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Abstract

Background: Several factors are thought to affect the spread and duration of spinal anesthesia (SA) in adults. These include the
volume of cerebrospinal fluid (CSF) in the lumbar spinal canal, which has a negative correlation with both the spread and duration
of the sensory block.
Objectives: We evaluated whether CSF aspiration before an injection of levobupivacaine affected the spread or duration of SA in
children.
Patients and Methods: SA was induced by levobupivacaine (5 mg/mL, 0.25 - 0.5 mg/kg) in 186 children aged 10 months to 18 years
(mean of 7.5 years). Two groups were analyzed prospectively: 93 children from which 1 - 3 mL of CSF (CSF-aspiration group) was
aspirated before the injection of levobupivacaine to induce SA and 93 children from which no CSF was aspirated (no-CSF-aspiration
group) prior to the injection of levobupivacaine. The main outcome measure was regression of the sensory block below T10, cephalic
spread of the block, and postpuncture complications after SA.
Results: There were no between-group differences in the time to regression of the block below T10 or in the cephalic spread of
the sensory block: 94 (27) minutes and T4.4 (SD 2.2) in the CSF-aspiration group, respectively, vs. 97 (29) minutes and T4.3 (1.8),
respectively, in the no-CSF-aspiration group. Position-dependent headaches developed in 4 of 91 children in the CSF-aspiration group
and 5 of 86 children in the no-CSF-aspiration group, but no epidural blood patches were required.
Conclusions: The aspiration of 1 - 3 mL of CSF before an injection of levobupivacaine did not seem to affect the spread and duration
of the sensory block or postpuncture complications in children following SA.
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1. Background

Spinal anesthesia (SA) produces profound and uni-
formly distributed analgesia, with rapid onset and good
muscle relaxation. SA also provides enhanced control of
cardiovascular and stress responses, is simple to perform,
and results in a lower incidence of emetic episodes than
epidural or opioid anesthesia (1). Recently, concerns have
been raised about the neurotoxicity of general anesthetics
in infants and young children. Thus, potential alternatives
to general anesthesia, such as SA, have attracted interest.

Several factors are thought to affect the spread and du-
ration of SA in adults. These include the volume of cere-
brospinal fluid (CSF) in the lumbar spinal canal, which has
a negative correlation with both the spread and duration
of sensory block (2, 3). A reduced lumbar volume of CSF
may explain why normal doses of local anesthetics pro-
duce high levels of anesthesia in obese, parturient, and

spinal stenosis patients (4, 5). In adult patients, the on-
set time to maximum spread of analgesia is slower follow-
ing CSF aspiration (6, 7). If the volume of CSF aspirated is
greater than that of the intrathecal injectate, the cepha-
lad spread of anesthesia is significantly higher than in pa-
tients from which CSF is not aspirated (7). Less is known
about pediatric SA. On a per weight basis, the CSF volume
and surface area of the spinal cord are larger in children
than in adults (8). Thus, higher doses of local anesthetic
per body weight are required in children (9). We are un-
aware of any attempts to correlate the spread and duration
of SA in children with the volume of lumbosacral CSF.

2. Objectives

The aim of the present study was to evaluate whether
the aspiration of 1 - 3 mL of CSF before an intrathecal in-
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jection of isobaric levobupivacaine (5 mg/mL) affected the
spread and duration of SA in children undergoing surgery
on the lower part of the body. The primary outcome was
the regression of the sensory block below T10, and the sec-
ondary outcome were the cephalic spread of the block and
postpuncture complications during the first week after SA.

