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Acute Bupivacaine Toxicity As a Result of Venous Leakage
Under the Tourniquet Cuff during a Bier Block

PER H. ROSENBERG, M.D.,* ElJA A. KALSO, M.D.,{ MARJATTA K. TUOMINEN, M.D. .}
HANS B. LINDEN, M.D.§

Severe cardiovascular complications have been as-
sociated with regional anesthesia using the newer local
anesthetics at clinical' or large doses.?> Unintentional
intravascular injection or rapid absorption has been con-
sidered responsible for these reactions. Lately, bupi-
vacaine has become increasingly popular for the Bier
block because it produces residual analgesia after the
tourniquet is released.®! A dose as high as 60 ml of
0.5% bupivacaine has been recommended,? although
the use of 40-60 ml of 0.25% bupivacaine in adults has
been considered sufficient and safe.” We have routinely
used a 0.25% solution and a dose of approximately 1.8-
2.0 mg/kg with satisfactory blocking results.®

Recently, we encountered a case of bupivacaine in-
toxication soon after the injection of the anesthetic.
Because the tourniquet cuff appeared intact, we per-
formed a tourniquet phlebography of the arm in this
patient and six other subjects to see if local anesthetic
was entering the general circulation.

REPORT OF A CASE

A 7l-year-old man (120 kg, 180 cm) was scheduled for excision of
a Dupuytren’s contracture. He was taking digoxin and pindolol be-
cause of atrial fibrillation. Arterial blood pressure was 160,/80 mmHg
the day before surgery. Diazepam, 20 mg, po, and meperidine, 80
mg, im, were given about 60 min prior to anesthesia. The arm was
exsanguinated with an Esmarch bandage and the proximal of the two
separate pneumatic cuffs (Kidde and Co., Warsaw, Indiana) was in-
flated to 300 mmHg. The circumference of the arm at the biceps
region was about 42-44 cm, and the cuff was 7.5 cm wide and 65 cm
long. After removal of the Esmarch bandage, iv regional anesthesia
(IVRA) was performed by injecting 80 ml of 0.25% bupivacaine into
a vein of the wrist in about 30 s, Arterial blood pressure recorded in
the contralateral arm was 170-180/110 mmHg. After about two
minutes after the injection of bupivacaine, the patient suddenly de-
veloped bradycardia and cyanosis, and lost consciousness (afterwards
he recalled this as a feeling of having received general anesthesia).
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Within a few seconds of these first symptoms, convulsions occurred.
No arterial blood pressure readings could be obtained. Ventilation via
a mask was controlled with a Fig, of 1.0, and thiopental (150 mg) and
succinylcholine (150 mg) were given. The trachea was intubated and
cardiovascular resuscitation instituted. During approximately 15 min
of resuscitation, the iv medication that was given was: 0.5 mg adren-
aline (given twice), 1.5 g calcium chloride, and 1 mg atropine. The
total dose of sodium bicarbonate was 270 mEq, based on arterial blood-
gas analysis 10 min (pH 7.09, Pco, 56 mmHg, Pg, 160 mmHg, BE
—14.4 mEq/l) and 25 min (pH 7.19, Pgo, 45.8 mmHg, Py, 106.8
mmHg, BE —11.1 mEq/l) after the loss of consciousness. After the
initial resuscitation the circulation was maintained with dopamine and
nitroprusside infusions. The patient regained consciousness 30 min
later, and the cardiovascular status returned to its preoperative level
(atrial fibrillation). After 40 min, analysis of arterial blood gas was
normal.

Ten, 25, and 40 min after the first observation of the toxic symp-
toms the arterial bupivacaine blood concentrations were 1.8 pg/ml,
0.9 ug/ml, and 0.58 ug/ml, respectively (bupivacaine levels were de-
termined by gas chromatography). The tourniquet, the cuff of which
had remained inflated at 300 mmHg, was deflated after 55 min under
thiopental (100 mg) anesthesia. One minute after the release, the bu-
pivacaine concentration in the ipsilateral subclavian venous blood was
1.05 gg/ml, and five min later the concentration was 0.65 ug/ml. No
convulsions or cardiac arrhythmias occurred at that time. The recov-
ery was good and no signs of hypoxic organ damage were evident.

“Two days later, phlebography of the same upper extremity was
performed to visualize the assayed bupivacaine leakage. Informed con-
sent of the patient was obtained. The arm was exsanguinated with an
Esmarch bandage in the same way as for IVRA with a cuff pressure
of 300 mmHg (arterial pressure 180/110 mmHg). Eighty milliliters
of contrast medium (Urografin® 30%) were injected into a distal an-
tebrachial vein in 30 s, and roentgenographs were taken every 15 s
for 2 min, and then againafter 5 min. Leakage of the contrast medium
under the inflated culf (the same as that used on the patient two days
earlier) was seen in the first roentgenograms (fig. 1), and thereafier.
The arterial blood pressure during the phlebography remained at
170-190/100-110 mmHg.

