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Lidocaine finger blocks have been shown to 
provide analgesia for nearly 5 hours without 
epinephrine and approximately 10 hours 

with epinephrine, which essentially doubles its 
duration.1,2 The analgesic effect of epinephrine 
on the duration of bupivacaine finger blocks 
remains unknown.

Bupivacaine finger injection provides a much 
longer duration of action than lidocaine. Previ-
ous studies have shown the duration of action to 
be as long as 24.9 hours.1 In the senior author’s 

(D.H.L.) experience, however, patients who 
receive bupivacaine blocks start asking for pain 
medication as early as 7 hours after the block. Is 
it possible that the pain-blocking effect of bupiva-
caine has a different duration than the touch and 
pressure effects? The answer to this question also 
remains unknown.
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Background: The goals of this study are threefold: (1) to determine what effect 
epinephrine has on the duration of bupivacaine finger block anesthesia; (2) to 
see whether the duration of action of bupivacaine on digital pain relief is the 
same duration as numbness to touch/pressure; and (3) to assess the fingertip 
temperature changes that result from bupivacaine digital blocks.
Methods: The ring fingers of both hands of 44 volunteers were randomized 
to injection of bupivacaine with or without 1:200,000 epinephrine. The dura-
tion of time for digits to return to normal pain, touch, pressure sensation, and 
fingertip temperature were measured and recorded.
Results: There were three main findings: (1) the pain block of bupivacaine 
lasts only half as long (15 hours) as the return to normal sensation (30 hours); 
(2) the effect of adding epinephrine to bupivacaine prolongs the duration of 
pain relief in a finger block for only an additional 1.5 hours; (3) in addition to 
pain relief, bupivacaine finger blocks cause fingertip hyperemia with consistent 
significant fingertip temperature elevation that lasts 15 hours.
Conclusions: The duration of bupivacaine pain relief is the clinically impor-
tant factor that needs to be reported in bupivacaine trials. Patients should be 
informed that the return of pain will occur much sooner than the return of 
normal sensation. Adding epinephrine to bupivacaine does not add a clini-
cally significant length of time to pain relief. Bupivacaine finger blocks provide 
prolonged hyperemia and pain block to fingertips, which may be useful in the 
treatment of acute frostbite. (Plast. Reconstr. Surg. 131: 00, 2013.)
CLINICAL QUESTION/LEVEL OF EVIDENCE:  Therapeutic, I.
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The third unknown question about 
bupivacaine digital blocks is their effect on 
fingertip temperature. It has been shown that 
lidocaine wrist blocks increase temperature in 
fingertips, and this has been postulated to be 
potentially helpful in frostbite to provide pain 
relief and hyperemia.3 Previous studies have shown 
bupivacaine to exhibit vasodilatory properties 
at clinical concentrations of injection.4–7 Does 
bupivacaine provide increased warmth to the 
fingertip? How long does it last?

The goals of this study are threefold: (1) to 
determine what effect epinephrine has on the 
duration of bupivacaine finger block anesthesia; 
(2) to assess the duration of action of bupivacaine 
with and without epinephrine on the digital sen-
sory modalities of pain, touch, and pressure; and 
(3) to assess the fingertip temperature changes 
that result from bupivacaine digital blocks with 
and without epinephrine. Application to the 
Research Ethics Board of the Atlantic Health Sci-
ences Corporation was made on June 25, 2009. 
Research Ethics Board Approval was received on 
July 7, 2009 (RS#2009-1356).

MATERIALS AND METHODS

Sample Size Calculation and Statistical Analysis
The primary outcome of this study is time to 

return of pin-prick sensation. The mean time to 
return of sensation as reported by Thomson and 
Lalonde was 24.9 hours (SD, 2 hours).1 Clinically, 
an extension of pain control of at least 2 to 4 hours 
would be required for the addition of epinephrine 
to be considered beneficial (i.e., preventing an addi-
tional dose of analgesic such as acetaminophen, a 
nonsteroidal antiinflammatory drug, or an opioid).

Analysis of the outcomes of interest was per-
formed by traditional comparison of two means 
by t test. Using an α level of 0.05 and a β level of 
0.2 (corresponding to a power of 0.8), a sample 
size of 36 subjects per group was estimated.8 As the 
duration of the anesthetic effect of bupivacaine 
with epinephrine has not been reliably estimated, 
an interim analysis at 25 subjects per group was 
performed. A critical α level of 0.025 was used 
in accordance with traditional group sequential 
methods originally described by Pocock.9 As such, 
the sample size estimation was adjusted to account 
for the interim analysis, and a sample size of 43 
subjects per group was selected.

