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Abstract

Introduction In patients with severe head trauma, endo-
tracheal suctioning can result in adverse reactions
including cough, systemic hypertension, increased intra-
cranial pressure, and reduced cerebral perfusion pressure.
The aim of this prospective, blinded clinical trial in
mechanically ventilated patients with severe head trauma
whose cough reflexes were still intact was to assess the
effectiveness of endotracheally instilled lidocaine in pre-
venting endotracheal suctioning-induced changes in
cerebral hemodynamics (increase in intracranial pressure
and reduced cerebral perfusion pressure) after a single
endotracheal suctioning.

Methods and Results Ten minutes after lidocaine instil-
lation into the endotracheal tube, secretions were suctioned
for <30 s through a standard closed endotracheal suction-
ing circuit. Heart rate, arterial pressure, intracranial
pressure, and cerebral perfusion pressure were continu-
ously monitored. The first patient studied received an
endotracheal lidocaine dose of 2.0 mg/kg. The dose for the
next study patient was titrated upwards or downwards in
0.5 mg/kg steps according to, whether the intracranial
pressure reached the predefined threshold of 220 mmHg. A
total of 41 patients were studied. Lidocaine instillation into
the endotracheal tube had no effect on hemodynamic and
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ventilatory variables. In 21 patients lidocaine dose instilled
into the endotracheal tube effectively prevented the endo-
tracheal suctioning-induced intracranial pressure increase
behind the predefined threshold of 220 mmHg and cerebral
perfusion pressure remained unchanged. In the remaining
20, although intracranial pressure rose significantly cere-
bral perfusion pressure remained constant.

Conclusions In mechanically ventilated patients with
severe head trauma endotracheal lidocaine instillation
effectively and dose-dependently prevents the endotracheal
suctioning-induced intracranial pressure increase and
cerebral perfusion pressure reduction.

Keywords Endotracheal suctioning - Lidocaine
instillation - Intracranial pressure - Severe head trauma

Introduction

The primary goals in managing severe head trauma are to
prevent cerebral ischemia and acute intracranial hyperten-
sion [1-3]. Endotracheal suctioning is a nursing procedure
that needs to be frequently repeated in intubated and
mechanically ventilated patients to optimize gas exchange
in the lungs and to minimize the risk of ventilator associ-
ated pneumonia [4]. Some studies including severe head
trauma patients with and without cough reflexes disagree
on whether coughing needs to be prevented in patients with
severe head trauma [5, 6]. Nevertheless, in patients with
severe head trauma, who move or cough during endotra-
cheal suctioning the intracranial pressure (ICP) increases,
while cerebral perfusion pressure (CPP) and jugular oxy-
gen saturation decrease [7]. These adverse cerebral
hemodynamic events can have catastrophic consequences,
especially, when cerebral auto-regulation is lost because of
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head trauma [8, 9]. Although several techniques or phar-
macological agents have been proposed to prevent
increased ICP during endotracheal suctioning in patients
with severe head trauma, including hyperventilation [10],
muscle relaxants [1] and topical, and systemic use of local
anesthetics including lidocaine [1, 11, 12] and more
recently infusion of the sedative opioid remifentanil [13],
all have adverse effects that limit their clinical application.
Hyperventilation, for example, abruptly reduces carbon
dioxide tension, and thereby, reducing cerebral perfusion
thus increasing the risk of cerebral ischemia [14] and
causes hyperinflation thus worsening ICP [15]. The use of
muscle relaxants lengthens patients’ stay in the intensive
care unit and increases the incidence of sepsis, pneumonia
and neuropathy [16]. Sedation alters systemic and cerebral
hemodynamics (possibly reducing CPP) and precludes
neurological examination [13, 17]. Earlier clinical trials did
not resolve the clinical problem of endotracheal suctioning-
induced changes in cerebral hemodynamics.

Lidocaine-injected intravenously blunts the cough reflex
in awake and anesthetized patients [1], and has potential
neuroprotective effects [18], an advantage in patients with
severe head trauma. More recent evidence demonstrates
that lidocaine sprayed down the endotracheal tube attenu-
ates the airway-circulatory reflexes during emergence and
extubation after general anesthesia [19]. These evidences
prompted us to reappraise the issue of endotracheal lido-
caine instillation for blunting endotracheal suctioning-
induced cerebral hemodynamic changes in patients under-
going intensive care after severe head trauma.

