-

View metadata, citation and similar papers at core.ac.uk brought to you byf’f CORE

provided by University of East Anglia digital repository

This article is a POSTPRINT of a paper published in Journal of Tissue Viability

(that is, it is the authors’ version before final acceptance for publication).

Please obtain the final version direct from the journal.

Suggested citation:

Heard C, Chaboyer W, Anderson V, Gillespie B, Whitty JA. Cost-effectiveness
analysis alongside a plot study of prophylactic negative pressure wound
therapy. In Press [Accepted Journal of Tissue Viability 6 June 2016]



https://core.ac.uk/display/41994785?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

1.0 Introduction

Surgical site infection (SSI) is the third most coonly reported type of hospital-acquired
infection, and a major impediment to surgical wotnedling [1]. SSIs can cause higher
resource use (and hence higher healthcare coat@npdistress and poor physical,
emotional or economic outcomes [2]. Thus, SSI prdea is an important perioperative care

objective.

Negative pressure wound therapy (NPWT) was devdlapéhe 1990s to aid wound healing
[3] and is increasingly used prophylactically teyent wound complications, including SSis,
particularly in obese patients or those with diffteto-heal wounds [4]. This is despite a lack
of understanding about the mechanisms by which NRW3 wound healing (experimental
evidence suggests several factors may be invoBR@dind limited evidence of efficacy [4].
There have been a number of reviews of NPWT [4v@th some favouring NPWT over
standard dressings [5, 6] and others failing td ionvincing evidence of benefit [4, 7, 8].
The majority of these focus either primarily oriezlyy on studies of NPWT in the treatment
setting [5-8], although a Cochrane review of NPWIT drophylactic postoperative use

concluded that the evidence for effectiveness watear [4].

The cost-effectiveness of NPWT is also unclear. ndy developed a decision model
combining information from the literature with ddtam a small pilot study and professional
assessments [9, 10]. The authors concluded thatN&Neves lower overall costs and
superior outcomes compared to standard treatmesef@re pressure ulcers [9, 10]. Other
researchers have concluded that NPWT is cost-eféecompared to standard treatment in
retrospective chart reviews [11] and comparativaeestudies [12]. The results of these
studies are highly uncertain and generalisabiitymited by the heterogeneity of patients

receiving NPWT [6]. Additionally, most cost-effeatiness studies have focused on the



treatment of chronic, difficult-to-heal wounds [, 11]. NPWT is increasingly used
prophylactically following surgery for high-risken wounds [13], particularly in obese
patients at greater risk of developing SSis [14].0besity is a growing problem in Australia
and other developed countries understanding thecalieffectiveness and cost-effectiveness
of interventions for preventing SSls in obese pasieés important. Previous findings that
NPWT may be cost-effective in the treatment ofidifit-to-heal wounds do not necessarily

support prophylactic use.

Given the increasing prophylactic use of NPWT deslimited evidence of benefit, a study

of the clinical effectiveness and cost-effectivenesprophylactic NPWT is urgently

required. One previous study constructed a decisr@atytic model of prophylactic NPWT
following caesarean section and concluded thaag mot cost-effective, however that study
was not limited to overweight patients and did carisider quality of life (QoL) [15]. In this
study, our aim was to evaluate whether NPWT is-effsctive compared to standard care for
the prevention of SSls in obese women undergoiectige caesarean section. Obese women
are at greater risk of SSI following caesareani@ecompared to women who are not

overweight [16].

2.0 Methods

2.1 Study Design

We estimate the cost-effectiveness of NPWT comptretindard care, based on data from
a pilot study of NPWT use in obese women followahective caesarean section. Cost-
effectiveness assessment was based on incremestdAtJ$) per SSI prevented and per

guality-adjusted life year (QALY) gained.



