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Effects of Epidural Bupivacaine on the Doses of
Propofol, Alfentanil, Vecuronium, and
Neuromuscular Block: A Prospective

Randomized, Single-Blind Clinical Study

AABBSSTTRRAACCTT  OObbjjeeccttiivvee::  This study was planned to ascertain the effects of epidural bupivacaine on the doses of propo-
fol, alfentanil and vecuronium used for the maintenance for general anesthesia in patients receiving thoracic epidural
anesthesia (TEA) combined with total intravenous anesthesia (TIVA) in thoracic surgery. In addition, the impacts of
TEA on duration, intensity, reversal and the characteristics of residual block related to vecuronium-induced neuro-
muscular blockade was investigated. MMaatteerriiaall  aanndd  MMeetthhooddss::  Thirty patients scheduled for thoracic surgery were ran-
domly assigned into two groups. Group 1 received TIVA combined with TEA, whereas Group 2 obtained TIVA
solely. Epidural bupivacaine (0.375%) was given 6 mL/h following 1.5 mL/segment bupivacaine (0.5%) bolus in
Group 1. General anesthesia was provided with propofol, alfentanil and vecuronium in both groups. Propofol dose
was adjusted to maintain bispectral index (BIS) value between 45 and 60, whereas alfentanil dose was titrated ac-
cording to the hemodynamic parameters. Following neuromuscular monitoring and stabilization of response to the
neuromuscular stimulus, 0.1 mg/kg vecuronium was injected intravenously in 5 seconds. The responses to train of
four (TOF) stimulation (TOF1 and TOF2), posttetanic count (PTC), and TOF rate (TOFR) values were recorded. The
neuromuscular blockade was reversed after closure of surgical incision and the fourth response to TOF during re-
covery. The residual block was assessed in surgical intensive care unit for 30 minutes. RReessuullttss::  Alfentanil amount used
in the maintenance was significantly less in Group 1 compared to Group 2 (p<0.05), whereas there was no difference
between the groups for propofol and vecuronium doses (p>0.05). There was no statistically significant difference be-
tween the groups with respect to the onset time of vecuronium, TOF1 time following induction, and duration of the
clinical effects of vecuronium used for induction and maintenance (p>0.05). CCoonncclluussiioonn::  It was demonstrated that
epidural bupivacaine decreased the requirement of alfentanil without alterations in propofol and vecuronium doses
in patients undergoing thoracic surgery in our study. We also suggest that in the present dose, epidural bupivacaine
has no effect on duration, intensity, reversal or the characteristics of residual block related to vecuronium-induced
neuromuscular blockade. 

KKeeyy  WWoorrddss::  Anesthesia, general; methods; anesthesia, epidural; anesthetics, local; bupivacaine; 
monitoring, intraoperative; neuromuscular blockade; vecuronium bromide; transmission

ÖÖZZEETT  AAmmaaçç::  Bu çalışma, toraks cerrahisinde total intravenöz anestezi (TİVA) ile kombine torakal epidural anestezi
(TEA) uygulanan hastalarda epidural bupivakainin, anestezi idamesinde kullanılan propofol, alfentanil ve veküron-
yum dozlarına etkisini belirlemek için planlandı. Ayrıca TEA'nın, veküronyuma bağlı gelişen nöromusküler blok
süresi, derinliği, geri döndürme ve rezidüel blok karakteristikleri üzerine etkileri araştırıldı. GGeerreeçç  vvee  YYöönntteemmlleerr::
Toraks cerrahisi planlanan 30 hasta rastgele iki gruba ayrıldı. Grup 1’e TİVA ile kombine TEA, Grup 2'ye yalnız
TİVA uygulandı. Grup 1’deki hastalara epidural bupivakain (%0,5, 1,5 mL/segment) puşeyi takiben %0,375 bupiva-
kain, 6 mL/sa hızda infüze edildi. Genel anestezi her iki grupta propofol, alfentanil ve vekuronyum ile sağlandı. Pro-
pofol dozu hedef bispektral index (BIS) değeri 45-60 olacak şekilde, alfentanil dozu hemodinamik değişikliklere göre
ayarlandı. Nöromuskuler monitörizasyon sonrası nöromusküler uyarıya sabit yanıt alınmaya başladığında 0,1 mg/kg
veküronyum 5 sn’de verildi. Dörtlü uyarıya alınan yanıtlar (TOF1 ve TOF2), posttetanik sayım (PTC), TOF oranı
(TOFR) değerleri kaydedildi. Derlenme sırasında; cerrahi insizyon bittiğinde ve TOF’a 4. yanıttan sonra nöromus-
küler blok geri çevrildi. Cerrahi yoğun bakımda 30 dk süreyle rezidüel blok değerlendirildi. BBuullgguullaarr:: Grup 1’de kul-
lanılan idame alfentanil dozları Grup 2 ile karşılaştırıldığında, istatistiksel olarak anlamlı derecede azaldığı (p<0,05),
propofol ve veküronyum dozları arasında fark olmadığı bulunmuştur (p>0,05). Gruplar arasında vekuronyumun etki
başlama süresi, indüksiyon sonrası TOF1 süresi, indüksiyon ve idame kas gevşeticilerin klinik etki süreleri açısından
farklılık bulunmamıştır (p>0,05). SSoonnuuçç:: Çalışmamızda; toraks cerrahisi uygulanan olgularda, epidural yolla verilen
bupivakainin, alfentanil ihtiyacını azalttığı; propofol ve vekuronyum dozlarını değiştirmediği bulundu. Yine bu çal-
ışmadaki dozlarda epidural bupivakainin; veküronyuma bağlı gelişen nöromusküler bloğun süre, yoğunluk, geri dön-
dürme ve rezidüel blok karakteristikleri üzerine etkisi olmadığı gösterildi.

