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The prohibition against the use of local anesthetics with
epinephrine for digital blocks or infiltration is an estab-
lished surgical tradition. The present article provides a
comprehensive review of all reported digital necrotic and
ischemic complications with epinephrine in the digits in
an effort to understand whether the current prohibition
is based on documented reports. A comprehensive review
of articles showing the successful use of local anesthetic
with epinephrine in the digits is presented.

A review of Index Medicus from 1880 to 1966 and a
computer review of the National Library of Medicine da-
tabase from 1966 to 2000 were performed using multiple
keywords. Selected major textbooks from 1900 to 2000
were also reviewed.

A total of 48 cases of digital gangrene after anesthetic
blocks (mostly using cocaine or procaine) have been re-
ported in the world literature. Only 21 cases involved the
use of epinephrine; 17 involved an unknown concentra-
tion based on manual dilution. Multiple other concurrent
conditions (hot soaks, tight tourniquets, and infection)
existed in these case reports, making it difficult to deter-
mine the exact cause of the tissue insult. There have been
no case reports of digital gangrene using commercial
lidocaine with epinephrine (introduced in 1948). Multi-
ple studies involving thousands of patients support the
premise that the use of lidocaine with epinephrine is safe
in the digits.

An extensive literature review failed to provide consis-
tent evidence that our current preparations of local an-
esthesia with epinephrine cause digital necrosis, although
not all complications are necessarily reported. However,
as with all techniques, caution is necessary to balance the
risks of this technique with the dangers of mechanical
tourniquets and upper extremity block anesthesia. (Plast.
Reconstr. Surg. 108: 114, 2001.)tk;1

One of the strongest admonitions given to
medical students and residents is not to inject
local anesthetics with epinephrine into the dig-
its. This prohibition is promulgated by essen-
tially all surgical, hand, plastic, and dermato-
logical texts. A review of the world’s literature
from the past 120 years documents 48 cases of

digital necrosis from local anesthetics. None of
these cases involved the use of Xylocaine (lido-
caine), and only 21 entailed the use of epi-
nephrine. The majority of cases occurred more
than 50 years ago. At that time, epinephrine
was diluted by hand.1

The recent literature reports 15 cases of dig-
ital ischemia resulting from anesthetics with
epinephrine,2,3 epinephrine solutions,4 or
EpiPen injections.5–17 All were reversed, even
those involving concentrated epinephrine (1:
1000), if treated up to 13 hours after injury.8

Digits have a great ability to withstand ische-
mic insults due to their structure, which has
skin, tendons, ligaments, and bone, but no
muscle. There are reports of finger replanta-
tion after 42 hours of warm ischemia.18

Although a bloodless field is necessary for
hand surgery, the mechanical tourniquet is the
only current recommendation. However, me-
chanical tourniquets have their own
complications.19

The present article provides (1) a compre-
hensive review of all reported necrotic and is-
chemic complications with epinephrine in the
digits to understand whether the current prohi-
bition is reasonable and (2) a comprehensive
review of articles showing successful use of local
anesthetic with epinephrine in the digits.

MATERIALS AND METHODS

A review by hand of Index Medicus from
1880 to 1966 was performed using the follow-
ing headings: adrenal preparations, anesthesia,
anesthetic complications, cocaine, lidocaine,
local anesthesia, local anesthetics, and pro-
caine. In addition, a review of major textbooks
of anesthesia, orthopedics, and surgery was
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performed. National Library of Medicine com-
puter searches from 1966 to 2000 were done
using the following key words: chemically in-
duced gangrene, epinephrine, epinephrine/
adverse effects, finger injuries/drug therapy,
finger injuries/surgery, injections/subcutane-
ous, ischemia/chemically induced, lidocaine/
adverse effects, local anesthesia, local anesthet-
ics/adverse effects, procaine, vasoconstriction,
vasoconstrictor agents, sickle cell disease, and
Raynaud’s, history.

Journal Review

The first use of local anesthesia in the West
was reported by Karl Koller in his 1884 presen-
tation on the use of cocaine in the eye.20 Sub-
sequently, Burke21 performed the first digital
nerve block, and Halsted reported the first
major nerve block.22 Schleich introduced the
concept of using dilute solutions of local anes-
thetics in an effort to reduce toxic complica-
tions.23 Klein24 recently popularized this
technique.

Epinephrine was first isolated from the adre-
nal medulla in 1897 by Abel, who named it.
Takamine25 isolated it in crystalline form and
patented it as “Adrenalin” (epinephrine) in
1901.