Forty-four healthy volunteers were recruited 
to participate in the study. After approval from the 
Ethics Review Board of the Saint John Regional 

Hospital, signed consent was obtained from each 
volunteer following both verbal and written descrip-
tions of the study protocol. Potential risks were 
discussed with each volunteer, including digital 
ischemia and the potential need for phentolamine 
reversal. Side effects were discussed, including 
hypotension, tachycardia, heart rhythm abnormali-
ties, allergic reaction, gastrointestinal tract upset, 
and nausea.

Pain Assessment
The safe and sterile use of a single-use, 28-gauge, 

spring-loaded insulin lancet (ACCU-CHEK Safe-T-
Pro Plus; Roche, Basel, Switzerland) (Fig. 1, left) 
was demonstrated to volunteers. The volunteer’s 
hand was placed supine on a desk with the fingers 
completely extended to limit finger movement 
during injection. The lancet was applied squarely 
against the volar fingertip and the lever pressed to 
penetrate the skin to a depth of 1.8 mm and then 
placed in an approved sharps disposal container. 
The degree of discomfort of lancet pinprick was 
recorded on the Case Report Form (See Figure, 
Supplemental Digital Content 1, which shows a 
Case Report Form for digital nerve block: bupiva-
caine with and without epinephrine, http://links.
lww.com/PRS/A716) on a visual analogue scale (0 
to 10) and served as a baseline measure of pain 
sensation for subsequent comparison.

Touch Assessment
The Semmes-Weinstein monofilament test 

(Baseline; Fabrication Enterprises, White Plains, 

F1

Fig. 1. Sensory modality assessment tools. (Left) Pain assess-
ment: single-use, 28-gauge, spring-loaded Accu-Chek Safe-
T-Pro Plus lancet (1.8-mm depth). (Center) Touch assessment: 
Semmes-Weinstein monofilament (3.22 = 0.16 g of force), Base-
line. (Right) Temperature assessment, infrared digital cutaneous 
thermometer, TH03F.
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N.Y.) was then described and demonstrated to 
exert a reproducible force when bowed into a 
C shape against the skin for 1 second. The 3.22 
monofilament (Fig. 1, center) represents the 
threshold between normal light touch and slightly 
diminished fingertip sensation10 and has been 
described as a more accurate threshold measure 
in the cervical dermatomes.11 In addition, there 
is variability in the manufacturing of the 2.83 
monofilaments,12 thus reinforcing the need for 
the higher 3.22 monofilament for fingertip light 
touch-pressure threshold testing. The Semmes-
Weinstein monofilament test is considered 
simple, inexpensive, and easy to use, and 
provides a repeatable and reliable touch-pressure 
stimulus.13,14 The monofilament was used to verify 
sensation in each ring finger. Each volunteer 
demonstrated accurate technique in the self-
administration of the test.

Temperature Assessment
An infrared digital cutaneous thermometer 

(Fig. 1, right) (TH03F; Radiant Innovation, Inc., 
HsinChu, Taiwan) allows surface body tempera-
ture readings to be taken in a noninvasive, safe, 
and reliable manner compared with conventional 
devices.15 The infrared sensor was placed over 
the volar surface of the distal ring finger and the 
temperature (in degrees Celsius) was read on the 
digital display (Fig. 1). Volunteers were observed, 
to ensure accurate and consistent use of the 
thermometer. Baseline finger temperature mea-
surements of each ring finger were recorded for 
purposes of comparison. A difference of greater 
than 1°C from baseline temperature between ring 
and index fingers was considered a significant 
temperature change.

Method of Bupivacaine Injection
Both of the volunteers’ ring fingers were 

then injected with local anesthetic in a double-
blinded fashion. The injections were randomized 
to bupivacaine plain (0.5%) or bupivacaine with 
1:200,000 epinephrine and to the order of hand 
injection (right or left). Randomization was com-
puter-generated, coded, and sealed in numeric 
envelopes. At the time of injection, each envelope 
was opened and the coded injection sequence was 
presented to a registered nurse, who drew up and 
labeled syringes according to the coded injection 
sequence.

