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ABSTRACT
Objective: Venous leg ulceration (VLU) is a common 
condition associated with significant patient morbidity. This 
prospective case series investigated the use of PICO® 
topical negative pressure therapy (TNPT) in addition to 
graduated compression therapy for VLU.

Methods: Patients with VLU were recruited from a specialist 
vascular surgery clinic and treated with the novel combination 
of TNPT (PICO) underneath graduated compression therapy.

Results: Twelve patients (15 VLUs) were treated over a 
median of 20 days (7–42). Median surface area reduced from 
2.1 cm2 (1.1–5.8) to 0.8 cm2 (0.2–3.2) (p=0.022), and depth 
from 3.0 mm (1.8–3.3) to 0 mm (0–0) (p=0.005 Wilcoxon 
Signed-Rank Test). Time to heal was compared to a historical 
cohort with similar characteristics that was treated with 
compression therapy alone. The addition of TNPT was found 
to reduce time to heal from 6.3 to 4.3 weeks (p=0.024).

Conclusion: This pilot study supports the benefit of 
combining TNPT (PICO) with compression bandaging to 
accelerate VLU healing.
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INTRODUCTION
Chronic venous insufficiency with ulceration is common and 
impacts significantly on patient quality of life. Contemporary 
treatment costs in Australia are estimated at $2 billion 
annually1. Once alternative contributing factors have been 
eliminated, the current standard of care for venous leg ulcers 
(VLU) is four-layer compression bandaging (CB) and wound 
bed care2-4. The average time to heal with four-layer CB is 6.3 
weeks5, with 74% of ulcers healed at 12 weeks5 if instituted 
and supervised by trained personnel. Topical negative 
pressure therapy (TNPT), since its development in the late 
1980s6, has been used successfully in the management of 
chronic wounds of varying aetiology7. The published literature 
on TNPT in the clinical setting is flawed by significant 
heterogeneity in wound aetiology. The exudative nature of 
VLUs lends itself to management with TNPT. V.A.C.® has 
been used previously on VLUs underneath compression and 
was found to produce rapid granulation of the VLU wound 
bed8. The V.A.C. device, however, is bulky and can impair 
patient mobility. PICO® offers TNPT with a smaller more 
portable device than V.A.C., which can allow normal patient 
mobility and community-based treatment9. This study aimed 
to assess the use of PICO9 TNPT underneath compression 
in the treatment of VLU and its effect on time to granulation 
and time to epithelialisation.

METHODS
This study was approved by the Human Research Ethics 
Committee at Sir Charles Gairdner Hospital. Patients were 
recruited from the Vascular Surgery Specialist Foot and Leg 
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Ulcer Clinic at Sir Charles Gairdner Hospital; a quaternary 
teaching hospital in Western Australia. Patients were 
selected if they displayed clinical evidence of chronic venous 
insufficiency with CEAP class 6 ulceration as detailed in 
Table 110. VLUs were diagnosed based on the presence of 
venous ulcer characteristics; location in the gaiter region, 
ulcer appearance, edges, shape and the presence of other 
venous disease-associated signs including dependent 
lower limb oedema, haemosiderin pigmentation and 
lipodermatosclerosis. Selection also mandated the absence 
of arterial disease, confirmed by a normal ankle brachial 
pressure index or peripheral arterial duplex ultrasound 
examination. Patients with infected ulcers, diabetes mellitus, 
vasculitis, malignancy, radiotherapy, immunosuppression 
and peripheral arterial disease were excluded.

Patients that were recruited for this study were treated with 
PICO9 TNPT applied by a wound care clinical nurse specialist 
underneath compression therapy. PICO TNPT dressings 
were applied directly to the VLU wound bed, without 
additional foam, in accordance with the product instructions 
for use. Follow-up dressings were completed by trained 
community nurses who reapplied the TNPT dressings and 
compression bandaging two times a week. The TNPT suction 
canisters were changed once a week, dictated by battery 
life, and patients were followed up by a wound care nurse 
specialist every two weeks. TNPT was applied until there 
was complete ulcer bed coverage with granulation tissue 
with no residual depth to the VLU tissue defect. Once TNPT 
treatment was removed, compression therapy was continued 
until complete wound epithelialisation. Compression therapy 
varied between four-layer compression and compression 
hosiery, dictated by patient tolerability, preference and where 

the patient lived; remote patients who could not access 
appropriately trained staff for four-layer CB were treated with 
compression stockings. Compression therapy was applied 
day and night and changes made two times a week. Remote 
patients were treated via telehealth.

