Anesthesiology 2001; 95:647–51

© 2001 American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.

Hemodynamic and Catecholamine Responses to
Laryngoscopy and Tracheal Intubation in Patients
with Complete Spinal Cord Injuries
Kyung Y. Yoo, M.D., Ph.D.,* JongUn Lee, M.D., Ph.D.,† Hak S. Kim, M.D.,‡ Woong M. Im, M.D., Ph.D.*

ters. Therefore, the cardiovascular responses to laryngoscopy and tracheal intubation may be altered in cord
injuries. Indeed, Wattwil et al.7 observed that cardiovascular response to intubation is abolished in patients
undergoing total thoracolumbar anesthesia. In contrast,
the blockade of the sympathetic outflow by epidural
anesthesia, either cervicothoracic anesthesia without
blocking the adrenal gland or lumbar epidural anesthesia
without blocking the heart, did not affect the cardiovascular response to tracheal intubation.8
Cardiovascular dysfunction associated with spinal cord
injury or transection depends on the site, extent, and
timing of the lesion.9 –11 However, the impact of different
levels of injury on the cardiovascular response to endotracheal intubation has not been determined. The aim of the
current study was to investigate the effects of different
levels of spinal cord injury on the cardiovascular responses
to laryngoscopy and endotracheal intubation.

Materials and Methods
The protocol of the study was approved by the Chonnam National University Hospital Ethics Committee,
Gwangju, Korea. The study involved 54 patients with
traumatic complete cord injuries scheduled for spinal or
nonspinal surgery with general anesthesia. Patients were
divided into three groups according to the most cephalic
level of complete motor and sensory lesions: quadriplegics (level of injury above C7, n ⫽ 22), high-level paraplegics (HP; level of injury between T1 and T4, n ⫽ 8),
and low-level paraplegics (LP; level of injury below T5,
n ⫽ 24). Twenty age-matched, nondisabled patients
served as controls.
Neurologic examinations of all disabled patients were
performed by Chonnam National University Hospital
Spine Center according to 1996 American Spinal Injury
Association standards.12 Motor function was examined
using key muscles for levels C5 through T1 and L2
through S1, and total paralysis of motor strength was
regarded as complete lesion. Sensory level was examined by light touch and pin prick at each dermatome,
and anesthesia and analgesia was regarded as complete
lesion. All patients gave written informed consent to
take part in the study. None had any cardiovascular,
pulmonary, or metabolic diseases. Patients whose time
lag from the injury to the operation was less than 4
weeks were excluded from the study, because acute
severe injury to the cervical cord injury is regularly
accompanied by arrhythmias and hemodynamic abnor-

LARYNGOSCOPY and tracheal intubation are often associated with tachycardia, hypertension, and arrhythmias.1
The mechanisms underlying the hemodynamic responses
are not completely understood, although they have been
attributed to a reflex sympathetic discharge caused by
stimulation of the upper respiratory tract. This speculation
is supported by the previous observation that hemodynamic responses to tracheal intubation are associated with
an increase in plasma catecholamine concentrations2,3 and
are attenuated by ␤-adrenergic blockade.4
The efferent sympathetic outflow to the heart originates from the spinal cord between T1 and T4, and that
to the adrenal medulla from between T3 and L3.5,6 The
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Background: Endotracheal intubation in patients undergoing
general anesthesia often causes hypertension and tachycardia,
which may be altered when the efferent sympathetic fiber to
the cardiovascular system is interrupted. The aim of the current
study was to investigate the effects of different levels of spinal
cord injury on the cardiovascular responses to intubation.
Methods: Fifty-four patients with traumatic complete cord
injuries requiring tracheal intubation were grouped into quadriplegics (above C7; n ⴝ 22), high paraplegics (T1–T4, n ⴝ 8),
and low paraplegics (below T5, n ⴝ 24) according to the level of
injury. Twenty patients without spinal injury served as controls. Arterial pressure, heart rate, and rhythm were recorded at
intervals for up to 5 min after intubation. Plasma concentrations of catecholamines were also measured.
Results: The intubation increased the systolic blood pressure
similarly in control, high-paraplegic, and low-paraplegic
groups (P < 0.05), whereas it did not alter the blood pressure in
the quadriplegic group. Heart rate was significantly increased
in all groups; however, the magnitude was more pronounced in
the high-paraplegic group (67%) than in the control (38%) and
quadriplegic (33%) groups. Plasma concentrations of norepinephrine were significantly increased after intubation in all
groups; however, values were lower in the quadriplegic group
and higher in the low-paraplegic group compared with those in
the control group. Incidence of arrhythmias did not differ
among groups.
Conclusions: The cardiovascular and plasma catecholamine
changes associated with endotracheal intubation may differ
according to the affected level in patients with complete spinal
cord injuries.
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Statistical Analysis
All results are expressed as mean ⫾ SD. Statistical
analyses of the data for each hemodynamic parameter
and catecholamine were performed by a two-way analysis of variance with repeated measures. A Scheffé test
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Table 1. Demographic Data in Spinal Cord–injured and
Control Patients

