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cephalus to craniotomy in the sitting position while
that patient had a functioning VP shunt. When the
posterior fossa was opened, air entered the subdural
space, allowing the ventricles to drain and to
collapse completely.

Even with the skull intact, the shunted hydro-
cephalic patient lives with a constant potential risk of
subdural hematoma.!? Although the negative pres-
sure due to the siphoning effect of the shunt is
equally distributed through the skull, any slight head
trauma may rupture a small dural-cortical blood
vessel and lead to subdural hematoma, whercas in
most patients such small bleeding sources are ade-
quately tamponaded by the higher intracranial pres-
sure. Valves opening at “high” (60-110 mm H;O)
or “medium” (40-60 mm H,O) pressurcs are in-
corporated into shunts to minimize such complica-
tions. Antisiphoning devices have been developed,?
but it is not clear that these devices reduce the
incidence of subdural hematoma.?

Dependent loss of CSF during craniotomy may
also occur in patients without shunts or ventricular
catheters. Lunsford et al' reported two cases of
subdural tension pneumocephalus in patients who
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underwent posterior fossa craniotorny in the sitting
position. They postulated a mechanism for air entry
analogous to entry of air into an inverted bottle,
referring to the “inverted pop-bottle syndrome.”

The risk of subdural pneumocephalus due to un-
controlled CSF drainage during craniotomy can be
minimized by: 1) identification of patients at risk; 2)
vigilant observation of ventricular or lumbar CSF
drainage catheters and reservoirs; 3) externalization
of functioning shunts prior to craniotomy with the
patient in the sitting or head-up position.
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Hemodynamic Effects of Prosthesis Insertion during
Knee Replacement without Tourniquet

KAMRAN Samii, M.D.,* Eprrn ELmeLik, M.D.,7 DaNiEL GouraLier, M.D.,} PIeRRE Viars, M.D.,§

During recent total knee replacement operations
in which bone cement was used, release of the tourni-
quet was followed by an acute and significant pul-
monary vascular obstruction,' which may explain the
reported complications of hypotension and cardiac
arrest.®** Although a tourniquet decreases hemor-
rhage and facilitates the surgical procedure, this op-
eration may also be performed without a tourniquet.
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In this study we observed the intraoperative hemo-
dynamic changes during total knee replacement
performed without a tourniquet.

METHODS

Eight patients (mean age 70 years, range 60-78
years) without cardiorespiratory disease were studied.
All received a so-called Guepar prosthesis, which re-
quires insertion with acrylic bone cement. Mcan dura-
tion of the operations was 125 min.

Premedication with atropine, 0.5 mg, im, and
diazepam, 10 mg, im, was followed by spinal anes-
thesia to T10 with tetracaine. Diazepam was infused
during operation at a rate of approximately 0.02
mg/min. The patients were drowsy and breathed
ambient air to which oxygen was added at 3 1/min.
The estimated blood loss was replaced with whole
blood and averaged 1,260 ml. Lactated Ringer’s solu-
tion was administered in a mean volume of 740 ml.
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FiG. 1. Mcan values £ SEM of pulmonary vascular resistance
(PVR) and systemic vascular resistance (SVR). Measurements
were taken immediately before (C) temoral insertion of cement
and prosthesis; twice after that procedure (F; at 3 and 10 min);
and following tibial insertion (T; at 3, 10, and 60 min).

Central venous pressure (CVP), pulmonary arterial
pressure (PAP), pulmonary-artery wedge pressure
(PWP), and cardiac output by the thermal dilution
method (CO) were measured using a Swan-Ganz
triple-lumen thermistor catheter. Mean arterial pres-
sure (MAP) was measured by a radial-artery catheter.
Heart rate (HR) was dctermined from a standard
ECG lead. Cardiac index (Cl), systemic vascular resis-
tance (SVR), pulmonary vascular resistance (PVR),
left ventricular stroke work index (LVSWI), and right
ventricular stroke work index (RVSWI) were cal-
culated as previously described.! Blood gases were
analyzed with standard clectrodes at 37 C, and valucs
were corrected to measured body temperature.

Preoperative measurements were performed two
hours before the operation. Measurements were also
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taken immediately before (C) and wwice after (F)
femoral inscrtion of cement and prosthesis (at 3 and
10 min). This was followed by tibial insertion (1),
after which additional data were recorded at 3, 10,
and 60 min.
All statistical analyses were performed with the
Student ¢ test for paired samples.

REesuLts

The hemodynamic data are summarized in table 1.
Prcoperative hemodynamic values were within
normal limits and did not change significantly during
spinal anesthesia before prosthesis insertion. Three
minutes after femoral insertion PAP, PVR, and
RVSWI were unchanged. They were increased sig-
nificantly (P <0.05) 10 min after femoral insertion
and remained elevated until the study ended. The
CVP clevation was not significant. At 3 min after cach
prosthesis insertion, there were transient, significant
(P <0.05) decreases in MAP, SVR, and LVSWI.

These systemic hemodynamic changes (P < (0.05)
were more important clinically after femoral pros-
thesis insertion than after tibial insertion. No particu-
lar treatment was applied because the hypotension
lasted <60 sec in all patients. Values of CI and HR
did not change during the study.

Changes in PVR and SVR arc shown in figure 1.

Blood-gas analyses during the study did not demon-
stratc  hypoxemia (Pag, =82 torr), hypercapnia
(Paco, = 39 torr), and acidosis (pH = 7.37).