All blocks were performed by a single injec-
tor who was blinded to the injectate, as were 

volunteers. The single subcutaneous injection in 
the middle of the proximal phalanx with local 
anesthetic with or without epinephrine block 
technique16 was used to subcutaneously inject 2 ml 
of bupivacaine with or without epinephrine with 
a 1.5-inch, 25-gauge needle (Becton Dickinson, 
Franklin Lakes, N.J.) (Fig. 2). The injector’s sta-
bilizing hand was rested on the volunteer’s supi-
nated and extended fingers to immobilize the 
digit and decrease motion during the injection. 
Injections were slowly administered over a 30-sec-
ond period to reduce the pain associated with 
injection. The volunteer then recorded the date 
and time of the injection and the level of discom-
fort associated with each ring finger block on a 
visual analogue scale (0 to 10).

The Case Report Form data table was then 
reviewed with each patient. Measurements of 
pain sensation (yes or no) in response to fin-
gertip lancet pinprick were recorded with the 
accompanying pain score (0 to 10). (Cases where 
the needle was felt but no pain was elicited would 
require a “yes” response with a corresponding 
score of 0 and was defined as pressure sensation 
having returned.) The Semmes-Weinstein mono-
filament light touch-pressure test was performed 
with three consecutive attempts. A sensation felt 
in any of the three attempts was considered a 
“yes” response. Lastly, the infrared digital ther-
mometer was used to detect the surface body 
temperature of the ring and index fingers. Cor-
responding temperatures for both digits in each 
hand were recorded.

F2

Fig. 2. Simple digital block of bilateral ring fingers (single sub-
cutaneous injection in the middle of the proximal phalanx with 
local anesthetic with or without epinephrine). Ring fingers were 
randomized to bupivacaine only to one hand and bupivacaine 
plus epinephrine to the other. Index fingers in each hand were 
used as control digits for sensation comparison.
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All necessary supplies to complete the study 
were provided to the volunteers and included 
the ACCU-CHEK Safe-T-Pro Plus lancets, the 3.22 
Semmes-Weinstein Baseline monofilament, the 
TH03F infrared digital thermometer, and the 
Case Report Form for measurement recording.

All injections were performed in the late 
afternoon/early evening (5 to 6 pm) to minimize 
the number of finger checks through the night and 
to decrease sleep disturbance. Measurements were 
made at various timed intervals starting at 1 hour 
from the initial injection time, with subsequent 
measurements taken at 6, 12, and 14 hours, and 
then every hour until the volunteer subjectively 
defined the finger as having completely regained 
normal sensation. The date and time of regaining 
complete normal sensation was recorded and the 
volunteer submitted the Case Report Form the 
following day. Final data evaluation and analysis 
was performed once all volunteers had completed 
the study.

For example, the local anesthetic finger block 
was performed at 6 pm on a Friday, the finger 
checks would be performed at 7 pm, midnight, 6 
am, 8 am, and then hourly until full sensation had 
returned to the digits—anticipated to last until 
late Saturday afternoon or evening.

Exclusion Criteria
Subjects were excluded from participating in 

this study if they were younger than the age of 
majority or deemed unable to give consent. Vol-
unteers that were pregnant or diabetic, thought 
to be allergic to local anesthetics, had undergone 
prior surgery to their fingers, or had some pre-
existing form of digital vascular ischemia were 
excluded. Subjects were not allowed to partici-
pate in this study if they were required to work 
and felt that the anesthesia would interfere with 
their duties and/or abilities, as injuries sustained 
would not be compensable by work-related insur-
ance plans.

RESULTS
Forty-four volunteers were recruited for partic-

ipation in the study. One was excluded because of 
presyncope and generally feeling unwell after the 
first ring finger injection and was unable to con-
tinue. A second volunteer was excluded because 
he failed to return the Case Report Form. The 
remaining 42 volunteers were included. Twenty-
three volunteers were women and 19 were men. 
The mean age of volunteers was 27 years (range, 
24 to 39 years).

Baseline Measures for Pain of Injection
Visual analogue scale scores for the diabetic 

lancet pain averaged 2.8 (SD, 1.41) of 10. Bupi-
vacaine 0.5% plain injection pain was rated a 
5.1 (SD, 1.82) of 10, with bupivacaine plus epi-
nephrine given a 5.3 (SD, 1.80) of 10. Paired t 
test revealed no difference in pain of injection 
between bupivacaine with or without epinephrine 
(p = 0.299). Similarly, there was no significant dif-
ference between left hand (mean, 5.2; SD, 1.76) 
versus right hand (mean, 5.3; SD, 1.87) injections 
(p = 0.796) or in order of injection sequence (first 
hand, mean, 5.4; SD, 1.83; second hand, mean, 
5.1; SD, 1.79; p = 0.193).

