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Intraoperative Hemodynamic Changes during Total Knee Replacement

KAMRAN Sami, M.D.,* EprrH ELMELIK, M.D.,t MonAMED B. MourTADA, M.D. i
JeAN DEBEYRE, M.D.,§ MAURICE RaPIN, M.D."

The physiologic consequences of intramedullary
bone cement insertion during operations for total hip
replacement have been subject to extensive study.!~
Total knee replacement differs from the hip opera-
tion in that during the former, the bone cement is in-
serted into two long medullary canals (tibial and
femoral), and a tourniquet is generally used. Al-
though complications such as hypotension, cardiac
arrest, and fat embolism have been observed during
the knee replacement operation,®? relevant hemo-
dynamic data have not been available. The present
investigation was undertaken to obtain hemodynamic
data from five patients who did not have bone ce-
ment inserted at operation and five patients who did.

METHODS

Ten patients with no history or objective evidence
of cardiopulmonary disease were studied. Six pa-
tients had osteoarthritis and four had rheumatoid
arthritis. The patients were divided into two groups.
Group I consisted of five patients with a mean age of
69 years (range 51-78 years) who underwent knee
replacement without the use of bone cement. Group
11 consisted of five patients with a mean of 63 years
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(range 49-80 years) who underwent knee replace-
ment with use of bone cement.

Central venous pressure (CVP), pulmonary-artery
wedge pressure (PWP), and pulmonary arterial pres-
sure (PAP) were measured using a Swan-Ganz triple-
lumen catheter, which was inserted from the ante-
cubital fossa. Mean aortic pressure (MAP) was meas-
ured through a radial-artery catheter. Catheters were
inserted 6~12 hours before operation. Heart rate
(HR) was determined from a standard ECG lead.
Cardiac output (CO) was measured in triplicate by

the thermal dilution method with a computer
(Edwards).

Derived variables were:
Cardiac index (CI)
= CO/body surface area (I/min/m?)
Stroke volume index (SVI) = CI/HR (ml/m?)
Systemic vascular resistance (SVR)

= (MAP — CVP)/CI (torr/min/1 X m?)

ABBREVIATIONS
CVP = central venous pressure
PWP = pulmonary wedge pressure
PAP = pulmonary arterial pressure
MAP = mean aortic pressure
HR = heart rate
CoO = cardiac output
Cl = cardiac index
Svi = stroke volume index
SVR = systemic vascular resistunce
PVR = pulmonary vascular resistance
LVSWI = left ventricular stroke work index
RVSWI = right ventricular stroke work index
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TasLe 1. Hemodynamic Data prior to Anesthesia (Preoperative) and before (Control) and after Release of the Tourniquet

Group I: Operation without Bune Cement (n = 5)

Group 11: Operation with Bone Cement (n = 5)

Preoperative Control +3 min +10 min

+120 min

Preoperative Control +3 min +10 min +120 min

PAP (torr) | 18.0 £ 22180« 1.3]19.0x09]18.6 = 1.3]194 £ 1.4 |16.2 = 2.6 | 184 = 23| 256 + 4.0%| 26.0 + 3.6% [ 22.8 = 2.5*

PVR (torr/

min/l

X m?) 35+03| 29+04] 33+05] 3.6=03| 3.6=03| 34+£06| 29+03]| 74=19%| 67 = 1.1*¥| 50 =0.7*
CVP(torr) | 54+ 13| 63=13| 57=x15| 52%x1.0] 7111} 46%07| 7.8x0.8 10.5 = 3.0 9.2 =23 7.2 0.9
PWP (torr)| 7.5+x18]| 98+06)] 96+0.7| 88+1.2| 86+ 1.1 7.1x1.2| 78+12] 84*28 7.6 =26 6.8 + 0.9
MAP (torr)| 966 90 =3 92 + 6 96 + 6 100 = 4 95+ 5 88 = 6 888 890 +7 88 +8
HR (beats/

min) 87+ 7 807 829 79 = 8 817 91 +£5 93 £ 5 98 + 11 96 = 11 104 + 15
CI (Vmin/

m?) 29+04) 3003 3.1204)] 3.1 £04] 2903 33=0.1| 35x02] 28+ 05 3.1 0.6 3.3 £0.2
SVI

(ml/m?) 33 =2 372 38 2 39+4 36 £2 36«2 38+ 2 29 + H* 32 + 4 32+3
SVR (torr/

min/l

X m?) 208 + 3.1/928.1 +3.2/300+4.1/31.0+£33(31.4+27]27.2+26]258+1.3{33.1 =88 |31.6+6.7 |304 =46
RVSWI (g-

m/m?) 57+12] 59+10) 6.9x14]| 7.1 +16] 6.0x12| 5707 55+ 1.2] 60=x14 7.4 =20 6.8 £ 1.7
LVSWI (g-

m/m?) 44 + 3 45 3 45+ 5 51 %7 49 x5 45 x5 46 = 4 32 & H* 37 + 4 36 3

* Significantly different from control value (P < 0.05); mean values = SEM are shown.

