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Intravenous antibiotics effectively reduce the prevalence of postoperative infection. However, Japanese orthopaedic surgeons have
no consensus with regard to the optimal duration of prophylaxis. The aim of this study is to compare the outcome of one-day
intravenous antibiotic administration with that of long-term intravenous antibiotic administration. Patients who underwent total
hip or knee arthroplasty were divided into 2 groups to receive one of 2 prophylactic protocols retrospectively. Group A (223
patients) received intravenous antibiotics twice only on the day of surgery, whereas Group B (104 patients) received intravenous
antibiotics for at least 3 days after surgery. We analyzed the wound infection rate and monitored liver and renal functions. None
of these patients had a postoperative infection. No liver dysfunction and renal dysfunction were observed. One-day antibiotic
infusion was as effective as long-term antibiotics in preventing infection after arthroplasty and achieved greater cost effectiveness.

1. Introduction

Infection is one of the most devastating complications asso-
ciated with arthroplasty [1–7]. Prophylactic antibiotics have
been proven to be an effective measure for the prevention
of postoperative infection. There is no consensus with regard
to the optimal duration of prophylaxis. The standard practice
is to administer prophylactic intravenous antibiotics only on
the day of surgery in Western countries [8–11]; however, in
Japan, prophylactic intravenous antibiotics are administered
for several days postoperatively [12], and one-day antibiotic
infusion is rare. A questionnaire survey of Japanese ortho-
paedic surgeons showed that 86% of surgeons administered
intravenous antibiotics for 7 days or longer after prosthetic
surgery [12]. We have no precise guidelines on the prophy-
lactic use of antibiotics in Japanese orthopaedic surgery.

At our institution, since July 2004, antibiotics have been
infused only on the day of primary total hip arthroplasty
(THA) and total knee arthroplasty (TKA). Here, we retro-
spectively compared the outcome of one-day intravenous
antibiotic administration with that of long-term intravenous
antibiotic administration.

2. Materials and Methods

223 patients who underwent arthroplasties received intra-
venous antibiotics only on the day of surgery (Group A).
Another 104 patients who underwent arthroplasties received
intravenous antibiotics for at least 3 days after surgery
(Group B; control group). The characteristics of the groups
are shown in Table 1. No significant differences were found
in terms of age, body mass index (BMI), sex, procedures,
and operative time between the groups. The mean follow-
up periods were 32 ± 16 months in Group A and 51 ± 23
months in Group B. Patients who underwent revision ar-
throplasty and those who were susceptible to infection due
to factors such as diabetes mellitus, rheumatoid arthritis, or
steroid therapy, were excluded from this study. This study
was reviewed and approved by the local ethics committee.

Surgery was performed in operating rooms equipped
with vertical laminar airflow. The surgical team used a total
body exhaust system. The skin of the surgical field was not
shaved but was prepared with 10% povidone iodine solution
twice before draping. All THAs were performed by one sur-
geon (A. Sudo), and all TKAs were performed by another
one surgeon (M. Hasegawa). We performed THA with
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Table 1: Characteristics of the patients.

Group A Group B P value

Age (years) 65.0 ± 10.8 63.7 ± 13.1 .826a

BMI (Kg/m2) 24.6 ± 3.8 24.4 ± 4.0 >.999a

Gender Female 190 80 .0661b

Male 33 24

Procedures THA 153 63 .1531b

TKA 70 41

Operative time (min) 108.4 ± 37.0 114.8 ± 42.2 .240a

Values are mean ± standard deviation. BMI, body mass index;
THA, total hip arthroplasty; TKA, total knee arthroplasty
aMann-Whitney U test; bChi-squared test.

cementless prostheses; however, we used only cemented
prostheses in TKA. No antibiotic-impregnated cement was
used. Drains were routinely used and removed 2 days after
surgery. Sutures were removed 14 days after surgery.