AAnnaahhttaarr  KKeelliimmeelleerr:: Anestezi, genel; yöntemler; anestezi, epidural; anestezikler, lokal; bupivakain; 
monitörize etme, operasyonda; nöromüsküler blokaj; vekuronyum bromür; iletim
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he state of general anesthesia has two major
components. First is the defeat of con-
sciousness and recall, which is found to cor-

relate with the bispectral index (BIS). The second
component is suppression of reflex responses (so-
matic, motor, hemodynamic or endocrine) to a
noxious stimulus. During unconsciousness, a nox-
ious stimulus may result in awakening. The nox-
ious stimulus could be kept from reaching superior
centers by opiates, hypnotics and local anesthet-
ics. The level of consciousness, and the BIS, is af-
fected by a painful stimulus and this response is
suppressed by an opioid or an increasing concen-
tration of propofol. 1 

Epidurally administered bupivacaine is consid-
ered to provide an excellent analgesia at the opera-
tion field in addition to muscle relaxation by
neuraxial blockade.2 General anesthesia combined
with epidural anesthesia could decrease the side ef-
fects by creating reduced requirement of the anes-
thetic agents and potentiating the positive
impacts.3-5 Several mechanisms have been suggested
for interaction of local and general anesthetics. One
of these is the inhibition of the tonic afferent spinal
nerve signaling to the brain and spinal cord above
the level of neural blockade by epidurally given
local anesthetic.6 The other mechanism is inhibi-
tion of neurotransmission in the nerves by local
anesthetics and propofol.7 To our knowledge, there
are limited number of studies indicating that
epidural local anesthetics decrease maintenance
dose of propofol, opioid and muscle relaxants.

We designed this study to investigate whether
thoracal epidural anesthesia (TEA)  combined with
total intravenous anesthesia (TIVA) decreases the
requirement of intravenous (IV) anesthetics in tho-
racic surgery. In addition, we wanted to investigate
whether epidural bupivacaine altered duration, in-
tensity and the reversal characteristics of vecuro-
nium-induced neuromuscular blockade (NMB). 

MATERIAL AND METHODS 

Thirty adults, in American Society of Anesthesiol-
ogists physical status I-II, that scheduled for elec-
tive thoracotomy were randomly assigned to two

groups by sealed envelope method after the ap-
proval of institutional Human Investigation Ethics
Committee (decision number:107/1, 3.2.2006) and
obtaining informed consents from the patients.
Group 1 (no: 15) received TEA combined with
TIVA, and Group 2 (no: 15) had TIVA alone. 

The present prospective and single-blind clin-
ical study was in compliance with the principles of
good clinical practice those applied at the pharma-
codynamic studies of neuromuscular blocking
agents.8,9 The patients with 30% more or 70% less
than ideal body weight were excluded. Patients
with neuromuscular, cardiac, hepatic or renal dis-
orders and those taking glucocorticoid or drugs af-
fecting neuromuscular conduction were excluded
from the study.8-10 All drugs were used on-label
doses. The patients were premedicated with mida-
zolam (Dormicum®, 5 mg/5 mL, Fontenay, France
in the name of Switzerland) 0.06 mg/kg and at-
ropine 0.05 mg/kg intramuscularly, 45 min before
operation. 

