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Abstract

Int roduct ion: Prosthet ic j oint  infect ion after hip arthroplasty is the most  feared 
complicat ion and is responsible for prolonged hospitalisat ion and an increased risk of 
morbidity and mortalit y. To ident ify the factors involved in it s onset  may lead to 
intervent ions to reduce the risk of infect ion.
Mat erial  and met hods: We prospect ively reviewed data collected from the health care 
infect ion surveillance system (INCLIMECC) on 3067 hip arthroplast ies undertaken in the 
Ramon y Caj al University Hospital between October 1999 and December 2009. Mult ivariate 
analysis was performed using logist ic binary regression to create mathemat ical models to 
predict  j oint  infect ion after hip arthroplasty.
Result s: The overall incidence of j oint  infect ion after hip arthroplasty was 2.71%. 
Unadj usted univariate analysis showed mult iple variables associated with j oint  infect ion. 
After mult ivariable logist ic regression analysis, we found the following independent  
predictors: age, days of hospitalisat ion prior to the intervent ion and risk index of the 
Nat ional Healthcare Safety Network (NHSN) (p <.05).
Conclusions: NHSN risk index and the days of hospitalisat ion prior to the intervent ion are 
associated to other risk factor of j oint  infect ion after hip arthroplasty, such as Diabetes 
Mellitus, obesity and rheumatoid arthrit is. Nevertheless is important  to analyse these 
factors separately to increase the predict ive power of the mult ivariate model.
© 2011 SECOT. Published by Elsevier España, S.L. All rights reserved.
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Introduction

In the developed world, populat ion aging, biomedical 
technology, and a longer life expectancy for pat ients with 
underlying chronic disease are some of the factors that  
have cont ributed to the increased number of hip surgeries 
for pat ients needing a prosthesis.1 Infect ion related to  
j oint  replacement  is the most  serious complicat ion, 
increasing pat ient  morbidity and raising the associated 
costs for the healthcare system. In Spain, approximately 
30,000 arthroplast ies are performed annually, with a 
surgical site infect ion (SSI) rate of 3.4%.2 The impact  on 
hospital stay at t ributable to infect ion has been est imated 
at  31 days in excess of the post -operat ive stay.3 In count ries 
such as England, the addit ional costs at t ributable to SSI 
have been calculated at  £ 3.342, with an adj usted mortalit y 
rate twice as high in pat ients with infect ion.4 The primary 
pat ient -related risk factors for SSI following hip arthroplasty 
include age, underlying medical condit ions, the American 
Society of Anaesthesiologists (ASA) anaesthesia risk, and a 
history of revision arthroplasty. Intervent ion-related factors 
include simultaneous bilateral arthroplasty, prolonged 
durat ion of the surgery, degree of contaminat ion of the 
surgery, and type of surgery (elect ive or emergency).5-10 

In 1997, a healthcare infect ions surveillance network for 
surgical pat ients was created in Spain [Spanish acronym 
INCLIMECC, Indicadores Clínicos de Mej ora Cont inua de la 

Cal idad] ,  based on the NHSN (Nat ional Healthcare Safety 
Network) in the United States, to determine the incidence 
of endemic infect ions, to monitor t rends, and to compare 
infect ion rates among hospitals using standardised criteria. 

We analysed 3,067 hip arthroplasty surgeries performed in 
a 1,200-bed acute care hospital in the city of Madrid for the 
purpose of est imat ing the incidence of SSI and determining 
the risk factors associated with it  during the post -operat ive 
hospital stay.

Materials and methods

INCLIMECC is a prospect ive system for epidemiological 
surveil lance of  nosocomial infect ions that  gathers cl inical 
and surgical informat ion through a validated protocol. 2,11 
It  is coordinated by the Prevent ive Medicine Service at  
Hospital Universitario Ramón y Caj al and headed by a team 
of epidemiologists and nurses specializing in this ield, 
who visit  t he Traumatology unit s every 1 or 2 days to 
monitor all pat ients f rom the t ime they undergo surgery 
unt il  t hey are discharged, including any re-admission for 
infect ion.

This work is a ret rospect ive cohort  study that  included all 
hip arthroplast ies, elect ive or emergency, performed 
between October 1999 and December 2009, on subj ects 
over 15 years of age of both sexes, and identiied by the 
International Classiication of Diseases, ninth revision, with 
codes 81.51-81.53.

