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Bone marrow aspiration and biopsy is a painful procedure despite local infiltration anaesthesia.
Warming and buffering the local anaesthetic solution alleviates pain during infiltration.
Processed solution does not ease pain during next steps of bone marrow sampling.
Especially anxious patients may benefit from additional pain relieving methods.
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a b s t r a c t

Background and purpose: Local infiltration anaesthesia is frequently painful due to low pH of the used
anaesthetics, such as lidocaine. Usually pH of the solution is near 4.0, which causes tissue irritation
and excitation of the pain mediating nerve endings. Warming and buffering the local anaesthetic solu-
tion have been shown to reduce the patient’s experience of pain and unpleasantness during infiltration.
Buffering reduces the dissociation of the local anaesthetic molecule and may enhance the anaesthetic’s
entrance into nerve cells. In this randomized placebo-controlled trial warmed and buffered lidocaine
with adrenaline was compared to room temperature unbuffered lidocaine with adrenaline infiltrated
before bone marrow aspiration and/or biopsy (BMAB). The aim was to find out to what extent warming
and buffering would diminish pain during infiltration and whether this would be reflected in less pain
also during subsequent steps of the BMAB procedure.
Methods: One hundred patients scheduled to undergo BMAB were interviewed regarding subjective
experiences from previous medical procedures, current chronic and temporary medications, and their
present state of anxiety before the BMAB procedure. They received local anaesthetic infiltration of lido-
caine prior to BMAB. The solution used was either warmed lidocaine 20 mg/ml with adrenaline buffered
with sodium bicarbonate 75 mg/ml (warmed and buffered group, 50 patients, pH approximately 7.3,
32 ◦C) or unbuffered lidocaine 20 mg/ml with adrenaline mixed with NaCl 0.9% solution (control group,
50 patients, pH approximately 3.7, room temperature). The lidocaine concentration was similar in both
groups. The bone marrow sampling needle was inserted 2 min after local anaesthetic infiltration. The
grade of preprocedural anxiety, and pain sensations during the BMAB, both rated on NRS (numeral rating
scale, 0–10) were compared between the groups.
Results: In comparison with the use of an unbuffered solution at room temperature warmed and buffered
lidocaine with adrenaline caused less pain during infiltration (median NRS 4.0 vs. 2.0, P < 0.002) but it
did not make performing the other phases of BMAB any less painful. As expected, painful experiences

from previous medical, other than BMAB, or dental procedures and anxiety were associated with local
anaesthetic infiltration pain during BMAB. Patients’ own pain or anxiolytic medication did not lessen
pain during BMAB.
Conclusions: By warming and buffering the lidocaine solution containing adrenaline it is possible to
make the pain during infiltration less intense. Unfortunately, such benefit was not detected during the
following steps of BMAB, initiated 2 min later. Preprocedural anxiety made procedural pain more intense
including that of the local anaesthetic infiltration.

DOI of refers to article: http://dx.doi.org/10.1016/j.sjpain.2013.11.005.
∗ Corresponding author. Tel.: +358 50 4027629; fax: +358 9 47174017.

E-mail addresses: anna-maria.kuivalainen@helsinki.fi (A.-M. Kuivalainen),
reja.ebeling@hus.fi (F. Ebeling), per.rosenberg@hus.fi (P. Rosenberg).

877-8860/$ – see front matter © 2013 Scandinavian Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.sjpain.2013.10.003

dx.doi.org/10.1016/j.sjpain.2013.10.003
http://www.sciencedirect.com/science/journal/18778860
www.ScandinavianJournalPain.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sjpain.2013.10.003&domain=pdf
http://dx.doi.org/10.1016/j.sjpain.2013.11.005
mailto:anna-maria.kuivalainen@helsinki.fi
mailto:freja.ebeling@hus.fi
mailto:per.rosenberg@hus.fi
dx.doi.org/10.1016/j.sjpain.2013.10.003


44 A.-M. Kuivalainen et al. / Scandinavian Journal of Pain 5 (2014) 43–47

Implications: Warming and buffering the local anaesthetic prior to its administration is an effective and
simple way of diminishing pain during infiltration. This benefit seems to be underutilized in the BMAB
procedure. However, warming and buffering are not sufficient enough to diminish pain during bone
marrow sampling and thus additional pain alleviating methods should be used, particularly in patients
showing preprocedural anxiety.
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the research assistant opened the envelope and prepared the local
anaesthetic solution for the patient. The physician performing the
BMAB was not told which group the patient belonged to. The non-
blinded research assistant performed interviews using a designated
© 2013 Scandinavian