Cocaine was the only local anesthetic avail-
able until the introduction of procaine by Ein-
horn in 1904.26 Despite the fact that cocaine is
a vasoconstrictor, there are few reported cases
of digital necrosis27–32 with cocaine use.

In 1903, Braun33 popularized the addition of
epinephrine (suprarenin or suprarenal ex-
tracts) to solutions of cocaine. He described
the epinephrine effect as that of a “chemical
tourniquet,” retarding the absorption of the
cocaine and prolonging its effect. His first ar-
ticle documented three cases of finger anesthe-
sia using a cocaine/epinephrine solution.
Braun expressed mixed feelings about using
epinephrine in the digits27,28,34: “if the action of
suprarenin be too intense or long continued,
gangrene of the tissues can occur, particularly
if the nutrition of the part is already interfered
with, as, for instance in arteriosclerosis of the
extremities, wounds, or plastic flaps. Siebert35

has collected cases of this kind.” However,
Braun did use epinephrine near the base of the
finger “where the blood supply is more abun-
dant”27 and recommended injecting “only a
small amount.”36

Numerous authors began to address the
problem of necrosis after local anesthesia in

the 1920s. Ruben37 and Riccio and La Rossa38

concluded the causes were overdistension of
tissues, poor surgical technique, or use of too
much epinephrine.

In 1928, Moulonguet39 reported a case of
total gangrene of the index finger after an
injection of plain procaine. However, hot soaks
were used after surgery. Halla40 reported the
first case of a digital block with epinephrine
developing gangrene. His emphasized that the
injury occurred from hot soaks after surgery.

In 1931, Garlock41 reported four cases of
gangrene after digital blocks; however, none
involved epinephrine. He considered the gan-
grene secondary to a tight tourniquet.

In 1933, Lambert and Snyers29 described two
cases of procaine with epinephrine causing
digital necrosis. They also tabulated 23 cases of
digital necrosis after local anesthetics. Many of
these cases are known only through their
citations.32,35,42–47

In 1936, Hanke48 reported a case of digital
necrosis after the resection of severe Du-
puytren’s contracture. He injected 40 cc of
procaine with epinephrine into the palm be-
fore surgery. No tourniquet was necessary.

In 1941, Kaufman30 reported a case of burns
to a finger anesthetized with procaine and epi-
nephrine. Kaufman collected cases of digital
necrosis from the European and American lit-
erature. He thought contributing factors in-
cluded peripheral arteriosclerosis, allergic re-
action, injection of excessive amounts of
solution, vasoconstriction due to epinephrine,
vascular trauma from the tourniquet, and
burns from hot soaks postoperatively.

In 1942, Pelner49 described a case of gan-
grene after the injection of procaine with epi-
nephrine 1:50,000 into an ingrown toenail. He
noted that commercial vials of anesthetics
could contain epinephrine solutions as strong
as 1:20,000. In his review, he opined that epi-
nephrine was the cause of the tissue sloughs.
However, a review of the articles he cited does
not support this conclusion.

Also in 1942, McLaughlin50 reported on a
patient who received digital block anesthesia
with epinephrine (concentration unspecified).
After surgery, the patient used hot soaks, which
caused digital necrosis.

In 1944, O’Neil and Byrne51 reported eight
cases of digital gangrene after digital nerve
block anesthesia. In six cases epinephrine use
was assumed, and seven of the cases involved
hot soaks.
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In 1947, Debeyre and Mattei52 reported two
cases of digital gangrene after injections of
local anesthetic. They recommended that gen-
eral anesthetic be used in most cases.

De Rougemont and Carcassone,53 in a 1948
review of digital blocks, noted several reports
of gangrene. Pointing out that gangrene of the
finger could occur without epinephrine being
used in digital blocks, they reported their own
series of more than 1500 digital blocks using
epinephrine 1:100,000 without digital necrosis.

In 1958, Burnham54 reported on his use of
local anesthetics with 1:200,000 epinephrine in
93 digital blocks without complications. He
recommended injecting small amounts of an-
esthetic at the area of the metacarpal heads
and dorsally in the hand.

In 1963, Bradfield55 reviewed digital block
anesthesia and its complications. He noted that
there were 41 cases of gangrene after digital
blocks. He added three cases of his own found
by survey, although it is not known if epineph-
rine was used.

In 1967, Johnson56 reported his experiences
using lidocaine with epinephrine in the hand
and fingers. He documented 421 cases, without
any incidence of digital gangrene. Most cases
involved the hand rather than the finger, but at
least 98 involved the finger. Johnson empha-
sized that this technique avoided the need for
general anesthesia and a tourniquet.

