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ABSTRACT  

Background: The infection rates for operative management of breast cancer are often unpredictable 

and higher than average for a clean surgical procedure (0.8% and 28%). We aimed to assess the 

effectiveness of the American College of Surgeons (ACS) Surgical Risk Calculator (SRC), a 

preoperative scoring system to calculate the risk of surgical site infection (SSI) and serious 

complications following breast surgery.  

Methods: Prospective risk scoring using the SRC on 213 patients in the preoperative clinic and the 

incidence of SSI and serious complications within 30 days postoperatively was prospectively 

collected.  

Results: The overall SSI rate in our sample was 5% (n=11/210 patients). For a one-unit increase in 

SRC score, the odds of having SSI increased by a factor of 1.88 (95% CI 1.33 to 2.74). Odds of 

developing SSI were higher in patients with high Body Mass Index (OR 1.25; 95% 1.13 to 1.40) and 

American Society of Anaesthesiologists score 3 (OR 11.54; 95% CI 2.98 to 43.65). The odds of 

developing an SSI were ∼19 times higher if a patient had an SRC score >3.0 versus those with an SRC 

score 3.0. Out of 210 patients, 9 had serious complications (4.2%).  

Conclusions: ACS SRC Score of more than 3 was associated with a higher likelihood of SSI. SRC was 

able to predict the risk of SSI and serious complications and can be used preoperatively for 

identification and risk minimisation. 
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INTRODUCTION  

Surgical site infection (SSI) after breast cancer surgery ranges from 0.8 to 28%,1,2 with a differential 

infection rate between reconstructive and non-reconstructive breast surgery. The National 

Mastectomy and Breast Reconstruction Audit (NMBRA) 2011 and the Immediate Breast 

Reconstruction with or without mesh (iBRA) study both reported an SSI rate of 25%.3,4 SSI 

postoperatively not only increases the recovery time but also delays the commencement of adjuvant 

treatment (chemotherapy and radiotherapy), which in turn may impact the overall patient outcome.5  

mailto:manasdube@doctors.org.uk


The role of inflammation in tumorigenesis and metastasis is a burgeoning field suggesting that 

inflammatory mediators such as cytokines and interleukins may also increase the risk of metastatic 

disease.6,7 In addition to an increased morbidity, SSI also significantly increases the length of stay, 

and reduces the quality of life and patient satisfaction.8,9 SSI also results in an overall increase in costs 

for the National Health Service (NHS). The overnight cost of an NHS hospital bed is approximately £222 

per patient.10,11 To address these unintended outcomes of breast surgery, it is important to identify 

the modifiable risk factors associated with SSI and other serious complications after breast surgery. 

This knowledge will help to implement appropriate antibiotic use, correct modifiable risk factors such 

as smoking cessation and weight loss, and facilitate informed consent. A high-risk score would also 

help in the decision making of breast reconstruction. A Cochrane review in 2018 demonstrated a 

beneficial effect of prophylactic antibiotics, while several other studies showed significant benefit only 

in patients with morbidities such as diabetes mellitus, high body mass index (BMI), etc.12,13 There is 

a wide variation in practice in the use of prophylactic antibiotics in breast surgery throughout the 

United Kingdom and the United States.1,14,15 A standardised risk scoring system can be helpful to 

predict the risk of SSI and serious complications, which will help to devise a uniform policy for the use 

of prophylactic antibiotics and risk minimisation before breast surgery. The American College of 

Surgeons (ACS) Risk Calculator online tool, which has been validated in US patients, could be of 

significant value if validated in UK patients. Therefore, we prospectively evaluated the ACS Surgical 

Risk Calculator (SRC)16 as a tool to preoperatively predict the risk of developing an SSI and serious 

complications following breast cancer surgery.17  

 

METHODS  

In this multicentre prospective study, we included 213 patients who underwent primary or recurrent 

breast cancer surgery from three institutions in England. Participating hospitals were Queen’s 

Hospital, Burton upon Trent (QHB), Lincoln County Hospital (LCH) and George Eliot Hospital (GEH). 

