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TOTAL HIP REPLACEMENT has become a frequent procedure since the initial work 
of Charnley, McKee, Watson, Ferrar and Ring in the early 1960s. The most popu- 
lar technique, that of Miiller, ~ involves a socket prosthesis fixed in the acetabulum 
with acrylic bone cement. A femoral prosthesis is then fixed in the medullary 
cavity with the same acrylic cement. Peroperative complications associated with 
prosthesis implantation have ranged from transient hypotension, 8 cardiac arrest, 4 
and embolic phenomena T M  to significant decreases in arterial oxygen tension, s,9 
This study is an attempt to review the clinical management of these patients with 
particular attention to their needs during operation. An attempt is also made to 
assess the significance of variations of the cardiovascular and pulmonary gas 
exchange which are associated with the use of acrylic bone cement. Alveolar- 
arterial oxygen gradients (A-aDO2), arterio-alveolar carbon dioxide gradients 
(a-ADCO2), and venous admixture (Qs/Qt) are used to assess these variations. 

MATERIALS AND METHODS 

Forty-one patients were studied. The majority of these had osteoarthritis of 
the hip(s) and were moderately obese. The range of diseases included rheu- 
matoid arthritis, avascular necrosis (hip), atherosclerotic cardiovascular disease 
(central and peripheral), chronic bronchitis and diabetes mellitis (Table I). The 
youngest patient was 23 years old (severe rheumatoid arthritis) and the oldest 
was 80 years old (osteoarthritis of both hips) with a mean age of 64.7 --- 1.8 
years. There were 17 males and 24 females in this group. All patients were 
assessed in a systemic way (Table 1I). Particular attention was paid to ana- 
tomical, physiological and pharmacological evaluations; for example, all patients 
were receiving acetyl salicylic acid and some were on steroids. 

All patients were seen preoperatively by the senior author (K.W.T.) and all 
were premedicated with a narcotic and belladonna. Induction and maintenance 
of anaesthesia were similar in all cases. Thiopentone and succinylcholine were 
employed for induction and relaxation for orotracheal intubation. Anaesthesia 
was maintained with nitrous oxide and oxygen 4L/2L with the addition of halo- 
thane 0.75 per cent to 1.0 per cent. D-tubocurarine 27 to 30 mg was employed 
for relaxation during operation, and all patients were ventilated with a Bird Mark 
VIII ventilator at a tidal volume of 8 to 9 cc/kg. 

*Presented in part at Canadian Anaesthetists' Society Annual Meeting, St. John's, Nfld., 
June 1974. 
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TABLE I 

CLINICAL DIAGNOSES OF 41 PATIENTS STUDIED (PREOPERATIVE) 
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Orthopedic Diagnosis Percentage Medical Diagnosis Percentage 

Osteoarthritis 75 Obesity 20 
Avascular Necrosis 10 Atherosclerotic Heart 17 
Rheumatoid Arthritis 5 Disease 
Coxarthrosis 2.5 Hypertension 8 
Ankylosing Spondylitis 2.5 Chronic Bronchitis 5 
Nonunion of Fracture 2.5 Diabetes Mellitus 2.5 
Miscellaneous 2.5 Asthma 2.5 

TABLE II 
SYSTEMS EVALUATION (ANAESTHETIC AND OPERATIVE) 

1. Anatomical 
(a) airway 
(b) contractures 
(c) wasting 
(d) peripheral vessels (veins) 
(e) other 

2. Physiological 
(a) obesity 
(b) cardiovascular disease (age or disease related) 
(c) dehydration (fluid and electrolytes) 
(d) other e.g. anaemia, hypothermia 

3. Pharmacological 
(a) steroids 
(b) ASA, phenylbutazone 
(c) antihypertensive medications 
(d) digitalis 
(e) diuretics 
(f) others, e.g. gold 

4. Special 
(a) posture e.g. nerves, skin, joints 
(b) infection 
(c) multiple anaesthetics 
(d) liver and methacrylate 

The patients were all operated upon in the right or left lateral position, while 
in thirteen cases a 5 ~ head down tilt was also applied. 

Large-bore intravenous lines were employed and moderate rehydration was 
achieved using a minimum of 500 cc of 5 per cent glucose in lactated Ringer's 
solution and two units of blood. 