VLU measurements of length, width and depth were taken 
using acetate tracing planimetry at follow-up, every two 
weeks by wound care nurse specialists. Duration of TNPT, 
time to VLU granulation, time to VLU epithelialisation and 
adverse events with TNPT were also documented and 
medical photography taken at these appointments.

Statistical analysis was completed using the R Environment 
for statistical computing11. Surface area of all ulcers was 
approximated using the following formula for the area of an 
ellipse: area = (width x length x π)/412. The non-parametric 
data from this study was analysed using Wilcoxon-Signed 
Rank tests.

RESULTS
Twelve patients with 15 VLU met the study inclusion 
criteria without exclusions and were treated with TNPT 
and compression from 2014 to 2015. The median age of all 
participants was 70 years with a range from 47 to 98 years. 
Of the participants, six were male and six female. Combined 
TNPT and compression was applied for a median of 20 days 
(eight–42). Compression therapy was guided by patient 
tolerability, preference and access to specialist nurses 
trained in the application of compression. Four patients 
were treated with four-layer CB, five were treated with three-
layer CB and three wore class II compression stockings. Six 
patients completed TNPT treatment but were lost to follow-

Inclusion criteria Exclusion criteria

Clinical signs of venous insufficiency

-	 Lower limb oedema

-	 Lower limb pain

-	 Telangiectasia

-	 Varicose veins

-	 Haemosiderin pigmentation

-	 Lipodermatosclerosis

CEAP Class 6 ulceration

-	 Venous distribution in gaiter region

-	 Venous appearance

Normal arteries on Doppler ultrasound

Normal ankle brachial pressure index

Peripheral arterial disease

Infected ulcer

Diabetes mellitus

Vasculitis

Malignancy

Radiotherapy

Immunosuppression

Table 1: Inclusion and exclusion criteria
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up prior to complete epithelialisation. As such, no date of 
ulcer healing data was available for these patients. There 
were no adverse events from PICO in this pilot study. Only 
one ulcer was seen to have increased in size.

VLU surface area decreased significantly with the combination 
of TNPT and compression from a median of 2.1 cm2 (1.1–5.8) 
to 0.8 cm2 (0.2–3.2) by Wilcoxon Signed-Rank Test (p=0.022). 
Likewise a reduction in ulcer depth was seen with a pre-
treatment median of 3.0 mm (1.8–3.3) reducing to 0.0 mm 
(0.0–0.0) (p=0.005). Similarly, reductions in raw planimetry 
measurements were seen: length decreased from 1.5 cm 

(1.1–1.7) to 1.0 cm (0.4–1.5) (p=0.021) whilst width decreased 
from 1.8 cm (1.4–3.5) to 1.0 cm (0.4–2.4) (p=0.003). Summary 
statistics including mean, standard deviation (SD), median, 
interquartile range (IQR), minimum and maximum, are 
provided for all continuous variables in Table 2.

Representative plots of the therapy-related reductions in VLU 
size are illustrated in Figure 1.

In terms of rate of healing with combined TNPT-compression 
therapy, mean time to granulation in all ulcers was found 
to be 2.8 weeks (SD 1.5). The mean linear healing rate was 

Table 2: Summary statistics for surface area and ulcer depth pre- and post-treatment 

Variable Time N Mean SD Minimum Q1 Median IQR Q3 Maximum P-value

Surface area
Pre 15 3.34 2.93 0.47 1.10 2.12 4.73 5.83 8.80

0.0218
Post 15 1.66 1.96 0.00 0.16 0.79 3.31 3.47 5.30

Width
Pre 15 2.32 1.23 1.00 1.40 1.80 2.10 3.50 4.50

0.0028
Post 15 1.47 1.59 0.00 0.40 1.00 2.05 2.45 5.00

Length
Pre 15 1.56 0.78 0.60 1.05 1.50 0.70 1.75 3.20

0.0215
Post 15 1.01 0.76 0.00 0.40 1.00 1.10 1.50 2.50

Depth
Pre 8 0.30 0.24 0.00 0.18 0.30 0.15 0.33 0.80

0.0051
Post 8 0.04 0.07 0.00 0.00 0.00 0.00 0.00 0.20

Figure 1: Boxplots of surface area and ulcer depth both pre- and post-treatment
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1.03 cm2/week (SD 1.06) and the percentage of VLUs healed 
at 12 weeks was 73%. Although time to granulation was 
recorded in all patients, time to complete epithelialisation 
could only be recorded in 50% of patients, therefore time 
to heal for the other patients was extrapolated from linear 
healing rate and ulcer surface area. Estimated mean time to 
heal was 4.3 weeks (SD 2.5). Blair et al. reported a historical 
cohort of VLUs managed with four-layer CB5 with similar 
patient demographics to our study; selection at a tertiary 
vascular clinic, comparable mean age at 71, equal gender 
representation, proven venous leg ulcers (gaiter region with 
normal ankle brachial pressure index) and treatment with 
four-layer CB. In comparison to Blair et al. (n=148)5 this study 
found a shorter time to heal by two weeks: mean time to heal 
reported in Blair et al. was 6.3 weeks (SD 0.6) compared with 
4.3 weeks (SD 2.4) in this study (p = 0.024 Two proportions 
test)5.