. Introduction

Bone marrow aspiration and/or biopsy (BMAB) in adults is
sually performed after local anaesthetic infiltration, occasionally
upplemented with a sedative or an opioid. In spite of infiltration of
dequate amount and concentration of the local anaesthetic (usu-
lly lidocaine) the subsequent sampling procedures can be painful
1–3]. Since the local anaesthetic solutions are acidic, the subcu-
aneous and periosteal infiltration may itself cause discomfort and
ain. For BMAB, adrenaline containing local anaesthetic solutions
re preferred because the vasoconstrictor may reduce the size of
ostpuncture haematomas, in particular in patients with disturbed
oagulation. However, the commercial adrenaline containing solu-
ions are manufactured very acidic (approximately pH 4) by adding
ydrochloric acid for adequate preservation of adrenaline, resulting

n even more tissue irritation than with plain solutions (pH 5–7).
uffering the acidic local anaesthetic solution to near physiological
H by adding sodium bicarbonate just prior to administration has
een found to reduce the pain from infiltration in a variety of clin-

cal situations [4–6] as well as in one BMAB study [7]. In addition,
y reducing the dissociation of the basic local anaesthetic molecule
pKa 7.9) through a pH rise, the molecules can enter into nerve cells

ore easily and act more rapidly and strongly [8,9].
Another simple and inexpensive manoeuver to make the local

naesthetic infiltration more comfortable is warming the solu-
ion to a temperature near body temperature [10]. Warming and
uffering may act synergistically in alleviating infiltration pain
11,12], but experience from this combination for BMAB seems to
e lacking. A pleasant experience from the first step of the BMAB
rocedure, i.e. local anaesthetic infiltration, may be reflected in
educed discomfort from the following steps of BMAB.

Therefore, in the present study we warmed the adrenaline con-
aining lidocaine solution (32 ◦C) and added warm bicarbonate just
efore infiltration. The primary outcome was the intensity of pain
uring infiltration in comparison with the infiltration of the non-
uffered solution at room temperature. The secondary aim was to
nd out whether pain during the subsequent steps (puncture, aspi-
ation, biopsy) would be influenced by the pain experience from the
ocal anaesthetic infiltration performed 2 min earlier.

. Methods

The ethics committee of Helsinki and Uusimaa hospital district
ccepted the protocol (diary number 306/13/03/01/11). All patients
ave informed consent before recruitment.

.1. Patients

We included 100 patients in this randomized study; 50 patients
eceived warmed and buffered lidocaine with adrenaline and the
ther 50 patients received non-buffered lidocaine with adrenaline
t room temperature. The power analysis was based on a study
omparing intradermal infiltration of unmanipulated lidocaine to

armed and buffered lidocaine in volunteers [11]. In that study,

he VAS score for unmanipulated lidocaine infiltration was 44.2,
nd for warmed, buffered lidocaine it was 29.2. Thus, warming and
uffering decreased the VAS score by 34%. In our previous study [2]
iation for the Study of Pain. Published by Elsevier B.V. All rights reserved.

mean NRS score for local anaesthetic infiltration was 3.5 (SD 2.08).
A reduction in pain intensity during infiltration by 34% would be
expected to yield a NRS score of 2.3 in our BMAB patients. When
the alfa is set to 0.05 and power to 80%, we need 44 patients to
both study groups. Due to the medical complexity of haematolog-
ical patients we decided to recruit 100 patients to the study. Half
of the patients were randomized to receive warmed and buffered
lidocaine and the other half served as a control group receiving non-
warmed and non-buffered lidocaine. Furthermore, approximately
half of patients in each group had the bone marrow sampling per-
formed from the sternum and the other half from the posterior iliac
crest. The exclusion criteria were allergy to local anaesthetics, obe-
sity (BMI, body mass index >32 kg/m2) and unstable coronary heart
disease. The flow chart is presented in Fig. 1.

2.2. Blinding

This study was single-blinded. The randomization was per-
formed beforehand with sealed envelopes. Before the BMAB begun,
Fig. 1. Flow chart.
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Table 1
Demographic data of the patients. BMAB = Bone marrow aspiration and biopsy.

Warmed and
buffered group

Control group

Gender (male/female) 29/21 32/18
Age (yrs), median (min, max) 58 (19, 89) 61 (29, 80)
Height (cm), median (min, max) 176 (145, 190) 175 (156, 190)
Weight (kg), median (min, max) 77 (40, 111) 76 (52, 106)
Diagnosis

Leukaemia acute/chronic 18/3 17/6
Lymphoma 7 9
Myeloma 5 5
Healthy donor 3 0
Other 8 11
Not known 6 2

Site of BMAB (n)
Sternal body 14 14
Sternal manubrium 11 10
A.-M. Kuivalainen et al. / Scandin

uestionnaire after the BMAB on the procedure day. One of the
linded researchers performed the telephone interviews on the
ollowing day.

