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ORIGINAL ARTICLE

|mmediate extubation in cardiac surgery:
evaluation using el ectroencephal ogram
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Abstract

Background and objectives. The current techniques of
anesthesia employed in cardiac surgery leading to immediate
extubation depend on adequate analgesia and titration of
anesthetic drugs. We sought to determine the best possible
moment of extubation, using the bispectral index of the
electroencephalogram.

Method: Twelve ASA |11 patients were analyzed. Seven
(58.4%) were children (Group 1), submitted to correction of
congenital cardiac defectswith agesranging from 0to 7 years.
Five adults (Group I1), with agesranging from 30to 75 years,
underwent coronary artery bypass grafts. In Group | spinal
anesthesia (L 5-S1) using hyper baric 0.5% bupivacaine (0.5mg/
kg) and mor phine (5ug/kg) was chosen. In Group |1 epidural
anesthesia (T3-T4) with catheter placement plus ropivacaine
(60mg) and mor phine (2mg) wer eemployed. For theinduction
of anesthesia fentanila (4pg/kg), muscle relaxant and
propofal (to bringthe bispectral index value down to 30) were
utilized. General anesthesia was maintained with
sevofluorane, maintaining the bispectral index value between
40 and 60. Extubation was programmed at a bispectral index
value of 90.
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Results: All patients were extubated up to one hour after
the end of the surgical procedure, 91.6% of them in the
operating room. All had the cognitive functions preserved
without history of explicit memory or pain (adultsand children
who wer e able to speak), nor facial expression of pain (small
children). Four (57%) patientsin Group | and one (20%) in
Group |l had post-operative pruritus. Two patients (28%) in
Group Il had emesis.

Conclusions: The results suggest that the technique
employed is safe and effective, as long as the criteria for its
use are strictly observed.

Descriptors: Electro-encephalography. Anesthesia.
Cardiovascular surgical procedures.

Resumo:

Introducdo: As técnicas empregadas em cirurgia car diaca
visando a extubagdo imediata (El) dependem de analgesia
adequada e titulacdo de drogas anestésicas.

Objetivo: A finalidade deste estudo é analisar a El,
utilizando €eletroencefalograma (indice bispectral - BIS) para
adequar o melhor momento de extubagéo.
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Método: Foram analisados 12 pacientes, ASA |11, 7 criangas
(Grupo I) 58,4%, com idades entre 0 e 7 anos, submetidas a
corregdo cirargica de cardiopatias congénitas e 5 adultos
(Grupo 1), com idades entre 30 e 75 anos, submetidos a
revascularizagdo do miocardio. No Grupo | realizou-se
raquianestesiaentre L5 e S1 com injegdo de mar caina pesada
(0,5 mg/kg) e morfina (5ug/kg). No Grupo Il realizou-se
bloqueio epidural entre T3 e T4, com introducao de cateter e
injecdo de 60mg deropivacaina e 2mg de morfina. Nainducao
da anestesia, empregamos: Fentanil 4 ug/kg, propofol até
BIS igual a 30 e relaxante muscular. A anestesia geral foi
mantida com sevoflurano para BIS entre 40 e 60. Foi
programada extubag&o quando o BI'S atingisse 90.

INTRODUCTION

In heart surgery, the use of the electroencephal ogram
(ECG) (bispectral index and 95% spectral margin frequency)
is not commonly applied to adults, and no works utilizing
ECG inpediatric heart surgery werefound. The ECG alows
us to maintain an adequate hypnotic state during surgical
procedures with a better titration of anaesthetic drugs|[1,2].
It also permits the evaluation of ischemic events with
repercussions at the central nervous system level, indirect
information of the quality of analgesia and a reduction in
the incidence of explicit memories in heart surgery,
principally when cardiopulmonary bypass (CPB) is used.

However, immediate extubation should be performed if
the per- and post-operative analgesic scheme is effective.
The advantages of analgesia include, apart from the
possihility of early extubation using ECG, a reduction of
the neuroendocrine response to trauma, improved
ventilation conditions particul arly in patientswho suffered
from previous pulmonary disease, as well as a reduced
time in the intensive care unit. The aim of this study isto
assess the possibility of immediate extubation (operation
room) with monitoring of the effectiveness of analgesiaby
ECG processed after the use a per- and post-operative
analgesia scheme.

METHOD

After approval from the ethics commission of the
institution was attained, 12 patients with ASA 111, were
enrolled in the study. These patients included 5 adults
with ages ranging from 30 to 75 years who underwent
coronary artery bypass grafting with CPB and 7 children
with ages varying from 0 to 7 years submitted to heart
surgery for the correction of congenital defects — Table
1. The patients were divided into two groups: Group | -
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Resultados: Todos os pacientesforam extubadosaté 1 hora
aposo término daoper acao, sendo 91,6% na saladeoper agdes,
com funcédo cognitiva preservada, sem historia de memoria
explicita, dor (adultos e criangas maior es) ou expressao facial
dedor (criancas menores). Cinglienta e sete por cento (4) dos
pacientesdo Grupo| e20% (1) Grupoll apresentaram prurido
e28% (2) Grupo | apresentaram vomitos.