Sex (M/F)
Age (yr)
Weight (kg)
Height (cm)
Hemoglobin (g/dl)
Postinjury (months)

Control
(n ⫽ 20)

QP
(n ⫽ 22)

HP
(n ⫽ 8)

LP
(n ⫽ 24)

18/2
38 ⫾ 11
57 ⫾ 10
170 ⫾ 7
12 ⫾ 1
—

19/3
40 ⫾ 13
56 ⫾ 17
169 ⫾ 7
11 ⫾ 1
26 ⫾ 39

6/2
42 ⫾ 15
60 ⫾ 12
172 ⫾ 8
13 ⫾ 1
41 ⫾ 52

22/2
37 ⫾ 10
59 ⫾ 11
167 ⫾ 7
12 ⫾ 2
55 ⫾ 95

Values are mean ⫾ SD.
Control ⫽ uninjured patients; QP ⫽ quadriplegic patients; HP ⫽ high-level
paraplegic patients; LP ⫽ low-level paraplegic patients; n ⫽ number of
patients.

was used for multiple pairwise comparisons when a
significant difference was indicated with analysis of variance. Complication rates among the groups were analyzed using the chi-square test where appropriate. A P
value ⬍ 0.05 was considered statistically significant.

Results
There were no significant differences among the
groups with respect to sex ratio, age, weight, height, and
hemoglobin concentrations (table 1). Baseline SAP and
HR did not significantly differ among the four groups
(figs. 1 and 2).
Systolic arterial blood pressure significantly decreased
after induction of anesthesia with thiopental in all
groups. After tracheal intubation, SAP increased significantly in control (33%), HP (28%), and LP (39%) groups,
whereas it remained unchanged in the quadriplegic

Fig. 1. Systolic arterial pressure (SAP) before and after endotracheal intubation in patients with spinal cord injury and in
control patients. Values are mean ⴞ SD (n ⴝ number of patients). QP ⴝ quadriplegic; HP ⴝ high-level paraplegic; LP ⴝ
low-level paraplegic; Control ⴝ normal patients; Ind ⴝ 1 min
after induction; Int-max ⴝ maximum response within 1 min
after intubation; Int-1, 2, 3, and 5 ⴝ responses at 1, 2, 3, and 5
min after intubation. *P < 0.05 versus baseline; †P < 0.05
versus control group; ‡P < 0.05 versus the quadriplegic group.