Pulmonary vascular resistance (PVR)
= (PAP — PWP)/CI (torr/min/l X m?)
Left ventricular stroke work index (LVSWI)
= (MAP — PWP) x 1.36 x SVI/100 (g — m/m?)
Right ventricular stroke work index (RVSWI)
= (PAP — CVP) x 1.36 x SVI/100 (g — m/m?

Blood gases were analyzed with standard elec-
trodes at 37 C, and values were corrected to meas-
ured body temperature. All patients were subjected
to similar anesthetic techniques. Premedication con-
sisted of atropine, 0.5 mg, im, and diazepam, 10 mg,
im, an hour before operation. Spinal anesthesia to
Ty was performed 20 min prior to operation with
tetracaine. A constant intraoperative iv infusion of
diazepam (10 mg diazepam in 500 ml 5 per cent
dextrose solution) was maintained at a rate of 0.02
mg/min in either group. The patients, who were
drowsy but responsive, breathed ambient air to which
oxygen was added at 3//min through a face mask.
Intravascular volume expansion was provided by
blood transfusions 5 min before and after release
of the tourniquet. Volumes infused averaged 830 ml
(700-1,050 ml) in Group I and 860 ml (650-1,000
ml) in Group II

Group I patients received a so-called “Caviar”
prosthesis, which is covered with little grains and is
fixed to the bone without the use of bone cement.
Group II patients received a so-called “Guepar”
prosthesis, which requires insertion with acrylic

bone cement. Mean durations of tourniquet applica-
tions and operations were similar in the two groups
(85 and 110 min, respectively, in Group I; 85 and
120 min in Group II).

Preoperative measurements were performed an
average of two hours before operation. The sequence
of hemodynamic measurements and operative events
was: control, before release of the tourniquet, and
3, 10, and 120 min after tourniquet release. Blood
gases were measured in three patients of Group I
and four patients of Group II before and 3 and 10
min after release of the tourniquet.

All statistical analyses were performed using the
Student t test for paired and unpaired samples.

REsuLTS

The hemodynamic data obtained prior to spinal
anesthesia, before release of the tourniquet, and 3,
10, and 120 min after release of the tourniquet
are summarized in table 1. Preoperative hemo-
dynamic values were within normal limits and not
different in the two groups. Control measurements
performed during spinal anesthesia before release
of the tourniquet showed no change from preopera-
tive values. After release of the tourniquet, no hemo-
dynamic change was observed in Group I, whereas
patients in Group II had constant and significant
(P < 0.05) increases in PAP and PVR at 3 (+39
and +155 per cent, respectively), 10 (+41 and +131
per cent), and 120 min (+24 and +72 per cent)
(fig. 1). The elevation of CVP at 3 min was not
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significant, and RVSWI was not changed. The sys-
temic hemodynamic changes in Group II included
a constant (P < 0.05) decreases in SVI and LVSWI
at 3 min (-24 and -30 per cent, respectively).
No change in CI was observed. After release of the
tourniquet, Pay, remained = 86 torr in the three pa-
tients studied in Group I and =79 torr in the four
patients studied in the Group II.

One patient in Group II (a 66-year-old woman),
whose hemodynamic changes after release of the
tourniquet were similar to those of the other patients
of Group II, experienced the clinical signs of fat
embolism, including mental confusion, dyspnea, and
an elevated temperature (39.5C), 180 min after
release of the tourniquet, followed after 24 hours by
petechiae on the torso and fluffy roentgenographic
densities in both lung fields. These manifestations
reverted spontaneously and the patient recovered.

Discussion

Patients in Group I, without bone cement, had no
significant hemodynamic change after release of the
tourniquet, whereas patients of Group 11, in whose
operations bone cement was used, had pulmonary
and systemic hemodynamic changes.