Conclusfes. A técnica empregada mostrou-se segura e
eficaz, desde que observados critérios rigidos para sua
execucao.

Descritores: Eletroencefalografia. Anestesia.
Procedimentos cirdrgicos cardiovasculares.

children with analgesia achieved via a subarachnoid
block and Group Il — with analgesia achieved via an
epidural block.

Table1l. Group I: Congenital heart disease

Surgical procedures N°

Ventriculoseptoplasty
Atriosseptoplasty
OAVC-T correction

canal arterial correction

P PR NN

Glenn’s correction
N° = Number

In Group |, all the patients were pre-medicated with
midazolam (1 mg/kg) viaoral. Induction of anesthesiawas
performed with intravenousfentanyl 4 ig/kg, propofol until
abispectral index (BIS) of 30 was attained and cisatracurio
at 0.15 mg/kg intravenously (muscle relaxant). This was
followed by subarachnoid anesthesia with an injection of
marcaine at 0.5% body weight (0.5 mg/kg) associated with
morphine sulfate (51g /kg) and later the patient was placed
in the Trendelenburg position during 15 minutes.

In Group I, the patients were pre-medicated with
intramuscular midazolam (0.1 mg/kg) and were submitted to
epidural anesthesiabetween T2 and T3, with an injection of
1% ropivacain (60 mg), associated with morphine sulfate (2
mg). This was followed by general anesthesia with
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intravenous fentanyl at 4 ig/kg, propofol until a BIS of 30
was reached and cisatracurio at 0.15 mg/kg intravenously.

Generd anesthesia, in both groups, was maintained using
sevoflurane (before and after CPB) and propofol (during
CPB) —Table 2, adjusted to maintain the BI S between 40 and
60 and the 95% spectral margin frequency (SEF) between 10
Hz and 14 Hz, with ECG suppression events being recorded
as a rate. Tachycardia and arterial hypertension events
without increases in the BIS values were treated with beta-
blockers and/or vasodilators (nitroglycerine). Elevationsin
the BIS without corresponding hemodynamic variations
were treated by improving the hypnotic component of the
anesthesia through the inhalation agent.

Table2. Anesthetic drugs- technique protocol

Group | Group |1

Pre-anesthesia

Midazolam 1 mg/kg via ora Midazolam 0.1 mg/kg

intramuscular

Block
Subarachnoid Epidural
Marcaine 0.5% heavy (0.5 mg/kg) Ropivacaina 1% (60 mg)
Morphine sulfate 5 pg/kg Morphine sulfate 2 mg
Trendelenburg 15 minutes

Induction
Fentanyl 4 ug/kg intravenous Fentanyl 4 ug/kg intravenous
Propofol to BIS 30 Propofol to BIS30
Cisatracurio 0.15 mg/kg Cisatracdrio 0.15 mg/kg
intravenous intravenous

M aintenance

Sevoflurane/ Propofol* Sevoflurane / Propofol*
BIS: 40-60 BIS: 40-60
95% SEF:10 — 14 Hz 95% SEF:10 — 14 Hz

* Utilized only during CEC.

In the operating room, the patients were monitored by
means of: the mean invasive arterial pressure, heart beat,
peripheral saturation of the hemoglobin, cardioscopy,
nasopharygeal temperature, capnography, Bl Sand 95% SEF
utilizing a specific monitor (Aspect A-2000 —version 2.0°),
with an adapted sensor for the following points (f8, Fz and
Fpl) — Figure 1. BIS values of 40 and 60 and SEF values
between 10 Hz and 14 Hz for the per-operative period and
BIS greater or equal to 90 and 95% SEF greater than 20 Hz
for tracheal extubation were considered adequate.

Thetimefor tracheal extubation, considered asthetime
from the interruption of inhalation anesthesia (end of
thoracotomy synthase) until obtaining satisfactory
conditions for extubation, was recorded. These conditions
were gasometric and el ectrolytic datawithin the satisfactory
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Fig. 1—International systemof the placing of the electrodes. Nasal:
point sited inthe middle of the nasofrontal suture. Fp,: Left frontal
pole. Fp,: Right frontal polo. F7 and F3: |eft frontal points. F4 and
F8: right frontal points. Fz frontal reference.

normal range, hemodynamic stability without theuse or with
minimum doses of vasoactivedrugs, BIS> 90, 95% SEF > 20
Hz, spontaneous respiration, absence of pain, normothermia
and hemoglobin levels > 10 g/dL. The cognitive function
was eva uated by the triple orientation test? — (Group 1), at
minute intervals after tracheal extubation requesting the
patient to respond to three questions. age, name and to
name a part of the body.