STUDY SUBJECTS AND METHODS

In a previous study (performed about eight months
earlier), we found measurable bupivacaine concentra-
tions in the venous blood of some patients when the
tourniquet cuff was still inflated, even though the exsan-
guination appeared adequate.® The three patients with
the highest bupivacaine concentrations during the tour-
niquet inflation period (table 1) were asked to partici-
pate in a phlebographic examination to investigate pos-
sible venous leakage. In addition, three volunteers of
normal build and arterial blood pressure (table 1) also
were investigated. The build of the arm of the sub-
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Jjects was considered proportional to their body build
(table 1).

A vein of the dorsum of the hand or wrist was can-
nulated and exsanguination was achieved with an Es-
march bandage. The cuff pressure was the same as in
the earlier IVRA for the three patients, and 250 or 300
mmHg in the volunteers (table 1). Instead of local an-
esthetic, an equivalent volume (50 or 60 ml) of contrast
medium (Urografin®) was injected rapidly (in 15-20 s),
and roentgenographs were taken as described above in
the case report. The arterial pressure was recorded at
I-min intervals. In volunteers 1 and 2, the phlebo-
graphic study was repeated about a week later with a
similar technique, except a slower injection at a speed
of 1 ml/s was given.

This study was approved by the ethical committee of
the Surgical Hospital, Helsinki University Central Hos-
pital.
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F1G. 1. Phlebography of the arm
after injection of contrast medium
into a peripheral vein of the exsan-
guinated extremity, The tourni-
quet cuff pressure was 300 mmHg;
this was the same as when this pa-
tient was given an IVRA with com-
plications. Note the filled axillar
vein on the proximal side of the
cuffarea (to the right, cirved arrow)
and a continuous narrow contrast
medium streak on the medial side
of the humerus (two straight arrows).

RESULTS

In two of the patients, contrast medium was seen on
the proximal side of the cuff as soon as 15 s after the
injection. The filling of a short distance of some of the
larger veins on the proximal side did not change during
the 5-min examination, and no indications of open veins
under the cuff could be seen. In the third patient (num-
ber 3) no contrast medium passed the tourniquet cuff
(fig. 2). However, in two of the three volunteers (anes-
thesiologists), contrast medium leakage was observed at
a cuff pressure of 250 mmHg. In the female volunteer
some very narrow streaks of contrast medium were vis-
ible on the roentgenograms, from 15 s to 5 min, and
the larger veins were filled on the proximal side of the
cuff (fig. 3). The tourniquet cuff pressure appeared to
be sufficient to block the arterial inflow, however, as the
pale skin color remained unchanged during the study.

TABLE 1. Characteristics and Arterial Blood Pressures of the Patients and Volunteers during Previous IVRA and Present Phiebography of
the Arm. Volume and Leakage of Contrast Medium Also Are Indicated

Arterial Blood Pressure (mmlig)
Phicbography Contrast Medium
Cufl Bupivacaine
Weight Height IVRA Pre- Maximum Post- pressure Volume Leakage | concentration
Sex Age (kg) (cm) Preanesthesia examination pressure examination (mmHg) (mi) {(tor=-) (ug/ml)
Patients
1 M 52 86 178 160/115 190/110 220/150 180/115 300 60 (60)* + 0.89%
2 M 44 84 166 110/90 140/110 160/120 150/110 250 60 (60) + 0.86
3 M 29 71 173 120/80 140/90 160/110 140/100 250 60 (50) - 0.41
Volunteers
1 F 27 60 163 140/90 150/100 250 50 +
2 M 28 55 180 150/80 160/100 250 50 +
3 M 37 77 185 125/75 140/90 300 60 -

* Volume of 0.25% bupivacaine used for the preceding IVRA is
in brackets.

T+ = leakage of contrast medium under the cuff; — = no leakage

of contrast medium.
} Concentration of bupivacaine in venous blood during the pre-
ceding IVRA.
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F1G. 2. Phlebography of the up-
per extremity of a patient (number
3) who in an earlier IVRA had bu-
pivacaine in the circulation when
the tourniquet was inflated. During A
the 5-min observation there was no i
contrast medium passing under the
cuff.

Although the arterial blood pressure tended to rise dur-
ing the ischemia in almost all the study subjects, the cuff
pressure remained at least 80 mmHg above the systolic
arterial blood pressure in each case.