The NHSN risk index was est imated for each pat ient  who 
underwent  hip arthroplasty. This is a scale of values from 0 
to 3, represent ing the number of risk factors present  from 
among the following: presurgical ASA anaesthesia risk ≥3; 
surgery classiied as contaminated or dirty/infected; and 
procedure durat ion of more than 120 minutes.12 The criteria 

PALABRAS CLAVE

Infección de la herida 

quirúrgica; 

Incidencia; 

Factores de riesgo; 

Art roplast ia de cadera

Incidencia y factores asociados a la infección de localización quirúrgica  

tras artoplastia de cadera

Resumen

Int roducción: La infección de localización quirúrgica (ILQ) posterior a art roplast ia de 
cadera es la complicación más temida causando hospitalización prolongada, incremento 
de morbilidad, mortalidad y altos costes. La identiicación de los factores implicados en 
su aparición puede orientar intervenciones para la reducción del riesgo de infección.
Mat erial  y mét odos: Los datos de ILQ y sus factores de riesgo fueron prospect ivamente 
recolectados por el sistema de vigilancia de infección asociada a la atención sanitaria 
INCLIMECC (Indicadores Clínicos de Mej ora Cont inua de la Calidad), a part ir de 3.067 pro-
cedimientos de art roplast ia de cadera realizados en el Hospital Universitario Ramón y 
Caj al ent re octubre de 1999 y diciembre de 2009. Análisis de regresión logíst ica binaria 
mult ivariable con el software SPPS versión 15.0 para Windows fue ut il izado para la cons-
t rucción de un modelo predict ivo de ILQ.
Result ados: La incidencia global de ILQ fue de 2,71 casos por cada 100 intervenciones. En 
el análisis univariable, la mayoría de los factores analizados estuvieron asociados al ries-
go de infección articular. El análisis de regresión logística multivariable sólo identiicó 
t res factores independientemente asociados a ILQ: edad, estancia preoperatoria e índice 
NHSN (p < 0,05).
Conclusiones: Aunque el índice NHSN y la estancia preoperatoria son potenciales marca-
dores de la presencia de ot ros factores para ILQ como diabetes mellitus, obesidad, neo-
plasia y art rit is reumatoide, el análisis de éstos por separado podría aumentar el poder 
predict ivo del modelo mult ivariable.
© 2011 SECOT. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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used to deine SSI correspond to those deined by the CDC/
NHSN,13 identiied through the medical record and the 
microbiology culture reports. Administ rat ion of any of the 
following ant ibiot ics for not  more than 24 hours post -
operat ively was considered adequate prophylaxis: 
cephazolin, amoxicill in/ clavulanic acid, or vancomycin in 
pat ients allergic to the beta-lactams.

The data was subj ected to a quality cont rol process 
whereby its validity was checked, primarily for any 
inconsistent or missing values, through direct veriication of 
the informat ion on the original record cards from which it  
was collected.

Statistical analysis

SSI incidence was est imated, through the cumulat ive 
incidence, as the raw percentage of surgical intervent ions 
that  developed an SSI during the surveillance period, and 
through incidence density, expressed per 1,000 pat ient -
days at risk during hospitalisation. Conidence intervals of 
95% (95% CI) were calculated for both est imates.

The variables were described keeping in mind that  they 
fall into 2 categories: quant itat ive and qualitat ive. In the 
irst, the statistical normality of the data was evaluated 
through asymmetry and kurtosis coeficients, at the same 

Table 1 Cumulat ive incidence (CM) and incidence density (DN) for surgical site infect ion (SSI), by risk index 

Risk index No. surgeries No. SSI CM a (%) 95% CI No. pat ient -days DN b (per 1000 p-d) 95% CI

0 1,606 19 1.18 0.65 1.71 20,987 0.91 0.58 1.42

1 1,313 48 3.66 2.64 4.67 20,595 2.33 1.76 3.09

2/ 3 148 16 10.81 5.81 15.81 2,983 5.36 3.29 8.76

Total 3,067 83 2.71 2.13 3.28 44,565 1.86 1.50 2.30

a Test  for linear t rend, chi-square=47.56; P<.001. 
b Incidence density expressed per 1,000 pat ient -days at  risk during hospitalisat ion. 

