
e
w
s
l
p
t
t
t
t
p
3
a
0
b
s
T
a
a
R
t
l

e
p

L
a

R
A

The Journal of Emergency Medicine, Vol. 35, No. 2, pp. 119–125, 2008
Copyright © 2008 Elsevier Inc.

Printed in the USA. All rights reserved
0736-4679/08 $–see front matter
doi:10.1016/j.jemermed.2007.08.060

Original
Contributions

A RANDOMIZED, CONTROLLED TRIAL OF THE RECIPROCATING PROCEDURE
DEVICE FOR LOCAL ANESTHESIA

Sharon E. Nunez, MD,* Edward J. Bedrick, PHD,† Sharon C. Kettwich, BS,* Lawrence G. Kettwich, BS,*
Arthur D. Bankhurst, MD,* and Wilmer L. Sibbitt, Jr., MD*

*Department of Internal Medicine, and †Department of Mathematics and Statistics, University of New Mexico Health Sciences Center,
Albuquerque, New Mexico

Reprint Address: Wilmer L. Sibbitt, Jr., MD, Departments of Internal Medicine and Neurology, 5th FL ACC, University of New Mexico

Health Sciences Center, Albuquerque, NM 87131

p
a
(
p
t
w
t
b
t
s
b

r
i
a
t
a
t
d
(
R
t
p
d
(
6
o

Abstract—The purpose of this study was to determine
hether the new reciprocating procedure device (RPD) is

uperior to the conventional syringe for the administration of
ocal anesthesia. There were 209 local lidocaine anesthesia
rocedures randomized between the RDP and the conven-
ional syringe. Outcome measures included administration
ime, anesthesia pain, procedure pain, and operator satisfac-
ion. The RPD significantly reduced anesthesia administration
ime by 49% (RPD: 0.68 � 0.59 min, Syringe: 1.32 � 1.01 min,

< 0.001, 95% confidence interval [CI] for % reduction:
6%–60%), reduced anesthesia pain by 27% (RPD visual
nalog pain scale score: 4.05 � 2.64; Syringe: 5.55 � 3.00; p <
.001, 95% CI 14%–38%), reduced significant procedure pain
y 74% (p < 0.001, 95% CI 60%–87%), and improved phy-
ician satisfaction by 63% (p < 0.001, 95% CI 53%–74%).
he RPD markedly reduces the pain associated with lidocaine
nesthesia administration, reduces administration time,
nd maintains the effectiveness of local anesthesia. The
PD is superior to and significantly more effective than

he conventional syringe for the administration of local
idocaine anesthesia. © 2008 Elsevier Inc.

Keywords—syringe; anesthesia; lidocaine; reciprocating
rocedure device; injection; pain

INTRODUCTION

ocal lidocaine anesthesia administered with a syringe
nd needle remains an important and fundamental com-
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119
onent of emergency therapy, but pain with lidocaine
dministration remains a significant patient complaint
1–7). Considerable attention has been directed to the
roper syringe and needle technique during local anes-
hesia (8–11). Buffering the local anesthetic agent as
ell as the development of alternative delivery methods

o lessen the pain associated with local anesthesia have
een reported (12–19). Although obviously contributing
o the pain experience, poor control of the needle and
yringe by the operator during local anesthesia has not
een well studied.

The reciprocating procedure device (RPD) incorpo-
ates a reciprocating plunger mechanism that permits the
ndex and middle fingers to remain in one position during
spiration and injection while the thumb moves horizon-
ally to the alternative plunger to change the direction of
spiration or injection (Figures 1, 2). Unlike a conven-
ional syringe or the three-ring control syringe, the RPD
oes not become longer during the aspiration phase
20,21). Due to these mechanical characteristics, the
PD is better controlled by physicians than the conven-

ional syringe, and has been shown to reduce unintended
enetration (loss of control of the needle in the forward
irection) by 66% and to reduce unintended retraction
loss of control of the needle in the reverse direction) by
8%, resulting in less pain and improved procedure
utcomes (20–25). We hypothesized that difficulty con-

2007;
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120 S. E. Nunez et al.
rolling the traditional syringe by the physician operator
s a significant component of pain during instillation of
ocal anesthesia, and that the enhanced control of the
eedle provided by the RPD would result in more rapid,
ess painful, and more effective local anesthesia and
eedle procedures.

