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Objective: To determine whether using intravenous benzylpenicillin in addition to intravenous flucloxacillin
would result in a more rapid clinical response in patients with lower limb cellulitis.
Methods: This was a randomised controlled trial set in an inner city teaching hospital, comprising 81
patients with lower limb cellulitis requiring intravenous antibiotics. The main outcome measure was the
mean number of doses of antibiotic required until clinical response.
Results: The mean number of doses required was 8.47 (95% confidence interval (CI) 7.09 to 9.86) in the
benzylpenicillin and flucloxacillin combined group. In the flucloxacillin only group it was 8.71 doses (95%
CI 6.90 to 10.5), a mean difference of 20.24 doses (95% CI 22.48 to 2.01, p = 0.83). Other markers of
treatment efficacy showed no difference between groups at review the following day; temperature
decrease (mean difference 20.07˚C, 95% CI 20.76 to 0.62, p = 0.84), or diameter decrease of affected
area (mean difference 234 mm, 95% CI 299 to 31, p = 0.30). Patient subjective assessments were also
similar between the different drug regimen; improvement on a visual analogue scale of pain/discomfort
from admission to first review (mean difference 10 mm, 95% CI 212.6 to 14.2, p = 0.91) and on second
review (mean difference 15 mm, 95% CI 218.6 to 21.6, p = 0.88). Patient overall subjective feelings of
improvement on first review (p = 0.32) and on second review (p = 0.64) were also similar.
Conclusions: This study provides no evidence to support the addition of intravenous benzylpenicillin to
intravenous flucloxacillin in the treatment of lower limb cellulitis.

ellulitis is a superficial spreading infection of the skin.
Most illness can be treated at home with oral
antibiotics1 2; however more severe infection, or infection in specific at risk populations continues to represent a
significant proportion of hospital admissions, taking up
360 000 bed days per year in England alone,3 despite
increasing home based intravenous treatment regimens.4 5
Research in the treatment of cellulitis has often focused on
assessing various combinations of antibiotics,6–9 almost all of
which have been found to have similar efficacy to standard
regimens. It is the standard regimen that remains debatable,
however, and it would seem to vary not only across national
borders, but within individual hospitals.10 11
In the UK it is common practice to prescribe both penicillin
(penicillin V for oral use and benzylpenicillin for intravenous
use) and flucloxacillin,1 12 and this is recommended by the
commonly used national formulary,13 authoritative evidence
based texts,14 and national practice guidelines.15 Despite this,
there is a singular lack of evidence to support this regimen,14
which seems to be based on the premise that benzylpenicillin
is required to treat any streptococcal infection and flucloxacillin to treat any staphylococcal infection. What is forgotten
by many clinicians is that flucloxacillin is also effective
against streptococci. Flucloxacillin is a semi-synthetic isoxazolyl penicillin that maintains the beta-lactam activity
against streptococci but incorporates a penicllinase resistant
side chain16 to prevent inhibition by staphylococci.17 This is
recognised by microbiologists, which may explain why
opinion varies as to the appropriate approach.1
Cellulitis is not always a clear cut disease entity, and may
be mistakenly diagnosed for other conditions.18 19 Furthermore, there appears to be some crossover between the terms
"erysipelas" and "cellulitis",14 20 21 the former usually reserved
for a specifically streptococcal infection with a well demarcated edge, the latter being a more general description of a
disease that is produced by invasive bacterial infection
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associated with local erythema, warmth, pain, and swelling.
We elected to use only the term cellulitis in our study, as is
usual practice in the UK, although this may have included
some patients who elsewhere would have been classified as
having erysipelas.
While commonly thought to be caused by either streptococci or staphylococci,22 many other bacteria have also been
associated with the disease.23 24 However, routine investigations such as blood cultures25 and wound swabs are rarely
helpful in early identification of the responsible organism,
and antibiotics need to be chosen to maximise efficacy from
the onset.
We wished to determine whether treatment with benzylpenicillin in addition to flucloxacillin would provide an
improvement in outcome in the treatment of lower limb
cellulitis and thus support current practice.

