
The American Society of Anesthesiologists Physical
Status Classification System (ASA) ranks patients for
risk of adverse events during a surgical procedure.
The ASA classification is used as a surrogate for the
patient’s underlying severity of illness and has been
recommended for use in Surgical Site Infection (SSI)
and risk stratification. We assessed the predictive
power of the ASA score for total knee replacement
surgery infection, and compared it to a comorbidity
score. All patients who had TKA (total knee arthro-
plasty) surgery performed during the period of 1993
to 1999 at one institution were identified. One
hundred and thirteen infected cases were matched
with 236 controls and nominal variables were
statistically processed. A total co-morbidity score
(TCOMORBID) was created to help the analysis. All
possible predictors of infection were tested against
infection in bivariate analysis. The association of the
ASA score with infection was examined in detail. An
ASA score beyond 2 showed an increased risk of
infection. The average ASA score for the infected
TKA group was 2.3 ± 0.6, and the non-infected TKA
average score was 2.6 ± 0.7 (cohort effect). The rela-
tionship between the ASA score and TCOMORBID
score was poor ; Spearman rank correlation rho =
0.2, (p < 0.0001). In fact, the ASA score predicted only
6% of the occurrences of infection, but since it
predicts 98% of the cases where there is no infection
correctly, it is 70% accurate over all. Infection in
TKA surgery was associated with an increased ASA
score, but only when the high ASA score was due to a
combination of specific co-morbidities. We propose
that the ASA score should be cross-checked with the
current co-morbidities, like rheumatoid arthritis or

active infections in order to assess TKA infection
risk.
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INTRODUCTION

The American Society of Anesthesiologists
Physical Status Classification System, (ASA),
ranks patients for risk of adverse events during a
surgical procedure. The ASA classification is used
as a surrogate for the patient’s underlying severity
of illness and has been recommended for use in
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ASA physical status classification is not a good predictor of infection for total
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Surgical Site Infection (SSI) and risk stratifica-
tion (1,2). The ASA score ranges from 1 to 5 and is
felt to be predictive of potential surgical complica-
tions (table I lists the 5 ASA scores and their
respective criteria). 

Since infection is one of the major complications
of knee replacement surgery, it would appear intu-
itive that the ASA score could be used to predict
infection. To our knowledge, the association of the
ASA score with the risk of infection after total knee
replacement surgery has not been assessed before.
Here, we assess the association between the ASA
score and the risk of post-operative infection in a
retrospective analysis of patients who underwent
total knee replacement (TKA). 

METHODS

Patient selection

All patients who had TKA surgery performed during
the period of 1993 to 1999 at one institution were identi-
fied. An infected TKA subset list within this same time-
frame was also determined and reviewed. Three patients
identified had records that were unavailable. These
patients’ data was not retrieved, so they were excluded.
For each infected case, two controls were selected. The
controls were non-infected TKA patients, with surgery
performed in the same year and month, matched for gen-
der and age. As described before (3), eighty data items
including diagnosis, co-morbid conditions, other risk
factors, ASA scores, surgical time, antibiotic coverage,
and other general demographics were collected from
each record and electronically entered via handheld per-
sonal data assistant (PDA) to a Microsoft Excel database
for analysis. 

A total of 6489 TKA procedures were identified with
113 of these listed as infected. From the 113 infected
cases, 20 surgeries were done prior to 1993 and diag-
nosed as infected during the period of 1993 to 1999.

Preoperative evaluation and perioperative manage-
ment

Each patient scheduled for surgery was seen preoper-
atively for medical clearance by an anesthesiologist who
assessed the ASA score. In addition to optimizing the
patient’s general medical status, particular attention was
paid to eliminating sources of potential bacterial contam-
ination (skin, oral, and urinary etc.). The patients were
admitted to the hospital on the day of surgery. The surgi-
cal site was washed by the patient with anti-microbial
soap (povidone-iodine solution) the night prior to admis-
sion and then shaved and washed again immediately
prior to surgery. Intravenous antibiotics were adminis-
tered within 30 minutes of the surgical incision. Until
1995, patients were routinely maintained on antibiotics
for 48 hours. After 1995, the protocol was changed to
coverage for only 24 hours. A first generation
cephalosporin (cefazolin 1 gm every 8 hours) was the
routine prophylaxis. In cases of known penicillin or
cephalosporin allergy, Vancomycin 500 mg every
12 hours was administered. Closed suction wound
drainage was used for the first 24 hours after surgery.