Arrangements for monitoring during operation included a sphygmomanometer 
for blood pressure measurements (Riva-Rocci), a precordial Doppler flow probe 
over the tricuspid valve, electrocardioscope, Wright's respirometer, continuous 
end-tidal carbon dioxide (ETCO2) recording (Beckman LB1) and continuous 
end-tidal oxygen (Fm-O2) measurement (Servomex Type OA 150 Oxygen Ana- 
lyzer). Intra-arterial catheters and central venous catheters (in SVC or RA) were 
used for sampling and direct pressure recording (General Electric Patient Moni- 
tor) in 16 patients. Catheter positions were checked by chest roentgenograms. 
Direct arterial carbon dioxide tensions (PaCO,_,) were measured in five patients 
(General Electric Blood Gas Patient Monitor). 
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Blood samples were taken in heparinized glass syringes prior to insertion, at 
insertion and at 1.5, 3.0, 5.0 and 30 minutes after insertion of the femoral pros- 
thesis. They were iced and analyzed within 20 minutes on a Radiometer pH/  
Blood Gas monitor Unit at 37 ~ C. The values were corrected for patient tempera- 
ture changes. Similar sampling was done after insertion of acetabular prostheses. 

End-tidal gas samples were acquired through a constant length of plastic tub- 
ing inserted 6 cm down the tracheal tube lumen. The peak end-tidal oxygen and 
carbon dioxide concentrations of the respiratory cycle corresponding to the 
blood sampling periods were assumed to equal the alveolar oxygen and carbon 
dioxide concentrations. 1~ These values were used to calculate A-aDO~ and 
a-ADCO2 after allowance was made for ambient barometric pressure, water 
vapour and inhaled nitrous oxide, n Respiratory exchange ratio (R) was calcu- 
lated using the measured end-tidal gases. 

Venous admixture (Qs/Qt) was calculated using the following standard for- 
mulae~2: Qs/Qt = (Cc'o_o-CaO2) /Cc'o2-Cvo.o) where Co~ = (1.39 • percent 
saturation • Hb • PO,~ • 0.0031 ) and if, a and v represent end-capillary (assumed 
equal to alveolar or end-tidal), arterial and mixed venous (SVC or RA) values, 
respectively. Percentage oxygen saturation was derived from measured Po2 and 
pH values using Severinghaus and Astrup nomograms. 

OPERATIVE TECHNIQUE 

The surgical technique was that of Mfiller 2 with some minor modifications. 
Preoperative antibiotics, careful gowning, double gloves, protective hoods, masks, 
boots and restricted operating room traffic were used in most cases to minimize 
the risk of infection. The methylmethacrylate cement was vigorously mixed for 
four to five minutes and then placed in the acetabulum or in the shaft of the 
femur, which was vented by plastic tubing. The tubes were removed before the 
femoral prosthesis was tapped into place. Cement weights were recorded in the 
16 cases in whom blood gases were monitored. Optimal relaxation was assured 
with previous "top-up" doses (6 rag) of D-tubocurarine in many cases. 

Blood replacement was initiated as soon as the skin incision was made in all 
but  one case. Blood losses were determined by weighing sponges and recording 
suction losses. Losses in the recovery room from wound drains (Hemovac| 
were included. 

RESULTS 

Operative time averaged 2.10 • 0.05 hours. The anaesthetic time of 2.60 -+ 0.07 
hours commenced with the insertion of the first intravenous line and ended with 
the patient's arrival in the recovery room. Mean operative and recovery room 
blood loss was 850 - 59 ml with blood replacement being 1050 • 45 ml (Table 
III ). All patients but one were free of arrhythmias, hypotension or changes in the 
heart sounds (Doppler) or rhythm during operation. This one patient did not 
have blood transfusion started until the femoral cement was inserted. The amount 
of methylmethacrylate cement used in the acetabulum (28.9 • 2.0 gm) almost 
equalled that used for the femoral shaft (28.1 • 2.5 gm) (Table IV). 
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TABLE l I I  

CLINICAL AND OPERATIVE PATIENT DATA 
(n = 41, mean -4- s.d.) 
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Blood 
Anaesthetic Operative Blood loss replacement 

Age Weight Time Time (or + par) (or + par) 
(yr) (kg) (hr) (hr) (ml) (ml) 

64.74-1.8 66.8-1-1.7 2.60-4-0.07 2.10-1-0.05 8 5 0 4 - 5 9  10504-45 

TABLE IV 
METHYLMETHACRYLATE CEMENT 

Amounts  used 
(n = 16, mean -4- s.d.) 

