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PROPHYLACTIC ANTIBIOTICS AGAINST EARLY AND LATE
DEEP INFECTIONS AFTER TOTAL HIP REPLACEMENTS
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A review with a longer observation period is performed of a previcusly
published double-blind investigation of the prophylactic value of
cloxacillin against late infections after total hip replacements. In
addition, a retrospective patient material is examined, The total mate-
rial consisted of 1065 total hips, 15.4 per cent deep, late infections were
found in the group without prophylaxis and 2.0 per cent in the one
with prophylaxis. The frequency of haematogenous deep infection was
estimated to be less than 1 per cent.
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Cumulative experience during recent
years has shown that the prophylactic
use of antibioties can substantially re-
duce the frequency of early postoperative
infections after total hip replacements
(THR) (Ericson et al. 1973, Fogelberg et
al. 1970, Pavel et al. 1974). It is, how-
ever, still debatable whether such pro-
phylaxis has any effect on the frequency
of so-called late infections. Many ortho-
paedic surgeons are inclined to doubt
whether such precautions as perform-
ance of the operation in a sterile box or
the peroperative and early postoperative
use of antibiotics really can prevent in-
feclions appearing months or even years
after the operation. Recent investigations,
however, have produced evidence strong-
ly suggesting such a preventive effect
(Ericson et al. 1973). But corroboration
of such an effect requires extensive in-
vestigations of several series followed up

for a long time, especially since some of
the late infections may be haematogen-
ous and not due to implantation of bac-
teria during the operation.

This paper concerns a) a review of a
double-blind investigation earlier pub-
lished by Ericson et al. (1973), b) estim-
ation of the frequency of deep infection
in a 7-year material of THR performed
with and without prophylactic antibiotics.

Previous investigation

In 1973, Ericson et al. reported a
double-blind investigation of the prophy-
lactic value of cloxacillin used in associa-
tion with major operations of the hip.
The results as regards the THR can be
found in Table 1. The result of a retro-
spective study was also reported. The in-
vesligation showed that cloxacillin had a
very good preventive effect on early post-
operative infections. However, the follow-
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Table 1. Incidence of deep, early and late infections in the double-blind investigation.

Cloxacillin Placebo
Total
Not inf. Inf. Not inf. Inf.
1-2% years postoperatively 118 60 0 51 7 (P < 0.056) *
5-6% years postoperatively 118 58 2 44 14 (P < 0.01) "

*

chi-square with Yates correction.

up was not long enough to warrant any
conclusion as to the effect on the fre-
quency of late, deep infections.

MATERIAL AND METHODS

Only deep infections, both early and late, were
considered. Superficial infections which healed
without developing into deep infections were
not included.

The material consisted of all 1130 hips (476
in men and 654 in women) operated upon with
THR between 1968 and 1974 in the Department
of Orthopaedic Surgery, University Hospital,
Lund (510 hips) and the Department of Ortho-
paedic Surgery, Malmoé General Hospital, Uni-
versity of Lund, Malmo, Sweden (620 hips), The
mean age at the time of operation was 64.6 £ 9.3
years (average = 1SD), The youngest patient
was 19 years and the oldest 87. The patients
were reviewed during the first 3 months of 1977,
which means between 2 and 9 years after the
operation. Sixty-five patients were not included
cither because it was not possible to ascertain
whether prophylaxis had been given or because
the patients had not appeared at follow-up or
review. Patients who had died within 6 months
of the operation without having had any known
infection were not included in the investiga-
tion. All operations were performed in conven-
tional, modern operating rooms.

The investigation was divided into:

a) a review of the 118 THR in the previously
mentioned double-blind investigation of Ericson
et al, (1973) in which the patients had been
examined after a postoperative interval of 1 to
2% years, In the present review the reexamina-
tion was performed 5 to 6% years postopera-
tively. In the investigation by Ericson et al. both
superficial and deep infections were considered.
In the present study, only the deep ones were
included.

b) a retrospective investigation of the 947
other THR; 635 had received prophylaxis and
312 had not. 761 were operated according to

Charnley, 183 according to Brunswik and three
according to McKee-Farrar.

Prophylaxis

The antibiotic used was cloxacillin (Ekvacil-
lin®, Astra Pharmaceutical, Sweden), The pa-
tient was given 1 g intramuscularly 1 hour
before the operation and thereafter three times
at 6-hour intervals. This was followed by two
tablets each containing 0.5 g which were taken
in the fasting state with a glass of water. The
oral dose was given every 6 hours until the
fourteenth day inclusive after the operation. In
addition, the patient received oral probenecid in
a dose of two tablets, each 0.5 g, twice a day
during the same period as the cloxacillin. In
the double-blind investigation the placebo was
given in the same way as the active substance.
The patients receiving placebo instead of cloxa-
cillin were also given probenecid in the same
dose. Patients who found it difficult to take the
tablets by mouth were given intramuscular in-
jections, The few patients known to be hyper-
sensitive to penicillin or who developed such
hypersensitivity during treatment were given
lincomycin or cephalosporin, in corresponding
doses, instead of cloxacillin, Since January 1974,
the prophylaxis at the Orthopaedic Department
in Lund has been shortened to 1 week after the
operation.