This was registered and approved as clinical audits in all three hospitals. The data were collected 

prospectively between January and December 2018. An SSI risk assessment, using the online ACS SRC 

(https://riskcalculator.fac/s.org) was completed for all 213 patients (QHB 74, GEH 72 and LCH 67) at 

the time of consent or preoperative clinic appointment. Because of incomplete data, three patients 

were excluded from the analysis, resulting in 210 as the final sample size (Table 1). The incidence of 

SSI and any serious complications within 30 days postoperatively was collected and recorded 

prospectively. Risk scores were discussed with the patients at the preoperative assessment clinic. 

Patients with high-risk score (>3) were considered for risk minimisation such as advice to stop smoking, 

strict control of diabetes or change of type of surgery. Wound infection or SSI was defined as cellulitis, 

wound dehiscence and pus discharge with or without positive microbiology culture of causative 

organism within 30 days of surgery. Serious complications were defined as postoperative 

cardiopulmonary complications like myocardial infarction, heart failure, pulmonary embolism, sepsis, 

wound dehiscence, or failure of reconstruction. The antibiotic prophylaxis was given according to local 

hospital protocol.  

Statistical analysis  

Univariate binomial logistic regression models were fitted to ascertain the ability of ACS SRC to predict 

the likelihood of SSI and or serious complications. The ability of the ACS SRC to predict SSI incidence 

was determined by generating receiver operating characteristic (ROC) curves and calculating the area 

under the curve (AUC) (Figure 1). For a one-unit increase in SRC SSI risk score, the odds of having an 

SSI (versus not having an SSI) increased by a factor of 1.88 (95% CI 1.33 to 2.74). Similarly, the odds of 
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having an SSI increased by 1.25 (95% CI 1.13 to 1.40) per unit increase in BMI. The patients who were 

ASA score 3 versus score 1–2 also had increased odds of an SSI (OR 11.54; 95% CI 2.98 to 43.65). 

However, a unit increase in age did not increase the odds of having an SSI (OR=1.04; 95% CI 0.98 to 

1.09).  

Similar results were obtained with logistic regression models for serious complications (Figure 2). 

Increasing SRC risk score, BMI and ASA score 3 were associated with increased odds of experiencing a 

serious complication compared with not having one (Risk score, OR=1.10; 95% CI 1.05 to 1.18; BMI, 

OR=1.25; 95% CI 1.13 to 1.40; ASA, OR=11.54; 95% CI 2.98 to 43.65). Increasing age did not lead to 

greater odds of experiencing a serious complication (OR=1.04; 95% CI 0.99 to 1.11).  

We interpreted the discriminatory value of ROC curves as excellent (AUC ≥0.9), moderate accuracy 

(0.7 to 0.89), low accuracy (0.5 to 0.69) and no discriminatory capacity (0.5, a chance result).18 For 

each ROC curve, we calculated an optimal cut-off point defined by the Youden’s index, and using these 

cut-off points, we developed confusion matrices for: (1) SSI vs. SSI cut-off point; (2) SSI vs. BMI cut-off 

point; (3) SSI vs. ASA score (1–2 vs. 3); (4) serious complications vs. SSI cut-off point; (5) serious 

complications vs. BMI cut-off point; and (6) serious complications vs. ASA score (1–2 vs. 3). Confusion 

matrices were then used to compare true positives, false positives, true negatives, false negatives, 

test sensitivity and test specificity, and calculate positive and negative predictive values, positive and 

negative likelihood ratios, and diagnostic odds ratios for each comparison (Table 2). 

 

RESULTS  

In our series, 93.4% of the patients were non-smokers and 11.3% of patients had two or more 

comorbidities. The mean age was 59.9 with a standard deviation (SD) of 12.5 and mean BMI 28.8 (SD 

6.42). The overall SSI rate in our sample was 5% (n=11). Out of 210 patients, 9 had serious 

complications (4.2%).  

