed around the nerves and exteriorized to allow
access to the nerves for vagotomy at a later time. Catheters were
tunneled subcutaneously and secured to the lamb’s back using
elastic bandages. Ampicillin sodium (1 g) was administered be-
fore surgery and at 48-h intervals. At least 24 h were allowed for
recovery from surgery before experiments were performed.

During the study, lambs were kept immobilized in a sling-
frame assembly placed inside a Faraday cage. The animals were
sedated with diazepam (0.2 mg/kg i.v.), curarized with vecuron-
ium bromide (0.1 mg/kg i.v.), intubated, and ventilated to main-
tain arterial pH and Pco, at values similar to those during
spontaneous respiration. Arterial Po, values were maintained
between 13.3 and 17.3 kPa (100 and 130 mm Hg). The admin-
istration of vecuronium, a nondepolarizing muscle relaxant, was
necessary to eliminate muscle movements that interfere with
nerve recording.

During each experiment, MABP and HR were continually
monitored. The renal nerve electrodes and ground wire were
attached to a high-impedence probe (HIPS, Grass Instruments,
Quincy, MA). The neural signal was amplified (%20 000) and
filtered with a low-frequency cutoff at 100 Hz and a high-
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frequency cutoff at 1 kHz using a Grass Bandpass Amplifier
(P511). The amplified and filtered signal was visually displayed
on an oscilloscope (511A, Tektronix, Beaverton, OR), routed to
a Grass AM8 audio monitor. The amplified neural signal was
rectified to make all voltages positive and integrated at rates of
0.5-1.0 Hz using a 9873B Beckman voltage integrator (Beckman
Instruments, Fullerton, CA). The rate of integration depended
upon the quality of the neural signal and remained constant
during all parts of the experiment for each animal. The integrated
voltage and neurogram signals, as well as all hemodynamic data,
were displayed on a Beckman R611 Dynograph recorder and
simultaneously recorded on-line to an IBM-XT computer using
Labtech Notebook (Laboratory Technologies, Wilmington, MA).

Two different methods of endotracheal suctioning (group 1,
suctioning during interrupted ventilation; group 2, suctioning
during continuous ventilation) were used to determine which
neural pathways mediate the cardiovascular response to endotra-
cheal suctioning and to separate the primary reflex response from
secondary changes due to the cessation of lung expansion. In the
first group, recordings were made /) while the lamb was discon-
nected from the ventilator (DX); 2) during endotracheal suction-
ing, for which the ventilator was disconnected (SUX); 3) during
suctioning preceded by administration of atropine (0.02 mg/kg
i.v.; SUX-A); and 4) during suctioning preceded by bilateral
vagotomy (SUX-VX). In one animal, vagotomy was not per-
formed. Lambs were disconnected from the ventilator for 15 s
for each procedure. Suctioning was performed by passing a 5 Fr
suction catheter via the endotracheal tube until slight resistance,
thought to be from contact with the wall of the airway, was met.
Suction was then applied as the catheter was slowly withdrawn,
advanced, then withdrawn again. Experiments were performed
in random order with the exception that vagotomy was per-
formed last. A 5- to 10-min recovery period was allowed between
each suction episode. After the series of studies involving atro-
pine, 30 min were allowed before proceeding with the next series
of experiments. After vagotomy, a 1-h equilibration period was
allowed for HR and MABP to return to baseline values before
preceding with the experiment. At the end of the experiment,
complete inhibition of nerve activity was assessed using an i.v.
infusion of the ganglionic blocking agent tetraethylammonium
bromide (10 mg/kg). Noise within the neural signal was then
measured and subtracted from the recorded signal before any
calculation of change in RSNA.

In the second group of animals (n = 3), a closed tracheal
suction system (Trach Care Neonatal, Ballard Medical Products,
Draper, UT), in which ventilation is not discontinued during
suctioning, was used. The suction catheter was modified such
that it could be extended beyond the end of the endotracheal
tube. Recordings were made /) during suction with the catheter
positioned at but not beyond the end of the endotracheal tube,
2) during suction with the catheter advanced until resistance was
met, and 3) with the catheter advanced until resistance was met
but without negative pressure suction. The time course of these
studies was similar to those outlined above.

Baseline values for HR, MABP, and RSNA were obtained by
averaging the values of these parameters over the 30 s preceding
each intervention. Maximum instantaneous changes in HR,
MABP, and RSNA with each procedure were recorded and
expressed as percent change from baseline values. Each proce-
dure was repeated two to four times, and average values for
changes in each measured parameter were calculated for individ-
ual animals. These average values were then used for data analysis
performed by one-way analysis of variance with repeated meas-
ures. If the F statistic was found to be significant, comparison
among means was performed by the Scheffe procedure (11). The
results for each procedure are expressed as mean + SEM. Differ-
ences were considered significant when p was less than 0.05.