The design of the pilot study has been describetbiail elsewhere [17]. The pilot study was
a prospective, single site randomised controlliedl t(RCT). Obese (BMI>30kg/f women
were recruited during the scheduled pre-operatisi¢ efore elective caesarean section
booked prior to the commencement of labour. Infamensent was obtained from all
patients. Randomisation occurred after recruitraeit prior to surgery. Patients were
allocated to two treatment arms in a 1:1 ratio gisimple randomisation; NPWT PICtH
(disposable unit from Smith and Nephew, Hull, UKF44) or standard care (n=43) which
consisted of Comfeel Plus® dressing (Coloplast,rek). Data were collected on resource
use, clinical outcomes and health-related QoL dytir@ hospital stay and at weekly intervals
for four weeks post-discharge. Total costs, SStlemce and QALYs were compared across
the two treatment arms and an incremental costiefeness ratio (ICER) was calculated to
describe the cost of additional QALY's gained byisitig NPWT for prophylaxis compared

to standard care.
2.2 Setting and Per spective

The perspective taken was that of the public hesgdtk provider. The setting was the
obstetrics unit of a large Australian tertiary teiag hospital. A standard surgical technique
was used for all procedures but the treating hgatifessionals were able to administer
antibiotics or other medicines at their discretiballow-up occurred daily while the women
were in hospital and via telephone once per weefoiar weeks post-discharge. No

discounting was applied to costs or outcomes diieet@hort time horizon.



2.3 Data Collection

Data describing in-hospital resource use and @lroatcomes were collected by direct
observation or chart audit by a research assi@&# using report forms specifically
developed for the trial. Data describing post-désgle resource use, clinical outcomes and

QoL were collected during the weekly post-dischaeephone follow-ups with patients.

The allocated dressings were applied by the opeyaldstetrician and their surgical assistant

following wound closure.

2.4 Resour ce Unit Costs

Resources were valued in Australian dollars (AURQ14 values (AU$1~ US$0.82 ~ €0.66
at 17 December 2014). Resources recorded andutiieicosts are given in Table 1. The total
cost per resource was calculated for each patientuitiplying the per-unit cost of the

resource by the number of units used. Each indaligdotal cost of treatment was calculated

as the sum of the individual’s total costs per vese over all resources.



Table 1: Unit Costsat 2014 Value

Resour ce Unit Cost Source
(AU$)
INTERVENTIONS
NPWT PICOM Unit 180 Actual charge from Smith and
Nephew
Comfeel Plu® Dressing 5 Hospital estimate
Nurse time to apply, change or 35 Queensland Health [18]
remove NPWT or standard dressing
(per hour)
HOSPITAL CARE
Hospital stay for caesarean section 10,191 National Efficient Price Determination
without complications (per 6 day 2014-15 [19]
stay)
Hospital stay for caesarean section 1,489 National Efficient Price Determination
without complications (per marginal 2014-15 [19]
day)"
Adjustment for SSI treatmenfper 380 National Efficient Price Determination
episode) 2014-15 [19]
POST-DISCHARGE CARE
Hospital stay for wound treatment 3,933 National Efficient Price Determination
following readmission (per 4 day 2014-15 [19]
stay)
Hospital stay for wound treatment 780 National Efficient Price Determination
following readmission (per marginal 2014-15 [19]
day)®
General practitioner visit 37.50Medicare Benefits Schedule 2014 [20]
Emergency department visit 288lational Efficient Price Determination
2014-15 [19]
Other health specialist visit VariedMedicare Benefits Schedule 2014 [20]
Medication Varies PBS Schedule 2014 [21]

1 DRGV7.0 code O01C (caesarean delivery withoutstatphic or serious complication/comorbidity). The
NEPD 2014-15 provides inlier weights which applatblengths of stay between defined bounds (1-dysdn
the case of O01C). For cost assignment we assuméthe full inlier weight applied to hospital stagf 6 days
(the longest in our data set) and reduced thefopshorter stays by the long-stay outlier per d{@ssuming
this to be the best estimate of the marginal cbatday of hospitalisation).

2 DRGV7.0 code O01B (caesarean delivery with sermusplication/comorbidity). 1.5 days were subtrdcié
the long-stay outlier per diem weight to accoumtth® longer average length of stay with a comgilica The
adjustment is the difference between the resuttogy and the O01C cost.

