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Background. Orthopedic procedures are among the commonest surgeries in the elderly. On the other hand, those patients have
many risk factors suitable for development of postoperative complication due to prolonged postoperative recumbent that decrease
by using anesthesia technique allowed early ambulation as far as possible. Aim of the Work. The aim of this study was to evaluate
whether washout of the local anesthesia with 0.9% normal saline with bicarbonate through the epidural catheter could provide early
ambulation throughout the faster recovery of the motor block. Patient andMethods. Sixty adult patients were included in this study
and divided into three groups. In group I, epidural injection of bupivacaine was carried out without wash (control group). In group
II, epidural injection of bupivacaine was followed by wash. In group III, epidural injection of both bupivacaine and nalbuphine
was followed by wash. Results. They were significantly faster in both group II and group III as compared with group I. In group I,
sensory recovery was insignificantly faster than themotor recovery. In group IImotor recovery was significantly faster than sensory
recovery. In group III motor recovery was significantly faster than the sensory recovery. Conclusions. These results suggested that
early ambulation with an adequate postoperative analgesia was reported in patient receiving epidural injection of both bupivacaine
and nalbuphine.

1. Introduction

Epidural analgesia and anesthesia were proved to be an
excellent method of anesthesia in patients undergoing lower
limb orthopedic operations, especially in patient with high
risk to develop postoperative complication either from delay
recovery of motor function or from use of large dose of nar-
cotics IM or IV to achieve adequate sensory block [1].

Wash of epidural catheter with normal saline with or
without NaHCO

3
aims to achieve early motor recovery in a

trial to avoid rapid sensory recovery as rapid motor recovery
after wash of epidural catheter, nalbuphine was added as
narcotic analgesic, and especially nalbuphine hydrochloride
exhibits a ceiling effect in which the increase in the dose
greater than 30mg does not produce further respiratory
depression in the absence of other CNS active medications
affecting respiration. In addition, prolonged postoperative
sensory and motor block following neuraxial blocks (spinal

or epidural block) after short surgical procedures is a major
disadvantage of this technique [2]. Our study planned to use
nalbuphine with local anesthesia.

As we worried about wash of epidural catheter with saline
solution that results in faster return of the pain to the patient
postoperatively, we aimed to study if adding nalbuphine to
the local anesthetic agents can preserve the analgesic effect
even after wash of local anesthesia. On the other hand, using
narcotic with epidural anesthesia (IV or IM injected) requires
large dose thatmay be associated with systemic complication;
this disadvantage is minimized by injection of narcotics in
epidural catheter. On the other hand, epidural injection of
narcotic may be associated with complication, but this side
effect is uncommon and occur with nalbuphine due to its
ceiling effect, also using NSAIDs may not be suitable in
elderly patient to avoid renal complication. Delay in the
motor function in the major orthopedic surgery carries the
risk of DVT development so epidural analgesia allows early
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mobilization, reduces the risk of DVT, and allows better
cooperation with chest physiotherapy with preventing chest
infections [3]. In addition, prolonged immobility has been
associated with joint mobility restrictions, muscle weakness,
critical illness neuromyopathies, pressure ulcers, DVT, and
psychological disturbances [4]. Early ambulation has many
advantages for patients as it promotes the maximal level
of functional independence before discharge, decreased risk
of neuromuscular abnormalities as muscle atrophy, nerve
damage, slide ulcer, contracture, compartmental syndrome,
and physical impairments and hospital acquired diseases as
infections like acquired pneumonia. A normal saline bolus
administered before discontinuation of the epidural catheter
was reported to hasten the return ofmotor function following
epidural anesthesia [5]. Resolution of epidural anesthesia
depends on the redistribution of local anesthetics fromneural
tissues and its elimination by systemic uptake. Redistribution
can be enhanced by decreasing the concentration of residual
local anesthetics in the epidural space [6]. Increasing the
speed of recovery from epidural anesthesia will improve
patient acceptance of epidural anesthesia as well as potential
cost savings and decease risk of prolonged recumbence [7].
Our aim was to decrease the risk of prolonged recumbence
and howmuch as possible as to preserve the sensory block in
patient undergoing orthopedic lower limb surgery.The aimof
the study is to demonstrate the significant effect of injection of
normal salinewith sodiumbicarbonate onmotor and sensory
in epidural catheter prior to its removal in orthopedic lower
limb surgery.