Downloaded from http://pubs.asahq.org/anesthesiology/article-pdf/95/3/647/404117/0000542-200109000-00017.pdf by guest on 03 October 2022

malities.13 Patients who took medications that would
influence autonomic or cardiovascular response to laryngoscopy and intubation were also excluded.
All patients were premedicated with 0.1 mg/kg midazolam orally 60 min before induction of anesthesia. Before arrival in the operating room, an intravenous catheter was placed to allow administration of intravenous
fluids and medications. In addition, a 20-gauge catheter
was inserted into a radial artery connected to a pressure
transducer (Deltran; Utah Medical Products, Midvale,
UT) to measure blood pressure and take blood samples.
Heart rate (HR) was determined from electrocardiogram
traces. For each patient, a rest period of at least 30 min
was provided between the time of cannulation and the
start of the study.
After recording baseline measurements, anesthesia
was induced with 5–7 mg/kg intravenous thiopental,
followed by 0.12 mg/kg intravenous vecuronium after
full preoxygenation. Intubation was performed within
15 s when neuromuscular block was achieved, and anesthesia was maintained using 50% nitrous oxide and 1%
isoflurane in oxygen. The lungs were mechanically ventilated to maintain an end-tidal carbon dioxide tension between 35 and 40 mmHg. Data from patients in whom
intubation required more than 15 s were excluded.
Heart rate and arterial blood pressure were continuously monitored. Hypertension was defined as a systolic
arterial blood pressure (SAP) more than 130% of the
baseline value or more than 160 mmHg, whereas hypotension was defined as SAP less than 70% of the baseline
value or less than 90 mmHg. Tachycardia and bradycardia were defined as HR greater than 120 beats/min and
less than 60 beats/min, respectively. The incidences of
hypertension, hypotension, tachycardia, and bradycardia
were recorded throughout the study. A dysrhythmia was
defined as any ventricular or supraventricular premature
beat or any sustained rhythm other than sinus. The
incidence of dysrhythmia after intubation was also compared among the groups.
Arterial blood samples were drawn before (baseline)
and 1 min after the onset of intubation for measurements
of plasma catecholamines. The samples were collected
into prechilled tubes containing EDTA-Na and immediately centrifuged at 3,000 rpm for 10 min at 4°C. The
plasma was stored at ⫺70°C until assayed. Plasma concentrations of epinephrine and norepinephrine were
measured in duplicate using high-pressure liquid chromatography.14 The assay sensitivity was 10 pg/ml, and
within-run precision coefficients of variation were 14.2 and
13.5% for epinephrine and norepinephrine, respectively.
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Table 2. Catecholamine Data in Spinal Cord–injured and
Control Patients
Control
(n ⫽ 20)

Norepinephrine
Baseline
PI-1
Epinephrine
Baseline
PI-1

QP
(n ⫽ 22)

HP
(n ⫽ 8)

LP
(n ⫽ 24)

196 ⫾ 94
147 ⫾ 53
180 ⫾ 85
253 ⫾ 130*
358 ⫾ 148*† 164 ⫾ 44†‡ 327 ⫾ 137† 489 ⫾ 193*†‡
117 ⫾ 84
115 ⫾ 67

71 ⫾ 39
81 ⫾ 45

93 ⫾ 36
79 ⫾ 39

167 ⫾ 80*
148 ⫾ 76*

Values are mean ⫾ SD. Catecholamine (norepinephrine and epinephrine)
measured in pg/ml plasma.
* P ⬍ 0.05 versus quadriplegic patient (QP) group.
baseline. ‡ P ⬍ 0.05 versus control group.

† P ⬍ 0.05 versus

Control ⫽ uninjured patients; HP ⫽ high-level paraplegic patients; LP ⫽
low-level paraplegic patients; n ⫽ number of patients; PI-1 ⫽ 1 min after the
onset of intubation.

nificant changes in plasma epinephrine concentrations
after intubation (table 3).