METHODS
Patients
This double blind placebo controlled randomised study was
performed in a single urban tertiary emergency department
(ED) with an annual census of .105 000 patients. Any
patient presenting to the ED with lower limb cellulitis (either
unilateral or bilateral) was considered for inclusion. In order
to warrant admission for treatment, the size of the cellulitis
had to have an initial diameter of .100 mm. Patients were
excluded if they had any allergy to the study drugs, known
renal or hepatic impairment, or a random capillary glucose
.13 mmol/l. Patients were also excluded if they had acute
co-existent illness in the affected leg, such as deep venous
thrombosis, or wound/abscess requiring operative debridement/repair. Patients were required to be able to communicate in written and verbal English. The study protocol
received the approval of the local ethics committee. Baseline
Abbreviations: ED, emergency department; VAS, visual analogue scale
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Baseline demographic and medical history data
Benzylpenicillin and flucloxacillin

Flucloxacillin alone

Variable

n

n

Age (years)

44.9
(40.1 to 49.7)

Sex (M/F)
35/6
Symptoms prior to presentation
Fever
20
Pain
31
Rigors
11
Swelling
36
Myalgia
13
Pre-existing medical conditions
Lymphoedema
3
Varicose eczema
3
Tinea
1
Other pre-existing disease
3
IVD
Currently
2
Previously
3
History of direct trauma 11
History of friction trauma 8
Past history of cellulitis
13

Proportion

Proportion

p

46.4
(40.6 to 52.1)
0.85/0.14

30/10

0.75/0.25

0.68
21.50
(28.9 to 5.9)
0.24

0.50
0.78
0.52
0.51
0.32

18
36
10
35
11

0.45
0.90
0.48
0.49
0.27

0.73
0.13
0.80
0.72
0.81*

0.07
0.07
0.02
0.07

2
1
3
1

0.05
0.02
0.07
0.02

1.0*
0.61*
0.61*
0.61*
0.32

0.05
0.07
0.28
0.20
0.32

6
3
14
8
9

0.15
0.08
0.35
0.20
0.22

0.63*
1.0*
0.45*

Data are presented as absolute numbers and proportions in contiguous columns for each treatment group. The last
column presents the p value for the difference between groups (x2 or Yates’ corrected x2 as appropriate). The first
row presents the mean age in years with 95% confidence intervals, the final column for age provides a p value for
the t test comparing theses means, the mean difference and 95% CI. IVD, intravenous drug misuse.

demographic and illness data were collected by the clinician in the ED responsible for their care. All study
patients provided written informed consent prior to randomisation.
Main outcome measure
The main outcome measure chosen was the total number of
doses received by the patient prior to clinical response of the
disease, pre-defined as both; (a) resolution of the maximal
diameter of the cellulitis to either ,100 mm or ,50% of the
initial diameter and (b) resolution of fever (if present).
Patients with an initial diameter between 100 and 200 mm
would achieve clinical response when the diameter decreased
to ,100 mm, those with initial diameters .200 mm
achieved clinical response when the diameter decreased by
at least 50%.
Secondary outcome measures
Secondary disease outcome measures were the level of
decrease in fever and decrease in maximum diameter.
Patient focused secondary outcome measures were change
from baseline on a visual analogue scale (VAS) and overall
patient assessment score. Therapy failure rate was also

measured. Complications were recorded and patients were
free to remove themselves from the study at any time
Interventions and assessments
After enrolment, the patients were asked to provide scores on
a 100 mm VAS of the pain/discomfort they had in the
affected limb(s). Patients were unaware of their treatment
allocation and all were admitted to an emergency observation
ward. Enrolled patients had the affected limb elevated and
were advised to rest in bed. They all received flucloxacillin 1 g
intravenously four times a day, and were then randomly
allocated to receive either benzylpenicillin 1.2 g intravenously
or 10 ml of clear placebo (normal saline). Each of these
injections was followed by a standard 10 ml normal saline
flush in both groups. Randomisation was performed beforehand using a computer generated sequence, and these were
then sealed in opaque envelopes, opened only after the
patient was considered eligible for the study. The patients
were assessed each morning by an ED clinician who was
blinded to treatment allocation. They would assess the
appearance of (such as swelling, change from previous day)
and measure (using a standard tape measure) the affected
area, and check whether the patient was still febrile. They