Discussion
Our results show important pulmonary and sys-
temic hemodynamic changes after insertion of bone
cement and prosthesis when a tourniquet is not used.
Increases in PAP and PVR were not associated with
physiologic causes of pulmonary vasoconstriction such
as decreased cardiac output, hypoxemia, hypercapnia,
or acidosis. Thus, these changes suggest a pulmonary

TasLe 1. Hemodynamic Data

Preoperative C Jmin ¥ 10 min ¥ 3 wmin’l’ 10 min 't 60 min I
PAP (torr) 182 £ 14 19.2 = 1.4 20.7 = 2.6 20.7 + 4.6% 29.8 *+ 4.3% 20.0 £ 4.0% 28.0 + 2.5%
PVR (torr/min/l x m?) 3.8+ 04 2,56 £0.3 3.6 0.6 4.2 = 0.4% 5.1 + 0.7%% 6.4 £ 0.7% 6.8 = 1.0%
CVP (torr) 42+ 1.5 7.8% 1.5 7.5 1.6 10,3 = 1.3 9.7+ 1.5 8.8 = 1.6 88 1.8
PWP (torr) 72+ 1.9 12,5 x 1.3 120 = 1.9 15.2 £ 2.0 15.0 =23 10.8 £ 2.6 11.6 £ 1.6
MAP (1orr) 102 = 0.9 100 % 5 5l + 4% 109 = 11 82 =+ |2%% 107 £ 10 98 = 10
HR (beats/min) 88 = 7 79%6 94 + 4 84 =8 88 + 8 88 7 83 =7
CI (I/min/m?) 3.4 0.1 3.0 0.1 3.0 0.3 3.1 =02 2.9 + (.2 3.0 202 2.7 0.2
SVR (tort/min/l X m?) 30 %2 31 x2 16 = 2% 31 =3 22 + 3%% 32+3 34 £2
RVSWI (g- m/m?) 7.9+ 09 6.3 £ 0.4 6.7 = 1.1 9.9 = 0.6% 10.7 £ 1.4%% 114 = 2% 8.6 £ (1.8*
LVSWI (g m/m?) 535 44 £ 3 18 + 3* 5 =6 39 + 6% 525 40 = 4

Mean values = SEM are shown. Data were obtained wwo hours
prior to anesthesia; before (C) and after (F) femoral prosthesis
insertion; and after tibial prosthesis insertion (7).

* = significantly different from C values (P < 0.05).
T = significantly different from 3-min F values (P < 0.05).
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vascular obstruction and explain the rise in RVSWIL
The transient fall in MAP observed 3 min after each
prosthesis insertion (F and T) was due to an acute
systemic vasodilation consistent with the decrease in
SVR and the constant valuc of CI. Such a fall in arterial
pressure has been similarly scen during total hip re-
placement surgery,*” which is also performed without
a tourniquet.

A vasodilatory action of bone cement at high tem-
perature has been suggested as a cause of this hypo-
tension.®® However, the exact role of the release of
fat, bone marrow, air, or monomers of acrylic cements
into the vascular compartment is difficult to deter-
mine.?

When no tourniquet is used, the progressive pul-
monary vascular obstruction may allow the bone
cement to follow open channels in the lung, which
may cause systemic vasodilation. This may explain
why 3 min after femoral prosthesis insertion (3 min F)
—when PVR has not yet increased—the fall in MAP
and SVR is more important than it is 3 min after
tibial insertion, when PVR has already increased
(sce fig. 1).

When a tourniquet was used! for the same opera-
tion, a progressive increase of pulmonary vascular
obstruction occurred carlier, but transient systemic
vasodilation was not observed.

The use of a tourniquet prevents acute systemic
vasodilation, even after the release of the tourniquet.
This may be due to an even and immediate distribu-
tion of particular matter and bone cement into the
lung, with less bone cement reaching the systemic
circulation. However, a tourniquet does not suppress
the elevations of PAP and PVR, the latter increases
with a shorter delay (3 min after the release of the
tourniquet).
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In conclusion, when a total knee replacement using
bone cement is performed without a tourniquet, the
prosthesis insertions induce a progressively increased
pulmonary vascular obstruction and a transient but
acute fall in arterial pressure. Thus, the operation
may be particularly dangerous, and the possibility
of such acute hemodynamic changes may be accentu-
ated by a pre-existing hypovolemia. However, if this
surgical procedure is chosen, hemodynamic therapy
should be adapted to it. Intravascular volume must
always be adequate and the usc of alpha- and beta-
adrenergic drugs such as epinephrine scems logical
when a major cpisode of hypotension occurs during
prosthesis insertion.

The authors thank Mr. K. Samii, B.S., for the revision of the
manuscript.
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Failure of Divided Doses of Succinylcholine to Reduce the Incidence of Muscle Pains
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Postoperative muscle pains continue to be a major
side effect of succinylcholine. Various methods have

been used to reduce the incidence and severity of

these pains, the most widely used being pretreatment
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with a nondepolarizing drug prior to succinyl-
choline injection' and bed rest for 24 hours. Be-
cause nondepolarizing drugs are long-acting, pre-
treatment with them limits the usefulness of succinyl-
choline in outpatient analgesia and during short
operations. In 1977, Baraka® reported that pre-
treatment with succinylcholine, i.e., giving a small, 10-
mg dose prior to a paralyzing dose of 1 mg/kg, re-
duced the incidence and severity of muscle fascicula-
tion. The present study was designed to determine
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