Composition Formula /React ion  Acetabulum Femoral Shaft  

Liquid + Powder 
(monomer) (polymer) 

CHa 0 
I II 

C H ~ = C  C - - O ~ C H 3  

polymerization of liquid 
monomer binding previously 
polyrnerized powder in an 
exothermic reaction 

28,9 -4- 2 .0  gms 28.1 +2.5gms 

Insertion of acrylic cement was followed by highly significant (P = 0.01 ) drops 
in arterial oxygen tension (PaO._,) following acetabular replacement at 1.5, 3.0, 
5.0 minutes after insertion and in femoral head replacement at 1.5 and 3.0 
minutes after insertion (Tables V and VII, Figure 1). The mean decreases were 
9.0 - 5.6 mm Hg (acetabular) and 17.5 --- 5.5 mm Hg (femoral). Highly sig- 
nificant (P = 0.01) increases in A-aDO_o paralleled these changes in PaO2. Sig- 
nificant decreases in a-ADCO., (P = 0.05) occurred at acetabular insertion and 
lasted for three minutes (Table V). Highly significant increases in a-ADCO2 
(P = 0.01) occurred following femoral prosthesis insertion and lasted for three 
minutes (Table VII, Figure 2). Mean expiratory exchange ratios (R) varied 
from 0.962 to 0.981. Venous admixture (Qs/Qt)  was highly significantly increased 
(P = 0.01) to 16.0 per cent, 1.5 minutes after prosthesis insertion in the femur 
(Table VI) and also at three minutes after insertion of the prosthesis in the 
femur (to 16.0 per cent) and the acetabulum (to 12.0 per cent). In both cases 
Qs/Qt returned towards normal values (9.0 -+ 3.2 per cent in this study) within 
five minutes of insertion of the cement and prosthesis, while the A-aDO~ and 
a-ADCO2 changes persisted for at least five minutes. 

DISCUSSION 

Comparison of the acid-base measurements (Tables V-VIII)  confirm the sta- 
bility of ventilation (shown by PaCO2) and metabolic status (shown by pH and 
HCO~) in the study group. Although relatively high central venous oxygen 
tensions suggest adequate peripheral tissue perfusion, these values may be slightly 
higher than those of true mixed venous samples because of the location of the 
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TABLE VI 
CENTRAL VENOUS DATA AND CALCULATED VENOUS ADMIXTURE (Os/Qt) AFTER 

ACETABULAR REPLACEMENT 
(n = ]6, all values means + s.d.) 
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Pco2 Po2 }I COa- Qs/Qt 
pH mm Hg mm Hg meq/L % 

Control  7.324-0.01 4 8 . 3 5 = 1 . 6  45.25=2.4 24.35=1.4 9.02=3.2 
p . . . . .  
Insertion 7.314-0.01 47.14-1.5 46.24-2.2 23.34-1.3 8.04-3.3 
P NS NS NS NS NS 
1.5 minutes 7.31-4-0.01 45.9-4-2 .0  47.1=t=1.9 22 .6-4-1 .4  10.84-3.5 
P NS NS NS NS NS 
3.0 minutes 7.325=0.01 46.25=t=2.0 45.55=4-2.3 23.35=t=1.6 12.04-3.3 
P NS NS NS NS 0.05 
5.0 minutes 7.305=4-0.01 " 45.55=4-2.2 46.25=2.4 2 2 . 0 5 = 1 . 5  11.3=t=3.3 
P NS NS NS NS NS 

catheter tip. 13'14 The accuracy of central venous samples as a measure of pooled 
venous blood is useful and predictable in patients who are not in shock. 14 