Table 2 Severity data
Variable
Number of patients
Admission VAS (mm)
Admission pulse rate
(/min)
Temperature ( ˚C)
Respiration rate (/min)
Maximum diameter
(mm)
WCC (6109/l)
Urea (mmol/l)
CRP (mgl/l)
ALT (IU/l)

Benzylpenicillin
+ fluclox

95% CI

Flucloxacillin
alone
95% CI

Difference

p

41
47
94.1

–
36 to 58
87.9 to 100.2

40
49
90.3

–
41 to58
84.5 to 96.1

–
23 (216 to 11)
3.8 (24.5 to 12.1)

–
0.7
0.37

37.2
15.2
267

36.6 to 37.7
14.1 to 16.3
216 to 319

37.1
16.6
200

36.8 to 37.4
15.7 to 17.5
172 to 229

0.07 (20.55 to0.68)
21.40 (22.80 to 0.00)
667 (8.6 to 125)

0.82
0.05
0.2

10.6
4.7
88.1
39.8

8.9 to 12.2
4.1 to 5.4
61.2 to 114.9
24.7 to 54.9

11.6
5.4
105.0
44.6

10.1 to 13.2
4.4 to 6.3
69.9 to 140.1
27.2 to 62.0

21.1 (23.3 to 1.2)
20.6 (21.7 to 0.5)
216.9 (260.3 to 26.5)
24.8 (227.3 to 17.7)

0.34
0.28
0.44
0.67
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Benzylpenicillin + flucloxacilin

Flucloxacillin alone

Variable

Mean

n

95% CI

Mean

n

95% CI

Mean difference

p

Total no. of doses of
antibiotic received
Temperature drop
(day 1–day 0) ( ˚C)
Diameter decrease
(day 1–day 0) (mm)
Diameter decrease
(day 2–day 0) (mm)

8.47

38

7.09 to 9.86

8.71

38

6.90 to 10.5

20.24 (22.48 to 2.01)

0.83

0.36

35

20.24 to 0.95

0.42

32

0.06 to 0.80

20.07 (20.76 to 0.62)

0.84

36

26

220 to 92

69

22

33 to 105

234 (299 to 31)

0.30

95

13

35 to 155

46

12

26.0 to 99

48 (227 to 124)

0.20

would also ask the patient to record a further VAS of their
pain, and to answer the overall patient assessment score
(a categorical statement as to whether they felt that the
cellulitis had either (a) improved, (b) stayed the same, or (c)
worsened).
Patients were discharged if the cellulitis met the predefined clinical resolution criteria, otherwise they continued
on their current therapy. If the cellulitis edge had advanced
after at least 24 hours of intravenous therapy then they were
considered a treatment failure and were changed to coamoxiclav 1.2 gm intravenously three times a day.
Post-discharge treatment
All patients were discharged on oral flucloxacillin 500 mg
four times daily for 5 days. They also received penicillin V
500 mg four times daily if they had been randomised to the
intravenous benzylpenicillin group. Placebo penicillin V was
not used. Patients were not followed up after discharge from
hospital.
Statistical analysis
We estimated that we would need to recruit a total of 78
patients to have 80% power to show a clinical significant
difference of two doses of antibiotic administered (equivalent
to 12 additional hours of treatment). We had an estimated
standard deviation of 3.1 doses (determined from retrospective data on previous admissions in our unit) and set
alpha at 0.05. We allowed for 20% of data being ineligible or
unavailable for analysis, thus we planned to recruit 100
patients in total.
Data were analysed with SYSTAT software. We used two
tailed t test for continuous data, and x2 tests for categorical
data. Yates’ correction was used where appropriate. Where
we explored non-equality in baseline variables between
groups that may have explained the outcomes measured,
we used analysis of covariance to determine the relevant
coefficient.