Table 2 Univariate analysis of characterist ics related to the pat ient  and the surgery 

Variable Category N=3,067 % OR 95% CI P (a)

Sex Male 1,043 34.0 1

Female 2,024 66.0 1.07 0.67 1.70 .773

Age <75 years 1,510 49.2 1

>75 years 1,557 50.8 2.29 1.43 3.69 .001

ASA Classiication 1, 2 1,980 64.6 1

3, 4 1,087 35.4 3.15 2.01 4.95 <.001

Pre-operat ive stay ≤3 days 1,621 52.9 1

>3 days 1,446 47.2 2.66 1.66 4.28 <.001

Surgery durat ion ≤75th percent ile 2,548 83.1 1

>75 percent ile 519 16.9 2.30 1.43 3.70 .001

Type of surgery Elect ive 2,932 95.0 1

Emergency 135 5.0 0.81 0.25 2.59 .723

Arthroplasty Part ial 

replacement

1,156 37.7 1

Total 

replacement

1,745 56.9 0.58 0.37 0.92

Revision 166 5.4 1.22 0.54 2.78 .039

Contaminat ion Clean/ clean-contaminated 3,057 99.7 1

Contaminated/ dirty 10 0.3 9.18 1.92 43.93 .005

Risk Index 0 1,606 52.4 1

1 1,313 42.8 3.16 1.85 5.41

2, 3 148 4.8 10.12 5.08 20.15 <.001

Variable Category N=3,031 % OR 95% CI P a

Prophylaxis durat ion <24 hr 692 22.80 1

>24 hr 2,340 77.20 0.78 0.47 1.29 .348

a Wald test .
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t ime the appropriate measurements of cent ral tendency 
and dispersion were calculated. For the qualitat ive 
variables, absolute and relat ive frequencies were obtained 
in each variable category.

Select ion of the variables with potent ial SSI-risk-
predict ion effect  were evaluated using univariate logist ic 
regression, raw odds rat ios being obtained as a measure of 
the effect  of the associat ions, with their respect ive 95% CIs 
and P values; the variables selected as possible predictors 
were those with statistical signiicance less than or equal 
to.30 or with theoret ical relevance in the literature. In the 
maximum model, the presence of at  least  10 cases of 
infect ion per variable in the least  likely response category 
and the absence of collinearity were evaluated. Backward 
stepwise mult ivariate logist ic regression was used, 
evaluat ing the exclusion/ inclusion of each variable, using 
the reasoning test  for verisimilitude with a value P≤.05 as 
signiicant. Assumptions were checked for absence of 
inluencing remote or atypical values and for equidispersion. 
The model’s calibrat ion and discriminat ion were evaluated 
through the Hosmer and Lemeshow goodness-of-it test and 
through est imat ion of the area under the receiver operat ing 
characterist ics curve (AUC), respect ively. Version 15.0 of 
the SPSS program was used for analysing the data.

Results

Incidence of surgical site infection following hip 
arthroplasty

Between October 1999 and December 2009, 3,067 hip 
arthroplasty surgeries were performed on 2,826 pat ients. 
Of the SSIs, 40% (33) were supericial incisional infections, 
28% (23) were deep incisional infect ions, and 32% (27) were 
organ/ space infect ions. The overall cumulat ive incidence 
of SSI was 2.71 cases per 100 intervent ions. The cumulat ive 
incidence igures shown in table 1 suggest that the risk of 
SSI is 9 t imes higher in intervent ions with a risk index of 2 
or 3 than in surgeries with an index of 0. However, because 
the surveillance is act ively conducted while pat ients are 
st il l in the hospital,  this measure of incidence will be 
affected by the durat ion of the post -operat ive stay. The 
incidence density calculat ion showed that , although the 
risk of SSI following hip arthroplasty is st il l greater with an 
index of 2 or 3, this was reduced to a lit t le under 6 t imes 
that  seen in surgeries with an index of 0.

Characteristics related to the patient and the 
procedure

Women accounted for 2,024 (66%) of the pat ients who 
underwent  surgery. Their mean age was 73 years (interquart ile 
range 67 to 83). Of the total arthroplast ies performed, only 
5% were emergency procedures, where osteoarthrit is and 
t rauma represented the cause of more than 80% of the 
arthroplast ies performed, with a median surgical durat ion of 
90 minutes (interquart ile range 70 to 120). Ant ibiot ic 
prophylaxis was administered in all cases where it  was 
indicated, the primary cause of inadequacy being its durat ion, 
with a median of 3 days (interquart ile range 2 to 3).

Risk factors associated with SSI following hip 
arthroplasty (table 2)

The raw analysis showed that  there was no dif ference 
between men and women in terms of the risk of SSI. 
However, it was signiicantly correlated to age as well as 
the pre-operat ive stay. The risk of infect ion increased with 
the ASA classiication and the duration of surgery. Although 
contaminated or dirty surgical cases represented less than 
1% of the total,  there were 9 t imes more SSIs in this type of 
surgery than in clean or clean-contaminated intervent ions. 
The SSI risk varied depending on the risk index category, 
being greater for procedures with an NHSN index of 2 or 3. 
Analysis of the prophylaxis found no signiicant reduction in 
the risk of infect ion with prolonging the ant ibiot ic beyond 
24 hours after complet ion of the surgery.