The SRC SSI risk score showed moderate accuracy in predicting SSI (AUC: 79.4%, 95% CI 64.5% to 

94.3%; Figure 1). According to our data, the optimal cut-off for SSI risk score was 3.0. The proportion 

of patients with an SSI risk score above the cut-off (positive) among those who experienced an SSI was 

63.6% (ie sensitivity), whereas, the proportion of patients with an SSI risk score below the cut-off 

(negative) among those who did not have an SSI was 91.7% (ie specificity).  

The absolute probability that an SSI was present given an SRC SSI risk score above the cut-off was just 

30.4% (positive predictive value); however, the probability that an SSI was absent given an SRC score 

below the cut-off was 97.8% (negative predictive value). According to the positive likelihood ratio, an 

SRC SSI risk score exceeding 3 is obtained 7.7 times more often from a patient with an SSI than from 

a patient without an SSI, whereas the negative likelihood ratio revealed that patients with an SRC SSI 

risk score below 3 had a decreased probability of having an SSI by approximately 20% (LR=0.4). The 

diagnostic odds ratio revealed that the odds of having an SSI were around 19 times higher if the patient 

had an SSI score above 3 compared with those with an SSI score below 3.  

Although BMI performed with slightly greater accuracy than the SRC SSI risk score, it still only had 

moderate accuracy in predicting SSI. Using an optimal BMI cut-off of 32kg/m2 , 10 of the 11 incidences 

of SSI were captured (sensitivity=90.9%); however, it incorrectly identified another 49 who did not 

experience an SSI, which lowered its positive predictive value (16.9%, Table 2). For those patients with 

a BMI below 32kg/m2 , 74.6% did not have an SSI (specificity). Only one patient with a BMI below the 

cut-off experienced an SSI, leading to a negative predictive value close to perfect (100%). However, as 



the prevalence of SSI was low, the likelihood ratios may be more appropriate in this instance. A patient 

was 3.6 times more likely to have had a BMI exceeding 32kg/m2 if they experienced an SSI than a 

patient who did not experience an SSI. According to the diagnostic odds ratio, the odds of having an 

SSI were around 29 times higher if the patient had a BMI above 32kg/m2 compared with those with a 

BMI below that value.  

Compared with the SRC SSI risk score and BMI, ASA score 3 cut-off point resulted in the lowest 

sensitivity (45.5%), with only five of the 11 SSI occurrences captured. However, this cut-off led to the 

highest specificity (93.3%), owing to the high number of patients with ASA score 1–2 who did not 

experience an SSI (n=180). The ASA cut-off had a low positive predictive value (27.8%) but similar to 

the SRC SSI risk score and BMI cut-offs, high negative predictive value (96.8%). However, accounting 

for the low prevalence, the positive likelihood ratio revealed that an ASA score of 3 is 6.7 times more 

likely from a patient with an SSI than from a patient without an SSI. Conversely, patients with an ASA 

score 1–2 had a decreased probability of having an SSI by less than 15% (LR=0.6). Finally, the odds of 

having an SSI were 11.5 times higher if the patient had an ASA score of 3 compared with those with a 

score of 1–2. 

 

DISCUSSION  

In our study, an increase in the SSI risk score was found to be marginally better than high BMI and ASA 

scores in predicting SSI and serious complications. The healthcare system in the modern NHS is more 

streamlined than ever before, and the cost-effectiveness of treatments is very closely monitored. SSI 

can significantly decrease the effectiveness of treatment due to delay in starting adjuvant therapy, 

increase metastasis rate due to inflammatory reaction and increase cost.19 SSI also leads to adverse 

cosmetic outcome and poor patient satisfaction.4 A 2018 Cochrane review has suggested the use of a 

single dose of preoperative antibiotics may decrease the rate of SSI, but there is no preoperative tool 

to identify patients at risk of SSI with significant accuracy.12 One reason behind this may be due to 

the multifactorial aetiology of infection. Our study is partly in concordance with the published 

literature. ACS SRC score has been studied by Lyle et al and O’Neil et al who reported underestimation 

of the complications.20,21 ACS SRC score has been validated in the US population and the American 