Review

All patients with any sympioms or roentgen
changes at the obligatory final follow-up 6
months to 1 year after the operation were re-
examined at regular intervals until the cause of
the symptoms could be explained or the symp-
toms had disappeared. It was not difficult to
trace the patients with infection because pa-
tients operated upon at either of the two depart-
ments belonged to the receiving areas of the
departments. Therefore, according to the Swed-
ish insurance regulations they could not seek
advice at any other hospital before they had
first been examined at their local hospital where
they were registered and, if necessary, referred
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to another hospital for further examination or
treatment, The few patients residing outside the
receiving area of the hospital were followed up
especially for any infection.

Definition of deep infection

Only patients with positive aerobic culture
from fistulae or ahscesses or with positive
acrobic or anaerobic culture from tissue speci-
mens adjacent to the prosthesis or the surface
of the cement are included. Furthermore the
patients had pain on weight-bearing or during
rest, roentgen signs of infection according to
Bergstrom et al. (1974) (radiolucent zone, scal-
loping and/or periosteal reaction), and an ESR
above 35 mm/1 hour without antibiotic therapy.

RESULTS

Review of the patients in the
double-blind investigation

As seen in Table 1, two deep, late infec-
tions supervened in the cloxacillin group
and seven in the placebo group during the
4 years that had elapsed since the prelim-
inary study. The difference between the
cloxacillin and the placebo groups is
significant. The high frequency of infec-
tions in the placebo group may be ex-
plained by an epidemic accumulation of
infections in Lund during the first half
of 1971. The cause of the epidemic is not
known,

Retrospective investigation

The distribution of the infected and
non-infected cases found in both the

double-blind investigation and the retro-
spective investigation is given in Table 2.
The frequency of infection was much
lower in the group that had received
prophylaxis. The difference is highly
significant. The interval between the
operation and the review was hetween 2
and 814 years in the retrospective study.
No serious adverse effects from the
cloxacillin were seen during the investig-
ation.

Analysis of the infections that occurred
despite prophylaxis

The findings are shown in Table 3.
Laboratory studies (ESR, CRP, serum
electrophoresis, white blood cell count,
differential count and radiographic
changes around the prosthesis) proved
of little value in tracing the origin of the
infection and are therefore not considered
here.

Two of the 14 patients belonging to
the prophylactic group in Table 2 were
excluded from this analysis as it was not
quite ceriain that they had received an
adequate prophylaxis.

In Table 3 it can be seen that patients
nos. 1-4 had early infections appearing
already during the healing of the opera-
tion wound. Patients nos. 5-7 were never
symptom-free after the operation and
had slight pains when walking all the
time, but the diagnosis infection was not

Table 2. Distribution of infected and noninfected patients in the two groups with and without

prophylaxis.
With prophylaxis Without prophylaxis Total
Not inf. Inf. Not inf. Inf,
Prospective study 58 2 44 14 118
Retrospective study 623 12 267 45 947
Total 681 14 31 59 1065
(2.0 %) (15.4 %)

P < 0.001 (chi-square with Yates correction)
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Table 3. Analysis of infected patients who had received prophylaxis

Time of oy
Pat, ?;xf::tgxfns diagnosis of Bacteria Sc(;g;;tcl;ﬁitf Comments
' infection
1 Immediately Immediate Proteus and No Immediate postop. inf. Culture
postop. deep infection enterococci of biopsy specimen.
after op,
2 Immediately Immediate Proteus and No Immediate postop. inf, Both
postop. deep infection Staph. albus proteus and Staph. albus in each
after op, of six specimens taken from the
tissue adjacent to prosthesis
during extraction.
3 Immediately Immediate E. coli No Immediate postop. inf.
postop. deep infection Prosthesis extracted, Repeated
after op. cultures from abscess gave
abundant E. coli.
4 Immediately Immediate Anaerobic Yes The inf. was in the beginning
postop. postop. peptococci successfully treated with anti-
infection and anaerobic_ biotic, but prosthesis extracted
streptococci after 2% years. Culture of
biopsy specimen at extraction.
5 Never quite After 2 years Propioni- Yes Culture of six biopsy specimens
symptom-free 4 months bact acnes positive at extraction of
prosthesis, Bilat. op., other side
not infected. Repaorted clear
difference between sides, became
immediately symptom-free in
the uninfected hip.
6 Never quite After 2 years Propioni- Yes Culture of biopsy specimen from
symptom-free 7 months bact acnes joint capsule positive, Bilat. op.
Other side not inf. Reported
clear difference between sides,
became immediately symptom-
free in the uninfected hip.
7 Never quite After 3 years Staph. aureus Yes Culture of biopsy specimen
symptom-free 4 months positive at extraction of
prosthesis. Bilat. op. Reported
clear difference between sides,
became immediately symptom-
free in the uninfected hip., ESR
never normalized.
8 3 months After Pseudomonas No July 1972 postop. inf, with
postop. 6 months pyocyanea pseudomonas pycocyanea after