For both groups, antibiotics were intravenously infused
starting 30 minutes before surgery, with the second admin-
istration approximately 6 hours later [13]. The doses of
intravenous antibiotics were 2-3 grams per day according to
the instructions. In Group A, antibiotics were intravenously
infused on the day of surgery, and oral antibiotics were
administered for 5 to 77 days postoperatively (average, 18
days). In Group B, antibiotics were intravenously infused
for 3 to 24 days with an average of 8 days (twice daily
in the morning and at night), and oral antibiotics were
administered for 3 to 72 days postoperatively with an av-
erage of 16 days. Oral antibiotics were administered when
the serum C-reactive protein (CRP) level dropped below
1.0 mg/dL (Figure 1). In Group A, PIPC (piperacillin, β-
lactam antibiotics; Taisho-Toyama Pharmaceutical Co. Ltd,
Tokyo, Japan) was used in 97 patients, CEZ (cefazolin, a
first-generation cephalosporin; Otsuka Pharmaceutical Co.
Ltd., Tokyo, Japan) was used in 72 patients, SBT/ABPC
(sulbactam sodium/ampicillin sodium, a combination drug
of ampicillin and β-lactamase inhibitor; Pfizer Japan Inc.,
Tokyo, Japan) was used in 30 patients, CTM (cefotiam, a
second-generation cephalosporin; Takeda Pharmaceuticals
Co. Ltd., Osaka, Japan) was used in 12 patients, FMOX
(flomoxef, a second-generation cephalosporin; Shionogi &
Co. Ltd.) in 9 patients, and others were in three patients.
CFPN-PI (cefcapene pivoxil, an oral cephalosporin; Shionogi
& Co. Ltd., Osaka, Japan) was then administered orally. In
Group B, CEZ was used in 38 patients, PIPC in 28 patients,
ABST/SBT in 10 patients, FMOX in 10 patients, CTM in 9
patients, and others in 9 patients were intravenously infused,
followed by oral administration of CFPN-PI.

We evaluated the presence of wound infection from signs
such as persistent fever, localized fever, localized redness, or
purulent discharge and nonwound infection, such as respira-
tory or urinary tract infection. We monitored liver and renal
functions as well as inflammatory markers including serum
CRP and white blood cell count (WBC).

The study was conducted according to the ethical prin-
ciples stated in the Declaration of Helsinki and local regula-
tions. Written informed consent was obtained from all pa-
tients.
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Figure 1: Period of time for oral antibiotic.

2.1. Statistical Analysis. We compared the patients’ baseline
characteristics using the Mann-Whitney U test and chi-
squared test. The analysis was performed using the StatView
statistical software package (version 5.0; SAS Institute, Cary,
NC, USA).

3. Results

None of these patients developed wound infection or non-
wound infection during the followup for a minimum 12
months after surgery. We found liver function test abnor-
malities in 67 of the 223 patients (30%) in Group A and
26 of the 103 patients (25%) in Group B. There is no sig-
nificant difference between group A and B (P > .05). In
Group A, 8 patients had 2-fold and 4 patients had more than
3-fold elevation of aspartate aminotransferase (AST). 15 pa-
tients showed 2-fold and 11 patients had more than 3-fold
elevation of alanine aminotransferase (ALT). In Group B, 4
patients had 2-fold and 3 patients had more than 3-fold
elevation of AST. 11 patients had 2-fold and 6 patients had
more than 3-fold elevation of ALT. No patients presented
jaundice. No renal dysfunction was observed.

At 3 days after surgery, the mean CRP level was elevated
to 9.7 mg/dL for Group A and 8.1 mg/dL for Group B, but at
7 days after surgery, it had dropped markedly to 2.9 mg/dL
for Group A and 2.8 mg/dL for Group B and did not increase
again (Figure 2).For both groups, WBC was elevated the day
after surgery. However, it normalized at 3 days after surgery
in most patients: 6445/mL for Group A and 6241/mL for
Group B. None of the patients exhibited persistent fever.

4. Discussion

When first- and second-generation cephalosporins were in-
fused only on the day of surgery, the incidence of deep infec-
tion ranged from 0 to 1.6%, and no significant difference
was observed between one-day and long-term preventive
antibiotic therapy [14–18]. A recent systemic review has
shown that there is no advantage to prolonging the antibiotic
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Figure 2: C-reactive protein (CRP) levels after arthroplasty. Values
are expressed as mean ± standard deviation.

prophylaxis for arthroplasty beyond 24 hours [19]. A study in
the Norwegian arthroplasty register showed that the results
were better if antibiotics were given 4 times on the day of
surgery, as compared to once, twice, or 3 times. No further
improvement was found in the patients given antibiotics
infusion for 2 days or 3 days when compared to systemic
prophylaxis 4 times in one day [20]. Others have advocated
maintaining antibiotics therapy until drainage devices are
removed from the wound [14]. A pronounced rise of the
CRP level on the third postoperative day after arthroplasty
is normal, but a further rise at one to 2 weeks suggests the
presence of a serious complication, including infection [15].
If we had found an upward trend in the CRP level after
the third postoperative day, we would have continued the
long-term intravenous administration of antibiotics. None
of the patients in the present study developed postoperative
infection; hence, one-day infusion of antibiotics on the day
of surgery appears to be effective in preventing infection.