3. Patients and Methods

The study population was constructed from three
prospective studies. The subjects were assigned to two
groups: a CSF-aspiration group and a no-CSF-aspiration
group. In the CSF-aspiration group, a CSF-sample of 1 -
3 mL was obtained (equal to the volume of the intrathe-
cal injectate) during a lumbar puncture for SA to investi-
gate the CSF permeation of paracetamol and nonsteroidal
anti-inflammatory analgesics (NSAIDs) (10) or as control
samples from healthy children for our research project on
autism (11). From the autism study, consent and data were
available for the evaluation of SA performance and out-
come for all 16 children and from the CSF permeation study
for 77 out of the 160 children included in that study. In
the no-CSF-aspiration group, children had SA with no CSF
aspiration before local anesthetic injection (12). The stud-
ies were conducted in accordance with the declaration of
Helsinki. Ethical approval for the study was provided by
the research ethics committee of the hospital district of
northern Savo, Kuopio, Finland (No. 120/2004), and it was
registered in the EudraCT database (No. 2004-001702-27).
The parents and children were informed, and the parents
then gave written consent and children were assented.

One hundred eighty-six healthy children aged 10
months to 18 years who were scheduled for surgery below
the umbilicus at Kuopio University Hospital with SA were
enrolled. All children with physical status classification 1
or 2 according to the American Society of Anesthesiologists
were included, unless they had any contraindications for
lumbar punctures or levobupivacaine. Children were ex-
cluded if they had any neurological, neuromuscular, psy-
chiatric, or bleeding disorders; seizures; or a known allergy
to local anesthetics, paracetamol, or NSAIDs.

Premedication of younger children consisted of 0.375
mg/kg (up to 7.5 mg) of buccal midazolam (Midazolam
Hameln, Hameln Pharmaceuticals, Hameln, Germany) 0
and 1.25 mg/kg (up to 25 mg) of ketamine (Ketalar, Pfizer
AB, Taby, Sweden). Adolescents received 10 mg of diazepam
by mouth. Intravenous thiopental (Pentothal Natrium, Ab-
bott Scandinavia AB, Solna, Sweden) was given in small in-
cremental doses for intraoperative sedation to a state en-
tropy value of 70 - 80. Vital signs were monitored (Datex
AS/3-patient monitor, GE Healthcare Finland, Helsinki, Fin-
land), as described earlier (13). A topical eutectic mixture of

lidocaine and prilocaine (Emla ® Astra Zeneca, Sodertalje,
Sweden) was used to anesthetize the skin 60 minutes be-
fore the lumbar puncture.

With the patient in a lateral decubitus position, the
lumbar puncture was performed in the midline, using a 25
- 27-gauge cutting-point spinal needle. The correct place-
ment of the needle was verified by free aspiration of CSF
in the CSF-aspiration group and by the appearance of clear
fluid in the needle hub in the no-CSF-aspiration group. At
the end of the levobupivacaine (Chirocaine, Abbott Scan-
dinavia AB, Solna, Sweden) injection, correct placement of
the needle during the procedure was verified by the barbo-
tage maneuver (i.e., aspirating and reinjecting a small vol-
ume of CSF). Plain, isobaric levobupivacaine (5 mg/mL) was
administered intrathecally at a dose of 0.25 mg/kg in chil-
dren with a weight of more than 40 kg and at doses of 0.3
mg/kg, 0.4 mg/kg, and 0.5 mg/kg in children weighing 16 -
40 kg, 11 - 15 kg, and 10 kg or less, respectively. During the in-
jection, the orifice of the needle was directed downwards.
After injection of the local anesthetic for 20 seconds and
verification of free aspiration of CSF, the stylet was rein-
serted, and the needle was withdrawn after 15 seconds. The
child was then placed in a supine position.

An electric stimulator (Microstim Plus, Neuro Technol-
ogy, Houston, TX, USA) was used to evaluate the upper bor-
der of the analgesic area after 10, 20, and 30 minutes (14).
Motor block was assessed using the Bromage scale (15). Re-
searchers (MK, EK, and HK) aware of the study allocation
performed these assessments. If there were any signs of in-
adequate spread or duration of the sensory block , 1 µg/kg
of fentanyl (Fentanyl-Hameln, Hameln Pharmaceuticals,
Hameln, Germany), administered intravenously (i.v.) was
given as supplementary analgesia. Patients without signs
of sensory or motor block within 10 minutes of the injec-
tion were given general anesthesia.