The absence of a significant change in Group I was
probably due to the fluid replacement therapy, which
prevented hypovolemia induced by the release of the
tourniquet. Although the two groups were similar with
respect to anesthesic techniques, preoperative and
control hemodynamic data, durations of tourniquet
application, and volumes of fluid replaced, Group 11
had significant hemodynamic changes after release of
the tourniquet. The consistent, immediate and sus-
tained increases in PAP and PVR without significant
decrease in CI or arterial hypoxemia suggest pul-
monary vascular obstruction. The unchanged RVSWI
despite a decrease in SVI implies greater right
ventricular pressure work, and may explain the slightly
elevated CVP. The decrease in LVSWI at 3 min sug-
gests a change in left ventricular performance,
which may be due to a decreased preload. The
unchanged PWP suggests a maintained preload. How-
ever, PWP may not reflect true pulmonary venous
pressure when obstruction of a pulmonary capillary
had occurred.® Indeed, such a pressure gradient
between PWP and left atrial pressure has been
reported to occur in experimental fat embolism.? On
the other hand, the acute increase in right ventricular
afterload may induce dilatation of the right ventricle
and movement of septum toward the left ventricle,!®
which would alter the left ventricular pressure—volume
relationship.!! Thus, decreased end-diastolic pressure
in the left ventricle may be observed.

CLINICAL REPORTS
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Fic. 1. Changes (per cent & SEM) in pulmonary vascular re-
sistance (PVR) following release of the tourniquet in the two
groups of patients. Group I (n=5) is represented by closed
circles and Group II (n = 5) by open circles. C = prior to release
of the tourniquet; +3 min, +10 min, and +120 min = afier
release of the tourniquet. Changes in Group 11 were significantly
(P < 0.05) different from control (¥).

Although the pattern of hemodynamic changes
during operations for hip replacement resembles
that which we observed in Group II, the changes
are not exactly similar. Impaction of the hip pros-
thesis induces little* or no increase’® in PVR, and a
transient reduction in MAP,34 without change in
CL.** On the other hand, the differences between the
hemodynamic changes observed during the hip
operation and in our Group II are probably due
to differences in the surgical procedures. During
the knee operation the prosthesis is inserted into two
long medullary canals (tibial and femoral), and the
area of contact between bone cement and bone
exceeds that associated with the hip operation (femoral
and acetabular). On the other hand, the release of
the tourniquet in the knee operation results in hypo-
volemia and delayed contact between the circula-
tion and the operative area.

The pulmonary vascular obstruction observed in
Group II was probably secondary to release of medul-
lary fat into the vascular compartment. Experi-
mental fat embolism increases PVR and reduces
CL.*1213 Insertion of a prosthesis with bone cement
induces a rise in bone-shaft pressure and increased
medullary fat absorption.! In addition, typical mani-
festations of fat embolism occurred in one patient of
Group II.

In conclusion, total knee replacement with the
use of bone cement to fix the prosthesis induces
an immediate, important pulmonary vascular ob-
struction and decrease in left ventricular per-
formance after release of the tourniquet. Such hemo-
dynamic changes may explain the cardiac arrest
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previously reported, particularly when intravascular
volume expansion is inadequate to correct the
hypovolemia and the increase in right ventricular
afterload induced by the release of the tourniquet.

The authors thanks Drs. J. M. Desmonts, M. B, Laver, and G.
Vourch for encouragement and useful advice.
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Comparison of a New Formulation of Etomidate with Thiopental—Side
Effects and Awakening Times

RoBERT J. FRAGEN, M.D.,;* aAND Nancy CaLpweLL, C.R.N.A.f

Etomidate is a pure hypnotic that does not cause
significant cardiovascular! or respiratory? depression
or histamine release. However, the side effects of
pain on injection and myoclonic movements are
frequent.®5 A new formulation of etomidate, using
35 per cent propylene glycol as solvent, was studied to
determine whether it was associated with a lesser inci-
dence of these side effects.

The pharmacologic properties of etomidate suggest
that it would be a good induction agent for out-
patient anesthesia, where rapid awakening is desir-
able. Since there are no previous reports of awaken-
ing time tests after etomidate, this measurement was
also included in our study. Etomidate and thiopental
were compared in hypnotic—narcotic~nitrous oxide
anesthesia for minor gynecologic operations.
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METHODS

Forty women scheduled for minor gynecological
operations were admitted to the study after being
fully informed of the nature of the study and signing
a consent form.} All patients were classified as ASA
physical status I or II. The unpremedicated patient
had an iv infusion of 5 per cent dextrose in lac-
tated Ringer’s solution started in an antecubital vein
to reduce the possibility of venous irritation. Fentanyl,
0.1 mg, and atropine, 0.6 mg, were administered
iv 5—10 min before induction of anesthesia.

The patients were divided into two equal groups
by use of a table of random numbers. Group A
(n = 20) received etomidate, 0.3 mg/kg, iv, for induc-
tion of anesthesia. Anesthesia was continued with
nitrous oxide/oxygen, 2:1. Half the induction dose
was given subsequently when swallowing, movement,
or an abrupt increase in heart rate or blood pres-
sure occurred. At the end of the surgical procedure,

1 This study was reviewed and approved by the Northwestern
University-Northwestern Memorial Hospital Institutional Re-
view Board.
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