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The use of spinal anesthesia may lead to the de-
velopment of transient neurological symptoms
(TNS) especially when short-acting anesthetics

(e.g., lidocaine) are used (1–4). In ambulatory surgery,
bupivacaine may delay the recovery of motor function
and cause urinary retention, leading to delayed dis-
charge (5,6). These concerns have increased interest in
the use of small doses of bupivacaine (6,7) and tech-
niques to produce unilateral spinal anesthesia (7–9),
but the methods used so far may result in highly
variable spinal anesthesia (10) or anesthesia of ques-
tionable reliability (6,11). Selective spinal anesthesia
(SSA) is the practice of using minimal doses of intra-
thecal agents so that only the nerve roots supplying a
specific area and only the modalities that require to be
anesthetized are affected (5). We hypothesized that
4 mg spinal hyperbaric bupivacaine induces a reliable
SSA with faster recovery compared with 6 mg for
outpatient knee arthroscopy.

Methods
After the approval of the Ethics committee of Lapland
Central Hospital, we obtained written, informed con-
sent of 106 ambulatory adult ASA physical status I–III
patients with body mass index �32, undergoing knee
arthroscopy with tourniquet. The patients were pro-
spectively randomized to receive either 4 mg � 0.8 mL
(Group B4) or 6 mg � 1.2 mL (Group B6) of hyperbaric
bupivacaine.

Dural puncture was performed with the patient in a
lateral decubitus position at the L2-3 interspace, with
the operative knee dependent. A 27-gauge lancet point

needle was used and the dose was injected over 2 min
with the needle aperture directed laterally, towards
the dependent side. The anesthesiologist who per-
formed the subarachnoid injection was not involved in
the patient evaluations. The lateral decubitus position
was maintained for 10 min from the beginning of the
injection. Intraoperatively, the patients were given mi-
dazolam up to 2 mg IV and/or alfentanil up to 1 mg
IV if needed.

The dermatomal level of the sensory block was eval-
uated bilaterally at 7, 12, and 30 min after the begin-
ning of bupivacaine injection, immediately postoper-
atively, and every 20 min thereafter until recovery to
dermatome L2 level or discharge home. If one or more
of dermatomes L1-4 were not blocked on the operative
side, it was considered as a failed block, and the
patient was excluded from further data analysis. The
motor block on each side was assessed separately at
15 min after the injection, immediately postopera-
tively, and every 20 min thereafter until complete
recovery using a modified Bromage scale (8,12).

The patient was transferred from the postanesthesia
care unit (PACU) to the ambulatory surgery unit after
complete recovery of motor block, sensory block not
above T12, and stable vital functions. The home dis-
charge criteria consisted of absence of nausea, vomit-
ing, or bleeding, minimal or no pain, and the ability to
walk and void. Four to six days after operation, the
patients completed a telephone interview with a
blinded investigator. They were asked about headache
(positional headache was considered as postdural
puncture headache), backache, pain, and other symp-
toms. TNS was defined as pain radiating to the but-
tocks or legs (13) and sensory disturbances on areas
not related to the surgery.

The sample size of 52 patients per treatment group
was calculated to detect a 25% difference in the recov-
ery of motor block (120 min versus 90 min) with 45%
sd using an � of 0.05 and a � of 0.2. The data were
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analyzed using the �2 test, Fisher’s exact test, Stu-
dent’s t-test, or the Mann-Whitney U-test as appropri-
ate. A P value �0.05 was considered significant. SPSS
for Windows (Version 9.0) statistical package (SPSS
Inc., Chicago, IL) was used.

Results
The patient characteristics were comparable in the two
groups (Table 1). In three patients it was impossible to
make the dural puncture in the lumbar 2–3 interspace,
and they were excluded. Four other patients (3 in
Group B4 and 1 in Group B6) were excluded from the
data analysis because of inadequate anesthesia.

The motor block on the operative side was equal in
both groups at 15 min (median [range] 5 [1–5] versus
5 [0–5] in the B4 and the B6 groups, respectively, on a
modified Bromage scale), but patients in the B4 Group
more rapidly regained motor function of the operative
leg: 83% versus 47% (P � 0.001) in the B6 Group at two
hours after the spinal puncture. The sensory block on

the operative side was lower (but adequate) in the B4
group versus the B6 group (Fig. 1).