Control venous admixture (Qs/Qt)  values of 9.0 -+ 3.2 per cent are quite 
acceptable, when compared with other studies. 1~,16 The transience of change in 
Qs/Qt and PaO2 associated with acrylic cement insertion strongly favours 
changes in ventilation-peffusion, pulmonary arterio-venous shunts and/or cardiac 
output rather than any form of micro- or macro-emboli, atelectasis or platelet 
aggregation. The lack of changes in heart sounds, heart rhythm, blood pressure 
and central venous oxygen tension eliminates changes in cardiac output and parti- 
culate or gas emboli. The increases in A-aDO,,, a-ADCO2, and Qs/Qt following 
insertion of femoral prostheses suggest that increased pulmonary arteriovenous 
shunting and ventilation-perfusion defects occur r' (Table IX). The decrease in 
a-ADCO2 occurring with acetabular replacement may reflect some beneficial 
change in ventilation-perfusion matching secondary to tidal volume redistribution 
after bronchiolar constriction from the first exposure of the patients to acrylic 
cement2 Further acrylic cement in the systemic circulation may reverse this effect. 

The decrease in PaO2 (17.5 +- 5.5 mm Hg) is smaller in this group than in 
other reported series, s.9 This may reflect the agressive fluid administration used 
in this series. Avoidance of hypotension and keeping at least one unit of blood 
(450 cc) ahead of losses prior to cement insertion probably helped to minimize 
the vasodilatory and shunting effects of the acrylic bone cement. 

Fumes released as the cement is polymerizing may be harmful to the liver of 
both patient and operating room personnel. Initial studies in dogs suggest mild 
liver dysfunction can occur if free monomer reaches the liver? 7 This possibility 
should be considered when the anaesthetic agent is chosen. 

CONCLUSION 

The patient for total hip replacement is a challenge to all anaesthetists. Con- 
sideration of the patient's airway, age, weight and cardiovascular status are 
extremely important. Careful anaesthetic technique augmented by adequate 
hydration and blood transfusion prior to insertion of the cement is important in 
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the prevention of hypovolaernia in these patients. Cement insertion will precipi- 
tate increases in venous admixture and mean concomitant decreases in arterial 
oxygen tension of at least 17.5 mm Hg with a vented femur. Inspired oxygen 
tension should be increased by at least 20 per cent (i.e. to 50 per cent) prior to 
cement insertion to avoid hypoxaemia in these patients. Anaesthetic agents with 
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TABLE VIII 
CENTRAL VENOUS DATA AND CALCULATED VENOUS ADMIXTURE (0s/0t) 

AFTER FEMORAL HEAD REPLACEMENT 
(n = 16, all values : means 4- s.d.) 

Pco~ Po2 HCO,- Qs/Ot 
pH mm Hg mm Hg meq/L % 

Control 7.314-0.01 47.04-1.9 48.04-2.5 23.14-1.5 11.34-3.2 
p . . . . .  
Insertion 7.324-0.01 48.24-1.8 45.94-2.0 24.34-1.5 10.24-3.3 
P NS NS NS NS NS 
1.5 minutes 7.324-0.01 47.84-1.8 45.54-2.2 24.04-1.5 16.04-3.4 
P NS NS NS NS 0.01 
3.0 minutes 7.324-0.91 47.94-2.1 45.14-2.3 24.14-1.6 16.04-3.3 
P NS NS NS NS 0.01 
5.0 minutes 7.324-0.01 47.24-2.3 46.14-2.6 23.74-1.7 11.24-3.3 
P NS NS NS NS NS 
30.0 minutes 7.324-0.01 49.34-2.1 47.04-2.4 25.04-1.7 10.84-3.3 
P NS NS NS NS NS 

TABLE IX 
SUMMARY OF VENOUS ADMIXTURE DATA 

1. Acetabular Replacement 
A-aDOpT a-ADCO2~ 
(Insertion and 5 rains) (Insertion and 3 min) 

2. Femoral Head Replacement 
AaD02~" a-ADCO~]' 
(Insertlon to 5 mlns) (Insertion and 3 mln) 

()s/Qt)' = SHUNT 
(3 mins) 

Qs/~)t]" = SHUNT + ~'/(~ 
(1.5 and 3 min) 

minimal effects on liver function are to be preferred because it is possible that 
fumes from the polymerization of the cement may be harmful. 