Discussion
The current study showed that the cardiovascular and
catecholamine responses to tracheal intubation differed
according to the level of injury. In particular, the pressor
response, but not chronotropic response, was abolished
along with diminished catecholamine responses in the
quadriplegic group. On the contrary, the pressor response was not affected, but the tachycardiac response
was augmented, in the HP group. The LP group showed
similar cardiovascular responses, with catecholamine responses exaggerated (table 4).
A complete spinal cord injury or transection results in
not only a loss of motor and sensory functions conducted via spinal pathways, but also an interruption of
sympathetic outflow below the level of the injury.15
Consequently, the pressor response to intubation was
completely abolished and catecholamine response was
minimal in the quadriplegic group. The interruption of
the sympathetic fibers to the heart would also abolish a
tachycardiac response to intubation, and the intact parasympathetic pathway would result in a bradycardiac
Table 3. Incidence of Adverse Effects in Spinal Cord–injured
and Control Patients
Control
QP
HP
LP
(n ⫽ 20) (n ⫽ 22) (n ⫽ 8) (n ⫽ 24)

Fig. 2. Heart rate (HR) before and after endotracheal intubation
in patients with spinal cord injury and in control patients.
Values are mean ⴞ SD (n ⴝ number of patients). QP ⴝ quadriplegic; HP ⴝ high-level paraplegic; LP ⴝ low-level paraplegic;
Control ⴝ normal patients; Ind ⴝ 1 min after induction; Int-max
ⴝ maximum response within 1 min after intubation; Int-1, 2, 3,
and 5 ⴝ responses at 1, 2, 3, and 5 min after intubation. *P <
0.05 versus baseline; †P < 0.05 versus control group; ‡P < 0.05
versus the quadriplegic group.
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Hypertension
Hypotension
Tachycardia (HR ⬎
120 beats/min)
Bradycardia (HR ⬍ 60 beats/min)
Dysrhythmia

10
1
3

2*
9*
1

5
2
6*

19*
1
8*

0
2

1
1

2
2

0
4

* P ⬍ 0.05 versus control group.
Control ⫽ uninjured patients; QP, quadriplegic patients; HP ⫽ high-level
paraplegic patients; LP ⫽ low-level paraplegic patients; n ⫽ number of
patients; HR ⫽ heart rate.
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group. The increase in SAP above baseline attained maximal level within 30 s and persisted until 2 min after
intubation. SAP then decreased to the control level, even
below baseline values, which was noted sooner in the
quadriplegic and HP groups (from 3 and 5 min after
intubation, respectively) than in the control or LP groups
(fig. 1).
Heart rate increased significantly after anesthesia induction in all groups. In response to tracheal intubation,
HR further increased; however, the magnitude was more
pronounced in the HP group than in the control or
quadriplegic groups (fig. 2).
Individual values of SAP exceeded 130% of the preinduction baseline value or 160 mmHg in 34 of the
72 patients studied. The incidence of hypertension was
significantly lower and that of hypotension was significantly higher in quadriplegic group than in the control
group. In addition, the incidence of tachycardia was
significantly higher in the HP group than in the control
group. There were no significant differences in the incidence of bradycardia among the groups. Premature ventricular contractions appeared immediately after tracheal
intubation in 2 of 20 patients in the control group and in
4 of 21 patients in the quadriplegic group. The arrhythmias disappeared spontaneously without treatment (table 2).
Baseline norepinephrine and epinephrine concentrations did not differ among the groups. Endotracheal
intubation caused an increase of plasma norepinephrine
concentrations in all groups; compared with the control
group, the magnitude of increase was attenuated in the
quadriplegic group, exaggerated in the LP group, and
did not differ in the HP group. No groups showed sig-
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Table 4. Hemodynamic and Catecholamine Responses to
Intubation in Spinal Cord–injured and Control Patients

Hemodynamic
SAP
HR
Catecholamine
Norepinephrine
Epinephrine

Control
(n ⫽ 20)

QP
(n ⫽ 22)

HP
(n ⫽ 8)

LP
(n ⫽ 24)

