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1.	Retrospective audit to determine 
if C-reactive protein can be used 
to establish the optimum point 
for discharge of patients admitted 
with diabetes foot infections.

2.	Lower discharge CRP values 
are associated with a lower risk 
of subsequent adverse events: 
readmission, amputation or death

3. This needs to be balanced 
with the detrimental effects of 
extended hospital admission 
and excessive antibiotic use.
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Aims: To determine if C-reactive protein (CRP) can be used to establish the optimum 
point for discharge of patients admitted with diabetes foot infections. Materials 
and methods: A retrospective audit of 198 admissions of 105 people with diabetes 
admitted to and discharged from one hospital from September 2019 to December 
2021 with CRP measurements and follow up for 12 weeks. Patients were assessed 
to determine if they had an adverse outcome: readmission, amputation or death. 
These outcomes were grouped according to discharge CRP from 5 to 25mg/l. After 
publicising the findings of the first audit, a second cohort of 58 admissions in  
30 patients was used to determine if outcomes could be improved. Results: In cohort 
one, a total of 56 people were admitted once only and 49 more than once. The 
median admission CRP was 83 (IQ range 27–196mg/l) and the median discharge 
CRP was 15 (IQ range 7–38mg/l). Any discharge CRP over 5mg/l was associated 
with an increased risk of adverse outcome, OR 4.3 (95%CI 1.2–1.9) to 6.6 (CI 
3.5–6.6) all p=.01, however, patients who were discharged with a CRP of >10mg/l 
were significantly more likely to be have an adverse outcome, OR 14.4 (CI 6.6–31.4, 
p<.0001). In cohort two, 18 people were admitted once only and 12 were admitted 
more than once. The median admission CRP was 99mg/l and on discharge 6mg/l. 
Using a discharge CRP value of 11 or above mg/l as a cut-off resulted in an odds 
ratio of 17.9 (95% CI: 4.1–78.0, p=0.0001) for an adverse outcome, readmission or 
amputation. Conclusion: Lower discharge CRP values are associated with a lower 
risk of subsequent adverse events. However, this needs to be balanced with the 
detrimental effects of extended hospital admission and excessive antibiotic use. A 
discharge CRP of <=10mg/l may be a pragmatic balance.

R educing length of hospital admission, where 
appropriate, is a stated aim of health services 
across the UK. As highlighted in the National 

Diabetes Foot Care Audit (NDFA), diabetes foot 
ulcer (DFU) patients occupy a large number of bed 
days. Between 2015 and 2018, over 90,000 bed days 
were occupied by foot disease-related admissions 
within 6 months of first expert assessment in the 211 
participating centres of the NDFA, with a median 
length of stay of 9.0 days. There is a drive to reduce 
intravenous antibiotic use and move patients onto oral 
antibiotic therapy for the shortest possible duration to 
expedite discharge and reduce the risk of healthcare 

associated infection and the risks associated with 
antibiotic overuse. However, premature discharge can 
lead to readmission.

C-reactive protein (CRP) has been advocated as a 
measure of infection progress and prognosis in DFU 
patients but it has not been used directly to guide 
treatment. This observational retrospective audit 
sought to determine if CRP could be used to establish 
the optimum point for discharge of patients admitted 
with infected DFUs.
 
Patients and methods
From September 2019 to December 2021, we 
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identified 198 admissions of 105 people with 
DFU admitted with foot ulcer infections. The 
patients were 84 men and 21 women, 19 with 
type 1 diabetes and 86 with type 2 diabetes. The 
average age was 60.8 years old (SD 14.1 years) and 
median duration of diabetes was 16.2 years at time 
of first admission (range 0–45 years). The median 
HbA1c was 66.5 mmol/mol (range 32–138 mmol/
mol) (8.2% (5.0-13.8%)), eGFR 54 (6–>60) and 
BMI 34 (range 18–57). Of the 105 people, 70 were 
being treated with insulin and 35 with non-insulin 
therapies. Only 45 had never smoked and 60 were 
ex- or current smokers. These are similar to other 
UK diabetes foot ulcer clinic populations.

Data were collected from the hospital patient 
record system Trak and from SCI-Diabetes, the 
Scottish National Diabetes Database. As this 
was a retrospective observational audit, rather 
than a prospective study, six admissions did not 
have an admission CRP (both were readmissions 
within one day of discharge) and 12 did not have 
a discharge CRP. There were, therefore, 186 
discharge CRPs that could be used for analysis 
of the risk of readmission or major amputation or 
death within 12 weeks of discharge. CHI square 
tests were performed for 5, 10, 15, 20 and 25mg/l 
levels of CRP to determine the optimum CRP to 
discriminate between likelihood of remaining 
out of hospital or having an adverse outcome and 

an odds ratio with 95% confidence intervals was 
calculated. Patients who had more than one adverse 
outcome (i.e. readmission, amputation or death) 
were only counted once.

This was an audit of the outcomes of existing 
practice and, therefore, did not require separate 
ethical approval as covered under NHS Lothian 
clinical and research governance.