Our primary objective of this prospective, blinded
clinical trial in mechanically ventilated patients with severe
head trauma whose cough reflexes were still intact was to
assess the effectiveness of endotracheally instilled lido-
caine in preventing the endotracheal suctioning-induced
cerebral hemodynamic changes (ICP increase and CPP
reduction) after a single endotracheal suctioning. Systemic
and cerebral hemodynamics was assessed in patients in
whom endotracheal lidocaine instillation failed or suc-
ceeded in preventing ICP from increasing to 220 mmHg
during endotracheal suctioning. We also determined the
lidocaine dose that prevents the ICP increase during
endotracheal suctioning in 50% of these patients.

Materials and Methods

After obtaining approval from the hospital ethics commit-
tee, an informed consent was obtained from patients’ next
of kin. In this study, we prospectively enrolled consecutive
patients older than 18 years, admitted to the neurointensive
care unit with severe closed-head injury (Glasgow Coma
Scale score of <8 and ICP monitoring). Patients were

studied 3 days after admission within the first week after
head trauma and were all intubated and mechanically ven-
tilated. Patients were sedated with continuous infusion of
propofol (3-5 mg/kg/h). No muscle relaxants were used.
According to our standard practice, patients with a CPP
below 70 mmHg received a continuous infusion of dopa-
mine titrated to achieve this target. Patients were suitable
for inclusion only if they had stable hemodynamics (CPP
>70 mmHg and ICP <20 mmHg for 24 h or more). In this
study, we have enrolled only patients who moved or
coughed during endotracheal suctioning with transient
acute increase of ICP (i.e. ICP >20 mmHg) [7]. Patients
with intracranial hypertension (ICP >20 mmHg), those in
whom endotracheal suctioning did not increase ICP to more
than 20 mmHg, and patients with severe pulmonary failure
(acute lung injury, PaO, /FiO, <300) were excluded.

Data Collection

Heart rate (HR) with 3-lead ECG, invasive mean arterial
pressure (MAP), arterial oxygen saturation (SpO,) by pulse
oximetry and end-tidal CO, (ETCO,), were continuously
monitored (Siemens SC 7000, Sweden). Ventilation (tidal
volume and respiratory rate) was adjusted to maintain
PaCO, between 33 and 37 mmHg. The ICP, and the
derived CPP value, were continuously monitored with an
intraparenchymal catheter (Rehau System, Switzerland).
During the study period, the blood flow velocity in the mid
cerebral artery (Vyca, cm/sec) was measured with a 2-
MHz pulsed Doppler ultrasound device (Computer Medics,
DWL, Multi Dop, Germany), after identifying the middle
cerebral artery, and adjusting the focus by 2-mm incre-
ments to obtain peak Vyca signals from the proximal (M1)
segment.

The threshold value for acute intracranial hypertension
was defined to be endotracheal suctioning-induced changes
leading to ICP 220 mmHg during and within 1 min after
endotracheal suctioning (peak ICP value). The systemic
and cerebral hemodynamic values were recorded by an
observer blinded to the lidocaine dose instilled. Only rou-
tine endotracheal suctioning procedures, planned as part of
the nursing procedure, were analyzed; unplanned endotra-
cheal suctioning procedures were not considered for this
study.