2. Patients and Methods

After approval of the local Ethics Committee of Minia Uni-
versityHospital, informedwritten consent was obtained from
patient. Our study includes 60 patients undergoing ortho-
pedic lower limb surgery in Minia University Hospital.

2.1. Preoperative Assessment. Full medical history examina-
tion and physical examination (chest, heart, abdomen, and
other systems) were carried out. Preoperative investigation
was done in the form of complete blood count, bleeding
time, clotting time, and platelet count to exclude the risk
of bleeding tendency and any other specific investigations
required were done.The patient was excluded from the study
if the platelets countwas less than 100.000 or due to prolonged
bleeding and clotting time.

2.2. Patients. The study is a randomized not a blind study.
60 patients of both sexes were divided into three groups
(each group contains 20 patients): group I: control group
include patients received epidural isobaric bupivacin 0.5%
without washout, group II: include patients received epidural
isobaric bupivacin 0.5% and washout by sodium bicarbonate
0.4mL in 8.4% with normal saline 14.6mL after the end of
the surgery [8], and group III: epidural bupivacaine (isobaric
0.5%) and nalbuphine 20mg washout by sodium bicarbonate
0.4mL in 8.4%with normal saline 14.6mL after the end of the
surgery [8].

2.3. Anesthetic Technique. Electrocardiogram, heart rate, and
peripheral oxygen saturation were monitored continuously,
and noninvasive blood pressure was measured at 5min
intervals preoperatively.

Lumbar epidural catheter placement was performed with
the patient in the sitting position using an 18-gauge Tuohy
needle inserted in themidline at the L3-4 intervertebral space
with the loss of resistance to air technique.

Epidural catheters were advanced deeply 3–5 cm into the
epidural space. Following a negative aspiration for blood or
cerebrospinal fluid, patients are divided into 3 groups. Groups
A and B receive 0.5% bupivacaine and group C receives bupi-
vacaine and 20mg nalbuphine. Sufficient volume from 21
to 28mL bupivacaine (isobaric 0.5%) was administered to
obtain analgesic level up to T8 level in all patients.

If the anesthetist estimated that the resulting sensory
blocked at 15min would not to be high enough (T8), addi-
tional dose was given. The level of anesthetic block was
assessed using a blunt rounded pin end for pinprick sensa-
tion. Testing was performed by moving in the cranial direc-
tion and the level of highest dermatomes where the sensation
that was perceived as not painful or cold was recorded.
Surgery was started when complete motor and sensory
were blocked. All patients will receive oxygen 5 L/min via
facemask and were positioned supine in the operating room.
Motor blocked was assessed using modified bromage scale
[9]. Intraoperative hemodynamics (heart rate, mean arterial
blood pressure, and oxygen saturation by pulse oximeter)
were assessed and recorded. During anesthesia and surgery,
mean arterial blood pressure less than 20% was treated with
fluid infusion and repeated dose of 5mg of ephedrine. Fluid
therapy was standardized during and after surgery.

All epidural boluses were preceded by a negative aspira-
tion for blood and CSF and were infused over a 1min period.
Assessments of motor and sensory block were performed in
postoperative care unit until complete motor and sensory
recovery.

2.4. Parameters Assessed: The Following Parameters
Were Assessed

2.4.1. Pain Scores. The intensity of postoperative pain after
surgery was assessed until first analgesic requirement was
recorded. Postoperative pain greater than 3 on visual ana-
logue pain (VAS) treated with intravenous ketorolac (30mg)
and postoperative pain scores were compared between
patients in 3 groups [10]. In visual analogue pain score (VAS),
score (0) denotes no pain and score (10) denotes worst pain
imaginable.

2.4.2. Time of CompleteMotor Block Recovery. It was assessed
by bromage scale.

2.4.3. Hemodynamic Effects. Mean arterial blood pressure,
heart rate, pre, intra and postoperatively oxygen saturation
using pulse oximeter are recorded.
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Table 1: Demographic data.

