
Journal of Global Antimicrobial Resistance 25 (2021) 367–369 

Contents lists available at ScienceDirect 

Journal of Global Antimicrobial Resistance 

journal homepage: www.elsevier.com/locate/jgar 

Impact of time to first antimicrobial dose on length of stay and 

30-day hospital readmission in patients with lower limb cellulitis 

Jaclyn L. Bishop 

a , b , c , ∗, Mark Jones c , James Farquharson 

d , Kathrine Summerhayes e , 
Roxanne Tucker e , Mary Smith 

f , Raquel Cowan 

g , N. Deborah Friedman 

h , i , 
Thomas R. Schulz 

a , j , k , David C.M. Kong 

a , b , c , l , Kirsty L. Buising 

a , b , j , k 

a National Centre for Antimicrobial Stewardship (NCAS), Peter Doherty Research Institute for Infection and Immunity, University of Melbourne, Level 5, 792 

Elizabeth St., Melbourne, VIC, Australia 
b University of Melbourne, Faculty of Medicine, Dentistry and Health Sciences, Department of Medicine–RMH, Royal Parade, Melbourne, VIC, Australia 
c Pharmacy Department, Ballarat Health Services, Drummond St., Ballarat, VIC, Australia 
d Pharmacy Department, Colac Area Health, Connor St., Colac, VIC, Australia 
e Clinical Improvement, Risk and Innovation, Wimmera Health Care Group, Baillie St., Horsham, VIC, Australia 
f Department of Health and Human Services (Victoria), McLachlan St., Horsham, VIC, Australia 
g Department of Internal Medicine, Ballarat Health Services, Drummond St., Ballarat, VIC, Australia 
h Department of Infectious Diseases, Barwon Health, Ryrie St., Geelong, VIC, Australia 
i School of Medicine, Faculty of Health, Deakin University, Pigdons Road, Waurn Ponds, VIC, Australia 
j Victorian Infectious Diseases Service, Royal Melbourne Hospital, 300 Grattan St., Melbourne, VIC, Australia 
k Department of Infectious Diseases, Peter Doherty Institute for Infection and Immunity, University of Melbourne, 792 Elizabeth St., Melbourne, Australia 
l Centre for Medicine Use and Safety, Monash Institute of Pharmaceutical Sciences, Monash University, 381 Royal Parade, Parkville, VIC, Australia 

a r t i c l e i n f o 

Article history: 

Received 28 December 2020 

Revised 11 March 2021 

Accepted 5 April 2021 

Available online 12 May 2021 

Editor: G.L. Hara 

Keywords: 

Cellulitis 

Antimicrobial 

Timing 

Length of stay 

Admission 

a b s t r a c t 

Objectives: There have been efforts to promote timely antimicrobial administration for patients with sep- 

sis, but the importance for other infections is uncertain. This study analysed whether time to first an- 

timicrobial dose (TFAD) in patients with lower limb cellulitis influenced outcome measures such as acute 

length of stay (LOS) in hospital and 30-day hospital readmission rates for cellulitis. 

Methods: Medical records of patients admitted with lower limb cellulitis or erysipelas over a 15-month 

period (1 May 2019 to 30 November 2019 and 1 March 2020 to 31 October 2020) were reviewed. Patients 

requiring intensive care unit (ICU) admission were excluded. The TFAD was the difference (in minutes) 

between the emergency department triage time and the time that the antimicrobial was first recorded 

as administered. Analysis included log-transformed linear regression (for LOS) and logistic regression (for 

30-day readmission with cellulitis), controlling for confounders where possible. 

Results: The study included 282 patients with lower limb cellulitis. The median TFAD was 177 min (in- 

terquartile range, 98–290 min). Linear regression suggested a weak association between TFAD and LOS 

( P = 0.05; adjusted R 2 = 0.01), which was non-significant after adjusting for confounders ( P = 0.18). 

There were too few patients readmitted within 30 days with cellulitis for meaningful analysis. 

Conclusion: After controlling for confounders, no association between increased TFAD and increased acute 

LOS was identified for patients with lower limb cellulitis who did not require ICU admission (i.e. without 

septic shock). Conclusions could not be made for 30-day readmission rates for cellulitis. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

A recent narrative review concluded that a delay in adminis- 

ration of antimicrobial therapy for 4–8 h while waiting for diag- 

ostic results was not unreasonable as it was unlikely to be asso- 
ty for Antimicrobial Chemotherapy. This is an open access article under the CC 

https://doi.org/10.1016/j.jgar.2021.04.007
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jgar
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jgar.2021.04.007&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:jaclynb@student.unimelb.edu.au
https://doi.org/10.1016/j.jgar.2021.04.007
http://creativecommons.org/licenses/by-nc-nd/4.0/