MATERIALS AND METHODS

ubjects

his project was approved by the institutional review
oard. Twenty-five physicians (52% attending physi-
ians and 48% resident physicians) performed 209 pro-
edures on patients who required an invasive outpatient
rocedure for their usual and customary medical care. At
he conclusion of the study, the physician operators had
ar more career experience with the conventional syringe
1533 � 812.43 local anesthesia procedures) than the
PD (24.6 � 18.7 local anesthesia procedures, p �
.001).

In each case, patients were individually consented for
oth the invasive procedure and the institutional review
oard-approved research protocol. The 209 invasive pro-
edures consisted of local anesthesia followed by deep
eedle aspiration of the joints for diagnostic purposes
Table 1). In each case, the procedure was randomized to
ither the conventional syringe or RPD for the local
nesthesia portion, and then the subsequent deep needle

igure 1. Reciprocating procedure device (RPD) for local
nesthesia—aspiration. This photograph demonstrates the
PD being used in a one-handed fashion for local anesthesia
f the knee before a deep joint aspiration procedure. The
maller plunger is depressed with the thumb for aspiration
o be certain the needle is not in a vascular structure; as
hown here, the larger plunger is depressed to inject. The
ree hand is used to stabilize the syringe as shown here,
teady the patient, feel the surface anatomy, expose the
ound, or operate other devices.
rocedure was performed in a customary manner with
f
o

he same type of syringe device (conventional syringe or
PD, respectively). In each group, the proportion of
rocedures performed by attending physicians vs. resi-
ent physicians was similar (approximately 50:50, Table 1,
� 0.05).

yringes

he conventional syringe was a 10-mL Luer-LokTM BD
yringe (Ref 309604, Becton, Dickinson and Company,
ranklin Lakes, NJ). To provide an identical 10-mL BD
yringe core for valid comparisons, the RPD was proto-
yped in the University of New Mexico Syringe Labora-
ory, using an identical 10-mL BD core. Funding for this
rototype used non-industry internal resources of the
niversity. Thus, the RPD used in these experiments was
n experimental version made of a conventional syringe
ith a reciprocating mechanism attached, and was sim-

lar to but not identical to the commercially available,
ood and Drug Administration-approved versions of the
PD, which contain a different syringe core (20,21).

ocal Anesthesia

ocal anesthesia was achieved with 1% lidocaine solu-
ion in the syringe device, which was randomized be-
ween the RPD and the conventional syringe. A 1½-inch
5-gauge needle (25 G1-1/2 PrecisionGlide Needle, Bec-
on, Dickinson and Company) was used to first infiltrate

igure 2. Reciprocating procedure device (RPD) for local
nesthesia—injection. This photograph demonstrates the
PD being used in a one-handed fashion for local anesthesia
f the knee before a procedure. Once the smaller plunger
as been depressed with the thumb for aspiration to be
ertain the needle is not in a vascular structure, the larger
lunger is depressed to inject lidocaine, as shown here. The
ree hand is used to stabilize the syringe, steady the patient,

eel the surface anatomy, expose the wound, or operate
ther devices.
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Reciprocating Syringe 121
he skin in an intradermal position, and then gradually
eeper into the tissues until the entire volume of lido-
aine was infiltrated (Figure 2). Smaller amounts of
idocaine were used for smaller structures. The technique
as standardized and required aspiration before injection

o be certain that a blood vessel had not been entered
Figure 1), followed by slow injection (Figure 2) and
hen slow advance of syringe and needle forward while
spirating. The deep needle aspiration procedure was
hen initiated after the anesthesia had been administered,
nd each was performed in a standardized manner and in
customary fashion with the same type of syringe device

conventional syringe or RPD, respectively) (26–31).
or these post-anesthesia deep aspiration procedures, a
1-gauge needle (21 G1-1/2 PrecisionGlide Needle, Bec-
on, Dickinson and Company) was used in all cases to
tandardize the pain stimulus associated with the procedure.

