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ABSTRACT

INTRODUCTION. Cellulitis is a common infection, especially among the elderly, and compression therapy is often
recommended to reduce acute oedema and pain. A previous study showed that compression therapy led to a lower incidence
of recurrent cellulitis in lower extremities in patients with chronic oedema. The aim of this study was to describe clinical
characteristics of patients with cellulitis.

METHODS. This was a retrospective descriptive study reviewing medical records and medicine registrations in patients >18
years with cellulitis.

RESULTS. A total of 104 patients were hospitalised with cellulitis; 13 were excluded. The median age was 75 years (range: 33-
103 years), 64% > 70 years. The median admission time was five days (range: 1-24 days). Median antibiotic treatment duration
was 11 days (range: 4-56 days). A total of 45% were current or former smokers, 40% were overweight, 48% had preexisting
chronic oedema of the affected area, 90% had become infected in the lower extremities and 19% were readmitted within six
months. A total of 51% had a new antibiotic treatment prescribed after being discharged, and 66% received compression
therapy.

CONCLUSIONS. Cellulitis frequently affects older patients, especially smokers, people with overweight and chronic
lymphoedema. In all, 66% were treated with compression therapy that did not have a clear effect on their readmission rate,
probably because the patients receiving compression therapy had a more severe infection complicated by severe oedema and
a higher risk of reinfection. An increased focus on the use of compression therapy in conjunction with health preventive
interventions may have a positive impact on the relapse rate.

FUNDING. None.

TRIAL REGISTRATION. Not relevant.

Cellulitis is a common reason for hospital admission. Among predisposing risk factors for cellulitis are oedema
in extremities, diabetes, immune suppression, obesity, smoking and frequent alcohol intake [1]. In addition to
antibiotic treatment, elevation and compression treatment may be added as a supportive therapy to reduce acute
oedema and pain [2, 3]. However, the extent compression to which therapy is used as a valid part of treatment

guidelines seems to vary.

Oedema is part of the pathology of cellulitis [3-5]. Acute oedema is often initiated due to the inflammatory
response in conjunction with involvement and damage of the lymphatic system [1]. The damage leads to
obstruction of lymph vessels and thereby an increased level of interstitial protein, which provides better life
conditions for bacteria [6]. The oedema frequently persists even though the infection has been defeated, and the
immune response is therefore weakened [4, 5, 7]. If left untreated, oedema increases the risk of reinfection and
morbidity [6].
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It may be assumed that reduction of oedema by use of compression therapy improves the recovery of the
lymphatic system and reduces the risk of infection and possibly even readmission. The use of compression
bandaging in cellulitis builds on the hypothesis that reduction of the oedema, i.e. reduction of extracellular fluid,
lowers the volume of the soft tissue thereby reduces the average distance of the infected tissue to the nearest
capillaries and lymphatic vessels and thereby achieves a better supply of oxygen, antibiotics, and other contents
of the blood to the infected tissues [5, 8]. A previous study showed that the use of compression bandage does not
compromise microcirculation in the forefoot, and microcirculation remained unchanged during and after the

use of compression [5].

The objective of this study was to describe the clinical characteristics of patients, the risk of relapse within six
months and the use of compression therapy in patients with cellulitis admitted to one of two medical department
in a Danish university hospital. Furthermore, we aimed to evaluate if patients treated with compression therapy

had a lower relapse rate than other patients with cellulitis.

METHODS

We reviewed hospital medical records and antibiotic prescriptions for six months following discharge of patients
admitted with cellulitis to a department of geriatrics or a department of infectious disease in a Danish university

hospital. Patients with cellulitis were identified retrospectively from hospital diagnosis coding and were included
from 1 June 2019 to 31 May 2020. We included cellulitis along with erysipelas with no distinction between the two

diagnoses.

The inclusion criteria were 1) age = 18 years and 2) cellulitis located at either upper or lower extremities to

evaluate the potential use of compression therapy.