.3. Interview before BMAB

During the pre-procedural interview the research assistant
ecorded the participants’ regular or temporary use of pain, anx-
olytic or sleep medication. The patients were asked to grade their
re-procedural anxiety on NRS 0–10 (numeral rating scale, 0 = no
nxiety, 10 = worst anxiety imaginable). Possible pre-existing pain
nd its intensity on NRS (0 = no pain, 10 = worst pain imaginable)
as recorded. The patients also graded the pain experience during
revious BMABs or other minor medical procedures (e.g. visit to
he dentist). On the patient’s request, diazepam or intramuscular
lfentanil was given before the BMAB procedure.

.4. Local anaesthetic solutions

The local anaesthetic solution for control group was made from
ml of room temperature lidocaine 20 mg/ml with adrenaline
�g/ml (Lidocain c adrenalin, Orion Corporation, Espoo, Finland)
nd 2 ml NaCl 0.9% solution, totaling 10 ml. The pH of the control
roup solution had been measured (Radiometer PHM 83 Autocal
H Meter, Denmark) in our separate preceding laboratory tests
nd was approximately 3.7. The buffered and warmed local anaes-
hetic solution was made from 8 ml of lidocaine 20 mg/ml with
drenaline 5 �g/ml and 2.0 ml of 7.5% sodium bicarbonate (Natri-
mbicarbonate Braun 75 mg/ml, B. Braun, Melsungen, Germany).
he lidocaine and sodium bicarbonate solutions were first warmed
n separate syringes for 4–5 min under a heating lamp to 32 ◦C. This
emperature was chosen because in normal conditions it is near the
emperature of the subcutaneous tissue [13]. A thermometer was
sed to control adequate warming, after which the lidocaine and
odium bicarbonate were mixed in a syringe and handed out to the
aematologist. The pH of this buffered and warmed solution was
pproximately 7.3.

.5. The BMAB procedure

After disinfection of the procedure site the physician performing
he BMAB infiltrated the local anaesthetic using 22 G needle. The
otal volume of the local anaesthetic solution was 10 ml at the iliac
rest, 8 ml at the sternal manubrium and 6 ml at the sternal body.
ne third of the local anaesthetic was infiltrated to the proximity
f bony periosteum, one third to the subcutaneous tissue and the
est to the skin.

Two minutes after the local anaesthetic infiltration the haema-
ologist tested the numbness of the procedure site with a puncture
eedle (14–16 G). If the patient sensed pain during testing, the
aematologist infiltrated an additional dose of the anaesthetic solu-
ion, the volume being half of the original dose. If the patient
uffered strong pain during BMAB, the patient received intramus-
ular alfentanil (Rapifen®, Janssen-Cilag corporation, 0.4–0.75 mg)
r sublingual fentanyl (Abstral®, ProStrakan Ltd. 100–200 �g) as
escue medication. Immediately after each phase of the BMAB the
esearch assistant asked the patient to grade the pain on the NRS
0–10).

.6. Post-procedural interviews

After BMAB the patient walked to recovery room where the

esearch assistant conducted the interview and recorded the gen-
ral condition and possible complications such as pain or nausea.
he patients were discharged after this interview if they felt well
nd no signs of BMAB related complications occurred. One of the
Iliac crest 25 26

blinded researchers telephoned the patient on the following day
and recorded the general condition of the participant, pain at the
puncture site and possible complications.

2.7. Statistics

Ordinal regression analysis stratified by phase of the proce-
dure was used to measure differences between the study groups
in regard to pain during BMAB. The variables considered to have a
confounding effect were included in the analysis. PASW Statistics
version 18.0 (Hong Kong) was used.

3. Results

The patient data collection was performed during January 2012
to April 2012. The demographic data of the participants are shown
in Table 1. Eleven patients were on regular pain medication (para-
cetamol, ibuprofen, naproxen, paracetamol–codeine combination,
tramadol, buprenorphine, oxycodone, pregabalin, gabapentin and
amitriptyline). Ten patients were on regular anxiolytic or sleeping
medication (zopiclone, benzodiazepines).