Group A (𝑛 = 20) Group B (𝑛 = 20) Group C (𝑛 = 20) 𝑃 value
A versus B A versus C B versus C

Age
M ± SD 55 ± 9 55 ± 6.5 58 ± 7 0.829 0.256 0.357

Sex
Male 13 (65%) 14 (70%) 12 (60%) 0.736 0.744 0.507
Female 7 (35%) 6 (30%) 8 (40%)

Height (cm)
M ± SD 167 ± 4 166 ± 2 166 ± 3 0.681 0.784 0.891

Weight (kg)
M ± SD 79 ± 10 79 ± 8 77 ± 8 0.943 0.595 0.547

ASA
Class I 10 (50%) 13 (65%) 15 (75%) 0.337 0.102 0.490
Class II 10 (50%) 7 (35%) 5 (25%)

Data are expressed as means ± SD. No significant differences between the three groups (𝑛: number).
As regards (1) age, (i) there was no significant change between group A and group B (𝑃 = 0.829); (ii) there was no significant change between group A and
group C (𝑃 = 0.256); (iii) there was no significant change between group B and group C (𝑃 = 0.357). As regards (2) sex, (i) there was no significant change
between group A and group B (𝑃 = 0.736); (ii) there was no significant change between group A and group C (𝑃 = 0.774); (iii) there was no significant change
between group B and group C (𝑃 = 0.507). As regards (3) height, (i) there was no significant change between group A and group B (𝑃 = 0.681); (ii) there was
no significant change between group A and group B (𝑃 = 0.784); (iii) there was no significant change between group B and group C (𝑃 = 0.891). As regards
(4) weight, (i) there was no significant change between group A and group B (𝑃 = 0.943); (ii) there was no significant change between group A and group C
(𝑃 = 0.595); (iii) there was no significant change between group B and group C (𝑃 = 0.547).

2.4.4. Other Parameters. Incidence of respiratory depression
(less than 10 breath/min), nausea, vomiting urine retention,
and purities were noted and recorded.

2.5. Statistical Analysis of theData. Input datawere processed
using computer-based software (SPSS) version 11 interface
[11].

Recorded values were presented as means ± standard
deviation. Statistical analysis included parametric and non-
parametric methods by one-way or two-way analysis of
variance (ANOVA) among the 3 different groups. Categorical
data were compared using Fisher’s exact test. A value of 𝑃 <
0.05 was considered statistically significant.

3. Result

3.1. Demographic Data (Patient Characteristics). There were
no statistically significant differences (𝑃 < 0.05) between
three groups as regards age, weight, sex ratio, height, andASA
classification (Table 1).

3.2. Hemodynamic and Oxygen Saturation

3.2.1. Oxygen Saturation (%). Therewere no significant chan-
ges inmean oxygen saturation (%), heart rate (beat/min), and
mean arterial blood pressure (mmHg) at any time during the
study periods inside each group or between the three groups.

3.3. Onset of Action

(i) There were no significant changes between group A
(21 ± 1.86) and group B (19.6 ± 2.52).

0

10

20

30
21

19.6

11.1

(m
in

)

Time onset

Group A
Group B
Group C

Figure 1: Onset of action in different groups expressed in minutes.

(ii) There were significant changes between groupA (21±
1.86) and group C (11.1 ± 1.71).

(iii) There were no significant changes between group B
(19.6 ± 2.52) and group C (11.1 ± 1.71) (Figure 1).

3.4. Level of Sensory Block. There were no significant changes
between three groups in the level of sensory block both at T6
and T8 (see Figure 2 and Table 2).

3.5. Score of Motor Block (Bromage Score). There were no sig-
nificant changes between three groups in the bromage score
of motor block (Figure 3).

3.6. Offset of Anesthesia

3.6.1. Motor Offset. After complete of surgery, patients in
group A receive no bolus but patients in groups B and C
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Table 2: Level of sensory block.

Sensory level Group A (𝑛 = 20) Group B (𝑛 = 20) Group C (𝑛 = 20) 𝑃 value
A versus B A versus C B versus C

T8. 18 (90%) 18 (90%) 17 (85%) 1.000 0.633 0.633
T6. 2 (10%) 2 (10%) 3 (15%)
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Figure 2: Score of sensory level.
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Figure 3: Score of motor level block.
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Figure 4: Motor offset expressed in minutes.

receive 14.6mL normal saline with 0.4mL sodium bicarbon-
ate 8.4%. According to the result, there were significantly
changes between the groups. In groupA, the patients have full
motor strength (0 = flexion of knee and feet) after 181.9min ±
12.17min. In group B, the patients have full motor strength
(0 = flexion of knee and feet) after 76.3min ± 6.2min. In
group C, the patients have full motor strength (0 = flexion
of knee and feet) after 73.45min ± 9.94min. As regards the
time of motor recovery, there are significant changes between
group A and groups B and C. There were significant changes
between groups B and C (Figure 4).