Baseline variables included: Demographics, such as sex and age. Comorbidities, confirmed by a diagnosis code
or declared in the medical report by a physician, including chronic heart failure (CHF), COPD and chronic
kidney disease (CKD). Risk factors of cellulitis in general, i.e. insulin-dependent or non-insulin-dependent
diabetes, immune deficiency, alcohol overuse defined as > 7/14 items per week for female/male, respectively,
smoking previously and/or currently, overweight defined as BMI = 30 and/or overweight noted by the clinician.
Chronic oedema (persistent oedema in the extremity reported by the patient or mentioned in the medical
record), and if the patient was known with previous cellulitis in the affected extremity, either patient-reported or

registered in the medical record.

Clinical variables included the localisation of cellulitis, the presence of acute oedema, days of hospitalisation and
days of antibiotic treatment. The use of compression bandage was considered confirmed if registered in the
medical record. Unfortunately, the duration of compression therapy and whether the compression treatment

was initiated at admission or during admission were rarely documented.

Relapse was defined as readmission within six months for cellulitis in the same extremity and/or further
antibiotics prescribed by general practitioners within six months after discharge. Mortality within six months
was registered. Categorical variables were presented as number and percentage. Categorical variables were

compared using the two-tailed Fischer’s exact test. Continuous variables were presented as median and range.

Trial registration: not relevant.

RESULTS

A total of 91 patients were admitted with cellulitis. Table 1 presents their baseline and clinical data. Median age
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was 75 years (range: 33-103 years). Median time of admission was five days (range: 1-24 days). Of mention;
diabetes, smoking and overweight were highly represented with 21%, 45% and 41%, respectively. Almost half of
the patients (48%) had chronic oedema in the affected extremity, and 47% had had previous cellulitis in the same

area. Patients were treated with antibiotics for a median 11 days (range: 4-56 days).

TABLE 1 Clinical characteristics and clinical variables (N = 91).

Clinical characteristics

Age, median (range), yrs 75 (33-103)
Gender: female, n (%) 42 (46.2)
Recurrent cellulitis, n (%) 43 (47.3)2
Localisation: leg, n (%) 80 (87.9)
Diabetes, n (%0):

Insulin-dependent 4 (4.4)
No insulin 15 (16.5)
Subtotal 19 (20.9)
Chronic heart failure, n (%) 24 (26.4)
COPD, n (%) 9(9.9)
Chronic kidney disease, n (%) 10(11.0)
Immune suppression, n (%) o)
Chronic oedema, n (%) 44 (48.4)°
Alcohol > 7/14 items, past and current, n (%) 12(13.2)
Smoking, past and current, n (%) 41 (45.1)
Overweight, n (%) 37 (40.7)
Acute oedema at affected area, n (%0) 75 (82.4)2
Clinical variables

Time of admission, median (range), days 5 (1-24)
Time with antibiotics, median (range), days 11 (4-56)
Compression therapy, n (%) 60 (65.9)
Readmission to hospital next 6 mos., n (%) 17 (18.7)
Antibiotics prescribed next 6 mos., n (%):

Indication cellulitis 32bic
Subtotal 46 (50.5)

a) 10 unknown.
b) 1 unknown.
c) Out of 46 patients.

Chronic oedema was significantly more likely in patients with recurrent cellulitis 67.4% versus 25% (p = 0.0001).

A total of 60 patients (66%) received compression therapy, which was most frequently prescribed (in hospital) to
patients with recurrent cellulitis (55.0% versus 32.3%, p = 0.048) and patients with acute oedema (90.0% versus
67.7%, p = 0.018).
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There was no significant difference in the use of compression therapy among patients known with chronic

oedema as compared to others or on any of the other baseline and clinical variables.

A total of 17 patients (19%) were readmitted with cellulitis within six months. However, recurrence of cellulitis
was even higher since 46 (51%) had antibiotics prescribed for cellulitis by their family doctor following discharge
(Table 1). Unfortunately, it was not always possible to identify the indication for the prescription of antibiotics,
but at least 36 patients were re-prescribed antibiotics for cellulitis within six months of discharge of whom 16

patients were readmitted (Table 2).