3 DRGV7.0 code T61B (postoperative and post-traurfexiion without catastrophic or serious
complication/comorbidity). Calculated the same \aaya day in hospital for caesarean section, wéHuh
inlier weight assigned to a 4 day length of stay.



2.5 Outcome measures. SSI and Quality of Life

SSlincidence measurement is described by REFEREREMOVED FOR BLINDING.

[17]. Briefly, SSIs were assessed by an indepenassdssor blinded to treatment allocation
in accordance with the Centres for Disease CoatrdlPrevention definition [1]. Health
related QoL data were collected using the SF-12s@®ey which is a multi-attribute health
status classification system that assigns a si@gleindex (utility weight) based on
responses to 12 questions [22]. The SF-12v2® im&tni was administered at baseline (prior

to surgery) and at each of the four weekly posttdisge follow-ups.
2.6 Economic Analysis

All patients had complete outcome (QALY) data aretevncluded in the analysis.
Descriptive statistics were used to describe resouse, costs and QoL. SF-12v2® QoL
indices (utility weights) were calculated using thethod of Brazier and Roberts [22].
QALYs were estimated from the utility weights usihg standard area under the curve
method. We assumed that the change from the badelihe first post-discharge weight was
linear and occurred over the period of hospitatsatthat the first post-discharge weight
applied to the full first week following dischargead that the transition between post-
discharge weights was linear. Additional days atfturth post-discharge weight were added
where necessary to ensure an equal number of dagsoonsidered for each patient,
regardless of length of hospital stay. QALYs wedgusted for differences in baseline SF-

12v2® indices using the regression-based adjustofdianca, Hawkins and Sculpher [23].

Data analysis was conducted using IBM SPSS Stati&ir Windows 22 (IBM Corp, USA)
[24] and Stata Statistical Software 13 (StataCOi®A) [25]. When testing differences
between means we used a Shapiro-Wilk test for dneality of the two distributions

followed by an independetitest or Mann-Whitney U test as appropriate. A Sipirare test



or Fisher’s exact test was used for proportiong differences in mean costs and outcomes
between the two arms were used to estimate the I@ERN-parametric bootstrap with
1,000 replications was used to construct 95% péteenethod confidence intervals (CIs) for

the estimates.

2.7 Sensitivity Analysis

The method chosen to construct QALYs from QoL wtsdbr the base case analysis is
described in 2.6. Arguably, the change in QoL dlerhospital stay is too complex to be
analysed with weights taken before and approximdi@ldays after surgery. Consequently, it
might be best to ignore the period of hospitalsaand consider only QALY differences
between the two groups following discharge. Ackremging this, we analysed only post-

discharge QALYs as a sensitivity analysis.

3.0 Reaults

3.1 Participant characteristics

Table 2 shows summary statistics for the charastitesiof the two treatment groups. As
reported by REFERENCE REMOVED FOR BLINDING [17] tigmts receiving the

standard treatment were more likely to smoke (p82).@nd had longer average surgery time
(p=0.002). They were also more likely to receivelaatics post-surgery (p=0.021), typically

due to surgeon concerns about potential complicstio



Table 2: Summary of Descriptive Statisticsfor Treatment Groups

NPWT Standard Dressing
Characteristic (n=44) (n=43)

Mean + SD
Age (years) 30.61 +5.50 30.65 +5.00
Baseline BMI 35.75 +4.58 36.81 £5.85
Number of Previous CS 1.30£0.95 1.26 £ 0.69
Number of Other Comorbidities 0.73 £0.97 0.65 #80.
QoL Weight at Baseline 0.70+£0.13 0.70+£0.13
Surgery Time (minutes)* 47.16 £12.50 57.26 £ 19.73

Number, %
Patients who Smoke* 3, 7% 10, 23%
Patients with Diabetes 0, 0% 4, 9%
Patients with Gestational Diabetes 13, 30% 8, 19%
Patients Receiving Prophylactic Antibiotics 38, 86% 31, 72%
During Surgery
Patients Receiving Antibiotics Post-Surgery ir2, 5% 9, 21%
Hospital*
Patients Receiving NSAIDs Post-Surgery in 39, 89% 40, 93%
Hospital

Note: Table presents mean * standard deviationditates statistically significant difference

at 5% significance level



3.2 Comparative Cost and Effectiveness Results

Table 3 details the average resource use andfooske treatment groups. For both groups,

the cost of days in hospital accounted for the nitgtjof the costs of treatment.