Statistics and Data analysis

For database management and statistical analysis, we
used SAS software, version 9.1.3 and JMP, version 6
(SAS Institute, Cary, NC, U.S.A.). To help the statistical
analysis, a total co-morbidity score (TCOMORBID) was
created. Each co-morbidity factor added 1 point to the
total score. The co-morbid conditions identified and
recorded are listed in table III. Patient TCOMORBID
scores ranged from 0 to 10. The non-infected cases never
scored higher than 4. All possible predictors of infection
were tested against infection in bivariate analysis. The
association of the ASA score with infection was exam-
ined in detail. Logistic regression with infection as the
dependent variable was subsequently performed.

RESULTS

Table II lists the demographic information of
the patients. There were no significant differences
in age, height or body weight between infected

Table I. — The ASA scoring system

Code Patient Pre-operative Physical Status

1 Normally healthy patient
2 Patient with mild systemic disease
3 Patient with severe systemic disease that is not

incapacitating
4 Patient with an incapacitating systemic disease that

is a constant threat to life
5 Moribund patient who is not expected to survive for

24 hours with or without operation
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and non-infected cases. The infected group had a
significantly higher incidence of comorbidities. The
variables that were used for the TCOMORBID-
score are shown in table III. Diabetes, immuno-
suppressive medications, infections elsewhere (see
table III for details), poor nutrition, renal failure,
smoking, alcohol use, obesity, prior open surgery
and revision surgery were significantly (p < 0.05)
associated with the occurrence of infection.

The association between ASA score and occur-
rence of infection was examined more closely. The
data are shown in table IV. No patient had an ASA
score greater than 4 on the scale. The relationship
between the ASA score and TCOMORBID score
was poor. The Spearman rank correlation was poor,
rho = 0.2, (p < 0.0001). Although those with an
ASA score of 1 never had more than 3 co-morbidi-
ties, the patients with 0 comorbidities had ASA
scores recorded as 2 and above.

Using stepwise logistic regression with the
occurrence of infection as the dependent variable,
the ASA score always dropped out, or never entered
into the equation. Other variables such as weight,
number of comorbidities and diagnosis were always
stronger predictors and more closely associated
with occurrence of infection. In fact, the ASA score
predicted only 6% of the occurrences of infection,
but since it predicts 98% of the cases where there is
no infection correctly, it is 70% accurate over all.

DISCUSSION

Mangram et al stated, “The usefulness of a vari-
able depends on how accurately it is reported” (2).
They indicated that predictors may not be the same
for all operations and therefore should be examined
for specific operations. Salemi et al examined the
accuracy of the ASA score in 250 prosthetic joint
surgeries (4). They found ASA scoring discrepan-
cies in 59% of 113 ASA Class 3 surgeries. This is a
high rate of error and gives cause for concern.
When correcting 2 of 10 for ASA discrepancy and
surgical site infection errors, the SSI rate dropped
from 5.8 per 100 surgeries to 4.5 per 100 surger-
ies (4). This indicates a significant effect of ASA
scoring error.

Grosflam et al examined predictors of blood loss
during total hip replacement surgery and found the
ASA score predicted greater blood loss both in uni-
variate and multivariate analysis. The important
level was having an ASA score of 3 (1). When
reviewing coronary artery bypass surgery, Wang
and Chang found univariate analysis of the ASA
score predicted deep sternal wound infections (5).
However, in multivariate analysis, only the re-oper-
ation for bleeding and operation time were predic-
tors (5). Wischnewski et al studied the prevalence
and risk factors of nosocomial wound infections in
all surgeries and found that an ASA > 3 was not

Table II. — Demographic information

Values are means ± SD
p-values for differences between infected and non-infected cases
* No significant differences exist for sex-specific infection risks.