All procedures were performed within the regulation of the
Animal Welfare Act and the NIH Guide for the Care and Use of
Laboratory Animals.
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RESULTS

Figure 1 shows tracings recorded from a newborn lamb illus-
trating the effects of ventilator disconnection and endotracheal
suctioning on HR, MABP, and RSNA. Disconnection of the
ventilator alone for 15 s was associated with a dramatic decrease
in HR, an increase in MABP, and an initial increase in RSNA
followed by inhibition of activity. Similar changes in these pa-
rameters, but of significantly greater magnitude, were seen with
suctioning.

To investigate the mechanisms and neural pathways mediating
the cardiovascular changes associated with endotracheal suction-
ing, studies were repeated after administration of atropine and
after bilateral vagotomy (Fig. 2). The administration of atropine
had no measurable effect on changes in MABP or RSNA in
response to suctioning. However, the HR response was greatly
attenuated. In contrast, bilateral vagotomy completely inhibited
the cardiovascular and RSNA changes associated with suction-
ing.

Within group 1, a significant increase in MABP from baseline
(87 £ 3 mm Hg) was seen during DX, SUX, and SUX-A (p <
0.05; Fig. 3). This increase was significantly larger (p < 0.05)
with SUX (32 + 3 mm Hg) and SUX-A (36 £ 5) than with DX
(17 £ 4) alone. In contrast, no significant change in MABP was
seen during SUX-VX,

RSNA increased significantly (p < 0.05) after DX (11 + 8%),
SUX (68 = 8%), and SUX-A (66 + 9%, Fig. 4). The increases

Integrated
RSNA
(units)

T .':,,Mu -
A bt

Suction

0 20sec Disconnect

Fig. 1. Representative recording from a newborn lamb illustrating
changes in HR, MABP, RSNA, and integrated RSNA in response to (4)
disconnection from the ventilator and (B) endotracheal suctioning.
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Fig. 2. Representative recording from a newborn lamb illustrating
changes in HR, MABP, RSNA, and integrated RSNA associated with
endotracheal suctioning after administration of atropine and bilateral
vagotomy.
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Fig. 3. Changes in MABP during endotracheal suctioning. Values are
means + SEM. * p < 0.05 compared with DX; 1, p < 0.05 compared
with baseline (0%) and SUX-VX.
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Fig. 4. Changesin RSNA durmg endotracheal suctioning. Values are
means = SEM. *, p < 0.05 compared with DX; }, p < 0.05 compared

with baseline (0%) and SUX-VX.
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Fig. 5. Changes in HR during endotracheal suctioning. Values are
means = SEM. * p < 0.05 compared with other groups; ¥, p < 0.05
compared with SUX-A; t, p < 0.05 compared with baseline (0%) and
SUX-VX.

were significantly larger (p < 0.05) in SUX and SUX-A than
after DX. Vagotomy abolished the renal nerve response to en-
dotracheal suctioning (SUX-VX).

The decrease in HR from baseline (220 + 7 bpm) was signifi-
cantly greater after SUX (=39 + 6%, p < 0.05) than after DX
(—24 = 7%) or after atropine administration (—10 + 2%) and
vagotomy (—1 £ 1%, Fig. 5). Atropine greatly attenuated the
bradycardic response to suctioning, although a significant de-
crease ( p < 0.05) from baseline still occurred, whereas HR after
SUX-VX did not significantly differ from baseline levels.

Within group 2, in which a closed tracheal suction system was
used, negative pressure suction applied through catheters ad-
vanced not beyond the tip of the endotracheal tube produced no
significant changes in MABP, RSNA, or HR (Fig. 6). In contrast,
with advancement of the catheter until slight resistance was met,

651

20 40
*
% A * % A
MABP 10 RSNA 20
0 S S+R R 0
S S+R R 10 S S+R R
o‘
% &
-10
HR
.20 . *
30 -

Fig. 6. Changes in physiologic parameters with endotracheal suction-
ing during continuous ventilation. S, negative pressure suction with
catheter at tip of endotracheal tube; R, catheter advanced until slight
resistance met. Values are means = SEM. *, p < 0.05 compared with S
and baseline (0%).

significant (p < 0.05) increases in MABP and RSNA and a
decreases in HR were seen regardless of whether negative pressure
suction was applied.

DISCUSSION

These studies indicate that pronounced physiologic changes
occur in response to several methods of endotracheal suctioning
in ventilated newborn lambs. Our observations confirm the
findings of others that suctioning is associated with a decrease in
HR and an increase in blood pressure (1-4, 6, 9). Furthermore,
the results suggest that these hemodynamic changes are modu-
lated by activation of the autonomic nervous system.

Little information is available on the morphologic properties
and physiologic actions of airway irritant receptors in the new-
born (12-14). Previous studies (12, 14) have focused mainly on
laryngeal receptors because the upper airways (nose to larynx)
are more densely innervated than the lower airways of the lung.
Application of water and other irritants to the larynx of newborn
lambs produces bradycardia, hypertension, and blood flow redis-
tribution (15, 16). These responses appear to be neurally me-
diated as the vasoconstriction and bradycardia are abolished by
a-adrenergic blockade and atropine, respectively (16).