The patients in Group 1 were given colloid so-
lution 15 mL/kg/h initially. The epidural catheter
was inserted through thoracic 7-8 or 8-9 interver-
tebral space, using loss of resistance method, with
the patients in a sitting position. Motor blockade
was evaluated by Bromage scale following test dose
of lidocaine HCL (2%, 3 ml). After 20 minutes, sen-
sory blockade was assessed using pin-prick test. 

Electrocardiogram, peripheral O2 saturation
(SpO2), blood pressures, heart rate (HR), central ve-
nous pressure and end-tidal carbon dioxide
(ETCO2) were monitored, and arterial blood gases
were analyzed hourly during operations.  Periph-
eral temperature was monitored by skin probes.
NMB was monitored by a nerve stimulator, Train
of Four (TOF) Watch (TOF-Watch-SR NV
Organon, Oss, The Netherlands) during the opera-
tion. The skin was cleaned and dried before the
TOF Watch electrodes were adhered.8 BIS (model
A-XP; Aspect Medical Systems, Natick, MA) elec-
trodes were also connected before the induction of
anesthesia. 

Epidural loading dose of bupivacaine (Mar-
caine, 5 mg/mL, Astra Zeneca, Turkey) (0.5%, 1.5
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mL/segment) was given to affect 5 segments in
Group 1. Bupivacaine dose was adjusted to height
and age of the patients as follows: it increased by
0.1 mL/segment for each 5 cm above 150 cm, and
decreased by 0.1 mL/segment for each 10 years
above 40 years. 

Anesthesia was induced with iv 20 mcg/kg
alfentanil (Rapifen, 0.5 mg/mL, Janssen, Belgium)
and 2 mg/kg propofol (Propofol, 10 mg/mL, Frese-
nius, Sweden) in all patients. Then accelerometer
device was operated and the patient was ventilated
with a mask until stable response to the single stim-
uli (1 Hz) was observed. In the maintenance, TIVA
with IV propofol (140 mcgr/kg/min) and alfentanil
(1 mcgr/kg/min), and TEA with epidural bupiva-
caine (0.375%, 6 mL/h) infusions were started in
Group 1. First, stable muscle response was decided
by receiving similar responses above 90%.8 Then,
supramaximal response was obtained and calibra-
tion was performed. Finally, 0.1 mg/kg vecuronium
was given and the measurements were recorded.
Duration of the single response to TOF defined as
the onset time and tracheal intubation was per-
formed. The maintenance of anesthesia was pro-
vided with propofol and alfentanil infusions in
Group 2. 

Propofol dose diminished to 100 mcgr/kg/min
10 minutes after induction. Posttetanic count
(PTC) was controlled every 10 minute-period
without response to TOF. After at least 8 responses
to PTC, TOF responses were controlled again.
When TOF 2 response occurred or diaphragm con-
traction was seen, 0.04 mg/kg vecuronium bromide
(Norcuron, 10 mg, Organon, Netherlands) was ad-
ministered in the anesthesia maintenance of both
groups. 

Target BIS value was defined between 45 and
60. Propofol infusion was adjusted to maintain bis-
pectral index value. The propofol dose was de-
creased (20 mcg/kg/min) if BIS value was less than
45 for longer than 5 minutes, and it was increased
(20 mcg/kg/min) if BIS value was more than 60.
Alfentanil infusion rate was increased by doses of
0.25 mcg/kg/min when HR increased as 30% of the
basal value (without hypovolemia) or mean arte-

rial pressure (MAP) increased as 20% of the initial
value. When HR was less than 45 beat/min for
more than 5 minutes or below 40 beat/min at any
time, it was planned to apply atropine 0.5 mg IV. It
was designed to augment the infusion rate of ringer
lactate primarily, and then administer ephedrine
10 mg IV when MAP was below 60 mmHg for 5
minutes. If bradycardia or hypotension persisted,
atropine or ephedrine was repeated. In the case of
no response, opioid infusion rate was decreased by
doses of 0.25 mcg/kg/min. 