After the surgery, all the children were transferred to
the postanesthesia care unit (PACU) for continuous mon-
itoring of vital signs and regression of the block. In the
PACU, the time for regression of the sensory block by two
segments and to T7 (processus xiphoideus) and T10 (um-
bilicus) was tested using a transcutaneous electric stimu-
lator every 5 minutes. One of two trained research nurses
or one of the researchers (MK, EK, or HK) conducted the
tests. If the child was in pain, 1 µg/kg of fentanyl or 0.05
mg/kg of oxycodone (Oxanest, Oy Leiras AB, Helsinki, Fin-
land) was administered i.v. as rescue analgesia, and the
time was recorded. All analgesics in the PACU were given
i.v.

The children were discharged when they were awake,
able to walk unaided, had stable vital signs at least for 1
hour, had no or only mild pain, had no nausea/retching or
vomiting, and were able to tolerate clear fluids.
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Follow-up of the children after discharge was recorded
by means of a diary, which was to be returned in a prepaid
envelope one week after the surgery. Nonresponders were
contacted by telephone.

No formal sample size calculation was performed. The
sample size was based on the available children from the
other studies (10, 11) who had undergone CSF aspiration,
and those data were compared with a similar sample of
controls who had SA with levobupivacaine without CSF as-
piration (12). A sample size of 93 children in each group was
calculated to provide a study power of over 0.9 to detect a
15-min between-group difference in the regression of the
sensory block below T10, with a probability alpha error of
0.05 or less.

Statistical comparisons between the two groups were
carried out with Chi-squared and Fisher’s exact test for pro-
portions. A t-test was used for continuous data, and the
Mann-Whitney test was applied for ordinal data. A two-
sided P value of 0.05 or less was considered statistically sig-
nificant. The results are given as the mean (SD), range, or
number of patients, as appropriate. All the statistical anal-
yses were performed with the statistical package for social
sciences (SPSS), version 22.0 software (IBM Corp., Armonk,
NY, USA).

4. Results

Table 1 shows the baseline patient, surgical, and lum-
bar puncture data. There were no dropouts or protocol de-
viations likely to interfere with the results. The response
rate of the follow-up diaries was 95% (177 of 186).

There were no between-group differences in the char-
acteristics of sensory and motor blocks, and CSF aspiration
did not affect the success rate of SA, with 89 of 93 children
in the CSF-aspiration group and 90 of 93 children in the no-
CSF-aspiration group not requiring any supplementation
to complete the surgery (Table 2). In a post hoc analysis,
the age of the children, < 12 years (n = 133) vs. 12 years or
older (n = 53), did not affect the success rate or characteris-
tics of the spinal block. A post hoc analysis indicated that
the puncture level, L3-4 vs. L4-5, did not affect the spread
of the sensory block, T4.5 (1.9) vs. T4.4 (2.1) (P = 0.67) or the
regression of the sensory block below T10, 98 (26) minutes
vs. 92 (24) minutes (P = 0.13).

Seven children in the CSF-aspiration group developed
nine adverse events vs. seven children in the no-CSF-
aspiration group, with seven adverse events during the
surgery. Nausea and vomiting were the most common
events during surgery. In the CSF-aspiration group, two
had nausea and one vomited, and four had nausea and
three had vomiting in the no-CSF-aspiration group. Four
children had bradycardia and were given atropine, one

Table 1. Patients’ Characteristicsa

Parameter CSF-Aspiration
Group (n = 93)

No-CSF-Aspiration
Group (n = 93)

P Value

Gender
(male/female)

28/65 36/57 0.22

Age, mo 85 (47) 100 (52) 0.02

range 11 - 225 10 - 214

Weight, kg 28 (16) 35 (20) 0.01

range 8 - 86 8 - 86

Height, cm 122 (25) 130 (29) 0.034

range 68 - 179 72 - 176

ASA I/II 82/11 80/13 0.66

Puncture level
(L3-4/L4-5)

24/69 42/51 0.01

Surgery 0.011

Herniotomy
40 25

Orthopedic 22 39

Genitouri-
nary

27 20

Other 4 9

aValues are expressed as No. or mean (SD).

had shivering, and one was restless. Of the 14 patients who
experienced adverse events during the surgery, 12 were
adolescents (aged 12 years or older), and two were young
children (aged 30 months and 50 months, respectively).

