EFFECT OF HYPOTENSIVE EPIDURAL ANAESTHESIA
ON ACETABULAR CEMENT-BONE FIXATION
IN TOTAL HIP ARTHROPLASTY
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We selected 20 matched pairs of patients who had had total hip arthroplasty by the same surgeon using
the same cemented technique. Matching was by age, sex, height, weight and diagnosis. One of each pair had
received hypotensive epidural anaesthesia, with less than 300 ml blood loss: the other had normotensive
general anaesthesia with more than 500 ml of blood loss.

Early postoperative radiographs were evaluated independently by three blinded observers, using a
scoring criteria which assessed the quality of the cement-bone interface. The results showed that patients who
had received epidural anaesthesia had significantly better radiographic scores (p < 0.02). Our findings
suggest that hypotensive anaesthesia facilitates penetration of cement into bone.

Aseptic loosening is the most common cause of failure of
cemented total hip arthroplasty and often requires
revision surgery (Cupic 1979; Dobbs 1980; Chandler et
al 1981; Gustilo and Burnham 1982; Dorr, Takei and
Conaty 1983; Collis 1984; Ranawat et al 1984; Cornell
and Ranawat 1986b; Dall et al 1986; Wroblewski 1986;
McCoy et al 1988; Kavanagh et al 1989; Ranawat,
Hansraj and Neves 1989b; Ranawat, Rawlins and Harju
1989a). The quality of the cement-bone micro-interlock
is an important factor for the durability of fixation of
both acetabular and femoral components (Cornell and
Ranawat 1986a; Benjamin et al 1987; Ranawat et al
1989a). It would therefore be useful to analyse methods
of improving this micro-interlock.

Intra-operative techniques to achieve this on the
acetabular side include the preservation of subchondral
bone, the use of multiple fixation holes and of pulsed
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lavage, the pressurisation of cement, and hypotensive
anaesthesia for a relatively bloodless field (DeLee and
Charnley 1976; Lee and Ling 1981; Krause et al 1982;
Dorr et al 1984; Ranawat et al 1989a). The role of
hypotensive anaesthesia has not been fully investigated,
though it has been suggested that a layer of blood on the
surface of the bone might create a hydraulic barrier and
impair ingress of cement into the interstices of cancellous
bone. Furthermore, it is possible that a layer of blood
between cement and bone might ultimately form a fibrous
tissue barrier (DeLee and Charnley 1976; Lee and Ling
1981; Eftekhar and Nercessian 1988; Bannister et al
1990). In either circumstance, the weak cement-bone
interface could result in reduced strength under shear
and tension stresses, leading eventually to micromotion,
and to failure (Benjamin et al 1987).

We have assessed the effect of hypotensive anaes-
thesia on the micro-interlock between bone and cement
of the acetabular component.

MATERIALS AND METHODS

We identified 20 matched pairs of patients, selected from
a retrospective review of 650 primary total hip arthro-
plasties performed by the same surgeon (CSR) for
osteoarthritis or rheumatoid arthritis from 1984 to 1987.
Patients were matched by age (within five years), sex,
height (within 8 cm), weight (within 5 kg) and diagnosis.
Pairing was by the type of anaesthesia used: one of each
pair had a normotensive technique and the other a
hypotensive method.

The normotensive group of patients had general
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endotracheal anaesthesia, with the systolic pressure
maintained at or above 110 mmHg throughout the
operation. Anaesthesia was induced with pentothal and
succinylcholine and maintained with nitrous oxide,
oxygen, and isoflurane. In this group the intra-operative
blood loss was 500 ml or more.

Patients in the hypotensive group had epidural
anaesthesia with 0.75% bupivacaine injected at the L2-3
or L3-4 interspaces in sufficient doses to achieve an
anaesthetic level at T4 or above. Blood pressure was
supported with low dose epinephrine infusions and, if
necessary, reduced by intravenous infusion of sodium
nitroprusside. These hypotensive patients were sedated
but awake, breathing spontaneously with a mean arterial
pressure of 50 to 55 mmHg recorded constantly from a
line in the ipsilateral radial artery; their intra-operative
blood loss was < 300 ml. Both groups of patients received
Ringer’s lactate intra-operatively for fluid replacement.

All the operations were performed in the lateral
decubitus position using a posterolateral approach; the
same technique was used throughout the study period.
This included the preservation of subchondral bone, the
use of pulsed lavage and multiple fixation holes with
pressurisation of doughy Simplex cement (Howmedica,
USA).

