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Postoperative Rigidity Following Fentanyl Anesthesia

CHARLES M. CHRISTIAN II, M.D., PH.D.,* JOHN L. WALLER, M.D., C. CRAIG MOLDENHAUER, M.D.}

Postoperative respiratory depression occurs after the
intravenous injection of fentanyl. Becker et al.! dem-
onstrated the biphasic nature of this response; Adams
and Pybus® cited three patients in whom postoperative
respiratory depression followed an apparently normal
recovery from fentanyl-nitrous-oxide anesthesia;
McQuay et al.® demonstrated a second peak of plasma
fentanyl which occurred after surgery. Stoeckel et al.*
postulated an entero-systemic recirculation to explain
these phenomena. Hall® expressed concern about the
impact of the recent trend to high-dose (50-150 pg/
kg) fentanyl anesthesia on the problem of a secondary
or biphasic episode of respiratory depression.

We describe three patients who developed rigidity
several hours after fentanyl administration which may
be attributable to a secondary peak of fentanyl in the
plasma.

REPORTS OF THREE PATIENTS

Patient 1. A 56-year-old, 78-kg man with coronary occlusive disease
scheduled for coronary artery bypass grafting (CABG) was premedi-
cated with 30 mg propanolol, po, 10 mg diazepam, po, and 15 mg
morphine, im. Systemic and pulmonary arterial and peripheral venous
lines were established, and electrocardiographic and electroencepha-
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lographic monitoring were initiated prior to induction of anesthesia.

Induction of anesthesia was accomplished with 35 pg/kg fentanyl
and 150 pg/kg pancuronium; the patient breathed 100% oxygen
through a semi-closed system. Truncal rigidity was not seen during
induction of anesthesia and no hemodynamic response to endotracheal
intubation occurred. Ventilation was controlled to maintain Paco, be-
tween 33 and 37 mmHg.

Additional fentanyl (15 pg/kg) failed to ablate hemodynamic re-
sponses to skin incision and a sodium nitroprusside infusion was begun.
Additional doses of 10 ug/kg fentanyl were given prior to sternotomy
and prior to initiation of cardiopulmonary bypass. Neuromuscular
blockade was maintained by incremental doses of pancuronium bro-
mide titrated to produce the loss of the last twitch of a train-of-four.
During the course of surgery, the patient received a total dose of
fentanyl of 70 ug/kg (5.46 mg) and 16 mg pancuronium, iv.

The anesthetic and surgical course was otherwise unremarkable. At
the termination of the procedure, four hours after induction of anes-
thesia, neuromuscular train-of-four had returned to control value al-
though no antagonist had been given. Ventilation was spontaneous.
He was responsive to voice and would move all four extremities on
command. His rectal temperature was 35.4° C.

The patient was taken to the cardiovascular acute care unit where
ventilation was controlled with a volume ventilator which delivered
an Fig, of 0.6, a tidal volume of 12 ml/kg at an intermittant mandatory
vantilatory rate of six breaths/min. Analysis of arterial blood gases
revealed a pH, of 7.47, a Pag, of 113 mmHg, and a Pacg, of 37
mmHg. The patient was placed under a radiant heater and sodium
nitroprusside infusion was used to control hypertension.

Approximately 45 min later, five hours after the initial injection of
fentanyl, the patient became obtunded and his extremities, chest, and
abdominal musculature became rigid. His rectal temperature at this
time was 36.7° C. Analysis of blood gases revealed a Pacg, of 65
mmHg, a pH; of 7.23, and a Pa, of 98 mmHg. The peak inspiratory
pressure (PIP) was 47 cmH»O. His pupils were 2 mm and reactive to
light. His cardiac index was 4.7 1- min~!- m~2, mean arterial pressure
111 mmHg, pulmonary artery occlusion pressure 17 mmHg, and cen-
tral venous pressure 10 mmHg.