Aetiology of the infection

One or more causative microorganisms were identiied in 
46% of SSIs. Among single-aet iology infect ions, the Gram-
posit ive cocci: Staphylococcus epidermidis and methicill in-
resistant  Staphylococcus aureus (MRSA) were the 
microorganisms most  commonly isolated. Gram-negat ive 
bacilli as a whole were the irst microorganisms identiied in 
60% of the 76 SSIs analysed (table 3).

Multivariate analysis

The multiple logistic regression analysis found 3 signiicant 
variables independent ly associated with the risk of SSI: age, 
pre-operat ive stay, and risk index (table 4). Although the 
variables of sex and type of surgery exceeded the stat ist ical 
threshold set  in the univariate logist ic regression, they were 
included in the maximum model because of their theoret ical 
relevance as SSI risk predictors. Our mult ivariate logist ic 

Table 3 Microorganisms isolated from SSIs 

Microorganisms SSI=83 %

Gram-posit ive cocci

 St aphylococcus epidermidis 8 9.60

 Methicill in-resistant   

 St aphylococcus aureus (MRSA)

6 7.20

 St aphylococcus aureus 3 3.60

 St aphylococcus, ot her 2 2.40

 St rept ococcus spp. 2 2.40

 St rept ococcus agalact iae 1 1.20

Gram-negat ive bacill i

 Escherichia col i 5 6.00

 Pseudomonas aeruginosa 4 4.80

 Ent erobact er cloacae 2 2.40

Other enterobacteria 11 13.20

Others a 1 1.20

Polymicrobial aet iology 38 46.00

Origin unknown 7 8.40

a Candida albicans. 
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regression predict ive model found that  these variables had 
no signiicant impact on the risk of SSI. The statistical 
signiicance of the Hosmer and Lemeshow test (P=.567) 
indicates good concurrence between the frequency of 
infect ion observed and the frequency expected and, 
therefore, a good it for the model. The predictive power, 
evaluated using the area under the ROC curve (AUC=.733; 
95% CI.680 to.787), suggests that  the 3 variables discriminate 
acceptably between infected and non-infected. Its 
discriminat ion power is 73.3% of the maximum possible.

Discussion

The est imated SSI rates are similar to those published by 
other count ries and surveillance systems in Europe, with an 
SSI incidence density of 1.86 cases per 1,000 pat ient -days 
at  risk during hospitalisat ion.14,15 The dif ferences found 
between systems are more st riking when compared using 
cumulat ive incidence and less st riking when compared using 
incidence density.

The ASA classiication and duration of surgery are typically 
associated with SSI following hip arthroplasty. In harmony 
with these observat ions, raw analysis of the variables 
est imated a higher risk of infect ion in pat ients with a worse 
ASA classiication and longer surgery duration. However, the 
mult ivariate analysis suggests that  the differences in SSI 
incidence are bet ter explained by the risk index, which 
evaluates the presence of these 2 factors together with the 
degree of contaminat ion in the surgery. This index, proposed 
by the CDC and widely used by many surveillance systems in 
Europe, has been involved in previous studies as one of the 
primary SSI predictors.7,14 Although this is not a modiiable 
factor, through a simple calculation it relects the surgery’s 
complexity, for the ASA classiication and, indirectly, the risk 
index could very likely have been determined by the presence 
of other medical condit ions, such as diabetes mellitus, 
obesity, associated neoplasm, and rheumatoid arthrit is, that  
pose a risk of SSI but  were not  evaluated in this study.

The mult ivariate analysis results suggest  that  the 
dif ferences by type of arthroplasty may be explained more 
by pat ient -related characterist ics and the risk index than 
by the type of procedure performed. This was demonst rated 
in the mult ivariate analysis following exclusion of this 
variable from the inal model. In other published studies, 
after adj ust ing for age, ASA, and history of t rauma, infect ion 

rates were shown to be similar for all t ypes of hip 
replacement  surgery performed.15

Other predictors that  emerge from our mult ivariate 
analysis are age and pre-operat ive stay. Although the 
st rength of associat ion for these 2 factors was reduced with 
respect  to the univariate analysis, the results obtained 
reinforced the hypothesis that  advanced age independent ly 
increases the risk of SSI. We found that  pat ients more than 
75 years of age had 80% more risk of infect ion following hip 
arthroplasty than those under the age of 75.