Results
The median number of admissions was 1 (range 
1–6) with 56 patients only admitted once and 49 
more than once. All had clinical infection at the 
time of admission. The bacterial species detected 
on culture are detailed in Table 1. Sixty-five per 
cent of the microbiological samples were tissue or 
liquid pus and only a third were from swabs. More 
than two-thirds of patients had polymicrobial 
cultures, but the predominant species were 
Staphylococci. There were only small numbers 
of MRSA and vancomycin-resistant Enterococci 
(VRE). One patient had no significant growth 
on culture but had changes of osteomyelitis on 
radiological examination.

The median length of admission was 21 
days (range 1–204). In total, nine patients had 
a major amputation, including three patients 
progressing from minor or below-knee to above-
knee amputation. Fourteen patients died during 

Table 1 Results of microbiological cultures.

Monoculture 32

Polymicrobial (2 or more organisms) 72

Staphylococci 72 Aureus 61

Others 11

MRSA 3

Enterococci 42 VRE 4

Streptococci 25

Coliforms 24

Corynebacterium species 17

Proteus mirabilis 14

Citrobacter species 5

Serratia marascens 4

Morganella morganii 3

Anaerobes 5

Others 18
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the observational period within 12 weeks after 
discharge following admission for foot infection.

The median admission CRP was 83 (IQ range 
27–196mg/l) and the median discharge CRP was 
16 (IQ range 7–38mg/l). The odds ratios and 
confidence intervals for adverse events at 5mg/l 
intervals of CRP values are detailed in Table 2. 
Patients whose discharge CRP was over 10mg/l 
were significantly more likely to be readmitted 
or have another adverse outcome (amputation 
or death), OR 14.4 (95% CI 6.6–31.4, p<.0001) 
than any other CRP value, regardless of whether 
or not they were on oral antibiotics.

After publicising the findings of the first 
audit a second cohort of 58 admissions in 30 
patients was used to determine if outcomes 
could be improved. In cohort two, 18 people 
were admitted once only and 12 were admitted 
more than once. The median admission CRP 
was 99mg/l and on discharge 6mg/l. Using a 
discharge CRP value of 11 or above mg/l as 
a cut-off resulted in an odds ratio of 17.9 (95% 
CI: 4.1–78.0, p=0.0001) for an adverse outcome, 
readmission or amputation.

Conclusions
The duration of admission for treatment of 
diabetes foot infection is typically determined 
by clinical measures alone. However, this risks 
the infection not being suppressed or resolved. 
Therefore, patients are at risk of readmission 
with a recurrence of infection, progression to 
amputation or death. Among the patients in the 
first cohort of the audit, 47% were readmitted or 
had another adverse outcome within 12 weeks of 
discharge following treatment for a diabetes foot 
infection and potentially this can be improved.

The high number of polymicrobial infections 
supports the view of the Infectious Diseases 
Society of America that patients admitted with 

diabetes foot infections should be initially treated 
with broad spectrum, usually combination 
antibiotic therapy. The choice of antibiotics will 
depend on local circumstances. However, the low 
numbers of anaerobes seen in this audit does not 
support the routine use of metronidazole in our 
patients. The guidelines on duration of antibiotic 
therapy suggest that shorter is better, but these 
are primarily based on consensus statements 
rather than randomised trials.

The high average HbA1c is similar to that 
seen in other diabetes foot clinic populations. 
Together with the high rate of current or ex 
smoking (compared to 41% in the NHS Lothian 
diabetes population as a whole). Current smoking 
is a strong predictor of poor healing, amputation 
and death in the national Diabetes Foot Care 
Audit of England and Wales. These factors have 
prompted a drive to improving diabetes control 
and encouraging smoking cessation in the people 
attending our diabetes foot clinic as part of our 
continuing efforts to improve outcomes and 
reduce cardiovascular mortality.

After making the results of cohort one known 
to the wider inpatient diabetes team, discharges 
from these wards with a CRP of >10mg/l 
reduced. The majority of discharges with a CRP 
of greater than 10mg/l were from the other main 
hospital in Edinburgh or surgical wards.

This audit shows that the higher a person’s 
discharge CRP, the greater the risk of that patient 
experiencing a subsequent adverse event (i.e. 
readmission, amputation or death). However, 
given that extending hospital stays is not itself 
without risk, clinicians must balance these 
risks when determining the optimum point of 
discharge. We suggest that waiting until the 
CRP is less than 10mg/l before discharging 
from hospital may represent a pragmatic balance 
of the risks of subsequent adverse events with 

Table 2. Odds ratio and 95% confidence intervals (CI) for one or more adverse events in the 12 weeks after 

discharge grouped by discharge CRP.

CRP Odds ratio Lower CI Upper CI p value

>5 mg/l 4.3 1.2 4.9 0.01

>10 mg/l 14.4 6.6 31.4 <.0001

>15 mg/l 6.6 3.5 12.6 0.01

>20 mg/l 6.5 3.4 12.5 0.01

>25 mg/l 6.2 3.1 12.2 0.01
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the detrimental effects of extended hospital 
admission and excessive antibiotic use.  n
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