Also the time of ICU stay and post-operative
complications (vomiting, pruritus, urine retention,
paresthesia, respiratory depression, infection at the
puncture site of the anesthetic block and re-intubation) were
recorded. Pain was evaluated by the facial pain expression
scalein Group | and linear analogous scale (zero to ten) in
Group |1, where zero is no pain and ten intense pain.
Exclusion criteriaincluded: the presence of a pre-operative
coagulopathy, central nervous system disease,
thrombocytopenia, severe spina deformity and systemic or
local infection which did not permit epidural or spinal
anesthesia blocks.

The statistical analysis employed was variance analysis
according to the model of repeated measurements, with
application of the Tukey test for the comparison of
measurements between the two groups, in respect to the
following items: 1) Timefor tracheal extubation, 2) duration
of CPB and 3) timeof stay inthel CU. Where p-values< 0.05
were considered significant.

RESULTS

The demographic data are demonstrated in Table 3.
During the surgical procedures no suppression was seen
on the ECG (Suppression rate = 0). In group |, the mean
tracheal extubationtimewas 19.8 + 1.4 minutesand in Group
[litwas23+ 8.2 minutes (p-vaue< 0.05). Duration of CPB
was 62.6 + 19.96 and 85 + 19 minutes in Groups | and 11
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Table 3. Demographic Data

Variables Group | Group 11
Age (years)* 245+36 5222+94
Weight (kg)* 111+71 7020+7.4
Gender (Male/ Female) 4M/3F 2F/3M

*mean * standard deviation

respectively (p-value < 0.05). No positive scores of pain
were evidenced in the immediate post-operative period
when assessed based on the criteria previously described
in thiswork.

Evaluation of the cognitive function based on the triple
orientation test, utilized in Group |1, was satisfactory in all
the cases one minute after tracheal extubation. Urine
retention, paresthesia, respiratory depression, infection
(puncture), and re-intubation were not observed. The post-
operative complicationsarelisted in Table 4. Themean ICU
stay timewas 31.57 + 14.32 hoursfor Group | and 33.6 + 10.0
hoursfor Group |1 (p-value>0.05).

Table 4. Post-operative complications

Complications Group | Group Il

Vomit 28% (2) 0

Pruritus 57% (4) 20% (1)
COMMENTS

Since the middle of the 1980s, there has been a
progressive change in the attitudes relating to the per-
operative period of all operations from the smallest to the
greatest [3,4]. This change is related to an adoption of
institutional policies, primarily aiming at areductioninthe
costs of procedures and maximizing the utilization of
operation rooms and the beds in the intensive care and on
the hospital ward. With these priorities in mind,
institutional multidisciplinary committeeswere created with
the task of planning and organizing the proceduresin such
away asto achieve the af orementioned objectives, through
what became known as fast-track protocols. Such
committees also supervised the execution and control of
rendered services [5,6].

In larger surgeries, especially those traditionally
associated with prolonged post-operative mechanical
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ventilation, the greatest goal has been to reduce the post-
operative mechanical ventilation time, thus minimizing its
adverse effects and reducing the time spent in the ICU.
These adverse effects can be infectious or non-infectious
(polyneuropathy, volutrauma, barotrauma, atelectatic
trauma, biotrauma, bronco-trauma and toxicity caused by
oxygen). Some studies have demonstrated that these two
factorsareresponsiblefor asubstantial reduction of hospital
costs and contribute, in the absence of post-operative
complications, to reducethetime of hospital stay of patients
submitted to major surgeries[7-10].

Anesthesiol ogists have a fundamental role to play in
the success of fast-track protocols, as they are
responsible for early extubation and for the treatment of
post-operative pain.

Early extubation occurs in the first six post-operative
hours and immediate extubation is defined as occurring
inside the operation room. Extubation that occurs after eight
to ten hours in the post-operative period is considered late.

Immediate and early extubation have been successfully
performed in severa types of major surgeries, such as
thoracic [11,12] abdominal aorta [13], oesophagectomy
[14,15], major orthopedic surgeries [16] and liver
transplantation [17]. The benefits for the patients of fast-
track recoveries include a lower rate of respiratory
complications and hyperhydratation. These advantages
have been converted in reduced staysin the ICU, aswell as
earlier mobility, feeding and hospital release. Additionaly,
these advantages are due to the implantation of clinical
protocols which include the association of different types
of anesthesia, the use of hemodilution, antifibrinolytic
agents, prevention of hypothermia and hyperhydratation, a
better gasometric control and other pharmacological and
physiotherapeutic measures with the aim of accelerating
post-operative recovery.