Simple analysis of the pre-operat ive stay indicated that  
this variable should be considered a possible risk factor 
associated with SSI incidence, while the risk index-stratiied 
analysis suggested a possible interact ion with the index, 
since the dif ferences in median pre-operat ive stay between 
pat ients with and without  infect ion varied according to the 
NHSN index level. As a result ,  the maximum model included 
a term of interact ion between these 2 variables that  was 
subsequently excluded from the inal model. The risk of SSI 
was bet ter explained by a model without  interact ion, where 
a pre-operat ive stay of more than 3 days is an independent ly 
associated risk factor for SSI. The non-associat ion between 
pre-operat ive stay and SSI risk for a risk index of 2 or 3 may 
be explained by the small number of surgeries in this 
st ratum, which amounted to no more than 5% of the total.

The importance of the pre-operat ive stay as a factor 
associated with SSI has been discussed previously in the 
CDC’s guides to prevent ion of SSI, where it  is established 
that  this variable may play a role as a marker for other 
factors involved in SSI, such as the severity of the disease 
and the presence of co-morbidit ies.16,17 Pre-operat ive 
ant ibiot ic prophylaxis is a mainstay of SSI prevent ion, and 
there is agreement  as to the importance of adequate t issue 
levels of ant ibiot ic at  the moment  the incision is made. 
Essent ially, init iat ion of ant ibiot ic prophylaxis appears to be 
the most  important  factor.18,19 INCLIMECC posed limitat ions 
on collect ion of this informat ion, because of which the 
evaluat ion of it s adequacy was rest ricted to the choice of 
ant imicrobial agent  and its durat ion. The primary cause of 
inadequacy was prolonging the durat ion of ant ibiot ic 
prophylaxis for more than 24 hours after complet ion of the 
surgery. Our raw analysis found no signiicant reduction in 
the risk of infect ion with prolonging the ant ibiot ic beyond 
24 hours after complet ion of the surgery.

In a recent Cochrane review on the eficacy of 
prophylact ic ant ibiot ic administ rat ion in surgery for closed 

Table 4 Mult ivariate analysis of the risk factors for SSI 

Variable Category OR 95% CI P a

Age ≤75 years 1

>75 years 1.80 1.07 3.01 .024

Pre-operat ive stay ≤3 days 1

>3 days 1.80 1.07 3.02 .024

Risk Index 0 1

1 2.62 1.52 4.53

2, 3 9.48 4.73 18.98 <.001

a Reasoning test  for verisimilitude. 
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proximal femur fracture, it  was found that  the effect  of  a 
single dose is similar to that  of  mult iple doses, if  the 
ant ibiot ic chosen remains act ive during the ent ire period 
of time from start to inish of the surgical procedure.20 
However, even though the prolonged administ rat ion of 
prophylact ic ant ibiot ics does not  increase the infect ion 
rate, it is a signiicant factor in the emergence of resistance 
to ant imicrobial agents. 21-23

Among the infect ions of single aet iology, the Gram-
posit ive cocci Staphylococcus epidermidis and MRSA were 
the microorganisms most  frequent ly isolated. Cont rary to 
the literature, however, the Gram-negat ive bacill i as a 
whole were the irst microorganisms identiied in 60% of the 
76 SSIs analysed.

This study has some limitat ions, as discussed below. First ,  
although the INCLIMECC system enables pat ients re-
admit ted for infect ion to be recaptured, the fact  that  the 
surveillance period ends with hospital discharge and there 
is no subsequent  act ive surveillance means that  the t rue 
incidence of SSI is underest imated, rest rict ing the validity 
of the model’s infect ion predictors to the post -operat ive 
hospitalisat ion period.

Second, the number of risk factors included in the study 
was limited to those collected by the INCLIMECC surveillance 
system. Although diabetes mellitus, a history of neoplasm, 
obesity, and rheumatoid arthrit is, among other medical 
condit ions involved in development  of an SSI, may be 
relected in the risk index, through the ASA classiication, or 
in the length of pre-operat ive stay, separate informat ion on 
these factors could improve infect ion risk predict ion 
capabilit ies in pat ients who undergo hip replacement  
surgery.

Sample size could have affected the stat ist ical power in 
some comparisons. The type of surgery and degree of 
contaminat ion in the surgery were included in the 
mult ivariate analysis because of their potent ial value as 
predictors of SSI risk. Following the stepwise select ion, they 
were excluded from the deinitive model due to the low 
proport ion of some of their categories, which represented 
no more than 5% in the emergency or dirty surgical 
procedures.

Evidence level

Evidence level III.
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