Within three minutes after 40 pg naloxone, iv, the patient was
responsive, moved all extremities upon command, and complained of
mild incisional discomfort. Rigidity disappeared completely. After
readjustment of the ventilator, analysis of blood gases revealed a
Paco, of 42 mmHg, a pH, of 7.42, and Pag, of 123 mmHg. Cardiac
index was 3.9 I-min™' - m™2, mean arterial pressure 84 mmHg, pul-
monary artery occlusion pressure 16 mmHg, and central venous pres-
sure 11 mmHg.
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Patient 2. A 51-year-old, 75.3-kg man was admitted for CABG. He
was premedicated with 20 mg propranolol, isosorbide dinitrate, and
10 mg diazepam, po, and 8 mg morphine and 0.4 mg scopolamine,
im, one hour preoperatively. Anesthesia was induced with 75 pg/mg
fentanyl infused at 300 pg/min. Diazepam, 15 mg, was given iv to
insure unconsciousness and succinylcholine was given iv in 20-mg in-
crements when truncal rigidity compromised ventilation. During the
course of a three-hour anesthetic, the patient received a total of fen-
tanyl 74 pg/kg (5.650 mg), 30 mg diazepam, 160 mg succinylcholine,
and 13 mg pancuronium,

The patient was admitted to the cardiac surgical ICU 195 min after
induction of anesthesia and his rectal temperature was 35.6° C. Two
hours and 45 minutes postoperatively, he developed board-like rigidity
of the abdominal and thoracic musculature, increased peak inspiratory
pressure (PIP) readings on the ventilator, and a respiratory acidosis.
The rigidity was eliminated completely by 20 mg succinycholine, iv.
No wheezes were heard.

Four hours and 30 minutes after admission to the ICU (7 hours and
45 minutes after induction of anesthesia), the patient again experi-
enced truncal rigidity with board-like tensing of the abdominal muscles
and peak inspiratory pressures of 35 cmH,Q. Despite being ventilated
with a tidal volume (V) of 950 ml, an IMV of 7 min, and a Fig, of
0.6, analysis of arterial blood gases revealed a Paco, of 64 mmHg, pH,
of 7.22, and Pag, of 108 mmHg. His rectal temperature was
87.7° C. Succinylcholine, 20 mg, completely eliminated his rigidity
and decreased his peak inspiratory pressure to 25 mmHg l/min. His
plasma fentanyl level at that time was 8 ng/ml.§

Patient 3. A 62-year-old man, admitted to the hospital following his
resuscitation from an episode of hypotension and circulatory collapse,
was brought to the operating room in stable condition the following
morning for CABG. Anesthesia was induced with 75 ug/kg fentanyl
infused at the rate of 300 pg/min. The patient became rigid despite
his pretreatment with 2 mg pancuronium 2 min before the initiation
of the fentanyl infusion. The intraoperative course was uneventful.
The total dose of fentanyl was 115 p/kg.

The patient was receiving sodium nitroprusside and had adequate
circulatory dynamics 5.5 hours after the induction of anesthesia. Ven-
tilation was controlled at a rate of 12 breaths/min with a Fig, of 0.7
and V. of 900 ml. Analysis of arterial blood gases revealed a Pag, of
86 mmHg, Paco, 46 mmHg, and a pH, of 7.36. One hour later,
analysis of arterial blood gases revealed a Pag, of 88 mmHg, Paco, of
57 mmHg, and pH, of 7.27. Peak inspiratory pressures of 45 cmH,O
were required to deliver 900 ml tidal volume, and palpation revealed
board-like rigidity of the abdominal musculature.

Pancuronium, 2 mg, was administered iv. Fifteen minutes later, the
Pag, was 103 mmHg, Paco, 45 mmHg, and pH, 7.39. Ventilator peak
inspiratory pressure was 25 cmH,0, and no further rigidity was en-
countered.

DISCUSSION

Fentanyl anesthesia have been associated with post-
operative biphasic respiratory depression.!** Based on
a pharmacokinetic analysis, Stoeckel et al.* proposed an
enterosystemic recirculation for fentanyl similar to that
described for methadone and meperidine.” Fentanyl is
transferred rapidly into the peripheral compartment.’

McClain and Hug'* investigated the kinetics of tri-
tiated fentanyl in humans, and reported a prolonged
secondary half-life (t; 5g = 219 min) and an apparent

§ RIAA Assay, Courtesy of C. C. Hug, Jr., M.D., Ph.D.