3.6.2. Sensory Offset. There were insignificant changes in off-
set of sensory block between three groups (Figure 5).

3.7. Complications in the Studied Groups. Drowsiness and
itching occurred in 10% of patients of group C and back pain
in 25% of patients in group B with insignificance differences
between studied groups; no other complications occurred
during the study (Figure 6).

4. Discussion

Ambulatory anesthesia and surgical care have proven to be
safe, convenient, and cost-effective and can be performed in
a variety of facilities.The aim of an anesthesiologist in ambu-
latory setting is to use the most favorable anesthetic tech-
nique that would give excellent operating conditions, a rapid
recovery, no postoperative side effects, and a high degree of
patient satisfaction. Ambulatory anesthesia is tailored tomeet
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Figure 5: Sensory offset expressed in minutes.

the needs of ambulatory surgery so patients may go home
soon after the operation. Postoperative side effects, which
include pain, dizziness, headache, postoperative nausea and
vomiting, and pruritus, when minimized or prevented will
improve quality and time of recovery. Epidural nalbuphine
proved to be an excellent method of anesthesia in patients
undergoing orthopedic lower limb surgery.

Persistence of motor blockade after epidural anesthesia
can be a source of dissatisfaction to both patients and recov-
ery room staff especially in patients with high risk of DVT
development [12].

Our study demonstrates that the addition of epidural
nalbuphine will produce rapid onset of anesthesia and addi-
tion of normal saline with sodium bicarbonate can provide
early ambulation. A synergistic effect has been shown to exist
between local anesthetics and opioids administered intrathe-
cally. This effect was demonstrated whether the opioid was
given at the same time [13] or before the local anesthetic [14].
These effects were reported experimentally.

Clinical studies also demonstrate that this synergism
also provides the advantages of significantly better pain
relief, better analgesia, with lower concentration of the local
anesthetic, shorter onset of analgesia, and increased duration
of analgesia [15].

Our result showed that there is a significant change in the
time of recovery of motor block in both groups B and C than
in group A. In addition, there is a faster offset in groups A, B,
and group C.Themechanism by which epidural injections of
crystalloid solutions can alter the neural blockade is unclear.
Intensity of epidural blockade may lessen because crystalloid
solutions dilute local anesthetics in or adjacent to the epidural
space, decreasing the concentration of unbound drug at
neuronal sites of action [16].

Alternatively, decreases in intensity could occur if crys-
talloid solutions enhanced clearance of local anesthetic from
neural and connective tissues or from the subarachnoid
and epidural spaces. Saline injection into the epidural space
appears to augment both secretion and clearance of CSF and

may therefore enhance elimination of local anesthetic from
the subarachnoid space. Large volumes of fluid injected into
the epidural space may also promote caudate and cephalic
spread of drug, increasing surface area for uptake into blood
vessels and lymphatics. Clearance of local anesthetics occurs
via diffusion and uptake into lymph and blood vessels and
hence greater vascular uptake and is influenced by physico-
chemical properties (molecular weight, pKa, lipid solubility,
and protein binding) of local anesthetic agents and their
effects on spinal and epidural blood flow. The Injection may
dilute local anesthesia and decrease the concentration of drug
available for binding at neuronal action sites [17].

But sensory block is preserved in three groups in contrast
to the motor block in groups A, B, and C.The above data can
explained as by injection of saline in the epidural space, the
result is dilution of bupivacine and more persistent sensory
block than the motor block; these result in preferential
sensory block as observed in our study because the drug at
lower concentration will produce sensory block and at higher
concentration can produce motor block [18].

We add sodium bicarbonate with normal saline because
normal saline 0.9% is slightly acidic at a PH of 5.0 and we
could lower the PH of bupivacaine which would result in less
redistribution from epidural space. So we use sodium bicar-
bonate to increase the concentration of nonionized free base
and more rapid diffusion rate of the drug to adjacent tissues,
including blood and resulting in high peak levels [19]. Our
study agrees with the study of Johnson et al. [16] that reported
injection of 45mL epidural bolus to each of the treatment
groups (normal saline or lactated ringer’s solution) but did so
in 15mL aliquots separated by 15minutes.They found that the
45mL bolus hastened the resolution ofmotor but not sensory
blockade after 0.75% bupivacaine for cesarean delivery.

This amount of saline cannot be used in the injection in
elderly individuals as in these individuals, the areolar tissues
become dense and firm, partially sealing the intervertebral
foramina and the epidural space also becomes more compli-
ant and less resistant because of the degenerated fatty tissue
and the reduced contents appear with the advancing age. In
addition, progressive changes of the spinal column associated
with aging have been postulated to produce a narrowing of
the intervertebral foramina along the column [20].