The routine ventilation strategy (tidal volume:
8 mL/kg, respiratory rate is adjusted to maintain
ETCO2 between 30 and 35 mmHg) was performed
and oxygen 100% was used during one-lung venti-
lation in the present study. The peripheral temper-
ature was kept above 32oC. 

Alfentanil infusion was terminated 15 minutes
prior to the end of surgery whereas propofol and
epidural bupivacaine infusions ended 5 minutes be-
fore the surgery was completed. For the purpose of
NMB reversal, 30 mcg/kg neostigmine and 0.01
mg/kg atropin were given after 4th response to TOF
during recovery. The trachea was extubated after
observation of 0.80 response to TOF, and this time
was recorded as recovery time. The patients were
admitted to surgical intensive care unit (SICU) after
the response to TOF became >0.90.8 In SICU, TOF
was controlled every 10 minutes for 30 minutes,
comparing the NMB levels, residual curarization
was examined in both groups. Total requirement of
the anesthetic drugs were calculated in mg/kg/h,
and difference was assessed between the groups.

Systolic arterial pressure (SAP), diastolic arte-
rial pressure (DAP), MAP, HR, SpO2, ETCO2, BIS,
and peripheral temperature were recorded
throughout the operation, until train of four rate
(TOFR) was measured as 90% at the end. 

In the assessment of NMB, onset time (the
time beginning from the administration of muscle
relaxant to the moment that one response was ob-
served to TOF), clinical effect time (the time be-
ginning from the administration of muscle relaxant
to the moment that TOF 2 response and diaphragm
contraction was seen), PTC number (counts with
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intervals of 10 minutes after muscle relaxant), du-
ration TOF 0.9 (Start point: time after injection of
the last maintenance dose of muscle relaxant, End-
point: recovery of TOF ratio to 0.90), TOFR 25-80
time (the time beginning from the TOFR of 25% to
the moment that TOFR became 80%), and reversal
time (the time beginning from the neuromuscular
antagonism to the moment that TOFR became
80%) were evaluated.9

STATISTICAL ANALYSIS

Assuming that epidural administration of bupiva-
caine will reduce the requirement of anesthetics by
30%, power analysis with alpha 0.05, powero ex-
clude any dropouts, we included 15 patients in
each group.2

Data were recorded to a PC and analyzed using
“SPSS for Windows 11.0” software. Chi-square (χ2)
was used to test the difference between the groups
for categorical variables. Normality of the distribu-
tion of numerical variables was evaluated by
Shapiro-Wilk test. Difference between the two
groups was compared with independent sample t-
test and Mann Whitney U test for normally and
non-normally distributed variables, respectively. A
p value of <0.05 was considered as statistically sig-
nificant. 

RESULTS

Patient characteristics and duration of the opera-
tion are summarized at (Table 1). There was no sta-
tistically significant difference between two groups
with respect to demographic data and operation
duration, and both of the groups were homoge-
neous (p>0.05).

Regarding the peripheral temperatures, there
was no statistically significant difference between
the groups during the operation (p>0.05). The pe-
ripheral temperatures were higher than 32oC in all
patients. 

In comparison between the groups, SAP value
on the 10th min of induction was significantly
lower in Group 1 (p=0.034). DAP value on the 10th

min of 2nd maintenance of vecuronium was signif-
icantly lower in Group 1 compared to Group 2

(p=0.017) (independent samples t-test and  Mann
Whitney U test was used). 

Two patients from Group 2 received IV
ephedrine due to hypotension that was not persist-
ent. We did not find statistically significant differ-
ence between the groups in HR values (p>0.05). 

There was no statistically significant differ-
ence between two groups with regard to onset
time, induction TOF1, and clinical effect times of
vecuronium (Table 2) (p>0.05). There was no sta-
tistically significant difference between the groups
for PTC values (Table 3) (p>0.05). 

There was no statistically significant difference
between the groups in the time for the existence of

Group 1 (n=15) Group 2 (n=15) p

Age (years) 35.67±13.24 40.27±10.83 0.307*

Weight (kg) 72.8±14.44 68.73±8.6 0.357*

Height (cm) 167.13±10.26 167.6±8.5 0.893*

Gender (Female/Male) 6/9 6/9 1.000**

Operation duration (h) 3.04±1.05 2.83±0.96 0.571*

TABLE 1: Demographic data and duration of the 
operation (Mean±SD).

*: independent samples t-test; **: Chi-square test.