Technique of socket fixation. All 40 sockets were im-
planted by the following method:

The reamed socket was 2 mm larger than the outer
diameter of the prosthesis, to provide clearance for a
uniform cement mantle. Multiple 5 mm by 5 mm fixation
holes were made using a high-speed, air-driven, collared
drill. Two relatively large (10 mm by 10 mm) holes were
made in the ischium and pubis; the sites for these were
usually obvious in the exposed cancellous bone. The
prepared cavity was cleaned with a water pick and dried

by packing the holes with a sponge while the cement was
mixed. The timing of these preparations is critical.

We used Simplex cement because of its superior
intrusion properties, strength, and handling characteris-
tics. The cement reagents were heated in a blanket
warmer to speed up the rate of curing; this also seems to
aid the release of trapped air. The powder and liquid
monomers were mixed with minimum stirring (usually
less than 30 seconds) and the cement was allowed to lie
undisturbed in the bowl for several minutes — during
which time most of the trapped air bubbles escaped to
the surface. Simplex cement, three to five minutes after
mixing, is slightly firmer than toothpaste. Some cement
was coated over the outer surface of the prosthesis and

Fig. 1

The use of the acetabular cement pressurisation tool is
demonstrated on a cadaver specimen.

Fig. 2

Fig. 3

Fig. 4

Figure 2 - An optimal cement-bone interface on an anteroposterior radiograph, showing gradual merging of the cement into the cancellous bone.
Figure 3 - There is no radiolucency at the bone—cement interface, but rounding-off of the cement front suggests incomplete micro-interlock. The
rounding-off indicated by the arrow resulted from the incomplete curettage of a subchondral cyst. Figure 4 - Radiolucent lines of < | mm are

seen in all three zones, indicating poor cement-bone micro-interlock.
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the remainder was placed in the carefully dried acetabu-
lum, digitally pressed into the fixation holes and then
pressurised, using a sturdy rubber balloon (Fig. 1), for
two to three minutes.

Any blood which collected on the cement was
cleaned off with a dry sponge before the prosthetic socket,
in its appropriate holder, was inserted into the cement.
It was pressed into position with about 40° of lateral
opening and 15° of anteversion. Pressure was maintained
on the prosthesis while the cement hardened, with digital
pressure on any part of the cement mantle uncovered by
bone.

Method of assessment. Assessment of the cement-bone
interface was performed on good quality anteroposterior
pelvic radiographs taken between one and two months
after surgery. The appearance of the cement-bone
interface was classified into three grades:

Grade 1 signified perfect cement-bone interlock with
gradual merging of cement into the cancellous bone
with no radiolucency or rounding-off of the cement front
(Fig. 2).

Grade 2 demonstrated no radiolucency but there was
rounding-off of the cement front (Fig. 3).

Grade 3 had both rounding-off and radiolucencies
(Fig. 4).

For each acetabulum, a score was determined in
each of the three zones of Charnley. Thus, the optimal
score for acetabular cement-bone interlock was 3, and
the worst score was 9 (Table I). This grading of the
interface was performed by three independent observers,
two orthopaedic surgeons and one radiologist, who were
appropriately blinded to the type of anaesthesia used for
each patient.

Table I. Radiographic scores for the quality of the
acetabular cement-bone interface (see text), in each
of the three zones of Charnley, for matched pairs of
normotensive and hypotensive patients

Normotensive Hypotensive
Zone Zone

Pair  Sex 1 2 3 Total 1 2 3 Total
1 M 3115 2 215
2 M 3 3 2 8 1 1 2 4
3 M 3115 111 3
4 M 211 4 1113
5 M 2 2 37 111 3
6 M 3 23 8 3 2 21
7 M 1 21 4 1113
8 M 3 3 2 8 2 2 37
9 M 2 3 27 1113
10 M 1 11 3 1 11 3
11 F 1 11 3 1 11 3
12 F 2 1 1 4 1 11 3
13 F 21 25 11 1 3
14 F 1 2 2 5 1 113
15 F 3 3 2 8 1 21 4
16 F 1 113 1113
17 F 2.2 2 6 3115
18 F 3 2 3 8 111 3
19 F 1 113 1113
20 F 111 3 3 3.1 7
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The results were analysed by comparing the scores
in the normotensive patients with those of the matched
hypotensive patients, using the Mann-Whitney test for
non-parametric data and the McNemar contingency
tables.