utcome Measures

non-operating observer timed each local anesthesia
rocedure, and queried the patient in real time regarding
ain during administration of the local anesthesia. Di-
ectly after the anesthesia procedure, the observer also
ueried the physician in terms of satisfaction with the
yringe used for anesthesia. To determine effectiveness
f the administered anesthesia, the patient was again
ueried concerning pain during the post-anesthesia pro-
edure. Patient pain was determined with the standard-
zed and validated Visual Analog Pain Scale (VAPS),
here 0 cm � no pain and 10 cm � unbearable pain

32,33). The VAPS was obtained twice—immediately
fter the anesthesia portion and immediately after the
eep syringe procedure. Moderate to severe pain was
efined as a VAPS � 5. Operator satisfaction with the

able 1. Characteristics of Study Subjects in 209 Local Ane

Conventional
Syringe (CS)

Reciproca
Dev

umber of procedures 115
atient age 52.7 � 12.47 51.
emale 95/115 (82%) 73/
ale 20/115 (18%) 21/
mall joints (PIP, MCP, CMC) 19/115 (17%) 10/
arge to intermediate joints
(knee, hip, shoulder,
elbow, wrist, ankle)

96/115 (83%) 84/

rocedures performed by
attending physicians

69/115 (60%) 48/

rocedures performed by
resident physicians

46/115 (40%) 46/

IP � proximal interphalangeal joint; MCP � metacarpophalang
yringe after the procedure was determined with the e
isual Analog Satisfaction Scale (VASS), where 0 cm �
ompletely dissatisfied with the performance of the pro-
edure syringe and 10 cm � completely satisfied with
he performance of the procedure syringe (34,35).

tatistical Analysis

ata were entered into Excel (Version 5, Microsoft Inc.,
edmond, WA), and analyzed in SAS (SAS/STAT Soft-
are, Release 9.1, SAS Institute Inc., Cary, NC). An

nitial sample size of 100 procedures for each treatment
roup was considered. With this sample size, a two-sided
-test at the alpha � 0.05 level has 80% power to detect
mean difference in pain levels of 1 unit on the VAPS

cale between procedures using the conventional syringe
nd the RPD. In this calculation, the within-group stan-
ard deviation is estimated to be 2.50, which corresponds
o the range for VAPS scores (10) divided by 4. If the
tandard deviation is set at a more conservative value of
, then 80% power is obtained for mean differences of
.60 or greater. Ultimately, our study involved 209 pro-
edures randomly assigned to the two treatment groups,
esulting in 115 procedures for conventional syringe and
4 for the RPD. The slight imbalance in sample sizes for
he two groups has little practical effect on the power,
elative to a sample size of 100 per group.

Differences between treatment groups (i.e., conven-
ional syringe vs. RPD) were determined using either the
atterthwaite t-test or Fisher’s Exact Test, depending on
hether the outcome measure was numerical or categor-

cal. Confidence intervals for differences in means and
roportions were obtained using standard two-sample
ethods. Fieller’s method was used to calculate confi-

ence intervals for relative differences in means and
ercentages between the groups (36). A generalized lin-

a Procedures

ocedure
D) Significance

95% CI for Absolute Difference
Between CS and RPD

.8 p � 0.05 �2.7–4.47years
) p � 0.05 �16%–6%
) p � 0.05 �6%–16%
) p � 0.05 �3%–15%
) p � 0.05 �15%–3%

) p � 0.05 �5%–22%

) p � 0.05 �22%–5%

nt; CMC � carpometacarpal joint.
sthesi

ting Pr
ice (RP

94
7 � 12
94 (78%
94 (22%
94 (11%
94 (89%

94 (51%

94 (49%
ar model with a log link was used to assess whether
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122 S. E. Nunez et al.
elative differences between groups varied in procedures
erformed by attending physicians and resident physicians
37). Linear regression and Pearson correlations were used
o assess association between numerical outcomes.