Table 3: Average Resource Use and Costs (per person)

NPWT (n=44) Standard Dressing (n=43)
Item Avg. Use Avg. Cost ($) Avg. Use Avg. Cost ({5)
HOSPITAL CARE
Hospital days 2.84 5,487.10 2.86 5,516.22
Hospital readmission 0.02 89.40 0.02 55.19
(events)
Hospital days following 0.09 0.05
readmission
PICO™ units 1.02 184.09 0 0
Comfeel Plus® dressing  0.02 0.11 1.12 5.60
In-hospital SSI treatment  0.23 86.37 0.28 106.06
Nurse labour for dressing8.27 4.83 1.28 0.74
change (minutes)
Nurse labour for dressing5.25 3.06 0.53 0.31
application (minutes)
POST-DISCHARGE CARE
GP visits 0.25 9.38 0.74 27.91
Emergency department 0.02 6.55 0.05 13.40
visits
Midwife visits 0 0 0.07 5.65
Post-discharge analgesics - 14.51 - 19.49
Post-discharge antibiotics - 1.81 - 3.48

REFERENCE REMOVED FOR BLINDING reported the effgetness of NPWT based on
median outcomes [17]. Table 4 presents analysigaason of outcomes focusing on the
meanvalues which better reflects the requirementsnad@nomic analysis [26]. There was
no significant difference in SSI incidence or QA¥r patient between the NPWT and
standard dressing groups at the 5% level (Tablsl&yertheless, the point estimates for SSI
incidence and QALY per patient suggests that eelasgmple size might find a statistically

significant result favouring NPWT.
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Table 4: Components of Cost-Effectiveness Analyses

NPWT (n=44) Standard Incremental difference
Dressing (n=43) [95%ClI]
Cost per Patient 5,887.21 5,754.04 133.17 [-397.07, 690.79]
(mean +SD) (AU$) 1,037.59 1,483.93
SSI (proportion of 11/44 (25%) 15/43 (34.89%) 9.88% [-10.78%, 28.38%)]

patients)
QALYs per Patient  0.069 + 0.010 0.066 = 0.010 0.0031 [-0.00037, 07006
(mean +SD)
ICER (AUS$ per unit - - 1,347.36 per SSI prevente
outcome) [-17,666.06, 41,873.49]
- - 42,339.87 per QALY
[-275,040.40, 884,018.60]

&N

3.3 Cost-Effectiveness

Table 4 also presents the comparative total costdanefits and consequent ICERs. The
ICERSs are estimated to be AU$1,347 (95%CI domit@a®tl7,666) per SSI prevented and
$42,340 (95%CI dominant to $884,019) per QALY gdirtldowever, the ICERs exhibit

substantial uncertainty, as indicated by the veildev®5% Cls.

The point estimate for incremental QALY gain mayameunderestimation because the
apparent gap between mean utility weights for whetteatment groups (which was
statistically significant at week 3) had not clos¢dhe fourth post-discharge follow-up
(Table 5). If this difference persisted beyondfith@th week then the QoL benefits of

prophylactic NPWT may be greater than reported.
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Table 5: Utility Weights at Each Post-Dischar ge Follow-Up

Post-Discharge Follow-Up (* indicates NPWT (n=44) Standard Dressing
statistically significant difference at 5% (n=43)

significance level)