Return of Pain Sensation Measurements
Time to return of pain sensation was defined 

as feeling pain while testing the ring finger with 
the diabetic lancet but at a pain score below the 
baseline measure (e.g., pain at onset = 1 of 10 
with a baseline measure = 3 of 10). Time to return 
of pain sensation began at 15.0 hours (SD, 3.25 
hours) for bupivacaine only. Bupivacaine plus epi-
nephrine pain began to return at 16.4 hours (SD, 
2.40 hours). This prolongation was found to be 
statistically significant (p = 0.005) (Fig. 3).

Pain sensation completely returned (i.e., at a 
level equal to the participant’s baseline measure) 
at 18.6 hours (SD, 4.06 hours) for bupivacaine 
only. Bupivacaine plus epinephrine returned at 
19.6 hours (SD, 3.52 hours). This was also found 
to be statistically significant (p = 0.024). It should 
be noted that pain sensation gradually returned 
over a 3.36 (SD, 3.14)–hour period.

Return of Touch Sensation Measurements
Touch sensation began to return at 15.6 hours 

(SD, 4.64 hours) for bupivacaine, whereas bupiva-
caine plus epinephrine showed a return of touch 
at 17.3 hours (SD, 3.50 hours) (Fig. 3). This effect 
was statistically significant (p = 0.004).

Return of Pressure Sensation Measurements
Pressure sensation began to return at 13.9 

hours (SD, 3.67 hours) in patients administered 
bupivacaine plain versus 15.5 hours (SD, 2.48) in 
patients administered bupivacaine plus epineph-
rine (Fig. 3). Epinephrine statistically prolonged 
the return of pressure sensation (p = 0.004).

Return of Completely Normal Sensation 
Measurements

The injected ring fingers regained completely 
normal sensation at 30.1 hours (SD, 10.9 hours) 

F3
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with bupivacaine and at 30.8 hours (SD, 9.47 hours) 
with bupivacaine plus epinephrine (Fig. 3). There 
was no difference in return of normal sensation 
between the two groups (p = 0.202).

Fingertip Temperature Effect of the Blocks
A greater than 1°C difference between ring and 

index fingers (control) was found at 1.4 hours (SD, 
1.83 hours) in patients administered bupivacaine 
plain versus 1.7 hours (SD, 2.20 hours) in patients 
administered bupivacaine plus epinephrine and 

was not statistically significant (p = 0.440) (Fig. 4). 
Bupivacaine plain temperature elevation lasted 
15.6 hours (SD, 5.17 hours), with a maximal 
effect of 7.8°C (SD, 3.45°C) (Fig. 5) that peaked 
at 7.7 hours (SD, 7.17 hours). Bupivacaine plus 
epinephrine temperature elevation lasted 15.2 
hours (SD, 5.54 hours) and peaked at 10.5 hours 
(SD, 6.46 hours), with a maximal effect of 6.8°C 
(SD, 2.96°C). The maximal temperature effect 
was decreased significantly with epinephrine (p = 
0.038), and there was a delay to peak effect (p = 
0.005); however, the duration of temperature 

F4

F5

Fig. 3. Time in hours for pain, touch, and pressure sensations to return and for the ring finger to regain 
normal sensation. *Statistically significant.

Fig. 4. Effects of bupivacaine (blue) and bupivacaine plus epi-
nephrine (red) on ring finger temperature. Ring fingers were com-
pared with index finger controls. Onset was defined as the time 
for the ring finger to become warmer than the index finger by a 
minimum of 1°C. Time to peak temperature effect (in degrees Cel-
sius). Duration of ring finger temperature elevation greater than 
1°C that of the control digit (index finger). *Statistically significant.

Fig. 5. Maximal effect of bupivacaine (blue) and bupivacaine 
plus epinephrine (red) on ring finger temperature. Maximum 
relative effect = ring finger temperature (in degrees Celsius) −  
control finger (index) temperature (in degrees Celsius). Maxi-
mum temperature in degrees Celsius at peak effect. *Statistically 
significant.
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elevation was not significantly changed (p = 0.685). 
Absolute finger temperature in degrees Celsius 
was also not affected [bupivacaine, 35.2°C (SD, 
0.85°C); bupivacaine plus epinephrine, 34.5°C 
(SD, 2.64°C); p = 0.060]. Along with the fingertip 
temperature elevation, we consistently observed 
hyperemia in refill on compression, which we did 
not quantify.