DISCUSSION
VLUs are common, costly and debilitating13-15. They affect 
up to 3% of people over 60 and 5% over 80 years old13. 
Australians aged over 65 years currently account for 14.2% 
of the population, but will account for 25% by 205614 and a 
corresponding rise in VLUs can be anticipated. Therefore, it is 
important that there is continual research into improving the 
treatment of VLUs. Reducing VLU time-to-heal will improve 
patients’ ulcer pain, physical and social functioning and 
allow quicker return to activity. Decreased VLU healing time 
will also reduce clinic and nursing time, number of in-patient 
admissions, length of stay and ultimately health-related cost.

Our case series investigated the novel use of TNPT in 
conjunction with compression5, using a small, portable TNPT 
device (PICO)9. Our results suggest that combined PICO 
TNPT underneath compression reduces surface area and 
depth of VLU. However, VLU management with compression 
is accepted practice, and the surface area reduction seen 
in our study does not demonstrate the specific benefit of 
combined TNPT-compression therapy. Unfortunately, our 
study lacked a compression-only control group. Therefore 
we used a comparable historical cohort treated with four-
layer CB alone to determine if an additional advantage was 
seen with TNPT. In comparing time to VLU healing with this 
historical cohort, our study found a shorter time to heal by 
two weeks; mean time to heal reported by Blair et al. was 
6.3 weeks (SD 0.6)5 compared with 4.3 weeks (SD 2.4) in 
our study (p = 0.024 Two proportions test). At 12 weeks Blair 
et al. found CB had healed 74% of VLU5, whilst our study 
had a similar healed proportion (73%). This may represent 
the recognised proportion of VLU that are refractory despite 
compression treatment. It must be noted that conclusions 
drawn from the comparison with Blair et al.5 are limited by our 
incomplete time to heal data. There is also a disparity in VLU 
size between our study and Blair et al., 2.12 cm2 and 15.4 
cm2 respectively5. We also acknowledge the potential for bias 
in comparing with historical cohorts, selection bias in our 
recruitment from a tertiary centre, small sample size and that 

Figure 2: Pre- and post-treatment

our selected VLU were small, which was limited by the TNPT 
device dimensions. Nonetheless, these findings suggest that 
the treatment combination of TNPT and CB shows promise 
and may accelerate ulcer healing.

In assessing our study’s significance in the context of 
the available published literature, TNPT with compression 
therapy for VLU has only been assessed in one case 
series previously8. Kieser et al.8 was a small case series 
(n = 7) that used the larger V.A.C. device underneath 
compression and demonstrated similarly promising results 
with rapid progression in percentage of granulation from 
30.8% (±38.6%) to 100% in the first 48 hours of TNPT8. The 
reported time to granulation in Kieser et al. was remarkably 
shorter than the 2.8 weeks in our study. This may be the 
result of a difference in the definition for time to granulation; 
our study looked at time to complete wound bed granulation 
with no residual depth to the VLU defect, whilst Kieser 
et al. assessed percentage of wound bed granulation, 
irrespective of depth. Kieser et al. also reported promising 
early reductions in surface area; however, these did not reach 
significance8.

There is little scientific understanding of how negative 
pressure therapy affects a wound other than by removal 
of exudate16,17. Current theories on the molecular and 
cellular effects of TNPT involve fibroblast mechanoreceptor 
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and chemoreceptor mediated changes16. These cellular 
signalling processes trigger angiogenesis, extracellular 
matrix remodelling and deposition of granulation tissue16, 
but further study is required to elucidate the specific 
mechanisms involved. It could be hypothesised that these 
local wound effects, triggered by TNPT, act synergistically 
with the correction of the abnormal venous haemodynamics 
by compression to accelerate healing16-19. Furthermore, 
by using the smaller, portable device, PICO8, patients can 
be more mobile and stimulate calf venous muscle pump 
function, further contributing to the apparent success of this 
treatment combination.

A randomised controlled trial is under way comparing TNPT 
and compression to compression alone, using sophisticated 
laser ulcer surface area and depth photographic mapping 
equipment (Silhouette®, Aranz Medical). This trial will 
measure health-related quality of life, healing time and 
cost, to further investigate the role that combination TNPT-
compression should play in venous ulcer treatment.
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