Several findings in the present study, including that /) MABP
and RSNA increased and HR decreased more during SUX than
during DX, 2) negative pressure suction alone produced no
significant physiologic changes, and 3) with uninterrupted ven-
tilation, advancement of the catheter until resistance was met
resulted in significant alterations in MABP, RSNA, and HR
regardless of whether negative pressure suction was applied,
demonstrate that mechanical deformation of the walls of the
large airways directly influences cardiovascular function. These
results further suggest that in these studies, this mechanical
deformation stimulates rapidly adapting or irritant receptors
within the lower airway, resulting in increased sympathetic activ-
ity, peripheral vasoconstriction, and elevation in blood pressure.
Because no significant physiologic response to suctioning was
demonstrated after vagotomy, it appears that afferent fibers from
these receptors course within the vagus nerve, as do other types
of receptors within the pulmonary tree (17). Primary afferent
fibers originating from a variety of visceral sensory endings,
including rapidly adapting pulmonary receptors, terminate
within the nucleus of the tractus solitarius (18, 19), a structure
vital in the autonomic regulation of cardiovascular function.
Thus, input from these fibers may contribute to modulation of
HR and blood pressure via regulation of the sympathetic and
parasympathetic nervous systems.

The bradycardia observed with suctioning was almost com-
pletely abolished by atropine, indicating that the HR response is
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primarily mediated by parasympathetic stimulation. The mech-
anisms regulating this increase in parasympathetic activity could
not be determined from this study. Activation of irritant recep-
tors by chemical agents evokes bradycardia, the response being
mediated by vagal pathways (20). In addition, increased arterial
blood pressure stimulates carotid and aortic baroreceptors, which
may further contribute to the bradycardic response via activation
of parasympathetic pathways (21). Administration of atropine
had no significant effect on MABP or RSNA changes, suggesting
that parasympathetic stimulation after suctioning participated
little in the regulation of MABP and RSNA.

Although the magnitude of the physiologic changes observed
were larger during SUX than during DX alone, significant
changes in HR, MABP, and RSNA occurred with DX. These
changes could have been initiated by a small decrease in arterial
Po, or, more likely, unloading of pulmonary stretch receptors
during DX. Studies examining the role of pulmonary stretch
receptors in modulating cardiovascular responses have shown
that stimulation of these receptors inhibits vagal efferent dis-
charge and decreases efferent sympathetic activity, thus inducing
cardiac acceleration and peripheral vasodilation (22-25). In the
absence of lung inflation, however, there is an increase in para-
sympathetic activity with associated inhibition of HR (25). In-
terestingly, Grogaard et al. (16) found that reflex bradycardia
and hypertension during application of water to the larynx of
newborn lambs were attenuated when reflex apnea and cessation
of ventilatory movements were prevented by artificial ventila-
tion, independent of changes in arterial blood gas values. Al-
though the magnitude of the physiologic changes in response to
suctioning in the present study is not as great during continuous
ventilation as during interrupted ventilation, there is a large
influence of suctioning on cardiovascular hemodynamics and
the autonomic system that appears unrelated to additional loss
of lung volume.

The cardiovascular changes noted during tracheal suction are
characteristic of the physiologic response to hypoxemia (26). It
is unlikely, however, that hypoxemia contributed significantly to
the observed physiologic responses, as has been suggested by
others (1, 5). First, the lambs were initially made slightly hyper-
oxic to avoid the development of hypoxemia. Studies in infants
have shown that, with 15 s of apnea, transcutaneous Po, values
fall by only 13% (27). Second, in ventilated newborn lambs with
induced hypoxia [arterial PO, = 36 + | mm Hg (4.8 = 0.1
kPa)], Grogaard et al. (16) found that HR remained unchanged
and MABP increased by only 7%. Third, the cardiovascular
changes began within 2 s of disconnection of the ventilator or
suctioning. It is unlikely that significant changes in arterial blood
gas measurements could occur over such a short time period.
Nonetheless, development of hypoxemia during endotracheal
suctioning remains a potentially serious complication in the
newborn. Had we not maintained an elevated arterial Po, and
effectively preoxygenated the animals before suctioning, as ad-
vocated by several investigators (1, 5), the physiologic responses
may have been more profound.

In summary, this study demonstrates that there are profound
neurally mediated cardiovascular reflex responses to several
methods of endotracheal suctioning. In the presence of a pres-
sure-passive cerebral circulation, as occurs in the preterm infant
(7, 28), such neurally mediated increases in systemic blood
pressure may produce significant changes in cerebral blood flow
and place the neonate at risk for the development of intraven-
tricular hemorrhage (7, 8). Understanding the physiologic alter-
ations induced by this commonly performed procedure may aid
us in providing care to the high-risk infant.
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