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ABSTRACT

Background: Cellulitis, an infection of skin and subcutaneous tissue is usually managed conservatively and surgical
intervention is required for local complications. The aim of this study was to correlate the subcutaneous pressure with
the need for early surgical intervention in cases of lower limb cellulitis.

Methods: We prospectively measured subcutaneous pressures in the normal leg and in the leg with cellulitis. Patients
managed with parenteral antibiotics were compared to those managed with parenteral antibiotics and surgical
intervention with standard statistical tests.

Results: The median subcutaneous pressure was 3 mmHg and 9 mmHg in the normal leg and the other with cellulitis
respectively. The mean of difference in subcutaneous pressure in legs with cellulitis compared to normal legs was
5.93 mmHg and 8.29 mmHg in the conservative group and surgical intervention group respectively. The difference in
subcutaneous pressure between the normal leg and in the leg with cellulitis was statistically significant (p<0.001). The
difference in the average pressure between surgical intervention group and conservative group was 2.36 mmHg and
was statistically significant (p<0.05). The optimal threshold (difference in pressure) was identified as >=7 with
sensitivity of 85.7% and specificity of 57.1%. Area under the ROC curve (SE) was 0.71 (0.10) with 95% CI
(0.51, 0.87).

Conclusions: The subcutaneous pressure in leg with cellulitis is a predictor for the need for early surgical
intervention. It can be used as an adjunct in management and clinical decision making for cases of cellulitis of lower
limbs.
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INTRODUCTION

Cellulitis is a spreading bacterial infection of the dermis
and subcutaneous tissues. It occurs among both men and
women.! The incidence of lower limb cellulitis was
reported relatively high with 199 cases per 100,000
person-years in a population based study.” The most
common causative organisms are Streptococcus pyogenes
and Staphylococcus aureus.® The risk factors are toe web
intertrigo, leg ulcers, trauma causing breach in the skin
continuity, venous insufficiency, lymphedema, diabetes,

obesity and immuno-compromised conditions. The most
common risk factors for recurrence are venous
insufficiency and lymphedema and previous episode of
cellulitis.* The most common pathogenesis is the breach
in skin integrity especially the toe web space. The
Streptococci and Staphylococci produce toxins which
cause inflammatory mediator release, resulting in the
edema and skin changes.® If the infection is persisting in
the subcutaneous plane, the edema worsens leading to
local complications resulting in systemic sepsis and
multiple organ dysfunction. The common clinical
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presentations are pain, swelling and redness of the leg
with fever. Systemic symptoms like fever and raised
white cell counts were present in 42% of the individuals
at the time of admission.® The treatment for cellulitis is
administration of oral or parenteral antibiotic depending
on the severity of cellulitis. Surgical intervention is
required in patients developing local complications
prolonging hospital stay, increasing the cost burden for
hospital services.” There are currently no easily
quantifiable criteria or measurable evidence in literature
for need for early surgical intervention in cellulitis.

Study background

The subcutaneous space is a superficial closed space
(Figure 1). The normal subcutaneous pressure of the leg
varies from -4 to +4 mmHg.® In chronic venous
insufficiency, releasing the subcutaneous fluid by
subcutaneous fasciotomy decreases the subcutaneous
pressure.” The same principle is applied in the
management of cellulitis. Early superficial subcutaneous
fasciotomy in cellulitis can prevent the local complication
like skin necrosis and progression to necrotising soft
tissue infection.  This can also prevent extensive
debridement and prolonged hospital stay subsequently.
There are no objective criteria or predictors for early
subcutaneous fasciotomy. The decision for subcutaneous
fasciotomy is based on subjective assessment of the
treating surgeons.

eep fascia

Subcutaneous
space

Skin

Figure 1: Cross sectional image of the leg showing the
subcutaneous space.

METHODS

We prospectively studied patients with unilateral
cellulitis of the leg admitted in Department of General
Surgery, Christian Medical College, Vellore, between
January 2012 and October 2013. Cellulitis of the leg was
defined by presence of pain, swelling and erythema of the
leg. Patients with subcutaneous abscess, necrotisisng soft
tissue infection, leg ulcers or skin necrosis, chronic
lymphedema, bilateral cellulitis, deep vein thrombosis
and partially treated celluilitis of the leg were excluded.

Demographic data, symptoms, signs and comorbid
ilinesses were documented after obtaining informed
consent from patients. The site of maximum swelling

with tenderness in the leg with cellulitis was identified
and the circumference of the leg was measured. The
distance of this site was measured from tibial tuberosity
in the leg with cellulitis. The circumference of the normal
leg was measured at the same distance from tibial
tuberosity. After local anaesthetic cream application, the
subcutneous pressure was measured at one point in the
normal leg and at 4 points in the leg with cellulitis at the
same distance from tibial tuberosity. In the leg with
cellulitis, the subcutaneous pressure was measured at 4
different sites (anteromedial, anterolateral, posteromedial
and posterolateral) along the highest circumference of the
leg with maximum swelling and tenderness. Four
different sites were used for measurement as cellulitis
with edema is not always circumferential.

