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Abstract The XprESS multi-sinus dilation system

(XprESS) is a minimally invasive alternative to functional

endoscopic sinus surgery (FESS) used in the treatment of

people with chronic or recurrent acute sinusitis refractory

to medical treatment. The manufacturer of XprESS,

Entellus Medical, claims the technology is as effective as

FESS in improving quality of life and is associated with

quicker recovery times and reduced costs. The Medical

Technologies Advisory Committee (MTAC) at the

National Institute for Health and Care Excellence (NICE)

selected XprESS for evaluation. Nine trials published in 13

papers were correctly identified by the company as relevant

to the decision problem, including one randomised con-

trolled trial (REMODEL study). From this evidence, the

company concluded that XprESS is as beneficial as FESS

for a range of clinical endpoints. The External Assessment

Centre (EAC) agreed with the company’s conclusion in a

subgroup of patients, but judged that the evidence did not

generalise to patients within the NHS fully. The company

constructed a de novo costing model. XprESS generated

cost-savings of £1302 per patient compared with FESS.

The EAC critiqued and updated the model’s inputs, with

differences in results driven by changes in assumptions on

procedure duration, length of hospital stay and the pro-

portion of procedures undertaken in an outpatient setting

under local anaesthetic. Although cost-incurring in the base

case, XprESS generated cost savings under certain sce-

narios. The MTAC reviewed the evidence and supported

the case for adoption, issuing positive draft recommenda-

tions. After public consultation NICE published this as

Medical Technologies Guidance 30.

Key Points for Decision Makers

The XprESS multi-sinus dilation system is an

example of a technology that aims to shift healthcare

from an inpatient to an outpatient setting and thus

save resources.

The case for adopting XprESS for treating

uncomplicated chronic sinusitis after medical

treatment has failed is supported by the evidence.

Treatment with XprESS leads to a rapid and

sustained improvement in chronic symptoms, fewer

acute episodes and improved quality of life, which is

comparable to functional endoscopic sinus surgery

(FESS).

XprESS should be considered in patients with

uncomplicated chronic sinusitis who do not have

severe nasal polyposis. In these patients, XprESS

works as well as FESS, is associated with faster

recovery times, and can more often be done under

local anaesthesia.

Cost modelling indicates that XprESS is cost saving

compared with FESS when treatment is administered

using local anaesthetic in an outpatient setting.
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1 Introduction

The National Institute for Health and Care Excellence

(NICE) produces evidence-based medical technologies

guidance to evaluate and, where appropriate, encourage

adoption of novel and innovative medical devices and

diagnostics within the National Health Service (NHS) in

England. Companies notify their potentially eligible prod-

ucts to NICE’s Medical Technologies Evaluation Pro-

gramme (MTEP). Devices are selected for evaluation as

part of NICE medical technologies guidance by MTEP if

they have the potential to offer clinical benefits to patients

and the NHS, and/or to reduce costs, compared with

standard care.

Guidance is developed by the Medical Technologies

Advisory Committee (MTAC) after the clinical and eco-

nomic evidence submitted by the company is indepen-

dently assessed by an External Assessment Centre (EAC)

and following a public consultation period. Campbell and

Campbell described the MTEP methodology in detail [1].

In December 2016, NICE issued final guidance on the

XprESS multi-sinus dilation system (XprESS) for treating

chronic sinusitis (also known as rhinosinusitis and sinus

infection). XprESS is a sterile single-use re-shapeable

balloon-tipped device. It is inserted through the nose into

the bony sinus outflow tracts (ostia) in the maxillary,

frontal or sphenoidal sinuses. Once in the ostia, the balloon

is inflated with saline in order to reshape and open the

sinuses, allowing them to drain more effectively [2]. The

EAC critiquing the evidence was the Newcastle upon Tyne

Hospitals NHS Foundation Trust and York Health Eco-

nomics Consortium partnership. Clinical experts, identified

using NICE’s published processes, provided advice to the

EAC and MTAC.

This article is one of a series of Medical Technology

Guidance summaries being published in Applied Health

Economics and Health Policy. It provides an overview of

the clinical and economic benefits of XprESS as demon-

strated by the company’s submission, the EAC’s assess-

ment report and the subsequent development of the NICE

guidance. Full documentation of the process, supporting

evidence and the final guidance is on the NICE website [2].