Another study of Sitzman et al. [19] showed the effect
of two postoperative boluses of 15mL of epidural saline
separated by 30 minutes after administration of 2% lidocaine
with 1 : 200,000 epinephrine for obstetrical and gynecologic
surgery. They found that the two boluses injection as com-
pared with no epidural saline bolus injection as a control sig-
nificantly reduced the time of fullmotor recovery and sensory
recovery.

Similarly, Park et al. [6] reported that a 30mL bolus of
saline hastened motor and sensory recovery in elderly men
who received 12mL of 2% lidocaine with 50 𝜇g of fentanyl
epidurally for transurethral surgery.

The study of Chan et al. [17] showed a dose-response
study with evaluation of six volunteers sensory and motor
recovery with three different saline volumes. Each subject
received plain 2% lidocaine followed 30 minutes later by a
1mL, 20mL, or 40mL normal saline bolus. They found that
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subjects who received the 40mL normal saline bolus had
significantly faster recovery of sensory and motor function
compared with the 20mL and 1mL receiving groups. These
results suggest that high volume may hasten recovery of
motor and sensory function.

According to the VAS the first analgesic requirement is
the same in groups A, B, and C. Our study demonstrates no
wash occurring in nalbuphine because nalbuphine-like fen-
tanyl is lipophilic that it sticks to fatty compartments found
in the epidural space and not affected by hydrophilic washout
saline. These results were similar to that of Park et al. [6]
who reported that epidural saline washout does not affect the
epidural fentanyl injection.

In the present study, there were no significant differences
between all groups in respect to changes in MAP, heart rate,
and oxygen saturation. In this study shivering occurs in 5%
of patient in group A, 15% in group B, and 10% in group C.
Intra-anesthetic and postanesthetic shivering etiologymay be
related to the inhibition of medullary reflexes, regional sym-
pathetic activity block that leads to peripheral vasodilatation,
and heat loss and pyrogenic substances release among other
causes [21].

This may be explained by addition of large volumes of
saline that result in overstretch of epidural membrane with
back pain, especially in elder patients included in this study
with collapsed epidural space. On the other hand, this pain
was not occurring in group C that also received the same
volume of saline; this may be due to coadministration of
nalbuphine.

In elderly individuals, the areolar tissues become dense
and firm, partially sealing the intervertebral foramina. The
epidural space also becomes more compliant and less resis-
tant because of degenerated fatty tissue and reduced contents
with advancing age. In addition, progressive changes of the
spinal column associated with aging have been postulated to
produce narrowing of the intervertebral foramina along the
column [20].

1st analgesic requrements when VAS was equal to 3; there
were no complications from ketorolac. Drowsiness occur in

10% of patients in group C as a complications. The sedation
usually results from cephalic migration of opioids in the CSF
and also blood level attained with the lipid soluble drugs as
sufentanil [22].

We planned for early recovery of motor activities to
prepare the patient for early ambulation that may take place
in the form of exercising calf muscles and stretching the legs
while the patient is in the sitting position, raising and lower-
ing the heels while keeping the toes on the floor or raising
and lowering the toes while keeping the heels on the floor as
presented inVoronkov et al. [23] study.Wewere not consider-
ing early ambulations by early discharge from postoperative
care unite but early ambulation that enable patient to do calf
muscle exercise.

Intra-anesthetic and postanesthetic shivering etiology
may be related to the inhibition of medullary reflexes,
regional sympathetic activity block leading to peripheral
vasodilatation, and heat loss and pyrogenic substances release
among other causes. In study of Walmsley et al. [24], 30
patients undergoing postpartum tubal ligation under extra-
dural anesthesia initially received bupivacaine at 4∘C, and the
incidence of shivering was 47%. Further bupivacaine warmed
to 41∘C was injected into 8 patients in whom the resultant
shivering was marked. In four of these patients, the shivering
stopped. The authors concluded that thermosensitive tissue
within the spinal canal contributes to the shivering observed
in association with extradural anesthesia. This finding con-
firms our findings in this study.

5. Conclusion

Postoperative injection of normal saline with sodium bicar-
bonate via epidural cathetermarkedly shortened the duration
of motor of motor blockade resulting from epidural anes-
thesia with bupivacaine 0.5% used for orthopedic lower limb
surgery. Addition of nalbuphine to epidural bupivacaine can
provide adequate block with good analgesia.
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