The subcutaneous pressure was measured with Stryker
intra compartmental pressure monitor and 18 gauge side
port needle with saline prefilled syringe.'’ The needle was
inserted at an angle of 45 degree with the skin. The tip of
the needle with side port was inserted into the
subcutaneous space and 1 cc of saline was injected. After
waiting few seconds pressure reading was taken
(Figure 2). The stable pressure value was documented in
the normal leg and the monitor was reset to measure
subcutaneous pressure at different sites in the leg with
cellulitis. The subcutaneous pressure was measured at the
time of admission for all the 28 patients and they were
followed up. Out of 28 patients, 14 patients received only
parenteral antibiotics and other 14 patients underwent
surgery along with parenteral antibiotics either at the time
of admission or later due to local or systemic
complications as assessed by the treating surgeon.

Figure 2: The subcutaneous pressure measurement in
the leg with Stryker intracompartental pressure
monitor. The subcutaneous pressure in the anterior
aspect of leg with cellulitis is measured.

Statistical analysis

Frequency distribution with percentages was used to
describe categorical data while descriptive statistics (e.g.
mean, median, standard deviation) were obtained for
continuous variables. We used Shapiro Wilk test to check
for the normality assumption of the distribution of the
data for choosing statistical tests. Comparison of

International Surgery Journal | July-September 2016 | Vol 3 | Issue 3 Page 1219



Nadarajan AR et al. Int Surg J. 2016 Aug;3(3):1218-1222

difference in the circumference and the pressure of the
normal leg and leg with cellulitis was done using paired t
test or Wilcoxon signed rank test depending on the
distribution of the data. Comparison of pressure measured
at four different sites of leg with cellulitis was done using
paired t test. We define the maximum pressure in the leg
with cellulitis as the highest pressure measured at the four
different sites for further analysis. The difference in the
effect of distance measured from tibal tuberosity on the
pressure measured in the leg with cellulitis was answered
by using Kruskal Wallis test. The difference in the
pressure measured between normal and the maximum
pressure in the leg with cellulitis was calculated. The
mean difference in subcutaneous pressures between the
surgery and the antibiotic only group was tested using
two tailed independent sample t-test and also presented
with 95% Confidence Interval (CI).

Receiver operating characteristic (ROC) curve analysis
was also performed to calculate the area under the
receiver operating characteristic curve (AUROC) of the
difference in pressure between normal leg and leg with
cellulitis. This was done to evaluate the ability of the
difference in pressure to discriminate among patient who
underwent surgery and those who received antibiotics
alone. The optimal threshold values were calculated to
maximize the sum of sensitivity and specificity. Positive
likelihood ratio (LR+) and Negative likelihood ratio
(LR-) were also calculated.

RESULTS

From January 2012 to October 2013, 28 patients with
cellulitis of the leg were included in this study. Clinical
characteristics of these patients are shown in Table 1. The
majority of patients were older men with Diabetes
mellitus. Nearly all patients had all the classical
symptoms and signs of cellulitis.

The antibiotic group and surgical intervention group had
equal number of patients (14 in each group) at the end of
the study. There was no statistical difference in the socio-
demographic and clinical characteristics of patients
between the two groups. The antibiotics used to treat
cellulitis were crystalline penecillin (n=24; 85.7%),
cloxacillin (n=24; 85.7%), cefazolin (n=1; 3.6%) piptaz
and clindamycin (n=3; 10.7%).

In the group of patients who had antibiotic and surgery
(14), one patient underwent superficial subcutaneous
fasciotomy within 24 hours and rest underwent surgery
(subcutaneous  fasciotomy, abscess drainage or
debridement) later due to local or systemic complications.
Those who were eventually operated received antibiotics
for an average of three days prior to surgery.

The differences between group of patients treated
conservatively with antibiotics alone and those managed
with antibiotics and surgery were not statistically
significant on the following variables: age, gender,

diabetes mellitus, hypertension, renal failure, presence of
swelling, erythema, warmth, and tenderness.

Table 1: Patient characteristics.

Mean Median(1Q

Variables SD R

No. (%)

Age-
years(mean,
SD)

Gender
Male

Female
Symptoms
Pain
Swelling
Fever

Co-
morbidities
Diabetes
Hypertension
Renal failure
Signs
Swelling
Erythema
Warmth
Tenderness

59.2
(12.8)

23 (82.1)
5 (17.9)

28 (100)
28 (100)
27 (96.4)

18 (64.3)
6 (21.4)
4 (14.3)

28 (100)
22 (78.6)
28 (100)
28 (100)

Circumference (cm)
Normal leg
Leg with
cellulitis
Distance at
which
subcutaneous
pressure
measured
from tibial
tuberosity(cm)
Subcutaneous
pressure
(mmHg)
Normal leg
Leg with
cellulitis
Anteromedial
Anterolateral
Posteromedial

Posterolateral 6.0 (3.3,7.8)
Maximum

ressure 9.0 (7.0,12.0)

No.- Number; %- Percentage; SD- standard deviation; 1QR-
Interquartile range. Maximum pressure is the highest pressure
measured at four different sites in leg with cellulitis.