TABLE 2 Risk factors for readmission (N = 892).

Readmitted to hospital  Not readmitted

within & mos. to hospital

(N, =17) (N, =72) p value
Age, median (range), yrs 74 (33-90) 74 (33-103) -
Gender: female, n (%) 7(41.2) 33 (45.8) 0.792
Recurrent cellulitis, n (%) 14 (82.4)F 29 (40.3)¢ 0.003
Time of admission, median (range), days 5(2-22) 5(1-24) -
Time with antibiotics, median (range), days 13 (6-56) 10 (4-38) -
Localisation: leg, n (%) 17 (100) 62 (86.1) 0.198
Diabetes, n (%o)
Insulin-dependent 1(5.9) 2(2.8) 0.475
No insulin 3(17.6) 12 (16.7) 1.0
Subtotal 4 14 0.741
Chronic heart failure, n (%) 7(41.2) 16 (22.2) 0.129
COPD, n (%) 1(5.9) 8(11.1) 1.0
Chronic kidney disease, n (%) 1(5.9) 8(11.1) 1.0
Immune suppression, n (%) 2(11.8) 4(5.6) 0.322
Chronic oedema, n (%) 13 (76.5) 31(43.1) 0.0186
Alcohol = 7/14 items, past and current, n (%) 4 (23.5) 8(11.1) 0.233
Smoking, past and current, n (%) 7(41.2) 33 (45.8) 0.792
Overweight, n (%) 6 (35.5) 30 (41.7) 0.785
Acute cedema at affected area, n (%) 17 (100) 56 (77.8)° 0.035
Compression therapy, n (%) 14 (82.4) 44 (61.1) 0.156
Antibiotics prescribed next 6 mos., n (%0)
Indication cellulitis 124 204 -
Subtotal 12 (70.8) 34 (47.2) 0.108

a) Due to 2 deaths during initial admission.

b) 1 unknown.

c) 7 unknown.

d) Out of those patients receiving antibiotics from their GP.

Patients with readmission were more likely to have recurrent cellulitis and chronic oedema than patients who

were not readmitted (Table 2).
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Chronic oedema was a major risk factor for readmission; 13 patients with chronic oedema (28.3%) versus four

patients without chronic oedema (9.1%) (p = 0.03).

More patients being treated with compression 14 (23.3%) were readmitted than patients not receiving

compression therapy (9.7%) (p = 0.158).

DISCUSSION

In the present study, median age was 75 years, which is high compared to other studies (range: 50-64 years) [2,
9]. This is most likely due to inclusion of patients from a department of geriatrics and a department of infectious

medicine. Men were slightly overrepresented with 54%, which is in line with other studies [2, 9, 10].

Very few comparable publications exist, but the prevalence of CHF, COPD, diabetes and immune suppression
are more or less mirrored in these studies [10-12]. The prevalence of alcohol overconsumption and overweight
was in line with one and two studies, respectively [11-13]. Documenting former and current smoking as a single

variable may explain why we found a much higher prevalence than other studies [11, 13].

Almost half of the study population had chronic oedema, and in this subgroup more patients were re-
hospitalised, as was also the case in an English and a Norwegian study [7, 12]. In addition, more patients with
chronic oedema had recurrent cellulitis, CHF, COPD and a high mortality rate, and more were treated with
compression therapy. Our findings may support publications rating chronic oedema as one of the most frequent
risk factors increasing morbidity [1, 4, 6]. Previous cellulitis was found in almost half of our study population,
whereas other studies with larger study populations have reported around one third with previous cellulitis [9,
12]. Note that our study may be affected by information bias because several patients had an unknown previous

cellulitis status. Nevertheless, recurrent cellulitis may still be established as an important cellulitis risk factor.