Problems with long-term intravenous antibiotic admin-
istration include the emergence of drug-resistant bacteria,
drug-induced hepatopathy and nephropathy, and high med-
ical cost [16, 21, 22]. In the present study, Group B showed
an increased incidence of liver function test abnormalities,
thus suggesting an association between long-term antibiotics
infusion and liver function test abnormalities. Regarding
medical costs, the average daily cost of intravenous CEZ
and CTM is 2,582 Japanese yen (about $28.7), while that of
oral CFPN-PI is only 283 Japanese yen (about $3.1). Because
the average length of infusion for Group B was 8 days, the
difference in cost between Groups A and B was 16,083 Jap-
anese yen (about $179). By intravenously administering
antibiotics only on the day of surgery, it is possible to lower
medical costs, and this is beneficial in terms of hospital man-
agement from the viewpoint of comprehensive medicine.

The limitations of this study include its small sample size
and the effect of the oral administration of antibiotics. The
numbers of patients were small to evaluate a difference in
outcomes. In addition, many kinds of intravenous antibiotics
were used, so the number of patients in each antibiotics
group was small to perform detail statistical analyses. Be-

cause drug-resistant bacteria increase in association with
the quantity of antibiotics, and contact with antibiotics in
low concentration confers a risk of acquiring resistance, the
administration of oral antibiotics might not be needed as
prophylaxis against surgical site infection [23].

5. Conclusion

One-day antibiotic infusion was as effective as long-term
antibiotic infusion in preventing infection after arthroplasty.
Long-term intravenous infusion of antibiotics was associated
with a higher incidence of liver function test abnormalities.
In addition, one-day intravenous infusion of antibiotics on
the day of surgery achieved greater cost effectiveness.

Disclosure

The authors did not receive grants or outside funding in
support of the research or for preparation of this paper. They
did not receive payments or other benefits or a commitment
or agreement to provide such benefits from a commercial
entity. No commercial entity paid or directed, or agreed to
pay or direct, any benefits to any research fund, foundation,
educational institution, or other charitable or nonprofit
organization with which the authors are affiliated or associ-
ated.

References

[1] K. Yamamoto, N. Miyagawa, T. Masaoka, Y. Katori, T.
Shishido, and A. Imakiire, “Clinical effectiveness of antibiotic-
impregnated cement spacers for the treatment of infected
implants of the hip joint,” Journal of Orthopaedic Science, vol.
8, no. 6, pp. 823–828, 2003.

[2] S. Nishimura, T. Tsurumoto, A. Yonekura, K. Adachi, and
H. Shindo, “Antimicrobial susceptibility of Staphylococcus
aureus and Staphylococcus epidermidis biofilms isolated from
infected total hip arthroplasty cases,” Journal of Orthopaedic
Science, vol. 11, no. 1, pp. 46–50, 2006.

[3] A. D. Toms, D. Davidson, B. A. Masri, and C. P. Duncan,
“The management of peri-prosthetic infection in total joint
arthroplasty,” Journal of Bone and Joint Surgery. Series B, vol.
88, no. 2, pp. 149–155, 2006.

[4] A. Sudo, M. Hasegawa, A. Fukuda, and A. Uchida, “Treatment
of infected hip arthroplasty with antibiotic-impregnated cal-
cium hydroxyapatite,” Journal of Arthroplasty, vol. 23, no. 1,
pp. 145–150, 2008.

[5] K. Dairaku, M. Takagi, H. Kawaji, K. Sasaki, M. Ishii, and T.
Ogino, “Antibiotics-impregnated cement spacers in the first
step of two-stage revision for infected totally replaced hip
joints: report of ten trial cases,” Journal of Orthopaedic Science,
vol. 14, no. 6, pp. 704–710, 2009.

[6] J. De Beer, D. Petruccelli, C. Rotstein, B. Weening, K.
Royston, and M. Winemaker, “Antibiotic prophylaxis for total
joint replacement surgery: results of a survey of Canadian
orthopedic surgeons,” Canadian Journal of Surgery, vol. 52, no.
6, pp. E229–E234, 2009.

[7] J. Meehan, A. A. Jamali, and H. Nguyen, “Prophylactic
antibiotics in hip and knee arthroplasty,” Journal of Bone and
Joint Surgery. Series A, vol. 91, no. 10, pp. 2480–2489, 2009.