Rank et al.,57 in their 1968 book, strongly
warned against the use of epinephrine in the
finger. They presented a photograph of a ne-
crotic finger after local anesthesia; however, no
details were provided in any edition.

In 1971, two articles advocated using epi-
nephrine in local anesthetics for podiatry.
Steinberg and Block58 used lidocaine with epi-
nephrine in more than 200,000 injections into
the foot, forefoot, and toes without seeing any
necrosis or gangrene. They noted that digital
tourniquets were unnecessary with the use of
epinephrine. Kaplan and Kashuk59 also advo-
cated using anesthetics with vasoconstrictors in
the digits.

In 1974, Sandzen60 strongly condemned dig-
ital blocks. He presented a photograph of a
necrotic finger after local anesthetic block, but
no details.

In 1979, McGlamry61 recommended inject-
ing lidocaine with epinephrine 1:100,000 for
digital blocks. Gross62 questioned this recom-
mendation; however, he considered a rubber-

band tourniquet safer practice than the use of
epinephrine.63

In 1985, Earle and Blanchard64 used lido-
caine with epinephrine for finger blocks at the
level of the metacarpals.

In 1996, Farmer3 reported a case of partial
digital necrosis in which the patient had local
anesthetic with epinephrine injected into the
finger by an ophthalmologist. Concentrations,
type, and amounts of epinephrine or local an-
esthetic were not mentioned.

In 1998, Sylaidis and Logan65 described us-
ing 1:80,000 epinephrine in 100 consecutive
cases. They reported no ischemic necrosis or
gangrene.

In 1998, Wilhelmi et al.66 used epinephrine
in 23 digital surgeries. They experienced no
complications. After a literature review, they
noted “no case has been reported in which
epinephrine alone caused the complication of
finger gangrene.” They pointed out that hot
soaks were the cause of digital gangrene in
most cases.

Textbook Review

Bunnell’s Surgery of the Hand, which first ap-
peared in 1944, went through six editions.
Bunnell preferred the use mechanical tourni-
quets instead of chemical tourniquets, al-
though he was aware of severe complications
from mechanical tourniquets and he docu-
mented no specific complications using epi-
nephrine. The first edition67 contained several
admonitions regarding the use of epinephrine
in the fingers. Bunnell stated that “Adrenalin
should never be injected into a digit, because
from this gangrene has often resulted.” He
referenced the work of McLaughlin50 and
Kaufman,30 although Bunnell made no men-
tion of the dangers of hot soaks. Bunnell’s
second and third editions68,69 contained the
same recommendations regarding epineph-
rine and added the reference by O’Neil and
Byrne.51 Joseph Boyes, who authored the final
two editions,70,71 kept Bunnell’s recommenda-
tions and references unchanged. Boyes ac-
knowledged the dangers of using rubber-band
tourniquets.

Frederick Christopher’s Minor Surgery en-
compassed eight editions between 1929 and
1967. The first edition72 recommended using
procaine with epinephrine 1:200,000 for digi-
tal blocks. No mention was made of potential
necrosis from the epinephrine, although he
noted that fingers were “end arteries.” The
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second edition73 also recommended epineph-
rine use in the finger. However, in the section
on local anesthesia, there were multiple warn-
ings regarding the use of epinephrine with
anesthetics in the finger. In the third through
sixth editions,74–77 Christopher provided dis-
cussions and citations regarding the potential
dangers of using epinephrine in the digits.
Ochsner and DeBakey,78 in 1955, were the first
to warn about epinephrine injections into the
ears: “Solutions containing epinephrine
should not be injected into the appendages
such as the fingers, toes, ears, or the penis of
certain patients, notably those with peripheral
vascular disease. Gangrene and slough have
occurred.” They gave no specific references or
examples.

Frederick Christopher’s Textbook of Surgery
appeared between 1936 and 1997. The first
three editions79–81 contained no specific pre-
cautions regarding the use of epinephrine in
the finger. However, the fourth and fifth edi-
tions82,83 contained a warning against infiltrat-
ing too much fluid into the fingers and the
dangers of epinephrine causing ischemic ne-
crosis, without specific citations. The sixth edi-
tion in 195684 carried warnings in the sections
on hand surgery and local anesthesia about
local anesthetics with epinephrine, especially
in infected fingers. The only specific citation
for this reasoning was the article by O’Neil and
Byrne,51 although their cases were descriptions
of burns suffered under local anesthesia. The
following editions85–93 did not warn about dig-
ital blocks with epinephrine.