CLINICAL REPORTS

Anesthesiology
V 58, No 3, Mar 1983

secondary peaking of fentanyl in plasma which occurred
five to seven hours after injection. They postulated that
this secondary fluctuation may be due to an increased
perfusion of the peripheral compartment or to an in-
creased plasma uptake of fentanyl from skeletal muscle
as perfusion increases with spontaneous movements by
the patients,

The stomach wall stores fentanyl and secretes it into
the gastric juice.* The gastric fentanyl may then be reab-
sorbed from the alkaline medium of the small intestine
and appear 30 to 60 minutes later in the vascular com-
partment. This is a possible explanation for the second-
ary acute respiratory depression that may occur up to
four hours following fentanyl injection.! Immediate
muscular rigidity associated with rapid injection of fen-
tanyl is not uncommon'®!! and is thought to be due to
central nervous system stimulation by narcotics.'? How-
ever, late development of this rigidity has not been re-
ported previously. We believe our patients’ late mus-
cular rigidity was due to fentanyl.

The delay in the effect seen in patient 1 could be
attributed to the moderate hypothermia seen on trans-
fer to the acute care unit. Gastric emptying of seques-
tered fentanyl and perfusion of peripheral tissues would
be delayed by central hypothermia. Active warming and
pharmacologic vasodilation in the postoperative period
would be expected to increase reabsorption of seques-
tered fentanyl and produce the delayed appearance of
the secondary fentanyl peak.

Finally, the complete ablation of all symptoms in one
case by 0.04 mg naloxone supports our belief that the
described phenomena were related to fentanyl. Nal-
oxone antagonizes both central and peripheral fentanyl-
induced effects.'? Since all available data suggest that
all of our patients had some fentanyl in plasma and brain
tissue, the postulation of an increase in fentanyl con-
centration, from whatever cause, suggests a threshold
concentration in plasma and brain that will cause truncal
rigidity.

The facilitated passage through biologic membranes
and the nonspecific tissue binding of fentanyl are related
to the lipophilia of the drug. Fentanyl exhibits increased
lipophilia as pH decreases; Ainslie et al.'® have dem-
onstrated increased brain levels of fentanyl during al-
kalosis.

Unfortunately, plasma fentanyl levels were measured
in only one case, after rigidity had been treated with
neuromuscular blockers. The plasma fentanyl level at
this time was 8 pg/ml. The “rigidity threshold” for
fentanyl apparently is at or above this concentration,
but this remains speculative at this time.

In summary, truncal rigidity upon induction of gen-
eral anesthesia with fentanyl is a well-documented phe-
nomenon. However, truncal rigidity postoperatively has
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not been reported previously. Earlier reports dealing
with secondary fentanyl peaks occurring postoperatively
have dealt with the dangers associated with respiratory
depression in the spontaneously ventilating patient. We
have described the occurrence of another side effect of
fentanyl that could seriously compromise the mechan-
ically ventilated patient, particularly when hypothermia
is superimposed. Treatment with naloxone or neuro-
muscular blockers was effective attenuating the rigidity.
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Estimating Allowable Blood Loss: Corrected for Dilution

JEFFREY B. GROSS, M.D.*

Several formulas have been derived for estimating
allowable pre-transfusion blood loss."* One such for-

mula is:

Ho — H
V. = EBV X —2>——F (1)
Ho

where V, = allowable blood loss; EBV = patient’s es-
timated blood volume; Hg = patient’s initial hematocrit
(or hemoglobin concentration); and Hy = patient’s min-
imum allowable hematocrit (or hemoglobin concentra-
tion). This “linear” formula implies that the fractional
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decrease in hemoglobin or hematocrit is equal to the
fraction of the total blood volume that has been lost.
This would be true if all of the shed blood had the initial
hematocrit. However, intravascular volume usually is
maintained prior to blood transfusion by administration
of crystalloids; hematocrit therefore should decrease
gradually. Because each milliliter of shed blood contains
progressively less hemoglobin, the above formula over-
estimates the hemoglobin loss. Inconsistencies may re-
sult. For example, formula 1 predicts that if blood losses
exceed the total blood volume, the resulting hemoglo-
bin concentration will be negative!

Bourke and Smith discussed this problem in 1975, -

and described the problem of isovolemic hemodilution
in terms of the differential equation:

The solution of this equation with initial H = Hg and
initial V|, = O is:
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