RESULTS

able 1 shows the patient characteristics and the mix of
rocedures, which were comparable between the treat-
ent groups. The overall outcomes of the local anesthe-

ia procedures are shown in Table 2. There were 209
ocal anesthesia procedures randomized to either the
onventional syringe or RPD, resulting in 115 proce-
ures for conventional syringe and 94 for the RPD. The
PD resulted in a reduced procedure time compared to

he conventional syringe (RPD: 0.68 � 0.59 min, con-
entional syringe: 1.32 � 1.01 min, p � 0.001), reduced
ain during administration of anesthesia (RPD VAPS
core: 4.05 cm � 2.64; conventional syringe VAPS
core: 5.55 cm � 2.99; p � 0.001), and improved phy-
ician satisfaction with the anesthesia device (RPD
ASS Score: 8.81 cm � 0.83, conventional syringe
ASS score: 5.41 cm � 1.72, p � 0.001). Thus, relative

o a conventional syringe, the RPD resulted in a 49%
elative reduction in procedure duration (p � 0.001, 95%
I 36%–60%), 27% relative reduction in patient pain
uring anesthesia (p � 0.001, 95% CI 14%–38%), and a
3% relative increase in operator satisfaction with sy-
inge performance (p � 0.001, 95% CI 53%–74%).
ixty-five percent (75/115) of subjects experienced mod-
rate to severe pain during local anesthesia with the
onventional syringe, whereas only 38% (36/94) of sub-
ects experienced moderate to severe pain with the RPD
uring anesthesia (41% relative decrease; p � 0.001,
5% CI 23%–58%).

Pain scores during the post-anesthesia procedures that

able 2. Outcome of 209 Local Anesthesia Procedures Ran
Procedure Device (RPD)

Conventional
Syringe (CS)

umber of procedures 115
rocedure time (min) 1.32 � 1.01
atient pain during anesthesia (VAPS) 5.55 � 2.99
ignificant pain (VAPS � 5) 75/115 (65%)
hysician satisfaction (VASS) 5.41 � 1.72
atient pain during post-anesthesia
procedure (VAPS)

5.03 � 3.44

ignificant pain during post-
anesthesia procedure (VAPS � 5)

67/115 (58%)

APS � Visual Analog Pain Scale; VASS � Visual Analog Satis
ere performed with either the RPD or conventional n
yringe were as follows: RPD VAPS score: 2.25 cm �
.55; conventional syringe VAPS score: 5.03 cm � 3.44;
� 0.001, corresponding to a 55% decrease in pain

cores (p � 0.001, 42%–66%). Fifty-eight percent of
ubjects (67/115) experienced significant pain (VAPS
cores � 5) after conventional anesthesia, whereas 15%
14/94) of subjects experienced VAPS scores � 5 after
nesthesia with the RPD (74% relative decrease; p �
.001, 95% CI 60%–87%). Thus, anesthesia adminis-
ered with the RPD was significantly less painful during
dministration, and the post-anesthesia procedure with
he RPD was also significantly less painful.

Further analysis showed that the effect of the device
ype on patient pain during anesthesia varied signifi-
antly (p � 0.05) in procedures performed by resident
hysicians (13% decrease for RPD vs. conventional sy-
inge, 95% CI 32% decrease to 11% increase) and at-
ending physicians (43% decrease for RPD vs. conven-
ional syringe, 95% CI 28%–55%). On the other outcomes,
he relative differences between the treatment groups do not
ary significantly (p � 0.05) in procedures performed by
esident physicians and attending physicians.