The median preprocedural anxiety NRS score was 3.0 (range
0–10) with no difference between study groups. Twenty-three
patients suffered from pre-existing pain in various regions (muscu-
lar pain, toothache, headache). The median NRS for patients having
pre-existing pain was 3.0 (range 1–8). Eleven patients had taken
temporary pain medication within 24 h before BMAB (paraceta-
mol, paracetamol–codeine combination, oxycodone). Four patients
had taken temporary anxiolytic or sleeping medication within 24 h
prior BMAB.

3.1. Previous procedures

The majority of the patients (81.0%) had undergone BMAB
before. The former BMABs had been painless in 10 patients (3
patients in warmed and buffered group and 7 patients in control
group), slightly painful in 58 patients (27 patients in warmed and
buffered group and 31 patients in control group) and painful in 10
patients (7 patients in warmed and buffered group and 3 patients in
control group). Additionally, the patients were asked to grade the
pain during other previous minor medical procedures (e.g. den-

tal treatment). These procedures had been painless in 32 patients,
slightly painful in 60 patients and painful in 7 patients, with no
significant differences between study groups.
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Table 2
Pain during BMAB.

Pain intensity (NRS 0–10) during
BMAB phases, median (range)

Warmed and
buffered group

Control group

Local anaesthetic infiltration 2 (0–10) 4 (0–10)
Puncture 2 (0–10) 3 (0–10)
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Aspiration 5 (0–10) 3.5 (0–10)
Biopsy 6 (0–10) 5 (0–9)
Immediately after BMAB 0 (0–7) 0 (0–4)

.2. Pain during BMAB

The NRS scores during BMAB are shown in Table 2. Pain during
ocal anaesthetic infiltration was significantly milder in patients
eceiving warmed and buffered lidocaine compared to the control
roup (P = 0.002, OR 0.29, 95% CI [0.13; 0.62]). The older the patient
as the less pain the patient felt during local anaesthetic infiltration

P = 0.008, OR 0.96, 95% CI [0.94; 0.99]). The site of the procedure
sternal manubrium, sternal body or iliac crest) did not affect the
ain ratings.

However, the use of warmed and buffered solution for the infil-
ration did not result in pain alleviation during other phases of
he procedure. In fact, it seemed that processing the local anaes-
hetic resulted in increased pain during aspiration (not statistically
ignificant, P = 0.052, OR 2.35, 95% CI [0.99; 5.25]) and pain felt
mmediately after BMAB (P = 0.017, OR 3.84, 95% CI [1.27; 11.62]).

Patients taking regular pain medication felt more pain during
uncture (P = 0.047, OR 4.28, 95% CI [1.01; 18.07]) than those not
aving regular pain medication. Patients being on regular anxio-

ytic or sleeping medication suffered more pain during aspiration
P = 0.048, OR 3.91, 95% CI [1.01; 15.15]). That is, regular pain, anxio-
ytic or sleeping medication did not benefit the patients. Temporary
se of pain medication (within 24 h prior to BMAB) was related to
ore pain during local anaesthetic infiltration (P = 0.006, OR 6.77,

5% CI [1.74; 26.29]). Temporary use of anxiolytic or sleeping med-
cation did not affect the pain ratings. Pain medication given to 20
atients before or during BMAB on patient request did not alleviate
ain during bone marrow sampling (NRS median during puncture
.0 vs. 2.0, OR 2.406, 95% CI [0.937; 6.176]; NRS median during
spiration 4.0 vs. 4.0, OR 0.628, 95% CI [0.247; 1.593]; NRS median
uring biopsy 5.0 vs. 5.0, OR 0.471, 95% CI [0.064; 3.426]). Pain
edication did lower the pain during local anaesthetic infiltration

NRS median 2.0 vs. 3.0, OR 0.269, 95% CI [0.099; 0.728]). Those five
atients receiving benzodiazepines at the hospital 30–60 min prior
o BMAB seem to have benefited from it, as their pain scores were
omewhat lower during aspiration compared to those of the others
median NRS 2.0 vs. 4.0).

As expected, anxiety had a major influence on pain during BMAB.
he more anxious the patient was just before BMAB, the more pain
he patient suffered during local anaesthetic infiltration (P < 0.0001,
R 1.82, 95% CI [1.41; 2.34]), aspiration (P < 0.0001, OR 1.65, 95% CI

1.29; 2.11]) and immediately after BMAB (P = 0.006, OR 1.51, 95%
I [1.12; 2.03]).

Previous painful BMABs were not related to pain during the
resent BMAB apart from pain during biopsy. Biopsy pain was more

ntense if the patient recalled pain from previous BMABs (P = 0.029).
ain during previous other minor medical procedures such as a den-
al treatment predicted pain during local anaesthetic infiltration
P < 0.0001) and aspiration (P = 0.045).