Study Design

The dose at which endotracheally instilled lidocaine pre-
vents endotracheal suctioning-induced ICP increase to
220 mmHg during endotracheal suctioning in 50% of the
patients (EDsq) was determined using Dixon’s up-and-
down method [2, 20]. Each patient was tested once, the
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study continued until lidocaine failed to prevent the
endotracheal  suctioning-induced ICP increase to
220 mmHg in 20 patients (crossovers). Lidocaine was
instilled at body temperature through a four French tube
inserted within the endotracheal tube at 1 ml/s rate. The
first patient studied received a dose of 2.0 mg/kg (2%
lidocaine solution), the dose for the next patient was
titrated upward (crossover) or downward with 0.5 mg/kg
steps according to whether the ICP increased behind the
predefined threshold of >20 mmHg. In order to avoid
leaving patients untreated, the minimal dose was defined as
0.5 mg/kg. During the study, patients were in the supine
position, with the head elevated 30° in the midline position
(Fowler position). After endotracheal lidocaine instillation
a 10 min interval was allowed before endotracheal suc-
tioning, no additional muscle relaxants or systemic
sedation were given. After 60 s of ventilation at 100%
FiO,, endotracheal secretions were suctioned in a single
pass using a closed endotracheal suctioning circuit (with a
16-F catheter, negative pressure of 100 mmHg, and total
duration of 30 s), FiO, was maintained at 100% for 30 s
after completing the endotracheal suctioning maneuver
then restored to the procedural (baseline) value.

The systemic and cerebral hemodynamic and ventilatory
effects of endotracheal lidocaine instillation were assessed
by recording HR, MAP, CPP, ICP, EtCO,, SpO,, and
VmMca at 5 time points: in baseline conditions, before (T1),
5 min (T2), and 10 min after endotracheal lidocaine
instillation (T3). The systemic and cerebral hemodynamic
and ventilatory effects of endotracheal suctioning were
assessed by measuring the same seven variables immedi-
ately before (T3), and within 1 min (at peak ICP, T4), and
5 min after endotracheal suctioning (T5).

Statistical Analysis

According to our previous experience, we determined that
a sample size of 20 patients in whom lidocaine failed to
prevent the endotracheal suctioning-induced cerebral
hemodynamic changes after a single suctioning (using
alpha and beta values of 0.05 and 0.2) would be required to
detect a clinically significant difference in the ICP increase
(230%) among the groups in whom lidocaine instillation
failed or succeeded. Data were entered into a database and
checked by double entry and visual inspection. Differences
in distribution were tested by the Student’s #-test for paired
values and by the Kruskal-Wallis test. The chi-squared test
or Fisher exact test was used for comparison between
categorical data. Unless otherwise indicated, results are
expressed as means and SD. P values <0.05 were consid-
ered statistically significant.

Results

A total of 41 patients with severe head trauma admitted to
the neurointensive care unit met an entry criteria and were
prospectively and consecutively enrolled, no patient was
excluded. Eighteen out of 41 patients enrolled in this study
had been associated to the head trauma and a chest trauma,
this might account for the limited increase in the Sp02 even
during 100% O2 ventilation. The associated brain injuries
included the following: cerebral contusions, epidural
hematoma, subdural hematoma and subarachnoid hemor-
rhage (Table 1). Of the 41 patients enrolled, 15 patients
were receiving dopamine in continuous infusion to main-
tain the CPP above the threshold of 70 mmHg.

In all enrolled patients endotracheal-suctioning before
lidocaine instillation—pre-enrollment test- lead to a signif-
icant ICP increase, behind the threshold of 20 mmHg,
associated to a reduction of CPP (mean ICP and CPP baseline
versus endotracheal suctioning 169 + 1.5 vs. 29.7 +
1.5 mmHg, p < 0.05; 74 + 6 vs. 63 + 8§ mmHg, p < 0.05).

Lidocaine instilled into the endotracheal tube did not
affect hemodynamic and ventilatory variables (Table 2, time
points 1-3), in 12 patients lidocaine instillation lead to
movements or cough but it was not associated ICP values
>20 mmHg. Neither arrhythmias nor ventilation abnormal-
ities developed after endotracheal lidocaine instillation or
during the study period. Overall endotracheal suctioning led
to a significant increase in the mean HR, ICP and Vyca,
while MAP and CPP remained constant (Table 2, time points
3 and 4). In the subgroup of 21 patients in whom lidocaine
effectively prevented endotracheal suctioning-induced
cerebral hemodynamic changes (ICP remained below the
threshold of 20 mmHg), both ICP and CPP remained
unchanged (Table 3, time points 3 vs. 4). In the subgroup of
20 patients in whom lidocaine instillation failed to prevent
the ICP increase to the threshold value of 220 mmHg, the
ICP was significantly higher during endotracheal suctioning
than before, but the CPP remained constant (17.2 vs.
25.8 mmHg; P < 0.05, and 73 vs. 70 mmHg, P = NS, by
paired Student’s r-test) (Table 3, time points 3 vs. 4).
Accordingly, the Dixon’s up-and-down test with the 20
crossovers yielded an EDsj of 1.7 + 0.3 mg/kg as lidocaine