2 Background to the Indication and Device

Sinusitis is defined as inflammation of the nose and para-

nasal sinuses. Episodes of the disease lasting 12 weeks or

less are categorised as acute sinusitis and longer episodes

are classed as chronic sinusitis (CS). Acute sinusitis usually

has an infective aetiology. The aetiology of CS is more

complex and likely to be multifactorial, with inflammation,

infection and obstruction of sinus ventilation (blockage of

sinus entrances) contributing to the pathology. A third

classification of sinusitis, recurrent acute rhinosinusitis

(RARS), refers to frequent episodes of acute symptomatic

rhinosinusitis requiring long-term management similar to

CS [3, 4].

The prevalence of CS in Europe and North America has

been estimated to be between 6% (physician-led diagnosis)

and 11% (patient-led diagnosis) [5]. Up to two-thirds of

patients presenting to secondary care with CS have nasal

polyps [6]. Both CS and RARS are debilitating diseases

that have a high negative impact on patient quality of life

(QoL) and pose a large financial burden to the National

Health Service (NHS) [5].

People with CS within the NHS are treated initially in

primary care, typically through saline irrigation and intra-

nasal corticosteroid (ICS). For patients with visible nasal

polyps, a course of oral corticosteroids may be considered

before ICS. Patients should be reassessed after 3 months

and treatment may be continued if symptoms are mild and

responsive. Referral to an ear, nose and throat (ENT)

specialist should be considered where patients have fre-

quent recurrent episodes of acute sinusitis, unremitting or

progressive facial pain, nasal polyps causing significant

nasal obstruction or an ineffective 3-month trial of ICS [7].

Patients referred to secondary care should have a full

history taken and examination to assess causes and co-

morbidities. Patients’ QoL should be assessed using the

disease-specific Sino-nasal outcome test (SNOT)-22 scale

[4]. A previous version of this tool, the SNOT-20 scale, is

also used. Medical treatment in secondary care is maximal

to prevent the need for surgery where possible. Treatment

from primary care will typically continue with the addition

of oral corticosteroids (in patients with nasal polyps) and

oral antibiotics. Patients will typically be reviewed after

3 months of maximal medical treatment. If moderate or

severe symptoms persist, surgery will be considered fol-

lowing a mandatory computed tomography (CT) scan [4].

Functional endoscopic sinus surgery (FESS) is typically

conducted. The principal purpose of FESS is to re-establish

ventilation and enhance mucociliary clearance of the

sinuses. This is achieved through endoscopic removal of

diseased tissue, including in the anterior ethmoid sinus,

sphenoid sinus, maxillary sinus and middle meatus [8].

Balloon dilation, through devices such as XprESS, is a

minimally invasive intervention with the principal aims of

improving sinus ventilation and mucociliary clearance.

Unlike FESS, balloon dilation does not excise soft tissue.

Instead, the balloon is inflated under high pressure, which

causes displacement and micro-fractures of the bony lam-

ina surrounding the entrances to the sinuses such as the

maxillary ostia. The subsequent remoulding of the bone is

reported to improve sinus drainage with minimal disruption
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to the mucosal lining [9]. As the soft tissue is relatively

unaffected, reduced patient discomfort and quicker recov-

ery times compared with FESS are claimed. XprESS has

the potential to be used under local, rather than general,

anaesthetic once operators have experience using the

device. Therefore, the company claimed in their evidence

submission to NICE that, for some patient groups, this may

reduce the risks associated with general anaesthesia.

XprESS was considered by MTAC as an alternative to

FESS or other balloon systems available within the NHS,

as defined by the scope produced by NICE [10]. The

decision problem addressed by the company and EAC is

described in detail in the following section.

3 Decision Problem (Scope)

3.1 Population

The population described in the scope was people with CS,

including RARS, in whom all medical therapy has failed. A

number of subgroups were also specified within the scope

including people with uncomplicated CS, people with CS

with and without nasal polyps, people with CS with orbital

or intracranial involvement, and those with CS affecting

the anterior ethmoid sinus. Both patients with anatomical

variants and children were also specified.

3.2 Intervention (XprESS)

The intervention specified in the scope was ‘The XprESS

Multi-Sinus Dilation System’. However, several studies

included by the company used the predecessor FinESS

system. The FinESS system employs a trans-antral

approach for balloon insertion, which is more invasive than

the trans-nasal approach used by XprESS, and limits its

indication to the treatment of the maxillary ostia or

infundibula of the anterior ethmoid only (in contrast to

XprESS, which can be used on frontal ostia and recesses

and the sphenoid sinus ostia). The company informed the

EAC that there were no functional differences between

devices in terms of their action on the ostia.