After surgery, in the PACU, 27 of 93 (29%) children in the
CSF-aspiration group developed 28 adverse events vs. 40
of 93 (43%) children in the no-CSF-aspiration group, with
a total of 51 adverse events (P = 0.047). Emetic episodes
were less common in the CSF-aspiration group (n = 10)
than in the no-CSF-aspiration group (n = 24) (P = 0.008).
There were no differences in the incidence of other adverse
events in the CSF-aspiration group and no-CSF-aspiration
group: shivering (14 vs. 15), agitation (3 vs. 1), hypotension
(0 vs. 1), and hiccups (0 vs. 1). In a post hoc analysis, the
mean age of the children (n =103, 52 months) with adverse
events was significantly higher than the mean age of the
children (n = 87, 48 months) without adverse events (P =
0.038). In the PACU, 24 of 53 adolescents compared to 43 of
133 younger patients (P = 0.097) had adverse events.

There were no between-group differences in postpunc-
ture complications after discharge, with 35 of 91 (38%) chil-
dren in the CSF-aspiration group developing 61 adverse
events and 32 of 86 (37%) children in the no-CSF-aspiration
group experiencing 61 adverse events. A headache was the
most common complaint. In the CSF-aspiration group, 19
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Table 2. Characteristics of the Sensory and Motor Block in the Two Study Groupsa

Parameter CSF-Aspiration
Group (n = 93)

No-CSF-Aspiration
Group (n = 93)

P Value

Supplementation
(no/yes)

89/4b 90/3c 0.7

Highest level of
the sensory block

T4.4 (2.2) T4.3 (1.8) 0.83

Range T1-L1 T2-T10

Regression of the
sensory block
below T10, min

94 (27) 97 (29) 0.17

Range 50 - 174 33 - 144

Motor block
(Bromage scale:
0/1/2/3)

0/2/1/90 2/1/0/90 0.34

Rescue analgesics
in the PACU
(no/yes)

68/25 66/27 0.74

Time to the first
dose of rescue
analgesic, min

144 (49) 134 (61) 0.78

Range 72 - 263 52 - 240

aValues are expressed as No. or mean (SD) and the times are after the lumbar
puncture.
bA single intravenous dose of fentanyl, two at the incision, one after 70 minutes,
and one after 95 minutes.
cGeneral anesthesia.

of 91 children developed headaches, four of which were
position dependent. In the no-CSF-aspiration group, 15
of 86 children experienced headaches, five of which were
position dependent. No epidural blood patches were re-
quired in any of these cases. Two of the patients in the
CSF-aspiration group who developed position-dependent
headaches were adolescents. Seven of the patients who de-
veloped headaches were younger than 12 years: three in
the no-CSF-aspiration group and four in the CSF-aspiration
group. Thirteen children in the CSF-aspiration group de-
veloped lower back pain vs. six children in the no-CSF-
aspiration group (P = 0.12). One girl in the CSF-aspiration
group developed severe low back pain, radiating to the
lower extremities after urological surgery in the lithotomy
position vs. two of 86 children in the no-CSF-aspiration
group, with radiating symptoms. However, in all three chil-
dren, the radiating pain was transitory and was relieved
with nonopioid analgesics during the first postoperative
day. After discharge, eight children in the CSF-aspiration
group vs. 10 in the no-CSF-aspiration group had postopera-
tive nausea or vomiting (PONV) (P = 0.71). During the drive
home, two vomited (one had vomited in the PACU), and
four had nausea (two had experienced nausea in PACU). At
home, five vomited, two of whom had vomited in the PACU
and one during the home drive. Thirteen had nausea, five