College of Surgeons National Surgical Quality Improvement Programme. In concordance with the 

previous literature, our study was not able to identify all the patients preoperatively who were at a 

high risk of SSI and serious complications. Our study identified that the SSI risk in the ACS risk scoring 

for more than 3 was statistically significant. The risk score of 3 can be used to identify patients at a 

higher risk of SSI and serious complications and can be used for shared decision making. The scoring 

system can help identify patients who may require risk minimisation and optimisation before surgery 

to prevent complications, save lives and reduce cost. There is no predictable preoperative scoring 

system in the UK to identify the patients with increased risk of SSI apart from clinical characteristics, 

like high BMI, diabetes, smoking, etc. The Perioperative Quality Improvement Programme (PQIP) may 

find some solutions.22 In a press release on the 4 April 2017, The American College of Surgeons 

National Surgical Quality Improvement (ACS NSQIP) team has dismissed the outcome of the 21 studies 

challenging its accuracy.17  

The infection rate (SSI) in our series was 5.2%, which is in line with the national breast surgery audit 

outcome.23 In our series, SSI incidence was lower than in much published literature. Although 

previous randomised controlled trials reported SSI rate following breast surgery varies between 3% to 

19%, three NSQIP database reviews identified a lower SSI rate ranging from 1.4% to 3.2%.12,24  



The strength of our study is its prospective design for data collection, its multi-institutional nature and 

the good sample size. The main limitation of our study was that we used the ACS SRC score, which has 

not been validated in the patient population of England. Low incidences of SSI and serious 

complications in our study also reduce the validity. We also did not consider other factors like infection 

or inflammation following diagnostic biopsy of the breast cancer, ie core cut or vacuum-assisted 

biopsies, wire localisation, use of drain, etc, as these factors may increase the rate of infection. We 

also did not investigate the difference in SSI rate among the patients with reconstructive breast 

surgery versus no reconstruction. Owing to variation in practice, some patients were prescribed one 

dose of antibiotic at induction, whereas others were not. This lack of uniform practice may be a 

significant limiting factor.  

However, one of the aims of our study was to validate ACS SRC in patients undergoing breast surgery 

in the UK. Our study result showed that the scoring system can be a valuable tool in the preoperative 

clinic, and we may use this in a larger cohort of patients when the coronavirus disease 2019 (COVID-

19) pandemic is over.  

 

CONCLUSIONS  

In our multi-institutional prospective study the American College of Surgeons Surgical Risk Calculator 

showed that patients with a risk score of more than 3 had a higher likelihood of SSI and serious 

complications; however the SRC showed a moderate accuracy in predicting SSI and serious 

complications. The scoring system was more accurate than BMI and ASA score. We conclude that this 

scoring system can be used preoperatively to identify high-risk patients, which in turn may help in 

minimisation of risk by preoperative optimisation and appropriate perioperative care.  
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Table 1. Characteristics of sample overall and by ASA grade 

 Overall ASA level 1 ASA level 2 ASA level 3 

Total N patients 213 (100%) 52 (24.4%) 143 (67.1%) 18 (8.5%) 

N (%) patients from QHB 

N (%) patients from LCH 

N (%) patients from GEH 

74 (34.7%) 

67 (31.5%) 

72 (33.8%) 

7 (13.5%) 

37 (71.2%) 

8 (15.4%) 

60 (42.0%) 

26 (18.2%) 

57 (39.9%) 

7 (38.9%) 

4 (22.2%) 

7 (38.9%) 

Mean (SD) age (years) 59.9 (12.5) 53.8 (12.9) 61.6 (12.2) 64.4 (7.33) 

Mean (SD) BMI (kg/m2) 28.8 (6.42) 26.2 (5.55) 29.5 (6.23) 31.1 (8.17) 