Timing of neuromuscular 

blockage (min) Group 1 (n=15) Group 2 (n=15) p

Onset time 3.28±1.25 3.12± 0.72 0.917*

TOF1 after induction 30.02±9.16 31.83±8.88 0.820*

Clinical effect time of 38.06±9.69 37.64±10.57 0.793*

induction 

Clinical effect time of 32.78±10.84 31.83±10.32 0.920*

1st maintenance 

Clinical effect time of 36.35±13.54 36.26±15.91 0.819*

2nd maintenance

Clinical effect time of 38.4 (24.5-67.0) 39.9 (23.7-48.0) 0.897**

3rd maintenance

Clinical effect time of 29.0 (18.0-40.0) 39.4 (36.2-44.3) 0.355**

4th maintenance

Clinical effect time of 36.25±12.23 37.73±11.09 0.732*

5th maintenance

TABLE 2: Onset time, induction TOF1, clinical effect
time of induction and clinical effect time of maintenance
with muscle relaxants [Mean±SD or Median (Min-Max)].

*: independent samples t-test; **: Mann Whitney U test.



Turkiye Klinikleri J Med Sci 2013;33(2)

Karlılar ve ark. Anesteziyoloji ve Reanimasyon

310

TOF1, during recovery, after induction and main-
tenance with muscle relaxant agent (Table 4) (p=
0.360). 

There was no statistically significant difference
between the groups in duration TOF 0.9, TOF 25-
80 time, reversal time, and TOFR values on the 10th,
20th and 30th minutes in SICU (Table 5) (p=0.714). 

Residual block was found approximately in
30% of the patients according to TOFR in SICU.
The residual block rate increased on 10th minute,
and then decreased gradually (Table 6). Additional
neostigmine and atropin were administered to the
patients with residual block. None of the patients
developed postoperative complications related to
residual block. 

In our study, maintenance muscle relaxant
was administered after TOF 2 response or di-
aphragm contraction. Before maintenance dose was
administered, TOF 2 response was received alone
in 71 of 96 measures (74%) while in 25 measures
(26%), diaphragm contracted.  TOF 2 response ex-
isted simultaneously with diaphragm contraction
during 15 of 25 measures. TOF1 response was seen
in 17 of 25 measures with diaphragm contraction
whereas diaphragm contracted without TOF2 and
TOF1 responses in 8 measures. 

PTC value 

(over 15 stimulus) Group I (n=15) Group II (n=15) p

1PTC 10 2 (0-15) 0 (0-15)7 0.135*

1PTC 20 2 (0-13) 1 (0-5) 0.074*

2PTC 10 2,5 (0-15) 3 (0-12) 0.674*

2PTC 20 8 (0-15) 6 (0-15) 0.235*

3PTC 10 4 (0-15) 3 (0-14) 0.883*

3PTC 20 3,5 (0-15) 7 (0-15) 0.790*

4PTC 10 1 (0-15) 2 (0-10) 0.758*

4PTC 20 3 (0-15) 5 (0-15) 0.626*

5PTC 10 5 (0-13) 3 (0-11) 0.716*

5PTC 20 8,5 (3-15) 8 (0-15) 0.592*

6PTC 10 7,5 (1-14) 1 (0-3) 0.374*

6PTC 20 6 (6-6) 1 (1-12) 0.637*

TABLE 3: Posttetanic count values on the 10th and 20th

minutes of induction and maintenance with 
muscle relaxant agent [Median(Min-Max)].

*: Mann Whitney U test.
PTC: Posttetanic Count; 1PTC10, 20: PTC values of 10th and 20th minutes after the in-
duction, 2PTC10, 20: 10th and 20th minutes PTC values  after 1st maintenance muscle
relaxant, 3PTC10, 20: 10th and 20th minutes PTC values after 2nd maintenance muscle
relaxant, 4PTC10, 20: 10th and 20th minutes PTC values after 3rd maintenance muscle
relaxant, 5PTC10, 20: 10th and 20th minutes PTC values  after 4th maintenance muscle
relaxant, 6PTC10, 20: 10th and 20th minutes PTC values after 5th maintenance muscle
relaxant.