RESULTS

The total score for all three zones was significantly better
for the hypotensive patients than for the normotensive
patients (p < 0.02). When each of the Charnley zones is
taken separately the hypotensive group scored better in
each zone (p < 0.06 for zone 1; p < 0.09 for zone 2;
p < 0.03 for zone 3). Fourteen of the hypotensive group
had a better score than the paired normotensive aceta-
bulum, five pairs had nearly identical scores and in only
one pair did the normotensive acetabulum achieve a
better score. The non-random character of this distribu-
tion is significant (p < 0.0001).

DISCUSSION

We chose a study design using retrospective matched
pairs rather than a prospective randomised method for
several reasons. First, it was considered unethical to
deliberately increase blood loss by using a normotensive
anaesthetic in a prospective manner, as this might expose
patients to the added risk of homologous blood trans-
fusions. Secondly, the retrospective evaluation of a large
patient population, allowed close matching of cases with
similar age, height, weight, and sex. These factors have
been cited as having an influence upon the fixation of
components and durability of the total hip replacement
(Ranawat et al 1984; Cornell and Ranawat 1986b).
Finally, the retrospective review enabled us to identify
closely matched pairs of patients with different anaesth-
etictechniques and disparate intra-operative blood losses.

Acetabular fixation is traditionally assessed by
anteroposterior radiographs of the pelvis. We developed
a new grading system, using three grades of fixation in
each of the three zones of Charnley. The three independ-
entobservers showed good agreement, with interobserver
differences in only three of the 120 zones analysed.

Epidural anaesthesia is associated with less intra-
operative blood loss than general anaesthesia (Sharrock,
Mineo and Urquhart 1989), though general anaesthesia
with hypotension can also reduce blood loss (Thompson
et al 1978; Vazeery and Lunde 1979). Our experience is
that the driest surgical fields are obtained by using
epidural anaesthesia with hypotension. Many anaesthe-
tists and orthopaedic surgeons hesitate to use hypotensive
anaesthesia in high-risk or elderly patients for fear of
peri-operative complications, but clinical experience of
this method in over 3000 cases at the Hospital for Special
Surgery (Sharrock et al 1989) has shown a very low
incidence of postoperative myocardial infarction, stroke,
or renal infarction.
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The concept that blood at the cement-bone interface
may impair the quality of fixation is not new (DeLee and
Charnley 1976; Benjamin et al 1987; Eftekhar and
Nercessian 1988; Bannister et al 1990) and various
methods aimed at reducing bleeding at the interface have
been tried in the past. The results of our study support
the assertion that the most effective way to reduce blood
at the interface is by the use of hypotensive anaesthesia
(Bannister et al 1990).

Blood, oozing from the cancellous bone of the
acetabulum, may form a liquid layer between the surface
of the bone and the cement front, preventing ingress of
cement into the interstices of the bone, and impairing
the quality of the micro-interlock (Krause et al 1982;
Benjamin et al 1987). Such blood would subsequently
resorb, leaving a gap between the cement and bone
which is replaced by fibrous tissue (Cupic 1979). This
layer of soft tissue could well create the conditions for
subsequent loosening, especially in active, young or
heavy patients over a long period of time. It has also been
suggested that one of the reasons for the excellent long-
term results of cemented total knee arthroplasty is the
dry field achieved by the use of an intra-operative
tourniquet (Ranawat and Rose 1985).

In our 20 matched pairs of patients, the use of
epidural anaesthesia with hypotension gave a better
radiographic appearance at the cement-bone interface
than was seen in normotensive patients (p < 0.02).
Radiographic evidence of failure is commonly seen in
the acetabulum (Wroblewski 1986). It is frequently
asymptomatic and may not need revision unless migra-
tion occurs or the patient develops pain. By contrast,
radiographic loosening of the femoral component, once
established, usually requires revision (Ranawat et al
1984; Pellicci et al 1985). It is probable that the improved
fixation observed in the acetabulum in patients after
hypotensive anaesthesia also occurs within the shaft of
the femur.

Longer term follow-up will be required to confirm
that the postoperative radiographic appearance of aceta-
bular interlock is related to subsequent loosening, but
we predict that hips implanted with improved cement
technique and under hypotension will remain well fixed
for a longer time. Therefore, we recommend that
hypotensive anaesthesia is used whenever possible for
patients undergoing cemented total hip arthroplasty. We
prefer an epidural hypotensive technique.

No benefits in any form have been received or will be received from a

commercial party related directly or indirectly to the subject of this
article.
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