Smoking status: 

N (%) current non-smokers 

N (%) current smokers 

 

199 (93.4%) 

14 (6.6%) 

 

50 (96.2%) 

2 (3.8%) 

 

133 (93%) 

10 (7.0%) 

 

16 (88.9%) 

2 (11.1%) 

N (%) patients with 
comorbidities 

94 (44.1%) 6 (11.5%) 72 (50.3%) 16 (88.9%) 

Number of comorbidities: 

0 

1 

2 

3-5 

 

119 (55.9%) 

70 (32.9%) 

19 (8.9%) 

5 (2.4%) 

 

46 (88.5%) 

6 (11.5%) 

0 (0%) 

0 (0%) 

 

71 (49.7%) 

55 (38.5%) 

14 (9.8%) 

3 (2.1%) 

 

2 (11.1%) 

9 (50.0%) 

5 (27.8%) 

2 (11.2%) 

Median (IQR) surgical site 
infection risk 

1.30 (1.40) 1.40 (1.20) 1.20 (1.55) 2.10 (3.02) 

N (%) surgical site infections 11 (5.2%) 1 (9.1%) 5 (45.5%) 5 (45.5%) 

Median (IQR) Serious 
complication risk 

1.7 (1.80) 1.50 (1.26) 1.60 (1.90) 3.80 (3.30) 

N (%) Serious complications 9 (4.3%) 0 (0.0) 5 (56.4%) 4 (44.4%) 

Median (IQR) re-admission 
risk 

1.10 (1.45) 0.90 (1.25) 1.00 (1.40) 2.80 (2.28) 

N (%) re-admissions 4 (1.9%) 0 (0.0%) 1 (25.0%) 3 (75.0%) 

Median (IQR) return to 
operating room risk 

0.90 (0.90) 0.90 (0.40) 0.90 (1.00) 1.55 (1.18) 

N (%) re-operation 5 (2.4%) 0 (0.0%) 4 (80.0%) 1 (20.0%) 

Median (IQR) CP 
complication risk 

0.00 (0.05) 0.00 (0.04) 0.00 (0.00) 0.10 (0.05) 

N (%) CP complications 3 0 (0.0%) 3 (100.0%) 0 (0.0%) 

Median (IQR) DVT risk 0.10 (0.10) 0.10 (0.10) 0.10 (0.10) 0.10 (0.10) 

N (%) incidences of DVT 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 



Missing data: all risk scores missing data from 2 patients; complication incidence data based 
on 210 patients except readmissions (n = 208). ASA=American Society of Anesthesiologists; 
BMI=Body Mass Index; CP=Cardio-pulmonary; DVT=Deep vein thrombosis; GEH=George 
Eliot Hospital; LCH=Lincoln County Hospital; QHB=Queen’s Hospital, Burton upon Trent. 

 

Table 2. Confusion matrices for SSI risk score, BMI, and ASA grade 

Test result Target event Predictive 
value 

LR OR 

 SSI No SSI    

Prevalence: 
5.2% 

     

SSI risk score 
≥3 

a = 7 b = 16 
30.4% 7.7 

19.4 
SSI risk score 
<3 

c = 4 d = 177 97.8% 0.4 

 Sensitivity Specificity    
 63.6% 91.7%    

      

Prevalence: 
5.2% 

     

BMI ≥32 kg/m2 a = 10 b = 49 16.9% 3.6 
29.4 

BMI <32 kg/m2 c = 1 d = 144 99.3% 0.1 

 Sensitivity Specificity    
 90.9% 74.6%    

      

Prevalence: 
5.2% 

     

ASA = 3 a = 5 b = 13 27.8% 6.7 
11.5 

ASA = 1-2 c = 6 d = 180 96.8% 0.6 

 Sensitivity Specificity    
 45.5% 93.3%    

 



 

Figure 1. ROC curve for surgical site infection risk score 

 



 

Figure 2. ROC curve of serious complications 

 