Time for the existence of 

TOF1 (min) Group 1 (n=15) Group 2 (n=15) p

Induction TOF1 30.02±9.16 31.83±8.88 0.587*

1st maintenance TOF1 24.91±8.15 24.39±8.15 0.868*

2nd maintenance TOF1 27.72±10.69 25.89±10.40 0.663*

3rd maintenance TOF1 30.89±12.43 26.95±7.07 0.390*

4th maintenance TOF1 23.18 26.00 0.431**

(16.80-38.00) (20.00-40.50)

5th maintenance TOF1 23.38 34.43 0.248**

(17.00-29.75) (22.50-38.07)

TABLE 4: Time for the existence of TOF1 during 
recovery after induction and maintenance with muscle

relaxant agent [Mean±SD or Median (Min-Max)]. 

*: independent samples t-test; **: Mann Whitney U test.

Group 1 (n=15) Group 2 (n=15) p

Duration TOF 0.9 60.16 58.61 0.373*

(27.50-96.00) (40.16-85.16)

TOF 25-80 (min) 5.98 (2.0-15.0) 5.30 (3.0-20.0) 0.934*

Reversal time (min) 8.82 8.59 0.330*

(2.17-25.00) (2.87-33.39)

TOFR in SICU (10th min) 96 (60-100) 91 (55-100) 0.154*

TOFR in SICU (20th min) 96 (70-100) 94 (75-100) 0.582*

TOFR in SICU (30th min) 100 (86-100) 96 (84-100) 0.205*

TABLE 5: Duration TOF 0.9, TOF 25-80 time, 
reversal time, and TOFR values [Median(Min-Max)]. 

*: Mann Whitney U test.

Ratio of the patients with 

TOFR < 90% to total number and 

the lowest TOFR values Group 1 (n=15) Group2 (n=15)

Ratio of 10th minute 26% 40% 

(and the lowest TOFR values) (60%) (50%)          

Ratio of 20th minute 13% 26% 

(and the lowest TOFR values) (70%)         (75%)          

Ratio of 30th minute 6% 13%

(and the lowest TOFR values) (86%)         (84%)

TABLE 6: Ratio of the patients with TOFR below 90%
to total number and the lowest TOFR values in SICU. 



Turkiye Klinikleri J Med Sci 2013;33(2) 311

Anesthesiology and Reanimation Karlılar et al.

An average dose of 93.06 mg epidural bupiva-
caine was used in Group 1. There was no statisti-
cally significant difference between the groups in
the requirements of propofol and vecuronium
(p=0.138 and p=0.722, respectively). On the other
hand, alfentanil usage was lower in Group 1 com-
pared to Group 2 (p=0.017) (Table 7). 

DISCUSSION 

In the present study, we demonstrated that
epidural bupivacaine reduced intraoperative alfen-
tanil consumption, and had no significant effect on
propofol and vecuronium requirements in TEA
combined with TIVA during thoracic surgery. In
addition, we showed that epidural bupivacaine in
the present dose had no effect on the NMB features
such as duration, intensity, reversal and the char-
acteristics of residual block related to vecuronium. 

The optimal anesthetic technique has not been
described for pulmonary resections. General anes-
thesia combined with epidural anesthesia provides
an excellent analgesia and muscle relaxation during
surgeries related to thorax and abdomen. Epidural
block reduces the need for general anesthetics dur-
ing combined anesthesia. Providing a sufficient
depth of anesthesia is essential for endotracheal
tube toleration and ventilation. Therefore, it is im-
portant to determine the amount of epidural drugs
to provide adequate anesthetic state.3-5 

Administration of the local anesthetics with
different routes has been showed to reduce the in-
duction and maintenance doses of inhalation anes-
thetics and propofol.11-14

In a related article, Agarwal et al. put forward
that propofol and vecuronium doses were signifi-
cantly lower in epidural bupivacaine group com-

pared to control group.2 The authors administered
an average dose of 34 mg epidural bupivacaine,
whereas we used 93.06 mg. The higher dose of
epidural bupivacaine was attributed to the use of
bupivacaine both in bolus and infusion in our
study. We found that TEA combined with TIVA
reduced the dose of propofol and alfentanil, but
only the difference in alfentanil dose was signifi-
cant. The lower dose of alfentanil in Group 1 might
be due to blockade of the noxious stimuli-induced
reflex response by epidural bupivacaine. The re-
sults of previous articles concerning the effects of
epidural local anesthetics on muscle relaxant agents
have been incompatible.2,15-17 Donati and Fortier
commented that the results of a high effect of
epidural bupivacaine on vecuronium dose in Agar-
wal’s study was not compatible with the previous
studies.2,17 Therefore, the effects of epidurally given
local anesthetics on NMB is a challenging issue that
still needs to be studied. The differences of the re-
sults among similar studies might be caused by var-
ious anesthetic agents, doses, methods and types of
the operations. 