.3. Post-procedural interview
In the post-procedural telephone interview on the following day
he median pain at the procedure site was 0 (range 0–6), with no
ifference between the study groups. Four patients (one in treat-
ent and three in control group) reported of a small haematoma
Journal of Pain 5 (2014) 43–47

involving the puncture site. One patient from the warmed and
buffered group reported minor haemorrhage from the puncture
site. Three patients from the control group suffered from redness
at the puncture site. No serious complications were reported.

4. Discussion

Warming and buffering the adrenaline-containing lidocaine
solution made the infiltration pain less intense than in the control
group. When lidocaine solution is buffered to near physiological pH,
the equilibrium shifts to the nonionized form of the molecule. This
is known to facilitate the anaesthetic effect of lidocaine on nerve
cells [8,9]. However, in the present study no further clinical benefits
of this phenomenon were gained as buffering proved to be similar in
reducing pain during puncture, aspiration and biopsy compared to
unbuffered lidocaine. However, letting the local anaesthetic prop-
erly take effect and traverse the bony periost and nerve cells might
require more than 2 min, i.e. the time latency between infiltration
and bone marrow puncture. The effect of buffering on proce-
dural pain has varied in different studies and, e.g. in surgery for
prominent ear correction it was found to be similar to unbuffered
lidocaine [14], whereas during hernia repair [15] it was superior to
unbuffered lidocaine and provided better local anaesthesia.

Warming the local anaesthetic may make pain during infil-
tration less intense through various mechanisms. Warming shifts
the equilibrium of the molecule towards uncharged form of the
molecule [16], thus enhancing the movement trough cell mem-
branes, as seen also with buffered local anaesthetics. Warmed
lidocaine solution might also cause less tissue irritation and exci-
tation of nerve endings. Processing the local anaesthetic did not
lessen pain during other phases of BMAB, reflecting the fact that
lidocaine – even if it is warmed and buffered – does not sufficiently
traverse the periosteum and bone marrow to such an extent that it
would provide anaesthesia for bone marrow sampling.

As seen in our previous BMAB studies [2,3], anxiety was related
to pain also in this study population. Those few patients who
received diazepam at the hospital had lower pain scores during
BMAB, but due to small number of these patients it cannot be ruled
out that this observation was coincidental. Furthermore, those
patients having regular anxiolytic medication did not have any
lower pain scores. Pain medication given before or during BMAB did
not have any beneficial effect either. Those patients receiving intra-
muscular alfentanil did not have any lower pain scores than the rest
of the study population. This was also seen in our previous stud-
ies [3,17] and thus, the use of intramuscular opioids during ongoing
BMAB should be discouraged. A beneficial effect of benzodiazepines
on procedural pain during BMAB has been noted [18]. However, the
patient should receive the drug sufficiently early so that the drug
has time to take effect. Benzodiazepines have some adverse effects
such as sedation and the risks and benefits of the drug should each
time be evaluated. Intravenous opioid or benzodiazepine may be
useful to a selected group of patients (fearful patients, patients hav-
ing painful memories from previous BMABs) but this medication
demands careful monitoring after the procedure.

Dental procedures resemble BMABs as they often require local
anaesthesia and are frequently associated with anxiety and pain.
Pain associated with dental procedures has been shown to corre-
late with the level of anxiety and use of local anaesthetic infiltration
[19]. Anxiety also prolongs pain during local anaesthetic infiltra-
tion [20]. Thus anxiolytic premedication may be used with fearful
patients [21]. It seems that local anaesthetic infiltration is a major

source of pain in this patient population and should thus be targeted
more intensively. Buffering the used lidocaine solution during den-
tal procedures has been shown to decrease pain during infiltration
and to shorten the onset of anaesthesia [22].
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This study has some limitations. The protocol was only
ingle-blinded as the research assistant who prepared the local
naesthetic solutions conducted the patient reviews as well. The
hysicians performing the BMAB probably recognized the warm
yringe but since the investigators did not distract the haema-
ologists to report how the syringe felt, they seemed to perform
he procedure in the usual way. The infiltration anaesthesia might
robably have been more profound if the local anaesthetic had been

et to take effect longer.
In conclusion, warming and buffering of the local anaesthetic

olution made the pain during lidocaine infiltration less intense
ut processing the solution did not have an effect on the subsequent
ainful phases of BMAB. Preprocedural anxiety correlated with pain
uring all procedural steps, including local anaesthetic infiltration.
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