1 0.70£0.12 0.67 £0.13

2 0.74+£0.14 0.71+£0.14

3* 0.78 £0.12 0.72+0.13

4 0.78 £0.13 0.74+£0.12

Note: Table presents mean * standard deviation

The cost-effectiveness plane (Figure 1) shows dinsiderable uncertainty in the incremental
cost and QALY estimates. Since the majority of poare to the right of the y-axis, NPWT is
likely to improve QoL, even if only by a small ammuMost of the points lie in the upper
right quadrant, suggesting that NPWT increasesamisile improving outcomes. The points

below the diagonal line suggest cost-effectivemgsswillingness-to-pay of AU$50,000 per

QALY.
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Figure 1: Individual boostrap estimates of incremental cost and incremental effect with

cost-effectiveness threshold of $50,000/QALY
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3.5 Sengitivity Analysis

The ICER estimated excluding hospitalisation QALY $49,736 per QALY ( 95% CI -
$468,044 i.e. dominant to $1,001,493]. The ICERpestimate and area of uncertainty is
similar to the base case, . suggesting that tHesimn or exclusion of the period of

hospitalisation is not of great importance for phepose of measuring incremental QALYSs.

4.0 Discussion

Our findings provide preliminary support for theplayhesis that NPWT is a cost-effective
intervention for post-surgical wound managemerttiase women following elective
caesarean section. The point estimates sugges{iINR&Y be more costly than standard
treatment but may also offer improvements in Qodl prevention of SSlis. This is clinically
promising, although the pilot study’s small sampieans the findings are statistically non-
significant and therefore inconclusive. The pobegt available) estimate of the ICER is
below (but close to) the rule-of-thumb thresholdd\af$50,000 per QALY gained
conventionally considered to represent good vaduenoney in Australia [27]. The large
confidence intervals highlight the small samplesind the challenges of assessing

interventions with small changes in outcomes [28].

A larger study might strengthen the evidence of NP3 ost effectiveness. Patients who
developed SSis in the pilot study had an averagpitadisation length of 2.96 days
compared to 2.82 days for patients who did not kbgv8Sis (p=0.39). Consequently the cost
assigned to developing an SSlI is quite low. Otheties have reported median increases in

length of stay of several days and consequentigm$ésgh costs (exceeding $3,000 in many
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cases) to SSIs [29, 30]. If more severe SSlIs remuionger hospital stays are observed in a
larger trial and NPWT proves effective at reduc8®j incidence then the cost-effectiveness

results may be more convincing.

However, whilst there is a strong case for undantak full scale RCT to evaluate NPWT
further and reduce the uncertainty around its cdihefficacy or cost, reducing the uncertainty
around its cost-effectiveness will be hard to aohid he pilot findings suggest NPWT may
generate a very small QALY gain but for a smalréased cost, with a lot of uncertainty in
this small sample. The ratio of these two small bers is giving an ICER near to the
commonly adopted $50,000 per QALY threshold. Whalshange in QALY is desirable

even if small, it can make it hard to show co$¢@fveness with an acceptable level of

certainty, even in a larger trial.

Consequently, this pilot study provides importarsights into the methods required to
undertake a larger trial in this area. Using puidds guides on estimating sample size for
cost-effectiveness analyses [31], it is possiblesi® the pilot findings to estimate the sample
size required to show NPWT to be cost-effectivenggier the assumption of a willingness
to pay threshold of $50,000 per QALY. A sample si£&75 participants would be needed
per group to show a statistically significant diéfiece of 0.003 QALYs (equivalentto 1.1
days in full health), and 1,386 per group to shatifference of $133 in costs (80% power at
the 95% confidence level). However, 109,190 paréinis would be needed per group to
accept NPWT to be cost-effective with 95% confidefmower calculations assume expected
correlation of -0.16 between difference in costd difference in QALYSs, standard deviation
of $1,250 and 0.01 QALY in each group [31]). Thismber reduces to 1,666 per group if we
choose a more lenient threshold of $100,000 per QAThis estimate shows the difficulty in
powering a study to reduce the uncertainty in effgetiveness (which is a ratio of two

variables) rather than in just a single outcomesueg especially when the point estimate is
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so close to the maximum acceptable cost-effects®ti@eshold. Therefore, any future trial
would need to carefully consider the capacity toersensitively capture any cost offsets
from avoidance of SSI or QoL benefits associatett WPWT, for example with longer
follow up. If the true QALY gain were 50% greaterdathe incremental costs were half that
associated with NPWT in this pilot (0.0045 QALY ab86.50), the sample size reduces to

1,257 or 316 per group for a threshold of $50,0081®0,000 per QALY respectively.

