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TasLe 1. Changes in BUN, Creatinine, and Potassium*
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Change from Initial Potassium
BUN | Creatinine [ Potassium (mEa/l)
(mg/100 ml) ((mg/100ml) | (mEq/T)
3 Min 5Min 7 Min 10 Min 15 Min
Control group 24.4 1.16 3.32 0.46 0.51 0.66 0.60 0.72

=035 } %007 % 0.17

Uremic group 182.41 12.12¢ 6.281
=+ 1240 | 063 +0.32

= 0.12 *0.11 = 0.19 014 [ =012

0.30% 0.68% 0.46% 0.72¢ 0.48%
£0.09 =017 | =013 +0.12 | %007

* Mean = SE.
1 Significant at P < 0.01.
1 Nonsignificant at P < 0.05.

to above control levels in both “normal” and
uremic monkeys. At no time was there a sig-
nificant difference between changes of potas-
sium levels in the two groups.

Discussiox

The mean changes in potassium in the two
groups are comparable to those seen in nor-
mal man during nitrous oxide—oxygen-halo-
thane anesthesia.? Like Powell and Golby,
who studied rats, we saw no significant change
in potassium levels after administration of suc-
cinylcholine to control and uremie animals.®
Unlike Powell and Golby, we did not see
much variation in the potassium responses in
our uremic group. Our data clearly show that
the increase of potassium after succinylcholine
is no greater in acutely hyperkalemic uremic
monkeys than in control monkeys. Whether
potassium changes after succinylcholine may
be greater in the chronically uremic monkeys
following some latent period remains to be de-
termined. Such work is hampered by a high
death rate in undialyzed animals.
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Severe Hypotension during Prosthetic Hip Surgery
with Acrylic Bone Cement

Apmiax F. Newexs, M.D.,® axp Ropert G. Vorz, M.D.{

The use of methylmethacrylate, a self-curing
cement, is revolutionizing orthopedic joint sur-
gery. The FDA has recently released this
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product, and its use to anchor the components
in major joint replacement Is gaining popu-
larity. Transient hypotension coincident with
its insertion into the shaft of the femur has
been reported,® and is mentioned in the pack-
age insert accompanying the product. In re-
cent months several reports of cardiovascular
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collapse associated with the use of acrylic ce-
ment in hip replacement have been pub-
lished.>* We recently had such a case, in
which the patient developed severe hypoten-
sion.

REPORT OF A CasE

A 76-year-old woman was scheduled for pros-
thetic replacement of the right femoral head, hav-
ing suffered an intracapsular fracture the previous
day. Physical examination disclosed no abnormali-
ties except marked obesity (weight 230 pounds)
and mild hypertension, for which the patient peri-
odically took chlorothiazide. A preoperative chest
x-ray was normal, with some evidence of athero-
sclerotic changes in the thoracic aorta. ECG
shn“ed sinus xhythm with left nxxs deviation and

tic S-T ch it was 42
per cent. Blood pressure was 146/9" torr. The
patient was premedicated with hydroxyzine {Vis-
taril), 50 mg and atropine, 0.6 mg.

Anesthesia was induced with 100 mg metho-
hexital (Brevital). After administration of 6 mg
d-tubocurarine and 80 mg succinylcholine, the
trachea was intubated. Anesthesia was main-
tained with halothane 0.5-1.5 per cent, nitrous
oxide, 2 l/min, oxygen 2 I/min in a semiclosed
system with CO: absorber. Respirations were as-
sisted. The patient was placed in the left lateral
decubitus position and the operation started. The
anesthetic course was uneventful for 75 minutes,
during which time blood pressure had stabilized
at 110/60 torr, with a pulse rate of 88/min. The
patient had received 1,400 ml of 5 per cent dex-
trose in Ringer’s lactate solution. Blood loss had
been less than 200 ml

As methylmethacrylate cement was being placed
mto the femora.l shaft. pu]se and blood pressure

inable. Two 15.mg doses
of mephentermine (Wyamine) failed to restore
the pulse or blood pressure. The patient became
apneic and cyanotic. She was hyperventilated
with 100 per cent oxygen a.nd tumed for closed-
chest bicart
88 mEq, and 1 mg epmephnne were given iv. A
cardioscope then showed ventricular tachycardia;
blood pressure was not yet detectzble. Sinus
rhythm was restored with 100 mg lidocaine, at
which time the pulse was 120/min, with a blood
pressure of 160/80 torr. The operation was com-
pleted 15 minutes Iater utilizing oxygen and 0.25
per cent halothane, intermittent succinylcholine
0.1 per cent drip, and controlled respiration.
The patxent regnmed reﬂens and moved

s but
intubation and h

low tidal volume, bﬂateml rspu-atory xhonchx. and

hy ECG d T-wave an-
teriorly, ct ith ischemia or p

wi
embolus. A chest x-ray showed pulmonary vas-
cular congestion. Electrolytes were normal. Cen-
tral venous pressure ranged from 13 to 18 cm
H:0. As tidal volume improved, the orotracheal
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tube was removed. With the patient breathing
8 1/min oxygen spontaneously via nasal catheter,
Paco. was 39 torr, Pao; 54 torr, and pH 7.34. Sinus
rhythm persisted except for a few atrial ectopic
beats. No myocardial infarct pattern developed.