28.1 (6.3)
31.9 (7.1)

16.4 (5.4)

3.0 (-0.5,5.0)

7.5 (4.0,10.8)
6.0 (4.3,8.0)
6.0 (4.0,10.0)

There was no statistical difference in subcutaneous
pressures measured at four different sites (anteromedial,
anterolateral, posteromedial, posterolateral) in the leg
with cellulitis at the same distance from tibial tuberosity.
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However, the maximum subcutaneous pressure in leg
with cellulitis correlated to maximum site of induration
and swelling. The effect of distance from tibial tuberosity
on the subcutaneous pressure measured was statistically
analysed because the subcutaneous pressure was
measured at different levels for each patient. However,
there was no statistical difference noted for the distance
from tibial tuberosity. Subcutaneous pressures and the
comparisons are shown in Table 2. The results suggest
that there is a statistically significant difference between
the underlying distributions of the subcutaneous pressure
in normal leg and the subcutaneous pressure in leg with
cellulitis (z=-4.63, p=<0.001). The difference in the
average pressure between antibiotic with surgery and
antibiotic alone group was 2.36 (95% CI: 0.23, 4.49) and
also reached statistical significance.
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surgery is found to be statistically significant with a p
value 0.032.

Table 2: Subcutaneous pressures comparison between
the normal leg and in leg with cellulitis.

Median
Comapring pressures in normal leg and in leg with
cellulitis
Pressure in
normal leg
(mmHg)
Maximum
pressure in
leg with
cellulitis
(mmHg)
Comparing pressures in leg with cellulitis in group
manged with antibiotics alone with those manged by
antibiotics and surgery

3 (-4, 6) -4.63 <0.001

9 (4, 16)

Mean (SD) t statistics; df P
value
Antibiotics 593(2.73) 2.27:26 0.032
alone
Antibiotics 8.29 (2.76)
+surgery

0;4 0.‘5
1 - Specificity

Figure 3: Receiver operator characteristic curve
comparing difference in subcutaneous pressure
between normal leg and leg with cellulitis against the
gold standard of the clinical decision for surgical
intervention.

The increase in subcutaneous pressure between the
antibiotic group and group managed with antibiotic and

Table 3 documents the sensitivity, specificity and
likelihood ratios for different threshold of difference in
subcutaneous pressures between between the normal leg
and the leg with cellulitis.. The optimal threshold
(difference in pressure) was identified as >=7 with
sensitivity of 85.7% and specificity of 57.1% fig 3. Area
under the ROC curve (SE) was 0.71 (0.10) with 95% ClI
(0.51, 0.87). This analysis was done to find out the cut off
for surgical intervention.

Table 3: Sensitivity, specificity and likelihood ratios with different thresholds of subcutaneous pressure differences
between normal leg and leg with cellulitis.

| Threshold Sensitivity (%) Specificity (%) LR+ LR-
>=2 100.00 0.00 1 -
>=3 100.00 7.14 1.08 0
>=4 100.00 21.43 1.27 0
>=5 92.86 42.86 1.63 0.17
>=6 85.71 50.00 1.71 0.29
>=7 85.71 57.14 2.00 0.25
>=8 64.29 64.29 1.80 0.56
>=9 42.86 78.57 2.00 0.73
>=10 14.29 85.71 1.00 1.00
>=16 7.14 100.00 - 0.93
> =17 0.00 100.00 - 1.00
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DISCUSSION

This study, to the best of our knowledge, is the first to
study subcutaneous pressures in legs of people with
cellulitis. The study population was similar to that
described in literature with a predominance of older
people and men.®™*? The clinical presentations were also
classical with diabetes mellitus as a major risk factor.***°
Most of the patients received Inj crystalline penicillin and
cloxacillin for Streptococci and Staphylococci.*®

Subcutaneous pressures were elevated in patients with
cellulitis of the leg when compared to the normal leg. The
increase in subcutaneous pressure in leg with cellulitis
was significantly higher in group of patients who
underwent surgery.

The differences in subcutaneous pressure between the
normal and the leg with cellulitis is measurable. The
results of this study suggest that correlating the difference
in the subcutaneous pressures between a normal and
affected leg will be of use in clinical decision making for
surgical intervention.

CONCLUSION

Decision for early surgical intervention in managing
cellulitis of the leg is usually based on the surgeon’s
experience and clinical decision-making skill. However,
measuring subcutaneous pressure will allow the surgeons
to make a decision for early surgical intervention and
prevent local complications, extensive debridement
which prolong the hospital stay and cost of management
in lower limb cellulitis.
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