In the study by Li et al., epidural ropivacaine
did not decrease the necessity for propofol signifi-
cantly during combined anesthesia.15 One of the
reasons for decreasing of propofol maintenance
dose at Agarwal’s study is that ephedrine used dur-
ing the hypotension increased the BIS value, as
Sinha and Unnikrishnan have interpreted.2,18 They
have stated thus, propofol need may be changed.18

Even is not statistically significant, a little decrease
is observed at the mean propofol values in our
study. 

Toft et al. found significant difference in PTC
value on 10th minute, and concluded that epidural
bupivacaine increased the depth of NMB caused by
atracurium.19 Bupivacaine lengthened the clinical
effect time of induction dose, induction TOF 1
time, and reversal time of NMB in their trial. In our
study, we found epidural bupivacaine did not af-
fect 10th, 20th and 30th minute values and NMB re-
versal time. Toft et al. also stated that onset time,
clinical effect time of muscle relaxant in mainte-
nance, and TOF 25-80 values were similar between
the groups.19 These findings were in compliance

The anesthetic agents Group 1 (n=15) Group 2 (n=15) p

Propofol (mg/kg/h) 4.72±0.84 5.14±0.62 0.138

Alfentanil(mg/kg/h) 0.041±0.01 0.051±0.011 0.017*

Vecuronium (mg/kg/h) 0.04±0.02 0.043±0.016 0.722

TABLE 7: The requirements of intraoperative anesthetic
agents (Mean±SD).

*p: Group 1 vs Group 2.
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with the results of our study. Toft et al. used more
than 150 mg epidural bupivacaine in their study.19

Suzuki et al. observed that epidural mepiva-
caine extended the onset time and the reversal time
of NMB-induced with vecuronium significantly.16

In a study conducted with children, it was found
that vecuronium was slightly more potent in
epidural bupivacaine group. However, the authors
did not report any difference between the two
groups in NMB reversal time.20 We considered that
the present dose of epidural bupivacaine was not
enough to potentiate NMB in our study. 

The contraction of diaphragm without TOF2
or TOF1 responses in various measurements before
the administration of muscle relaxant displays that
TOF1 and TOF2 values may not be adequate indi-
cators to maintain diaphragm relaxation during
thoracic anesthesia. Probably, NMB may be ad-
justed to the PTC values reflecting deeper block
levels. 

Dhonneur et al. have proven that PTC values
≤5 show deep NMB for diaphragm when measured
from adductor pollicis muscle.21 The TOF values
measured from corrugator supercillii muscle failed
to reveal deep NMB of diaphragm. It has been
shown that pharyngeal and upper esophageal
sphincter function, thus a safe swallowing func-
tion, can be fulfilled only after TOFR values >0.9.22

In other words, the risk of regurgitation and aspi-
ration continues until TOFR >0.9. Therefore, we
considered the TOFR below 90% as residual block
in SICU. There was no significant difference be-
tween the groups in terms of residual block in this

study. Additional neostigmine and atropine were
administered uneventfully to 2 patients with the
lowest TOFR of 50% and 60% from each group in
SICU. Debaene et al. have pointed out that 45% of
the patients experienced residual curarization in
the recovery room.23 In previous researches, NMB
recovery does not reach to the level of TOFR ≥ 0.8
for a long time even after antagonization. The ob-
jective neuromuscular monitoring methods are rec-
ommended for safe recovery in routine clinical
practice.24-27

CONCLUSIONS

In the present study, it was demonstrated that
epidurally given bupivacaine decreased alfentanil
consumption while it did not alter propofol or ve-
curonium requirement during TEA combined with
TIVA in thoracic surgery. We also observed that
epidural bupivacaine in the present dose had no ef-
fect on duration, intensity, reversal time or residual
block characteristics of the NMB. This study indi-
cates that block depth of TOF 1 and TOF 2 is in-
sufficient to show paralysis of the diaphragm. The
residual block of 26-40% supports the necessity of
neuromuscular monitoring and adequate antago-
nism in SICU. This study has shown that further
studies should be performed to define the effect of
an epidural local anesthetic on the issue of the
NMB in clinical practice. 
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