RESULTS
We recruited a total of 99 patients to the study, of whom 81
were assessable, between September 2001 and March 2003.
Among the non-assessable patients were five who were
Table 4

Day 1
Improving
No change
Worse
Day 2
Improving
No change
Worse

Benzylpen
+ fluclox

Fluclox alone

n

Prop

n

Prop

p (x2, d.f)

25
9
0

0.74
0.26
0

21
8
2

0.68
0.26
0.06

0.32
(2.27, 2)

18
1
3

0.82
0.05
0.14

16
0
3

0.84
0
0.16

0.64
(0.90, 2)

Benzylpen, benzylpenicillin; fluclox, flucloxacillin, prop, proportion.

found to be potentially penicillin allergic after randomisation
and were removed prior to receiving any medication, two
who withdrew consent between randomisation and admission, one who withdrew consent during treatment, three who
were admitted directly to an inpatient specialty team and
were not available for review on the observation ward, and
seven for whom we were unable to either trace the medical
record or whose outcome data were missing. There were 41
patients in the combined group (benzylpenicillin and
flucloxacillin) and 40 in the flucloxacillin alone group
(table 1).
There were no significant differences either in symptoms or
in history of potential antecedent risk factors between the
two groups (table 2). Fever, pain, and swelling were common
symptoms, and half (41/81) the patients had a history of
some form of trauma prior to presentation. Current or
previous illicit intravenous drug use was present in 14 (17%)
of patients. Lymphoedema, varicose eczema, and tinea were
uncommonly found.
The patients had no difference in either age or sex and had
similar markers of severity except for the maximum diameter
of the affected area. This area was greatest in the combined
group (2670 mm v 2000 mm, mean difference 667 mm, 95%
confidence interval 86 to 1250 mm). The other markers of
severity such as pulse rate, respiratory rate and temperature
were all very similar. Blood tests performed to measure
severity were also similar in both groups, and of note the

Patient subjective assessments of outcome (VAS)
Benzylpen + flucloxacillin

Flucloxacillin alone

Variable

Mean

n

95% CI

Mean

n

95% CI

Mean difference

p

VAS
(day
VAS
(day

2.6

24

1.6 to 3.6

2.5

23

1.6 to 3.4

0.10 (21.26 to 1.42)

0.91

3.0

16

1.4 to 4.7

2.9

16

1.6 to 4.2

0.15 (21.86 to 2.16)

0.88

change
1–day 0)
change
2–day 0)

Benzylpen, benzylpenicillin.
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a patient based evaluation of the treatment. We had not
previously validated VAS for use in cellulitis and the efficacy
of this patient measure is uncertain.
We did not obtain microbiological growth in the majority
of our patients, as in most similar studies, but have no reason
to suspect that our broad population base differs significantly. We would expect therefore that a range of gram
positive organisms were involved, yet all remained sensitive
clinically to either of our treatment regimens. The dose of
flucloxacillin used is significant in that we would expect high
tissue concentrations to achieve the minimum inhibitory
concentrations for both staphylococci and streptococci from
flucloxacillin alone. We did not see any evidence that
benzylpenicillin is more effective against streptococcal infection than flucloxacillin.
Our mean duration of stay to pre-defined clinical resolution was much shorter than that seen in most studies, just
over 2 days compared with a range of 5 to 9 days5 8 26 and of
8.9 days in routine hospital practice.3 This may be that we
discharged patients much earlier than in these studies (or in
routine practice) and we were unable to determine the exact
date of complete resolution of all visible cellulitis. We did not
obtain follow up data on our patients, and although we had
one patient represent with a recurrence in the study period,
others may have been missed or presented to other
institutions.
It is unclear whether the high doses we used intravenously
can be generalisable to oral dosing for milder disease. It is
clear from the literature that several oral dosing regimes are
as effective as intravenous regimens across a range of
antibiotics27 and the necessity for hospital admission could
be reduced by choosing outpatient oral or outpatient
intravenous treatment.5 28 To determine an appropriate care
setting, risk stratification tools are still being developed,
although the addition of penicillin seems unnecessary
wherever treatment is provided.

DISCUSSION
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