The patient’s condition improved during a seven-
day period, and chest x-rays and ECC changes
gradually returned toward normal. Increased in-
spired oxygen tension was necessary because of
persistent subnormal Pao.. Both LDH and SGOT
were moderately el d. No fat appeared in
the urine. Supportive care was continued until
the patient was able to eat and ambulate with
assistance.

DiscussioN

Self-curing acrylic cement is packaged as a
powder and a volatile liquid which, when
mixed, form a dough that sets hard in an exo-
thermic reaction in 5 to 10 minutes. The
powder is polymerized methylmethacrylate
containing an activator, benzoy! peroxide. The
liquid is methylmethacrylate monomer with 2
per cent dimethylparatoluidine, an “initiator.”
When liquid and powder are mixed, the liquid
polymerizes.! The heat of polymerization
reached is between 80 and 96 C.4

The cause of sudden hypotension in this pa-
tient remains obscure, but her history closely
resembles the course of events reported by
others immediately following femoral place-
ment of acrylic cement.>-> Phillips et al.> have
observed that blood pressure usually decreases
12 to 90 seconds after placement of cement
into the proximal femur, but rarely after
acetabular implantation. Perhaps the surface
area and vascularity of the acetabulum are less
than in the femur, where increased absorption
of the monomer may lead to hypotension.
Powell et al.,3 who reported two similar cases
of acute hypotension and cardiac arrest, pro-
posed that older, less healthy patients who
have pre-existing cardiovascular disease or hy-
povolemia are more likely to develop this com-
plication than others.

Several other causes have been proposed:
The hypotension could be secondary to toxic
cardiovascular effects of the methylmethacry-
late monomer or its additives when directly
absorbed into the circulation.® Toxic effects
of the monomer may acutely augment the de-
pressant cardiovascular action of volatile halo-
genated anesthetics. The increase in intra-
medullary pressure that follows introduction of
hot acrylic cement may force fat and marrow
into the circulation, resulting in embolization
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to the lungs.* Reflex bradycardia with fall in
blood pressure is another possibility, but was
not observed in this patient or in other re-
ported cases. Still other possibilities include
the direct effect of cement temperature, air or
gas embolism, or sensitivity to the acrylic
monomer. Further study is warranted.

That transient hypotension frequently oc-
curs and cardiovascular collapse is not rare
must be considered by the anesthesiologist
when planning anesthesia for prosthetic joint
surgery with acrylic cement. Appropriate
monitoring devices are indicated, as well as
the ready availability of resuscitative drugs
and equipment. Certainly blood pressure
should be measured frequently after the ce-
ment is introduced.

Anesthesiology
V 36, No 3, Mar 1972

REFERENCES

1. Chamley JC: Acrylic Cement in Orthopedic
Surgery. Baltimore, Williams and Wilkins

Co., 1970
2. Gresham JA, Kuczynski A, Rosborough D: Fa-
tal fat embolism following repl. t arthro-

plasty for transcervical fracture of the femur.
Br Med J 2:617-619, 1971
3. Powell JN, McGrath PJ, Lahiri SK, et al: Car-
diac arrest associated with bone cement. Br
Med J 3:326, 1970
4. Frost PM: Cardiac arrest and bone cement.
Br Med J 3:524, 1970
. Phillips H, Cole PV, Lettin AWF: Cardiovas-
cular effects of implanted acrylic bone ce-
ment. Br Med J 3:460—461, 1971
6. Homsy CA: National Academy of Science,
American Academy of Orthopedic Surgeons
Joint Workshop on Total Hip Replacement
and Skeletal Attachment, 1969

o

Maintaining Optimum Audibility of Korotkoff Sounds
during Blood-pressure Monitoring

Crayroxy PeTTY, M.D.,,° axp HarpreLL C. SUTHERLAND, JR., M.Ep.t

Every dlinical anesthesiologist uses some
type of apparatus to monitor Korotkoft sounds
for blood-pressure measurement. Usually the
stethoscope receiver is placed over the artery
in the antecubital space, beneath the sphygmo-
manometer cuff.

The mechanism of the generation of Korot-
koff sounds is unknown.? In fact, 95 per cent
of the information available from Korotkoff
sounds comes from frequencies below the
range normally audible.? High-frequency com-
ponents of Korotkoff sounds have minute am-
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plitudes which provide faithful reproduction of
the auscultatory sounds at frequencies of ap-
proximately 20 to 300 Hz*+* The presence
of shock can diminish or even eliminate the
Korotkoff sounds, making blood pressure read-
ing unreliable.* The human ear, with a range
of 16 to 20,000 Hz, is less sensitive to fre-
queney variations at the lower end of the aus-
cultatory frequency band, but detects fre-
quency changes more readily than intensity
changes.®

One of the authors noticed a decrease
in threshold sensitivity during blood-pressure
monitoring while using a custom-fitted mon-
aural earpiece. In the presence of tympanic
membrane inflammation due to a viral infec-
tion, inflation of the blood-pressure cuff caused
pain in the ear. The purpose of this study
was to: 1) determine the pressure that could
be developed in the external auditory meatus
with inflation of the blood-pressure cuff; 2
determine the extent of hearing loss in volun-
teers that resulted from the increase in exter-
nal auditory meatus pressure; 3) devise a
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