The high prevalence of chronic oedema and recurrent cellulitis may support the hypothesis mentioned
previously about impairment of the lymph vessels. It may be assumed that chronic oedema and recurrent
cellulitis establish a vicious circle [10], and that efforts to reduce oedema and re-infection may be crucial. Studies

also mention that compression therapy is of considerable importance for this exact purpose [2, 5, 8].

The median length of hospitalisation was five days (range: 1-24 days) exactly like in two Swedish studies, though
they had a wider range of 1-34 days [9, 10]. In countries outside Scandinavia, duration of stay was longer (e.g. 11-
13 days) [9, 14]. The difference between international healthcare systems, different primary care provision

practices or local differences in antibiotic administration may explain this variation of admission length.

The median 11-day duration of antibiotic treatment is identical to the duration reported in the study by
Blackberg et al. [9]. The very wide range from 4 to 56 days is noticeable and reflects one patient with an atypical
and prolonged hospitalisation. Antibiotic treatment duration (five days) is shared by regional Danish guidelines,
the English (NICE) guidelines, an English meta-analysis and recommendations from the American College of
Physicians [15, 16]. However, the guidelines note that extension of antibiotic therapy up to 14 days may be
needed based on severe infection or slow response to therapy. In general, a prolonged duration of antibiotics
may reflect overconsumption, an overrepresentation of the sickest subpopulation or/and a severe infection. The
considerable representation of patients with oedema in our study may explain the slow response to therapy and

the need for longer treatment.

In the present study, the occurrence of readmission was 19% within six months. In other literature, this share
was estimated to 29-47% with follow-up being conducted up to three years after the infection [7, 10]. The short
follow-up period of the present study may explain the lower readmission rate. We found that especially patients

with previous cellulitis, chronic oedema and patients presenting with acute oedema at their primary
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hospitalisation were readmitted. Overall, these characteristics seem to describe patients with a compromised

vascular and lymphatic system.

Two thirds of our patients received compression therapy. Some of the reasons why some patients did not receive
bandages were: 1) Patient declined. 2) The prescription of compression may not be noted in the medical record
even though it was effectuated. 3) The clinician forgot, did not know to or did not want to prescribe this
additional treatment. It has previously been suggested that compression may induce pain, discomfort and soft
tissue/nerve injury [14] and spread of infection [17] and that it may affect vascular perfusion [18]. The two latter
assertions were subsequently denied if the external compression pressure does not exceed the perfusion
pressure [3, 5, 8, 19]. The guidelines of the Danish Health Authority on treating chronic oedema in lower

extremities also consider treatment with compression bandages appropriate.

Noticeable, though it was just a trend, more than half of patients with alcohol overconsumption were not treated

with compression bandages, which may indicate a need to devote further attention to this group.

Seemingly, compression therapy did not affect the relapse rate even though results tended towards showing that
the compression group had a higher readmission and repeated antibiotics rate than the non-compression group,
but also, surprisingly, a lower mortality rate. Obviously, the sample size may contribute to this conflicting result.
The results may reflect that the compression group had a more severe degree of oedema, which may be
supported by a tendency towards a high frequency of some comorbidities in the compression group (CHF, CKD,

immunosuppressants and chronic oedema), indicating a severe course of disease in this group.

CONCLUSIONS

Increasing age, smoking, overweight, recurrent cellulitis and chronic oedema were strongly represented in
patients with cellulitis. Acute and chronic oedema in conjunction with recurrent cellulitis may increase the risk
of readmission. Two thirds of all patients were treated with compression therapy, which did not have a clear
positive or negative effect on the readmission rate. The reason for this was probably that patients treated with
compression therapy had more severe infection, which was complicated by severe oedema, leading to higher

risk and incidence of reinfection.

Several studies have shown that reduction of oedemas is crucial and that using compression treatment is
possible and safe but, above all, it is important to treat or at least try to reduce the influence of triggering factors

in parallel with the use of compression bandages.
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