Schwartz’s Principles of Surgery94–97 did not
mention any possible dangers of using epi-
nephrine in digital blocks until 1984. Between
1984 and 1999, the chapters on surgery of the
hand cautioned that epinephrine should not
be included in digital or wrist blocks due to
potential irreversible vascular spasm.98–100

The first three editions of Campbell’s Opera-
tive Orthopedics101–103 made no mention of the
dangers of epinephrine use in local anesthet-
ics. The fourth through eighth editions all
stated that the use of epinephrine in digital
blocks could lead to potential finger gan-
grene,104–109 although no specific citations were
provided.

All editions of Green’s Operative Hand Sur-
gery110 –113 have cautioned against using epi-
nephrine in digital blocks. In the current edi-
tion, Johnson’s 1967 article56 advocating

epinephrine use in the digits is cited, in error,
as a reason not to use it.114

The first edition of the Physicians’ Desk Refer-
ence, which was published in 1946,115 contained
no specific precautions regarding epinephrine
in the digits. At that time, procaine with epi-
nephrine was available in concentrations rang-
ing from 1:20,000 to 1:100,000. The entry on
Xylocaine (lidocaine), which was introduced
in America in 1951,116 came with a warning that
epinephrine should not be used for digital
block anesthesia, although the same edition
gave no similar precautions for procaine. In
1962,117 the precaution against using Xylocaine
with epinephrine in digital blocks vanished. In
1973,118 a new warning appeared: “The use of
any vasoconstrictor drug is not recommended
in surgery involving the digits, nose, ear, or
penis.” In 1980,119 this statement appeared:
“Solutions containing a vasoconstrictor should
be used cautiously and in carefully circum-
scribed quantities in areas of the body supplied
by end arteries or having otherwise compro-
mised blood supply.” This warning remains in
the current edition.120

DISCUSSION

This article reviews all 48 cases of digital
gangrene and necrosis after local anesthesia in
the digits (Table I). Much of the information is
incomplete regarding the use and concentra-
tions of epinephrine, hot soaks, tourniquets,
tight dressings, or preexisting medical condi-
tions. Only 21 of the 48 cases involved the use
of epinephrine, and in only four is the concen-
tration of epinephrine even known. None of
the cases involved Xylocaine with epinephrine.
There are no associations with Raynaud’s phe-
nomenon, cryoglobulinemia, or sickle cell
disease.

Major factors causing necrosis included the
use of older anesthetics such as cocaine, Eu-
kain, or water (seven cases).35,42,43,121 Hot soaks
caused postoperative burns in 14 cas-
es.30,39,40,50–52 Two cases, those of Heinicke122

and Hanke,48 involved injecting excessive
amounts of anesthetic. The cases of Cutler,123

Rank et al.,57 and Sandzen60,124 are photo-
graphs only. The cases of Dejardin,43 Chev-
rier,44 Wolfsohn,45 Bradfield,55 and Farmer3

provide insufficient information to allow for an
analysis. Of the last 14 cases, only seven in-
volved the use of epinephrine. Four of these 14
cases involved the use of a tourniquet; tourni-
quet use is unknown in the others. Eleven of
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these 14 cases also involved infections. There-
fore, an analysis of all documented cases of
necrosis after digital blocks does not support
the conclusion that epinephrine use causes the
necrosis. The cases documented are too in-
complete in the information outlined to make
firm conclusions. Obviously, the causes are
multifactorial, and not just due to epinephrine.

Five articles involving 93,54 98,56 10065 23,66

and 200,00058 patients support the premise
that the use of lidocaine with epinephrine is
safe in the digits and foot. The current recom-
mendation is to avoid its use, although epi-
nephrine has short-lived effects at extremely
dilute solutions.125 A review of the history of
epinephrine’s use shows that it does not de-
serve its dangerous reputation. All techniques
are fraught with potential complications.

The recommendations to take away from
this study include the following:

1. Small amounts of local anesthetics with
dilute epinephrine are probably safe for
digital infiltration or blocks.

2. Use dilute solutions such as 1:200,000 or
less.

3. Do not do a circumferential block of the
digits.

4. Block preferentially at the level of the
metacarpal heads rather than the digit.

5. Use small needles to avoid injuring the
vessels.

6. Avoid postoperative hot soaks.
7. Buffer the anesthetic to avoid acidic

solutions.
8. Bandages should not be constrictive or

excessively tight.
9. Patients should be followed regarding

prolonged ischemia, which could re-
quire reversal with phentolamine injec-
tions or nitroglycerin ointment.

10. Avoid using epinephrine in patients with
vasospastic, thrombotic, or extreme
medical conditions.

11. If you know of specific complications,
report them and the details.

Keith Denkler, M.D.
University of California at San Francisco
275 Magnolia Ave.
Larkspur, Calif. 94939
kdenkler@yahoo.com
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