of whom had nausea in the PACU.
No between-group differences were observed in the re-

turn to normal daily activities. Of 36 children with de-
layed recovery, most had undergone orthopedic surgery.
The type of surgery performed was reported as the rea-
son for delayed return to normal activities in 18 children,
and postoperative pain was given as the cause in 14 cases.
In four children, other reasons were given as the cause.
The parents of 23 of 177 children contacted the hospital
because of complications or for further instructions. The
parents of three children were not satisfied with the SA.
One of the three children had transient radicular irritation
symptoms, pain at the puncture site, and a nonposition-
dependent headache after discharge, and one had nausea
in the PACU but uneventful SA and recovery.

5. Discussion

Data indicate that the aspiration of CSF less than or
equal to the volume of the intrathecal injection of local
anesthetic does not affect the spread, duration, success
rate, or outcome after SA in children. In the present study,
the success rate was high in both groups: 96% of children
in the CSF-aspiration group and 97% of children in the no-
CSF-aspiration group did not need any supplementation to
complete the planned surgery. This finding is similar to
our experience with pediatric SA (9). All three children who
required general anesthesia were in the no-CSF-aspiration
group, whereas the supplementation required in the CSF-
aspiration group was a single intravenous dose of fentanyl.

The results of the present study also indicate that the
aspiration of a small amount of CSF does not seem to af-
fect the incidence of perioperative or postpuncture com-
plaints. In the present study, the incidence of PONV was
higher in the no-CSF-aspiration group (31%) than in the CSF-
aspiration group (16%). This finding was unexpected, as
there were no between-group differences in known risk
factors for PONV, with 35 vs. 33 patients reporting a pos-
itive history of PONV or motion sickness in the no-CSF-
aspiration group and CSF-aspiration group, respectively
(16). After discharge, reports of lower back pain were two
times more common in the CSF-aspiration group than in
the no-CSF-aspiration group. However, the difference was
not significant. Therefore, it seems that in children, a small
amount of CSF, less than or equal to the volume of the
intrathecal injection, can be obtained during SA, without
compromising the patients’ safety or outcome, which was
our concern when planning these trials in children (10, 11).
In contrast to the findings of the present study, studies
of children with diagnostic or therapeutic lumbar punc-
ture found no relation between the aspiration of small
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amounts of CSF and the incidence of postpuncture compli-
cations (17, 18). Thus, the lumbar puncture per se, and not
the small amount of CSF aspiration, seems to be the major
determinant in the occurrence of postpuncture complica-
tions.

Headaches were the most common complaint, with
4 of 91 children in the CSF-aspiration group developing
position-dependent headaches vs. 5 of 86 children in
the no-CSF-aspiration group. This incidence is signifi-
cantly lower than that observed in adults following SA
for orthopedic surgery, where 10% of patients may de-
velop position-dependent headaches, and some need an
epidural blood patch to relief the symptoms (19). In chil-
dren with position-dependent headaches, with conserva-
tive treatment, the recovery is often uneventful (20-22).
This was the case in the present study, as none of the nine
children with headaches needed to be hospitalized or re-
quired epidural blood patches.

The main limitation of the present study is its non-
randomized and non-blinded design. Thus, the distribu-
tion of the patients in the two groups was unequal, and
the researchers evaluating the outcomes were aware of the
group allocation. In addition, the age distribution was
large in both groups. This is a concern because the pa-
tient’s age may have influenced the assessment of sensory
and motor block, as well postoperative complaints. Such
assessments are much more subjective in preverbal nonco-
operative children then in older children and adolescents.
However, in the present study, only the intraoperative ad-
verse events were little more common in adolescent than
in younger children. The outcomes for the other parame-
ters were quite similar across the age groups.

5.1. Conclusions

In conclusion, the data indicate that the aspiration of
CSF equal to the volume of an intrathecal injection of lev-
obupivacaine does not seem to affect the spread, duration,
or outcome of SA in children.
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