The B4 group was discharged to the ambulatory
surgery unit after 65 � 22 min (mean � sd) stay in the
PACU compared with 98 � 38 min stay of the B6
group (P � 0.001). The standard home discharge cri-
teria were fulfilled significantly (P � 0.001) faster in
the B4 group than in the B6 group (Table 1). The
postoperative telephone interview showed no differ-
ences between the groups (Table 2).

Discussion
Small dose spinal anesthesia can lead to a high
failure rate (6,11). According to Enk (14) a “low-
dose, low-volume, low-flow” technique including
maintenance of the lateral decubitus position for
5–30 min is the best means in producing unilateral
spinal anesthesia.

In this study, spinal anesthesia failed to provide
acceptable surgical anesthesia in four patients This 4%

Figure 1. The median upper limit of
sensory block on the operative and
nonoperative side at times shown af-
ter spinal anesthesia with hyperbaric
bupivacaine 4 mg or hyperbaric bu-
pivacaine 6 mg. The bandage ob-
structed the evaluation of the sensory
block on the operative side after the
operation. *P � 0.05, †P � 0.01, ‡P �
0.001 between the groups.

Table 1. Patient Characteristics and Recovery Times (min) From the Start of Spinal Anesthesia with Bupivacaine 4 or
6 mg

Bupivacaine 4 mg
(n � 48)

Bupivacaine 6 mg
(n � 51)

Female 18 (37) 28 (55)
Male 30 (63) 23 (45)
Age (yr) 43.7 � 15 46.4 � 15
BMI 26.1 � 3 25.3 � 3
ASA physical status

I 30 (63) 31 (61)
II 17 (35) 19 (37)
III 1 (2) 1 (2)

Duration of surgery (min) 27 � 11 24 � 11
To void 172 (115–319)* 203 (122–377)
To ambulate 166 (101–246)* 196 (139–367)
To home-readiness 181 (115–319)* 209 (147–377)

Values are n (%), mean � sd, or median (range).
BMI � Body Mass Index.
* P � 0.001 versus Bupivacaine 6 mg.
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failure rate compares with the results of Pittoni et al.
(15) with 5–12 mg of hyperbaric bupivacaine, who
reported 2.5% failed blocks. The 3% incidence of TNS
is nearly identical to the incidence reported by Ben-
David et al. (16) using minidose lidocaine-fentanyl
spinal anesthesia for knee arthroscopy.

The ideal SSA for knee arthroscopy would provide
minimal or no motor blockade at the end of the sur-
gical procedure, such that the patient can be fast
tracked (5). In this study, the PACU stay of 65–98 min
compares with a recent study by Mulroy et al. (17),
whose patients stayed in the PACU for 146 min (spi-
nal). It remains to be investigated whether, by further
decreasing the anesthetic dose to 2–3 mg and adding a
potent opioid, a subarachnoid block might facilitate
fast tracking.

Using minidose of lidocaine-fentanyl (16) or hy-
perbaric bupivacaine (6) techniques, Ben-David et
al. discharged their knee arthroscopy patients at
145 min or 202 min, respectively, whereas in this
study, the B4 group achieved home readiness crite-
ria at 181 min.

In conclusion, a unilateral, segmental spinal anes-
thesia for outpatient knee arthroscopy can reliably be
produced with 4 or 6 mg of hyperbaric bupivacaine.
The 4 mg dose appears superior to the 6 mg dose
because it produces more SSA and allows discharge
criteria to be fulfilled significantly faster.

We are grateful to Ms. Eija Ruoppa, RN, Ms. Arja Anttila, RN, and
other nurses involved in this study for taking good care of the study
patients.
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Table 2. Incidences of Postoperative Headache, Backache,
Dysesthesia, and Dysuria After Spinal Anesthesia with
Bupivacaine 4 or 6 mg

Bupivacaine
4 mg

Bupivacaine
6 mg

Postdural puncture headache 2 (4.2) 2 (3.9)
Total incidence of transient

neurological symptoms
1 (2.1) 2 (3.9)

Backache 0 0
Pain in legs 1 (2.1) 1 (2.0)
Dysesthesia 0 1 (2.0)

Dysuria 0 1 (2.0)
Patients’ experience

Equal to expectations 11 (23.4) 15 (30.0)
Superior to expectations 34 (72.3) 31 (62.0)
Worse than expectations 2 (4.3) 4 (8.0)

Patients’ willingness to have
same anesthesia

46 (97.9) 47 (95.9)

Values are n (%).
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