" SUi%~I~.~ARY 

Decreases in arterial oxygen tension (PaO2) and increased venous admixture 
(Qs/Qt)  occur with acrylic cement insertion. Mean decreases in PaO_o of 17.5 
mm Hg occurred in this study of 41 patients. Qs/Qt increased by 7 per cent to 
16.0 per cent during general anaesthesia with N.~O.O2 - Halothane (4L:gL:lig) 
and d-tubocm'arine. Assessment of pulmonary gas exchange using PaO2, A-aDO2, 
a-ADCO._, and acid-base studies using arterial and central venous blood samples 
in 16 patients suggest that both ventilation-perfusion mismatch and pulmonary 
arterio-venous shunts occm" transiently after acrylic bone cement is used. Stable 
central venous oxygen tensions and normal heart sounds (Doppler),  heart rhythm 
and stable blood pressure suggest that cardiac output changes, if any, are 
minimal. 

Patients for total hip replacement are most commonly females, obese, in their 
60s and often have airway or cardiovascular disease. General anaesthesia must be 
conducted with particular attention to prevention of hypovolaemia by adequate 
rehydration and aggressive blood transfusions, prior to cement insertion into the 
vented femoral shaft. Inspired oxygen tension should be increased to 50 per cent 
prior to cement insertion. The oxygen tension may be returned to the pre-inser- 
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tion value 15 minutes after cement insertion. Fumes from the polymerizing acry- 
lic cement may cause some liver dysfunction but insufficient data is available to 
confirm this. 

RESUME 

Des baisses de la saturation art6rielle en oxygbne (PaO2) et une 616vation du 
shunt veineux (Qs/Qt)  accompagnent rapplication de racrylique. Une baisse 
moyenne de PaO2 de 17.5 mm Hg rut observ6e dans cette 6tude de 41 patients. 
Pendant l'anesth~sie g~n~rale au N20-O2 - halothane (4L:2L: 1~) et d'tubocura- 
rine, le Qs/Qt s'est 61ev~ de 7 pour cent ~ 16 pour cent. L'6valuation des 
6changes gazeux pulmonaires, d'apr~s l'&ude des PaO~, AaDO2 et de l'6quilibre 
acido-basique avec ~chantillons art~riels et veineux mixtes chez 16 patients d~- 
montre l'existence transitoire de d~s~quilibre entre la ventilation et la perfusion 
et de shunt art6rio-veineux, secondaire ~ remploi d'acrylique. La stabilit6 de la 
pression partielle d'oxyg~ne du sang veineux mixte, les bruits et le rythme car- 
diaque normaux (Doppler) et une pression art6rielle stable attestent du peu de 
changement dans le d6bit carriaque. 

Les patients sujets ~ une proth~se totale de la hanche sont le plus souvent des 
femmes ob~ses, sexag6naires et porteuses de maladies pulmonaires ou cardio- 
vasculaires. L'anesth6sie g6n6rale doit &re administr6e avec attention sp6ciale 
la prevention de l'hypovol6mie: remplacement liquidien ad6quat et attitude 
agressive vis-a-vis les transfusions sanguines avant l'application de l'acrylique 
l'int6rieur du canal b6ant de l'os f6moral. La pression partielle de l'oxyg~ne du 
m61ange inspir6 devrait ~tre augment6e ~t 50 pour cent avant l'application de racry- 
lique; on pourra revenir ~ la concentration premiere, quinze minutes apr~s l'ap- 
plication. Les vapeurs 6raises par la polym6risation de l'acrylique pourraient 
provoquer une dysfonction h6patique, mais les donn6es sont trop peu nombreuses 
pour confirmer ce fait. 

CONCLUSION 

Les candidats ~t prothbse totale de la hanche pr6sentent un d6fi partieulier 
l'anesth6siste. 

Au d6part, il faut tenir compte des facteurs de risques, tels que l'~ge, le poids, 
l'6tat cardio-vasculaire et pulmonaire. Une technique anesth6sique minutieuse 
avee hydratation ad6quate et remplacement anticip6 des pertes sanguines avant 
rinsertion du ciment sont tr~s importants pour pr6venir un hypovol6mie. L'appli- 
cation de l'acrylique s'accompagne d'une augmentation du shunt veineux pul- 
monaire avec baisse de la PaO2. La FiO~ du m61ange inspir6 devrait ~tre aug- 
ment~e d'au moins 20 pour cent (FiO2 0.5) avant l'installation du ciment. Les 
agents pr6sentant les effets les moins marqu6s sur la fonction h6patique seront 
les agents, de choix, consid6rant la possibilit6 de toxicit6 des vapeurs produites 
lors de la polym6risation de l'acrylique. 
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