11
11

—
11

11
111

11
11

11
—

1
—

11
—

111
—

response in the quadriplegic group. However, an apparent tachycardiac response was observed after intubation
in quadriplegic group. Schmid et al.10,11 also demonstrated an increase in HR during physical exercise in
long-term quadriplegic patients. These findings are contradictory to those in acute severely injured quadriplegic
patients who frequently show reflex bradycardia and
cardiac arrest during tracheal suction.16 Lehmann et al.13
also observed primary cardiac arrest in 5 of 31 individuals (17%) with acute severe cervical cord injury, although no episodes were observed in 40 patients with
mild cervical and thoracolumbar injuries. It is likely that
the chronotropic response in quadriplegic patients depends on the time elapsed after the injury, with improvement occurring over time.
Mechanisms underlying the chronotropic response
may include autonomic adaptation of the heart where
the vagus only is intact in the baroreflex pathway. Koh et
al.17 found that most quadriplegic patients have a lowfrequency R-R interval, which is proportional to arterial
pressure and abolished by atropine. Similarly, Grimm et
al.18 examined the effects of autonomic dysfunction on
HR variability in individuals with quadriplegia and paraplegia and found that the resting levels of both sympathetic and parasympathetic outflows are lower when the
injury is higher and more complete. These findings suggest that either the sympathetic or the parasympathetic
pathway alone has the capability to maintain cardiovascular homeostasis when the other has been severely
compromised. In this context, quadriplegic patients may
modulate HR exclusively by changing vagal firing.
Alternatively, one may relate the tachycardiac response
to partly preserved sympathetic outflow innervating the
heart in quadriplegic patients. However, quadriplegic patients showed only a slight increase in norepinephrine
(11.5%) compared with controls (82.7%), with no significant pressor response in the current study. In addition,
epinephrine and norepinephrine were increased, albeit
little, after physical exercise, even in quadriplegic patients.10,11 It is unlikely that the partly remaining sympaAnesthesiology, V 95, No 3, Sep 2001
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Control ⫽ uninjured patients; QP ⫽ quadriplegic patients; HP ⫽ high-level
paraplegic patients; LP ⫽ low-level paraplegic patients; n ⫽ number of
patients; SAP ⫽ systolic arterial pressure; HR ⫽ heart rate; 1 ⫽ minimal
increase; 11 ⫽ moderate increase; 111 ⫽ marked increase; — ⫽ no
change.