Table 1 Patients demographics and clinical characteristics (n = 41)

Age (yr) mean + SD 437 + 16
Male sex 30 (73%)
Median GCS (range) on admission 7 (5-8)

Multiple contusions 16 (39%)
Subdural Hematoma 7 (17%)
Epidural Hematoma 12 (29%)
Subarachnoid hemorrhage 6 (14%)
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Table 2 Hemodynamic and ventilatory variables during the study period

Mean + SD Tl T2 T3 T4 T5

HR beats/min 80 + 14 78 = 16 76 + 14 84 + 14%* 77 =15
MAP mmHg 91 %6 93 %5 92 +4 95 +3 92 +4
CCP mmHg 74 =6 76 5 75+5 73+5 75 =4
ICP mmHg 169 = 1.5 169 = 1.5 168 £ 1.5 21.7 + 4.4% 174 £ 1.4
EtCO, mmHg 34+3 343 34+3 - 34+2
SpO,% 97 +£2 97 +2 97 £2 96 =3 97 +3
Vmca cm/sec 80 + 22 82 £ 16 77 =20 85 + 19%* 79 + 18

The systemic and cerebral hemodynamic and ventilatory effects of endotracheal lidocaine instillation were assessed by recording HR, MAP,
CPP, ICP, EtCO,, SpO,, and Vyca at 5 time points: in baseline conditions, before (T1), 5 min (T2), and 10 min after endotracheal lidocaine
instillation (T3). The systemic and cerebral hemodynamic and ventilatory effects of endotracheal suctioning were assessed by measuring the
same seven variables immediately before (T3), during and within 1 min (at peak ICP, T4), and 5 min after endotracheal suctioning (T5). Differed

significantly (*P < 0.01) between the time points T3-T4

Legend to Table 2: HR = Heart rate; MAP = Mean Arterial Pressure; CPP = Cerebral Perfusion Pressure; ICP = Intracranial Pressure;
ETCO,; = end-tidal CO,; SpO, = Arterial oxygen saturation; Vyca - mean cerebral blood flow. Time points: T1: baseline; T2: 5 min after
endotracheal lidocaine administration; T3: 10 min after endotracheal lidocaine administration; T4: during ETS; T5: 5 min after endotracheal

suction

Table 3 Cerebral hemodynamic variables ICP and CCP in the sub-
group of patients with and without endotracheal suctioning-related
ICP increase to >20 mmHg (Group cough/No cough)

GROUP T3 T4

Overall ICP 16.8 + 1.5 21.7 + 4.4%
No-ICP increase cases 16.8 £ 1.9 179 £ 1.3
ICP increase cases 172 £ 0.9 25.8 = 2.4%
Overall CPP 75«5 735
CCP in no-ICP increase cases 76 +3 76+ 3
CCP in ICP increase cases 74 +3 70 + 4%

Differed significantly (*P < 0.01) between the time point T3-T4.
CPP = Cerebral Perfusion Pressure; ICP = Intracranial Pressure

Time points: T3, 10 min after endotracheal lidocaine administration;
T4, during ETS

dose to instill in the endotracheal tube to prevent a endo-
tracheal suctioning ICP increase (Fig. 1).

Discussion

In this prospective, blinded clinical trial we originally
report the dose of lidocaine to be instilled into the endo-
tracheal tube to prevent ICP increase and to blunt cerebral
hemodynamic reactions related to endotracheal suctioning.
We have measured it in mechanically ventilated patients
after severe traumatic brain injury, whose cough reflexes
were still intact.