4 ISRN Orthopedics

[8] D. N. Williams and R. B. Gustilo, “The use of preventive
antibiotics in orthopaedic surgery,” Clinical Orthopaedics and
Related Research, vol. 190, pp. 83–88, 1984.

[9] M. A. Ritter, E. Campbell, E. M. Keating, and P. M. Faris,
“Comparison of intraoperative versus 24 hour antibiotic pro-
phylaxis in total joint replacement. A controlled prospective
study,” Orthopaedic Review, vol. 18, no. 6, pp. 694–696, 1989.

[10] D. R. Mauerhan, C. L. Nelson, D. L. Smith et al., “Prophylaxis
against infection in total joint arthroplasty. One day of
cefuroxime compared with three days of cefazolin,” Journal of
Bone and Joint Surgery. Series A, vol. 76, no. 1, pp. 39–45, 1994.

[11] P. Bedouch, J. Labarère, E. Chirpaz et al., “Compliance with
guidelines on antibiotic prophylaxis in total hip replacement
surgery: results of a retrospective study of 416 patients in a
teaching hospital,” Infection Control and Hospital Epidemiol-
ogy, vol. 25, no. 4, pp. 302–307, 2004.

[12] N. Shinagawa, K. Mashita, S. Iwai, T. Yokoyama, H. Takeyama,
and M. Fujii, “A questionnaire survey on the theory of postop-
erative infection prophylaxis in orthopedics,” Kansenshogaku
Zasshi, vol. 75, no. 5, pp. 398–405, 2001 (Japanese).

[13] C. S. Oishi, W. V. Carrion, and F. T. Hoaglund, “Use
of parenteral prophylactic antibiotics in clean orthopaedic
surgery: a review of the literature,” Clinical Orthopaedics and
Related Research, no. 296, pp. 249–255, 1993.

[14] C. L. Nelson, T. G. Green, R. A. Porter, and R. D. Warren,
“One day versus seven days of preventive antibiotic therapy
in orthopedic surgery,” Clinical Orthopaedics and Related
Research, vol. 176, pp. 258–263, 1983.

[15] R. O. Niskanen, O. Korkala, and H. Pammo, “Serum C-
reactive protein levels after total hip and knee arthroplasty,”
Journal of Bone and Joint Surgery. Series B, vol. 78, no. 3, pp.
431–433, 1996.

[16] J. S. Heydemann and C. L. Nelson, “Short-term preventive
antibiotics,” Clinical Orthopaedics and Related Research, vol.
205, pp. 184–187, 1986.

[17] L. Lidgren, “Joint prosthetic infections: a success story,” Acta
Orthopaedica Scandinavica, vol. 72, no. 6, pp. 553–556, 2001.

[18] W. M. Tang, K. Y. Chiu, T. P. Ng, W. P. Yau, P. T. Y. Ching,
and W. H. Seto, “Efficacy of a single dose of cefazolin as
a prophylactic antibiotic in primary arthroplasty,” Journal of
Arthroplasty, vol. 18, no. 6, pp. 714–718, 2003.

[19] A. Glenny and F. Song, “Antimicrobial prophylaxis in total
hip replacement: a systematic review,” Health Technology
Assessment, vol. 3, no. 21, pp. 1–57, 1999.

[20] L. B. Engesæter, S. A. Lie, B. Espehaug, O. Furnes, S. E.
Vollset, and L. I. Havelin, “Antibiotic prophylaxis in total
hip arthroplasty: effects of antibiotic prophylaxis systemically
and in bone cement on the revision rate of 22,170 primary
hip replacements followed 0–14 years in the Norwegian
Arthroplasty Register,” Acta Orthopaedica Scandinavica, vol.
74, no. 6, pp. 644–651, 2003.

[21] J. C. De Lucas-Villarrubia, M. Lopez-Franco, J. J. Granizo,
J. C. De Lucas-Garcia, and E. Gomez-Barrena, “Strategy
to control methicillin-resistant Staphylococcus aureus post-
operative infection in orthopaedic surgery,” International
Orthopaedics, vol. 28, no. 1, pp. 16–20, 2004.

[22] A. D. Hanssen and D. R. Osmon, “The use of prophylactic
antimicrobial agents during and after hip arthroplasty,” Clin-
ical Orthopaedics and Related Research, no. 369, pp. 124–138,
1999.

[23] D. Kato, K. Maezawa, I. Yonezawa et al., “Randomized
prospective study on prophylactic antibiotics in clean ortho-
pedic surgery in one ward for 1 year,” Journal of Orthopaedic
Science, vol. 11, no. 1, pp. 20–27, 2006.