J.L. Bishop, M. Jones, J. Farquharson et al. Journal of Global Antimicrobial Resistance 25 (2021) 367–369 

c

i

o

t

i

f

d

r

o

a

e

a

c

l

c

a

l

2

e

m

2

r

t

c

T

i

e

i

d

n

s

c

m

c

c

t

c

p

a

h

p

f

C

w

p

y

>

d

a

u

f

p

R

3

c

f

(

o

w

t

T

d

e

h

s

p

a

4

T

t

a

t

b

m

T

d

a

fl

c

f

6  

t

a

a

w

a

a

i  

m

w

s

r

c

e

a

f

h

l

r

k

c

i

s

m

s

t

f

s

i

o

A

f

a

a

r

iated with significant adverse events for most common bacterial 

nfections (with the exception of probable/confirmed septic shock 

r bacterial meningitis) [1] . A major limitation of that review was 

he absence of any randomised or observational study data on the 

mpact of delayed antimicrobial therapy for skin and soft-tissue in- 

ections such as cellulitis [1] . 

A bundle of care for management of lower limb cellulitis was 

eveloped and implemented in three regional hospitals in Victo- 

ia, Australia, to see whether it could improve the appropriateness 

f antimicrobial therapy for cellulitis. The bundle guided medical 

nd nursing staff towards key management priorities, e.g. leg el- 

vation, appropriate antimicrobial selection, dosing and duration, 

nd checking skin integrity. Metrics were collected on outcomes of 

are, including the time to first antimicrobial dose (TFAD), acute 

ength of stay (LOS) in hospital, and 30-day readmission rates with 

ellulitis. The aim of this study was to explore whether any associ- 

tion between TFAD and clinical outcomes for patients with lower 

imb cellulitis could be demonstrated. 

. Methods 

Adults with ICD-10-AM codes for lower limb cellulitis or 

rysipelas admitted to the three regional hospitals over a 15- 

onth period (1 May 2019 to 30 November 2019 and 1 March 

020 to 31 October 2020) were identified. The two time periods 

epresent baseline and post-intervention data collection periods for 

he lower limb cellulitis management plan. 

Patients were excluded if they were not prescribed an antimi- 

robial at all or if cellulitis developed after admission because 

FAD could not be calculated. Patients requiring admission to the 

ntensive care unit (ICU) were excluded because the importance of 

arly antimicrobial administration is already well accepted in those 

n whom cellulitis is accompanied by sepsis. Patients transferred 

irectly to another facility were excluded because outcomes could 

ot be ascertained. Those who had already contributed data to the 

tudy were also excluded. Demographic and clinical data (known 

o-morbidities, vital signs at presentation) were collected from the 

edical record by trained researchers using a standardised data 

ollection form. 

The triage time at the emergency department or urgent care 

entre and the time that the first antimicrobial dose was adminis- 

ered were both retrieved from the medical record. The TFAD was 

onsidered the difference (in minutes) between these two time 

oints. The patient administration system provided the LOS (acute 

dmission only, inclusive of parenteral therapies administered at 

ome) and whether the patient was readmitted to the same hos- 

ital with cellulitis within 30 days of discharge. Descriptive and in- 

erential statistics were derived using Stata® v.16.1 (StataCorp LLC, 

ollege Station, TX, USA). The median and interquartile range (IQR) 

ere calculated for TFAD and LOS, and log 2 transformations were 

erformed prior to undertaking linear regression. An adjusted anal- 

sis controlling for known confounders of LOS for cellulitis (age 

 60 years and clinical features at presentation including tachycar- 

ia, hypotension, leukocytosis, elevated serum creatinine, obesity 

nd diabetes mellitus) was performed [2] . Logistic regression was 

ndertaken to explore the relationship between TFAD (log 2 trans- 

ormed) and 30-day readmission with cellulitis. This study was ap- 

roved by the Ballarat Health Services and St John of God Human 

esearch Ethics Committee. 

. Results 

Data for TFAD was available for 282 patients with lower limb 

ellulitis over the 15-month period. Demographic and clinical in- 

ormation is provided in Table 1 . The median TFAD was 177 min 

IQR, 98–290 min). The TFAD was within 4 h in 67.7% (191/282) 
368 
f patients. The median LOS for patients with lower limb cellulitis 

as 3 days (IQR, 1–5 days). Fourteen patients (5.0%) were readmit- 

ed to the same hospital with cellulitis within 30 days of discharge. 

here were no deaths. 

Linear regression predicted that an increased TFAD would pro- 

uce an increased acute LOS ( P = 0.05; adjusted R 2 = 0.01). How- 

ver, after controlling for known confounders ( Table 1 , excluding 

ypotension owing to low numbers), the relationship became non- 

ignificant ( P = 0.18; adjusted R 2 = 0.21). There were too few 

atients readmitted within 30 days with cellulitis for meaningful 

nalysis. 