4.1 Strengths and Limitations

To our knowledge, this is the first RCT-based eoniceevaluation of prophylactic NPWT.
Soares et al. [10] used data from a small pilad\sthhowever, their evaluation was treatment
focused as opposed to prophylactic. A previoud gilady reported some evidence of clinical
effectiveness of prophylactic NPWT in obese wonwlowing caesarean section, however,
that study used a weaker retrospective cohort desid did not evaluate cost-effectiveness
[32]. A previous decision-analytic model of propdgtic NPWT following caesarean section
concluded that prophylactic NPWT was not cost-eifed15]. That study considered only
financial costs, which were also higher for NPWTour study, and evaluated NPWT for all
patients. The authors note that the greater riskSifin obese patients may mean

prophylactic NPWT is cost-effective for that group.

A small sample of only 87 patients is the greasbesirtcoming of our study and means that
the findings, while promising, are too uncertainrtimrm practice. Although our study
suggests that NPWT may be cost-effective in thisngg there clearly remains a need for
large studies before the clinical and cost-effestass of NPWT can be established.
Similarly, the large confidence intervals aroune #stimates of incremental cost, effect and

ICER emphasise that it is inappropriate to drawctusions about cost-effectiveness from
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our sample. Our current study is underpowered argef studies will be necessary to

determine whether NPWT is cost-effective.

There are a number of additional limitations, whstiould be considered in the design of a
larger trial. Firstly, the 4 week follow-up perig@hich reflects the SSI definition) may have
overlooked ongoing disparities in QoL (see TableAsjurther limitation is that the first post-
surgery QoL data collected was at the first postitarge follow-up. This may have
prevented us from accurately describing the diffeeein QoL experienced during the
hospital stay. Nevertheless, sensitivity analysggests that the complete exclusion of the
time in hospital from the QALYs does not substdhtiehange the result, so the precise
treatment of QoL differences during the hospital/shay not be an issue of great

importance.

As noted by REFERENCE REMOVED FOR BLINDING [17] aseen in Table 2, the two
treatment groups may not be comparable. Patieogsving standard treatment were more
likely to smoke, had longer average surgery tinmesvaere more likely to receive
prophylactic antibiotics after surgery. This raiies possibility that patients receiving
standard treatment may have had more complicargeses. Additionally, since smoking is
a recognised risk factor for SSI [14] the data megrestimate the benefit from NPWT.
Alternatively, the higher proportion of patientskvstandard treatment receiving antibiotics
post-surgery might lead to underestimation of thedfits of NPWT. We did not assign costs
for surgery duration or prophylactic antibiotic weethese were not directly linked to the
treatment received. A larger trial should be ablevercome the effects of heterogeneity in

these factors with satisfactory randomisation.
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5.0 Conclusion

This pilot study suggests NPWT may be cost-effectivpreventing SSIs and improving
patient QoL in obese women after a planned caesaesdion. However, the findings from
this small pilot study are not conclusive as theyndt reach statistical significance. The
promising point estimates combined with the growpngphylactic use of NPWT in a clinical
setting suggest that there may be value in conalyietiiarger study with greater power to
evaluate the cost-effectiveness of NPWT in thisregtHowever, the point estimate ICER
near the conventional threshold indicating valuenioney and the substantial uncertainty
observed in this pilot suggest this might be cimgjieg to achieve. This study provides
important insights into methodological considenasidor the larger trial in order to

demonstrate cost-effectiveness.
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