In no field has fast-track recovery been more adept
thanin cardiac surgery, for CABG and valve and congenital
procedures. However, it is important to stress that to use
this technique, we need to employ two important
procedures: 1. An efficient scheme of per- and post-
operative analgesia, which in this work were epidural and
subarachnoid blocks, which act to reduce the stress and
reduce the morbid-mortality associated with cardiac
surgery [18-21] and 2. Electroencephal ographic monitoring
of the depth of anesthesia, focusing on three control
variablesd). the BIS, b). the 95% SEF and c). an estimate of
the burst suppression ratio.

Electroencephal ographic monitoring of the depth of
anesthesiais an old concept based on the depressor effects
of inhalation anesthetics on the central nervous system.
When the dose of the inhalation anesthetics increases, there
is a progressive loss of consciousness and somatic
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suppressions and the autonomic responses and harmful
stimuli. EEG has been studied very much and a number of
signals that were processed was developed to facilitate its
interpretation [22]. An extensive database of highly reliable
EEG readings has been formed over the years, originating
from patients submitted to one of the following anesthetic
regimens: isoflurane/02, propofol/N20, propofol/afentanil/
N20, propofol/regional and midazolam/regional.

EEG measurements of sedation were developed based
on the observation that the EEG of the patient generally
changes from a high frequency signal with low amplitude,
when wide awake, to a low frequency signal with great
amplitude when profoundly anesthetized. In very high
doses, all the activity can disappear, leading to anisoelectric
EEG (suppressed) —Fig. 2.

BETA (13-30Hz)
(Awake and dlert)

ALFA (8-13Hz)
(closed eyes, relaxed)

TETA (4-7Hz2)

DELTA(0-4Hz)
(deep sleep, deep sedation)

Suppression event
(Very deep sedation, hypothermia and ischemia)

Fig. 2 - Types of EEG waves according to the frequency band.

Asin al signals, EEG can be split down to a series of
components of sinusoid waves in a way that when the
components are rejoined, the original signal is recovered.
The break down of an EEG signal istypically madewith the
intention of characterizing the signal by aunique number or
set of numbers which enables observations of a tendency
over time. Thesenumbersare called “ processed parameters’.
The majority of EEG processed parameters used today, are
based on atechnique called “potential spectrum analysis’,
which represents the amplitude or potency of each one of
the components of the sinusoid waves as a function of the
frequency. A very common parameter, destined to accompany
the alterations that occur with the deepening of hypnosis,
iscalled the* 95% spectral margin frequency”. Thisconsists

Fig. 3A - 95% SEF (CSA).

Fig. 3B — 95% SEF (DSA).

of alow frequency, the potency spectrum of which contains
95% of thetotal potency of the EEG (Figures 3A and 3B).

The bispectral analysis is a method that examines the
relationship between the components of the wave or its
formation in pairs. Asit is related to the potency spectrum
analysis, it extracts extra data about the signal generation
process. Aspect medical Systems® reduced, by means of a
sophisticated algorithm, the complex sets of data generated
by spectral analysis, creating a compound and numerical,
bispectral Index [23], capable of accompanying alterations
of the cerebral state (Figure 4 and Table 5).

This study shows that, observing established
parameters, the program for immediate extubation after heart
surgery is safe as long as certain conditions are followed.
These include el ectroencephal ographic monitoring and that
the general anaesthetic isassociated with aconductive block
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(subdural or epidural), with lower risks associated to
mechanical ventilation (both hemodynamicsand pulmonary)
[24,25], apart from areduction in the ICU stay (observedin
Groups | and I1). Thiscan imply areduction in costsin this
unit, which was demonstrated by Cheng et a. [26]. Hammer
et a. [18], in arecent study, obtained an average UTI stay,
for the pediatric population submitted to heart surgery of
43.2 + 3.6 hours. These data differ from the results obtained
inthiswork inrelationto group | (children), which presented
amean UTI stay of only 31.57 + 14.32 hours. However, the
authors did not utilize electroencephal ographic monitoring,

|
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Fig. 4 - BIS(Bispectral Index).

Table 6. Relation between the clinical state of the patients and
BIS, dtered for the use of hypnotic sedatives.

BISLevel Clinical Condition EEG
100 Awake
80-70 Sedated High frequency activity
60 moderate hypnotic state  Low frequency activity
40 deep hypnatic state suppression of parts of EEG
0 isoelectric EEG Total suppression

which may be an important factor, which differentiates the
two investigations.

Statistical analysis of the tracheal extubation times,
despite showing a significant difference between the two
groups (Gl =19.8+ 1.4 minutesand Gl = 23.0 + 8.2 minutes
—p-value<0.05),isclinicaly irrelevant. Thus, we conclude
that the method is safe and efficient, aslong asrigid criteria

for its use are observed.
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