DISCUSSION
This prospective, double-blind, randomized 

study in 42 volunteers using their own hands as 
controls provides level I evidence for the follow-
ing three main findings: (1) the pain block of 
bupivacaine lasts only half as long (15 hours) as 
the return to normal sensation (30 hours); (2) the 
effect of adding epinephrine to bupivacaine pro-
longs the duration of pain relief in a finger block 
for only 1.5 hours; (3) in addition to pain relief, 
bupivacaine finger blocks cause fingertip hyper-
emia, with consistent significant fingertip temper-
ature elevation that lasts 15 hours.

The important clinical implication of the fact 
that the pain block of bupivacaine lasts only half 
as long (15 hours) as the return of normal sensa-
tion (30 hours) is the following: patients will some-
times call their surgeon and complain of pain in 
spite of the fact that the finger is still numb. When 
the block from bupivacaine is wearing off, it does 
not come off like a light switch all at once. The 
pain fibers come back to life long before normal 
sensation has returned. It therefore becomes very 
important that when studies look at how long 
bupivacaine blocks last, they must differentiate 
how long the clinically important pain numbness 
lasts versus how long the touch/pressure numbness 
lasts. It is also important that we tell patients how 
long the pain-numbing effect of bupivacaine will 
last, as that is the fact that matters to a patient 
after surgery or injury.

It is known that local anesthetics progres-
sively block each sensory modality on the basis 
of its nerve fiber composition. Multiple theories 
describe nerve fiber diameter,17,18 presence and 
degree of myelin,19 axonal length exposure,20 
conduction velocity,21 and differences in state-
dependent sodium channel blockade22 and fre-
quency-dependent blockade23 as having an effect 
on the differential blockade of sensation. The 
order of sensory loss after administration of local 
anesthetic is pain, temperature, touch, and pres-
sure.24,25 It has previously been taught that the 
return of sensation follows the reverse order of 
sensory loss.24

In this study, we injected the bupivacaine as 
it is injected in the single subcutaneous injection 
in the middle of the proximal phalanx with lido-
caine and epinephrine block technique. We now 
use the simple block, as it has been shown to be 
less painful and equally effective as the two dorsal 
injection block technique.16,26–28

A previous study showed that complete return 
of sensation after bupivacaine digital nerve 
block took 24.9 hours.1 They did not differenti-
ate between the duration of pain versus touch/
pressure numbness. The current study reports 
a longer duration of action, with return to nor-
mal sensation at 30 hours. This difference can be 
explained by a smaller sample size in the previous 
study and, more importantly, by the large varia-
tion in bupivacaine duration of action (range, 
15.5 to 66.5 hours).

Lidocaine single subcutaneous injection in the 
middle of the proximal phalanx with local anes-
thetic with or without epinephrine finger blocks 
lasts twice as long (10 hours) with epinephrine 
than without epinephrine (5 hours).1 It is for this 
reason that many surgeons add epinephrine to 
bupivacaine finger blocks. Their feeling is that the 
finger block will last considerably longer. The sec-
ond important finding of this study revealed that 
adding epinephrine to a finger block increased 
the duration of pain deletion from 15 hours to 
16.5 hours. This increase in duration may not be 
all that clinically useful.

The two main problems with acute fingertip 
frostbite are pain and lack of circulation. The 
third significant finding of this study was that bupi-
vacaine finger blocks cause fingertip hyperemia, 
with consistent significant fingertip temperature 
elevation that lasts 15 hours. Adding this fact to 
the finding that bupivacaine fingertip pain relief 
lasts an average of 15 hours could make bupiva-
caine blocks attractive for the acute treatment of 
frostbite as previously suggested for wrist blocks 
with lidocaine with epinephrine.3

CONCLUSIONS
With bupivacaine blocks, pain sensation is 

blocked for only half the duration (15 hours) of 
the total length of touch/pressure numbness (30 
hours). This knowledge will assist the surgeon 
in counseling patients concerning postoperative 
analgesia that the pain sensation will return much 
sooner than the numbness will resolve. Adding 
epinephrine prolongs the duration of the pain 
relief by only 1.5 hours. Bupivacaine finger blocks 
provide pain relief, hyperemia, and temperature 
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elevation in the fingertip for 15 hours, which may 
be useful in the acute management of fingertip 
frostbite.

Donald H. Lalonde, M.D., M.Sc.
Dalhousie University Hilyard Place

600 Main Street
Suite C204

Saint John, New Brunswick E2K 1J5, Canada
drdonlalonde@nb.aibn.com
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