nailing of fracture of femoral
neck, Jan. 1973 total
arthroplasty, 6 months postop.
fistula with pseudomonas
pyocyanea, ESR never
normalized.
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Time of s
Pat. Onset of diagnosis of Bacteria Sensmye_to Comments
symptoms infection cloxacillin
9 4 months After Staph. aureus Yes Aspiration 4 months postop. and
postop. 4 months biopsy 6 months postop. gave
Staph. aureus.
10 6 months After Anaerobic Not tested Aspiration from abscess 6
postop, 6 months. streptococei for suscep- months after op. gave growth of
However, and Gram-neg. tibility anaerobic streptococci. Material
antibiotics rods obtained on extraction of
since second prosthesis 1 year later gave
month postop. Gram-negative rods. ESR never
because of normalized.
elevated ESR,
11 1 year After 3 years Staph. albus Yes Culture of two biopsy specimens,
postop. and 2 months both positive, Patient had
previously had a Moore
prosthesis, which was replaced
by a total prosthesis.
12 2 years and After 3 years Propioni- Yes Culture gave growth of

4 months and 4 months

postop.

bact acnes and
Staph. albus

Propionibact, acnes and Staph.
albus from biopsy specimen.
Staph, albus alone at extraction
of prosthesis.

made until after 2-3 years thus called
“late”. The palients nos. 8-10 probably
belonged to the same group but here
nothing abnormal had been entered in
the patients record. Patients 11 and 12
were quite symptom-free during 1-114
yvears postoperatively.,

The long interval between the opera-
lion and the diagnosis of the infection
can in some cases be explained by the
difficulty at that time in making a firm
diagnosis. In retrospect we can now say
lhat in several of these cases the diag-
nosis could have been made much earlier.

Staphylococcus albus, Propionibacte-
rium acnes, anaerobic peptococei and an-
aerobic streptococci were formerly con-
sidered “apathogenic” or contaminations
but are now known to cause a consider-
able number of the infections around
lolal arthroplasties (Kamme et al. 1974).
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In seven cases the infection was caused
by microbes sensitive to cloxacillin in
spite of the fact that this antibiotic was
given prophylactically.

DISCUSSION

It has been clearly shown that antibiotic
prophylaxis can substantially reduce the
frequency of early infection after THR
(Ericson et al. 1973, Fogelberg et al.
1970, Pavel et al. 1974). Yet it is still
debatable whether such prophylaxis can
prevent so-called late infections. That
prophylaxis with cloxacillin has a good
preventive effect against late infections
around THR caused by the bacteriolog-
ical flora existing at the two above-
mentioned hospitals is however clear
from the results of this investigation.
The very high frequencies of post-
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operative infection reported from dif-
ferent parts of the world during the first
years when total hip replacements were
performed has now been considerably
lowered through rigorous asepsis, e.g.,
clean-air operating room enclosures or
through the prophylactic use of anti-
biotics. In this investigation the fre-
quency has been lowered from 15.4 to 2.0
per cent with the use of antibiotics alone.
This reduction must depend on a de-
crease in the number of infections caused
by implantation of bacteria during the
operation. Otherwise it is difficult to ex-
plain why this measure taken at the
operation and during the following 1-2
weeks should have an effect for several
years.

If this argument is correct, haematog-
cnous infections are to be found among
those infections which occur despite the
use of prophylactic antibiotics (Table 3).
Patients nos. 1-4 had early infections
and were thus most probably infected
during the operation. Patients nos. 5-7
were never pain-free which otherwise is
the rule after a successful THR. In pa-
tients 7, 8 and 12 preoperatively low ESR
was never restored after the operation
which indicates that all these five pa-
tients (5,6, 7, 8, 12} were infected during
the operation (Reichelt & Brand 1975).
An argument against this is that patients
5-7 were infected with microbes sensi-
tive to cloxacillin,

In the remaining two patients (10, 11)
there is nothing to specially indicate per-
operative infection. The long symptom-
free interval in patient 11 rather in-
dicates that the infection was haematog-
enous. In the patient group without
prophylaxis three patients (0.8 per cent)
seemed lo have haematogenous infec-
tions, two in association with sepsis
caused by pneumococci, The third pa-
tient had bilateral THR and suffered
sudden pains in both hips after 3 years

AKE S. CARLSSON ET AL.

without symptoms and Staphylococcus
aureus was found in both hips.

This means that the frequency of
haematogenous infections in this mate-
rial was well under 1 per cent which is in
agreement with the figures given by
Charnley (1972), 0.30 per cent, and Ariz
et al. (1975), 0.25 per cent.
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