Because both anesthesia administration pain and post-
nesthesia procedure pain were different with the RPD
nd conventional syringe, these relationships were ex-
lored in more depth by plotting the pain scores during
nesthesia against the pain scores during the post-
nesthesia procedure, and performing linear regression
Figures 3, 4). As can be seen in Figures 3 and 4, the pain
xperienced during the administration of anesthesia
losely correlated with the pain experienced in the sub-
equent post-anesthesia procedure for both the conven-
ional syringe and the RPD, indicating that pain during
nesthesia predicted pain during the post-anesthesia pro-
edure. However, the slope of the curves, the mean
nesthesia pain, and the mean procedure pain were sig-

d to Either the Conventional Syringe or the Reciprocating

RPD Significance

95% CI on the % Increase
or Decrease for RPD

Relative to CS

94
� 0.59 p � 0.001 36%–60% decrease
� 2.64 p � 0.001 14%–38% decrease

4 (38%) p � 0.001 23%–58% decrease
� 0.83 p � 0.001 53%–74% increase
� 2.55 p � 0.001 42%–66% decrease

4 (15%) p � 0.001 60%–87% decrease

Scale.
domize

0.68
4.05
36/9
8.81
2.25

14/9
ificantly different between the conventional syringe and
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Reciprocating Syringe 123
PD (p � 0.001), indicating significantly different de-
ice pain response curves.

DISCUSSION

ocal lidocaine anesthesia administered with a syringe
nd needle remains an important and fundamental com-
onent of care of the acutely ill or injured patient in the
mergency and urgent care environment. Previous efforts
t reducing pain during the administration of local anes-
hesia have concentrated on proper syringe and needle
echnique, buffering the local anesthetic agent, and al-
ernative methods to the traditional syringe and needle
8–19). Because design inadequacies of the traditional
yringe promote poor control of the needle during typical
yringe procedures, we hypothesized that inadequate
ontrol of the syringe and needle also might be contributing
ignificantly to anesthesia administration pain (21–25).

The present randomized, controlled study demon-
trated that administration of local lidocaine anesthesia
ith the RPD resulted in a 49% relative reduction in the
uration of anesthesia administration (p � 0.001, 95%
I 36%–60%), 27% relative reduction in patient pain

p � 0.001, 95% CI 14%–38%), and a 63% increase in

igure 3. Local anesthesia pain as a predictor of procedure
ain—conventional syringe. This figure demonstrates the
elationship between pain experienced during the installa-
ion of local anesthesia and the effectiveness of that anes-
hesia, measured in terms of pain experienced during the
ubsequent procedure. As can be seen, by linear regression
ethods, pain with local anesthesia (ordinate) predicts pain

uring the post-anesthesia procedure (abscissa), r � 0.64,
< 0.001, n � 115. The cross indicates the intersection of
ean pain (VAPS scores) � SD for both anesthesia pain and

rocedure pain. Note that the slope of the curve and mean
ain are considerably more than those of the RPD (Figure 4).
perator satisfaction with anesthesia device performance
t
t

p � 0.001, 95% CI 53%–74%) (Table 2). Significant
atient pain during anesthesia administration was re-
uced from 65% to 38%, indicating a substantial im-
rovement in preventing pain during administration of
ocal anesthesia. The post-anesthesia needle procedure
as also less painful with the RPD compared to the

raditionally syringe, further emphasizing the different
ain-device relationships with the RPD.

Poor control of the syringe and needle is a major
ause of increased patient pain during syringe proce-
ures, including local anesthesia (8–10,21,38–40). The
mprovement in physician performance in terms of pro-
edure duration and reduced patient pain with the RPD
ould not be attributed to practice effects, as the physi-
ians had far more practice with the conventional syringe
1533 � 812.43 local anesthesia procedures) than the
PD (24.6 � 18.7 local anesthesia procedures, p �
.001). These results suggest that improved physician
erformance with the RPD in local anesthesia was re-
ated to the better intrinsic mechanical control character-
stics of the RPD, as has been previously demonstrated
21–25).