The prevention and treatment of ICP increase in patients
who have suffered severe traumatic brain injury is a corner
stone of neurocritical management [20]. Since all the
patients included in this prospective, blinded clinical trial
had an intact cough reflexes, we used a minimum dose of
0.5 mg/kg of lidocaine for ethical reasons. The overall HR
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Fig. 1 Series of lidocaine doses and crossover pairs. Lidocaine dose
(mg/Kg) of individual patients using the up-down sequential alloca-
tion technique

and ICP increases, and the ICP increased by more than
30% in the 20 patients in whom lidocaine failed to prevent
endotracheal suctioning-induced reactions, is new evidence
strongly supporting the advantages of preventing these
untoward reactions in mechanically ventilated patients
after severe head trauma whose cough reflexes are intact
[7, 15, 16]. Owing to the relatively small EDs, dose
(1.7 £ 0.3 mg/kg) of lidocaine to be instilled into the
endotracheal tube, we hypothesize that the effectiveness of
endotracheal lidocaine in preventing endotracheal suc-
tioning-induced cerebral hemodynamic changes primarily
depends not on the plasma concentration but on the direct
anesthetic effect on the tracheobronchial mucosa.

Study Limitations

In the clinical setting it is more useful to know the EDg,
(the dose that would effectively prevents endotracheal
suctioning-related ICP increase in 90% of the patients),
rather than the EDsy. We chose the Dixon’s up-and-down
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test because it allows to reliably calculate the EDsq in the
clinical setting and with a relatively small sample size [21,
22]. By determining the EDsq for lidocaine our results
helps to standardize the first dose of lidocaine to be
instilled (we suggest starting with the EDs, dose of 1.7 mg/
kg) to prevent endotracheal suctioning-induced ICP
increase in mechanically ventilated patients after severe
head trauma. The individual dose can be titrated by adding
the SD dose of 0.3 mg/kg. (statistical inference would lead
to an EDys by adding 2SD to the EDsg). An another limi-
tation of this study is that lidocaine instillation itself
sometime causes movements or cough, nevertheless this
reaction in our study was not associated to ICP increase
>20 mmHg. In order to minimize this reaction it is rec-
ommend to instill lidocaine at body temperature, slowly
(1 ml/s), and through a fine tube advanced into the endo-
tracheal tube within its length (avoid direct contact with the
mucosa at the tip of endotracheal tube).

Although none of our patients had adverse reactions to a
single instillation of lidocaine, whether this procedure
could be safely and advantageously used over a period of
days with the dose regimen needed to ensure adequate
prevention of endotracheal suctioning-induced cerebral
hemodynamic changes deserve further studies. Repeated
lidocane endotracheal instillation has the potential for local
and systemic toxicity, also these features should be moni-
tored. In our experience no evidence for local or systemic
toxicity arised from endotracheal lidocaine instillation.

Since lidocaine blunts cough reflexes it is possible that it
has some effects also on the clearance of secretion. We
have studied patients in the early phase after severe trau-
matic brain injury and have considered that an optimal
control of the ICP and CPP is the clinical priority. We
consider unlike that lidocaine might have increased the risk
of pneumonia because in these patient the presence of the
intratracheal tube “per se,” the use of mechanical venti-
lation, and sedation are far more active in reducing
clearance of secretion. Furthermore, according to our pre-
viously published experience the rate of infection in our
patients is relatively low and was further reduced over time
by the use of various intervention that included endotra-
tracheal lidocaine instillation [23].

In our experience lidocaine instillation into the endotra-
cheal tube in patients with severe head trauma also reduce the
need for sedatives and improve adaptation to mechanical-
ventilation by reducing airway reactivity but a dedicated and
quantitative evaluation of this effect deserves future studies.

Conclusion

Our study suggests that in patients with severe head
trauma, who are mechanically ventilated, lidocaine

instilled in the endotracheal tube effectively and safely
prevents endotracheal suctioning-related systemic and
cerebral hemodynamic changes and in particular the asso-
ciated increase in ICP and CPP reduction. The EDs, for
lidocaine that prevents endotracheal suctioning-reactions is
1.7 + 0.3 mg/kg. We suggest an endotracheally instilled
lidocaine as the first line therapy for preventing endotra-
cheal suctioning-induced changes in systemic and cerebral
hemodynamics in intubated patients, who have suffered
severe traumatic brain injury.
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