In the second phlebography of the same arm in the
male volunteer (number 2) with contrast medium leak-
age, the slower injection (1 ml/s) of 50 ml resulted in
no leakage under the cuff. However, in the female vol-
unteer, there was contrast medium leakage also when
the injection was slow. This was visible from as early as
45 s, i.e., before finishing the injection.

DISCUSSION

A tourniquet cuff pressure of 100-150 mmHg above
the preanesthetic systolic arterial blood pressure has
been recommended for IVRA.” However, with our
case, a significant leakage of bupivacaine and contrast
medium took place despite the appropriate pressure in
the proximal cuff. Two single pneumatic cuffs (length
65 cm, width 7.5 cm) were applied, but the patient’s
arm size may have been too large to allow total compres-
sion to all the veins. The major arteries, however,

F1G. 3. Phlebography of the up-
per extremity of a female anesthe-
tist. The tourniquet cuff pressure
was 250 mmHg, and 50 ml of con-
trast medium was injected. The
proximal axillar veins were filled
with contrast medium already in
the first roentgenogram (15 s)
(curved arrow). The two straight
arrows indicate the continuous nar-
row contrast medium streak under
the cuff.
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seemed occluded until deflation of the cuff, The arm
size alone was not the only decisive factor, as contrast
medium was seen under the cuff (250 mmHg) in the
female volunteer, who was regarded as a normal non-
athletic female with a normal arterial blood pressure.

In our case, the amount of bupivacaine was 200 mg,
i.e., clearly below the recommended maximum IVRA
dose of 300 mg.® However, the volume of 80 ml of the
injected fluids may have been too large, even consid-
ering the great size of the patient. Bupivacaine, 0.25%
solutions, 1.5 mg/kg® and 1.8-2.0 mg/kg,® or 0.5%
solutions, 50-60 ml*® have been employed, although
it has been estimated that 20 to 50 ml would suffice to
fill the venous channels of the arm.”

All the venous cannulas were inserted into distal
veins, at the dorsum of the hand or wrist of the study
subjects. Leakage under the cufl was not related to in-
Jjection from either site. The use of more proximal veins,
e.g., cubital veins, may result in venous pressures in the
range of 250 to 300 mmHg,*'? and these veins there-
fore are not recommended for IVRA. We did not re-
cord the injection pressure in the study subjects. How-
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ever, in one volunteerr (number 2), application of two
speeds of injection showed that a rapid injection, (50 ml
in approximately 20 s) of contrast medium opened the
veins compressed by the culf. Interestingly, in the fe-
male volunteer (number 1) there was leakage of the
contrast medium also at an injection speed of 1 ml/s.

The pressure at injection, also influenced by the ef-
ficacy of venous valves, is probably the main reason for
contrast medium leakage in this study, and perhaps also
for the observed bupivacaine blood concentrations dur-
ing tourniquet cuff inflation in our former study.® Sim-
ilar regularly checked equipment was utilized in the for-
mer IVRA study where ten of 40 patients had venous
bupivacaine concentrations exceeding 0.05 pg/ml dur-
ing the ischemic period.®

In two of the three patients with the highest concen-
trations, contrast medium also passed under the cuff
immediately alter finishing the injection. Other inves-
tigators have not reported significant concentrations of
local anesthetics prior to cull release. Tucker and Boas''
found only negligible lidocaine plasma concentrations
when 3 mg/kg 0.5 or 1% lidocaine had been utilized
for the IVRA. Their injected volumes were lower than
those given by us, but whether the difference in the
observed local anesthetic concentrations is related only
to the volumes of the local anesthetic solutions remains
speculative.

Although the arterial bupivacaine blood concentra-
tion measured first (1.8 ug/ml) was below the level con-
sidered toxic (4-5 ug/ml),'*'* at the time of the symp-
toms (10 min earlier) the blood level was obviously
higher and probably toxic. Despite a marked acidosis,
which may enhance the toxicity of bu])iv;lcaine,” the
cardiopulmonary resuscitation was successful. The bu-
pivacaine concentration in the ipsilateral subclavian vein
increased again after cufl deflation, 55 min after the
intravenous injection. However, the concentration re-
mained nontoxic due to the carlier escape of a signifi-
cant fraction of the dose, and possible enhanced tissue
binding of bupivacaine in the ischemic limb.'?

We conclude that not even a tourniquet cuff pressure
110 mmHg above the preanesthetic arterial systolic
blood pressure prevented venous leakage under the
cufl. This leakage of local anesthetic into the general
circulation probably results from the initial high pres-
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sure distal to the cuff. The risk may be greater in very
large patients, in whom the venous compression by the
cuff may be insufficient by using standard equipment
and pressure. T'o prevent toxic reactions from bupiva-
caine in the IVRA or Bier block, the technique should
include appropriate cquipment, a slow injection from
a distal vein, a restricted volume, and close observation
of the patient.
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