An interesting finding in this study is the high degree
f pain (62% of subjects) that patients experience during
ypical lidocaine local anesthesia with a conventional

igure 4. Local anesthesia pain as a predictor of procedure
ain—reciprocating procedure device (RPD). This figure
emonstrates the relationship between pain experienced
uring the installation of local anesthesia and the effective-
ess of that anesthesia, measured in terms of pain experi-
nced during the subsequent procedure. As can be seen, by

inear regression methods, pain with local anesthesia (ordi-
ate) predicts pain during the post-anesthesia procedure

abscissa), r � 0. 41, p < 0.001, n � 94. The cross indicates
he intersection of mean pain (VAPS scores) � SD for both
nesthesia pain and procedure pain. Note that the slope of

he curve and mean pain are considerably less (p < 0.001)
han those of the conventional syringe (Figure 3).
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124 S. E. Nunez et al.
yringe (Table 2). This degree of pain is certainly a major
eason why pediatric patients do not tolerate local anes-
hesia with lidocaine well, and if prolonged or multiple
ites are necessary, general anesthesia is often employed
4,14,39–49). The problem of pain associated with ad-
inistration of local anesthesia has been long recognized

y clinicians, and considerable attention has been di-
ected at proper syringe and needle technique to reduce
his effect (8–11). Most clinicians simply accept that
dministration of lidocaine will cause pain, and do not
lter their individual anesthesia administration technique.
owever, the problem of pain during administration of

ocal anesthesia is so considerable that transdermal ap-
roaches, needleless administration, and computer-assisted
njection techniques are areas of intense research and
linical study (7,12–19). A less painful drug delivery
evice such as the RPD is another logical approach.

The RPD is formed around the core of a conventional
yringe barrel and plunger, but has a parallel accessory
lunger and an accessory barrel or track to control the
otion of the accessory plunger (Figures 1, 2). The two

lungers are mechanically linked in an opposing fashion,
esulting in a set of reciprocating plungers. Thus, when
he accessory plunger is depressed with the thumb, the
yringe aspirates, and when the dominant plunger is
epressed with the thumb, the syringe injects. This per-
its the index and middle fingers to remain in one

osition during both aspiration and injection while the
humb needs to move in only a horizontal plane to the
lternative plunger to change the direction of aspiration
r injection. This also permits the powerful and exquis-
tely well-controlled flexor musculature of the hand and
orearm to be used for both injection and aspiration.

Unlike a conventional syringe or the three-ring con-
rol syringe, the RPD does not become longer during the
spiration phase, which further enhances control of the
eedle (20,21). These characteristics of stable finger po-
itioning, the exclusive use of the flexor musculature,
nd the absence of device lengthening during aspiration
reate a powerful and finely controlled one-handed
rocedure device (21–25). Recently, clinical trials
ave demonstrated that the RPD is less painful and is
uperior to the traditional syringe for arthrocentesis,
orticosteroid joint injections, suction needle biopsy,
ntra-articular hyaluronate injections, and other sy-
inge and needle aspiration procedures performed by
hysicians (21–25). A one-handed syringe device with
nhanced control characteristics where the free hand
an be used for device stabilization, anatomic local-
zation, wound exposure, patient restraint, and other
ecessary tasks is an obvious advantage for emergency

rocedures, including anesthesia.

1

LIMITATIONS

any of the inherent limitations of this type of research
ere overcome by randomizing patients into intervention
roups. However, patients and assessors of outcome
ould not be blinded and this could have introduced a
ias to the results. Furthermore, this study was per-
ormed in one Emergency Department setting with a
ingle group of emergency physicians. Further study in
ther settings must be done to determine whether our
esults can be more widely generalized.

CONCLUSIONS

he RPD significantly reduces the time required to ad-
inister local anesthesia, reduces patient pain during

nesthesia, increases operator satisfaction with syringe
erformance, and significantly reduces the pain of the
ost-anesthesia procedure. Further study of this new
lass of reciprocating procedure devices will determine
pecific indications and future applications of this new
echnology to the broad field of emergency medicine.

cknowledgment—Dr. Sibbitt is the inventor of the reciprocat-
ng procedure device that is owned by the University of New

exico.
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