All
(n = 349)

Infected
(n = 113)

Not-Infected
(n = 236)

p

Sex*

Female 213 70 143 NS

Male 136 43 93 NS

Age (years) 64.4 ± 13.2 62.7 ± 15.3 65.2 ± 11.9 0.09

Height (cm) 168.34 ± 11.1 167.1 ± 10.9 168.9 ± 11.2 0.05

Weight (kg) 85.2 ± 23.7 88.4 ± 26.2 83.6 ± 22.2 0.08

Co-morbidities

No 53 4 49 < .0001

Yes 296 109 187 < .0001
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associated with wound infection and that wound
contamination was the single most important fac-
tor (6). Further, Wolters et al looked at all complica-
tions after general surgeries in a multivariate analy-
sis and again found an ASA score � 3 was a signif-
icant factor (7).

Three categories of variables have proven to be
reliable predictors of SSI risk : (1) those that esti-
mate the intrinsic degree of microbial contamina-
tion of the surgical site, (2) those that measure the
duration of an operation and (3) those that serve as
markers of host susceptibility (1). The degree of

microbial contamination of the surgical site was rel-
atively constant in the studied population because
all patients were treated according to the standard-
ized protocol as mentioned in the method section.
We assessed the association of the duration of knee
replacement surgery and the risk of infection
before (3). We demonstrated that prolonged opera-
tion time significantly correlated with infection
risk, as well as with BMI and the total number of
comorbidities. As for host susceptibility factors, we
found the ASA score not to be a good predictor
compared to the number of comorbidities.

However, the prevalence of infections does
increase with higher ASA scores, but since most of
our patients’ scores were below 3, we were unlike-
ly to replicate Grosflam’s findings that an ASA
score > 3 was a good predictive factor (1). It is the
small number of patients with an ASA score > 3 in
this usually non-emergency surgical population,
that lowers this variable’s possible power as a pre-
dictor. An ASA score beyond 2 showed an
increased risk of infection. In our current analysis,
the average ASA score for the infected TKA group

Table III. — Comorbidities of infected/control patients

Comorbidities Infected (n = 113) Non-infected (n = 236) p

Infections (dental, respiratory, 4 0 < .0001*
dermatological, distal ulcers, diverticulitis)
Prior surgery
Open surgery 28 26 0.0014*
Arthroscopic surgery 20 41 NS
Revision surgery 5 13 0.0042*
Duration of surgery
Malignant disease 16 24 0.29
Vascular disease 32 65 0.90
Chronic renal failure 5 2 0.04*
Diabetes 18 16 0.0112*
Psoriasis 3 4 0.6844
Neuropathy 2 1 0.2459

Smoking 11 8 0.0216*
Alcohol abuse 9 6 0.0253*
Obesity 46 64 0.0136*
Poor nutrition 9 1 0.0002*

Immunosuppressive therapy 20 14 0.0009*

Comorbidities used to calculate the TCOMORBID-score. 
p-values are for differences between infected/non-infected groups, using Mann-Whitney test
The presence of one of the comorbidities added 1 to the total TCOMORBID score.

Table IV. — ASA score and infection percentage

ASA Score Infected (%) Non-infected (%)

1 4 (3.54) 15 (6.36)
2 46 (40.71) 151 (63.98)
3 56 (49.56) 67 (28.39)
4 7 (6.19) 3 (1.27)
5 0 0

Values are absolute numbers and percentages.



was 2.3 ± 0.6, and the non-infected TKA average
score was 2.6 ± 0.7. Thus, the non-infected TKA
had a higher average ASA score. This counter-intu-
itive result can be explained by the fact that the
cohort control group had a higher number of
patients included. Only few of these patients were
of normal health and thus presented with an ASA
score > 1. The difference was very small and cer-
tainly not clinically significant.

The current results must be interpreted taking the
possible limitations of the study into account. We
did not apply corrections for observers that scored
the ASA in individual patients, because this infor-
mation was not available for the majority of the
patients. The possible observer error for the ASA
score was thus not taken into account.

CONCLUSION

Our study showed infection in TKA surgery was
associated with an increased ASA score, but only
when the high ASA score was due to a combination
of specific co-morbidities previously mentioned. A
high ASA score due to cardiovascular, respiratory
or neurological disorders was not representative of
a higher infection risk. The Spearman’s rank test
showed a weak association between infection and
the ASA score. We found the ASA classification by
itself to be a poor predictor of infection or an unre-

liable predictor of infection in total knee replace-
ment surgery. We propose that the ASA score
should be cross-checked with the current co-
morbidities, like rheumatoid arthritis or active
infections in order to better assess individual
patients’ TKA infection risk.
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