thetic pathway contributes to the tachycardiac response in
the quadriplegic group.
On the other hand, HP patients showed an exaggerated tachycardiac and a normal pressor response to intubation, with a significant increase of norepinephrine,
but not of epinephrine, concentrations. In accordance
with our findings, Karlsson et al.19 observed an exaggerated sympathetic response above the level of the lesion
with normal pressor response in cord-injured patients
(C7–T4); central sympathetic activation (mental stress
induced by forced mental arithmetic testing) increased
HR and norepinephrine spillover from the arm more
pronouncedly than in controls. Schmid et al.10 also demonstrated that paraplegic patients with high lesions display a higher increase of HR in relation to oxygen consumption during physical exercise. They speculated that
HP patients had a smaller stroke volume caused by a
decreased venous return resulting from damage of the
sympathetic innervation to the vasculature and also to a
loss of muscular pump.10 Therefore, HP patients may
show a more pronounced tachycardiac response to intubation because of enhanced activity of the cardiac sympathetic outflow to compensate for a large loss of sympathetic activity below the level of injury (T1–T4). In
addition, thiopental used to induce anesthesia may have
dilated the vasculature and thus elicited additional baroreflex, especially in patients with high-level cord injuries.
Nevertheless, the degree of tachycardiac response to
intubation was smaller in the quadriplegic group than in
the HP group. Coutts et al.20 studied individuals with
quadriplegic and HP injury with a continuous progressive loading exercise test to exhaustion on a wheelchair
ergometer, and similarly found that the quadriplegic
group had a significantly lower maximal HR than the HP
group (119 vs. 175 beats/min). The tachycardiac response to intubation associated with a reduced vagal
activity in the quadriplegic group may not be sufficient
to compensate for the diminished sympathetic response.
It has been observed that the degree of sympathetic
dysfunction becomes greater as the level of injury is
higher. With injuries below the T5 level, the sympathetic
innervation to the vasculature is generally maintained to
elicit normal baroreflexes, particularly in the splanchnic
bed. In the current study, the paraplegic patients with a
lesion below T5 showed normal cardiovascular responses to intubation along with a greater catecholamine response, suggesting a compensatory autonomic
response to preserve the circulatory homeostasis. The
augmented catecholamine response may also be attributed to an altered end-organ responsiveness, since the
degree of hemodynamic responses was similar between
the LP and control groups despite the different catecholamine concentrations.
Interestingly, a correlation is lacking between norepinephrine concentrations and HR. The greatest increase
in HR was observed in the HP group, whereas the big-
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agents, as well as close monitoring of cardiovascular
parameters in patients with high-level cord injury.
In conclusion, the current study showed that the circulatory and catecholamine responses to laryngoscopy
and tracheal intubation differ with the level of the lesion
in patients with complete cord injury. The pressor but
not tachycardiac response to tracheal intubation was
abolished in the quadriplegic group, whereas in the HP
group, the tachycardiac response was augmented. In
addition, the catecholamine response was attenuated in
the quadriplegic group, whereas it was more pronounced in the LP group.
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gest increase of norepinephrine was in the LP group.
The exaggerated HR response in the HP group may be
related to a compensatory increase of sympathetic activity to the heart.19 Although a greater increase of HR
would then be expected in the quadriplegic group compared with the HP group, a total loss of cardiac sympathetic activity in the former may have resulted in a less
pronounced HR response. On the contrary, the exaggerated catecholamine response in the LP group may be
attributed to a more widespread sympathetic activation,
with resultant increase of norepinephrine spillover, possibly from the cardiovascular system, including the
splanchnic and renal vascular beds as well as the adrenal
gland. In fact, the plasma norepinephrine concentrations
may only partially reflect the overall sympathetic nerve
activity, since norepinephrine is subject to neuronal as
well as extraneuronal uptake before reaching the circulation once released from the neuron. The discrepancy
between the catecholamine and hemodynamic responses
in different groups needs to be further explained.
On the other hand, the cord-injured patients showed
an increase in HR either alone or concomitant with SAP
after intubation. In healthy patients, this transient hypertension and tachycardia are of little consequence; however, they may be hazardous in patients with hypertension, limited coronary or myocardial reserve, or
cerebrovascular diseases.21 Individuals with cord injuries are particularly at an increased cardiovascular risk.22
In fact, coronary heart disease is one of the most important causes of death in patients with spinal cord injuries.23 Therefore, we would recommend a routine use of
pharmacologic methods modifying the hemodynamic response to laryngoscopy and tracheal intubation in patients with long-term cord injuries. In particular, HP
patients showed an exaggerated chronotropic response
compared with controls. HR is a major determinant of
myocardial oxygen consumption, and tachycardia is
poorly tolerated during the perioperative period in patients with coronary heart disease. Several recent studies
have shown that there is an increased evidence of myocardial ischemia when intraoperative HR exceeds
110 beats/min.24 Therefore, modulation of HR should be
considered when a tachycardiac response to tracheal
intubation would be more likely, as in the HP group.
However, most drugs used to attenuate cardiovascular
responses to intubation, including narcotics, calcium
channel blockers, and ␤-adrenoceptor blockers, have
been associated with hypotension. In the current study,
3 of 22 quadriplegic patients and 1 of 8 HP patients
developed hypotension immediately after intravenous
administration of thiopental. In addition, the incidence
of hypotension after intubation was significantly greater
in the quadriplegic group than in the control group.
Caution should be exercised to use any pharmacologic
tools in alleviating the circulatory response to an intubation with careful titration of induction and maintenance

651