. Discussion 

The current study found a weak association between increased 

FAD and increased acute LOS. After controlling for confounders, 

his association became non-significant. These data suggest that in 

 clinically stable patient, if the diagnosis is uncertain, taking the 

ime to eliminate cellulitis mimics before prescribing antimicro- 

ials will not impact an outcome such as LOS. Antimicrobial treat- 

ent should still be started promptly once the diagnosis is made. 

he low numbers of patients readmitted with cellulitis within 30 

ays of discharge meant that conclusions could not be reached 

bout the relationship with TFAD. 

The paucity of studies exploring the impact of TFAD may re- 

ect the significant heterogeneity in clinical outcomes reported for 

ellulitis [3] . Mortality is clearly the gold standard, and in some in- 

ectious diseases such as sepsis, commencing antimicrobials within 

0 min has been associated with a survival benefit [ 1 , 4 ]. Given

his, the current study excluded patients requiring ICU admission 

s this is the group in whom cellulitis is accompanied by sepsis 

nd the importance of early antimicrobial administration is already 

ell accepted. Cellulitis has a mortality rate estimated at 1%, with 

n even lower attributable mortality [5] . This poses a challenge for 

chieving an adequately powered sample. As an example, the find- 

ng from an Australian study that a delay of longer than 8 h in ad-

inistering empirical antimicrobials was independently associated 

ith increased mortality in cellulitis ( P = 0.036) was based on a 

ample of only 10 patient deaths accumulated over an 8-year pe- 

iod [6] . Both the statistical power and the robustness of the con- 

lusions from this study over such a long time period were consid- 

red serious limitations [6] . The rigour of even large cohort studies 

ttempting to explore the impact of TFAD on mortality outcomes 

or other conditions such as community-acquired pneumonia (CAP) 

as been criticised [7] . 

The challenges with mortality as an outcome measure for cel- 

ulitis mean that common surrogate measures such as LOS and 

eadmission are often considered instead. These measures are 

nown to have a range of confounding factors [8] , some of which 

an be challenging to adjust for in analysis. An obvious confounder 

s disease severity. Unlike conditions such as CAP with a validated 

everity score (e.g. CORB) [4] , there is no universally accepted 

ethod to determine the severity of cellulitis. While classifications 

uch as those proposed by Eron et al. [9] are available, clinical up- 

ake of these scoring approaches is limited [10] . This suggests that 

urther research on the clinical utility and uptake of such cellulitis 

everity scales would be valuable. 

Further research to definitively answer the question about the 

mpact of TFAD on mortality, length of stay, readmission or other 

utcome measures in cellulitis would require significant resources. 

n adequately-powered randomised controlled trial could control 

or factors not addressed in the current observational study, such 

s the level of patient co-morbidity, complexity and antimicrobial 

ppropriateness. However, other identified priorities for cellulitis 

esearch [11] suggest that resources may be better utilised investi- 
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Table 1 

Characteristics of the study sample 

Characteristic n (%) or median (range); IQR 

Demographics ( n = 282) 

Sex 

Male 181 (64.2) 

Female 101 (35.8) 

Age at admission (years) 64 (18–97); 48–77 

Clinical parameters at presentation ( n = 282) 

Temperature ( °C) 36.6 (34.1–39.9); 36.1–37.2 

Heart rate (beats per min) 89 (50–180); 77–102 

Respiratory rate (breaths per min) 18 (12–48); 16–20 

Systolic blood pressure (mmHg) 130 (65–198); 120–145 

WBC count ( × 10 9 cells/L) ( n = 271) 10.2 (1.2–29.9); 7.6–12.5 

LOS confounders for cellulitis at presentation a ( n = 282) 

Description Yes 

Obesity 80 (28.4) 

Diabetes mellitus 78 (27.7) 

Aged > 60 years 163 (57.8) 

Temperature < 36 °C or > 38 °C 84 (29.8) 

Heart rate > 90 beats per min 123 (43.6) 

Respiratory rate > 20 breaths per min 40 (14.2) 

Elevated or low WBC count ( < 4 or > 12 × 10 9 cells/L) ( n = 273) 82 (30.0) 

Systolic blood pressure < 90 mmHg 2 (0.7) 

eGFR < 45 mL/min ( n = 274) 48 (17.5%) 

IQR, interquartile range; WBC, white blood cell; LOS, length of acute hospital stay; eGFR, estimated 

glomerular filtration rate. 
a Adapted from Garg A, Lavian J, Lin G, Sison C, Oppenheim M, Koo B. Clinical characteristics associ- 

ated with days to discharge among patients admitted with a primary diagnosis of lower limb cellulitis. 

J Am Acad Dermatol 2017;76:626–31. 
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ating other management considerations such as initial antimicro- 

ial choice [7] . 

. Conclusion 

After controlling for confounders, no association between in- 

reased TFAD and an increased acute LOS was identified for pa- 

ients with lower limb cellulitis who did not require ICU admission 

i.e. without septic shock). Conclusions could not be made for 30- 

ay readmission rates for cellulitis. Further research to definitively 

nswer the question about the impact of TFAD on mortality, length 

f stay, readmission or other outcome measures in cellulitis would 

equire an adequately powered randomised controlled trial. 
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