3.3 Comparator (Current NHS Practice)

Two comparators were specified in the scope: FESS and

other balloon dilation systems available in the NHS. Expert

advice received by the EAC during the assessment process

indicated that the primary other balloon system was a

device manufactured by Acclarent, which was withdrawn

from the UK market in December 2015. As the company

did not report evidence pertaining to other balloon systems,

FESS was considered the sole comparator of interest.

3.4 Outcomes

Outcomes specified in the scope were divided into three

categories: patient outcomes, healthcare system outcomes

and adverse effects. The company provided evidence on, at

least to some extent, all eight of the patient outcomes lis-

ted. These were: change in rhinosinusitis symptoms,

number of post-procedure rhinosinusitis episodes requiring

medication, number of post-operative debridements,

change in ostial patency, duration of analgesic medication,

patient-reported tolerance of the procedure and/or patient

reported severity of pain and number/type of sinuses trea-

ted. Three of the seven healthcare system outcomes were

reported in the clinical evidence and addressed by the

company (success rates of maxillary sinus ostial cannula-

tion, rate of revision surgery and number of sinus-related

follow-up appointments). The remaining four healthcare

system outcomes (length of hospital stay, procedure time

and treatment room time, rate of readmission, and number

and grade of staff required) were not reported within the

clinical evidence, but were considered within the economic

submission. Both adverse effect-related outcomes (rate and

severity of nasal bleeding and device-related adverse

events) were addressed by the company.

4 Review of Clinical and Economic Evidence

Clinical and economic evidence, including a de novo

economic model, was submitted by the company in line

with the process set out by NICE [11]. The EAC critically

appraised the submission and economic model against the

scope. Section 4.1 summarises the clinical evidence sub-

mitted, the EAC’s critique and the EAC’s additional work.

Section 4.2 provides the same detail for the economic

evidence.

4.1 Clinical Effectiveness Evidence

4.1.1 Company’s Review of Clinical Effectiveness

Evidence

The company searched for clinical evidence relating to the

decision problem, i.e. studies of patients with CS or RARS

using XprESS or its predecessor, FinESS. Studies reporting

clinical efficacy or safety outcomes with any or no com-

parator were included. The company’s search identified

395 studies, of which the company included 11 published

and two unpublished papers, reporting on nine unique trials

all set within the USA (Fig. 1). Three of the included

papers reported on the REMODEL trial, a randomised

controlled trial (RCT) comparing XprESS or FinESS bal-

loon dilation with FESS in adult patients with maxillary
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sinus disease, with or without anterior ethmoid disease

[12–14]. The remaining papers reported on single-armed

observational studies that reported the use of XprESS or

FinESS balloon dilation in various populations of patients

suffering from CS or related sinus disease. Three papers

reported on the first published observational study, the

BREATHE study [15–17]. One paper reported on the

RELIEF study [18]. A further paper by Eloy et al. [19]

reported on the only retrospective study included by the

company [19]. The XprESS Maxillary Pilot Study by

Gould et al. [20] was published as a white paper (not peer

reviewed) [20]. The XprESS registry by Brodner et al. [21]

and XprESS multi-sinus study by Gould et al. [6] were both

prospective observational studies [22].

The primary evidence reported by the company was

derived from three papers reporting on the REMODEL

study [12–14]. Cutler et al. [14] provided baseline (n = 92)

and 6-month follow-up data (n = 91) [14]. Bikhazi et al.

[12] provided data up to 12 months for 89 patients from the

original cohort [12]. Finally, Chandra et al. [13] reported

on data up to 24 months for 25 patients from the original

cohort, and also reported on more recently recruited

patients, resulting in a total baseline population of

n = 133. Within the same publication, a meta-analysis

combining six published studies of XprESS was reported

[13]. The primary outcome of the review was change in

SNOT-20 score from baseline, whereby the SNOT-20 is a

disease-specific patient-reported outcome measure. Sec-

ondary outcomes included debridement frequency, techni-

cal success, nasal bleeding, recovery and adverse events.

The company critically appraised the REMODEL trial,

finding it to be at low risk of bias.

All observational studies followed patients up to 6, 12 or

24 months after surgery, with change in either SNOT-20 or

SNOT-22 scores over time being the primary outcome

[15–24]. Other reported outcomes included technical suc-

cess of the device, medication use, recovery time, pro-

ductivity and revision rates.

The company accurately reported results from the

REMODEL study and the observational studies. The

results from the REMODEL study demonstrated that the

improvement in mean SNOT-20 scores compared with

baseline was statistically significant in both groups at all

time points (p\ 0.0001). Furthermore, in all cases this

difference exceeded 0.8, a magnitude of effect that has

been previously reported as clinically meaningful [25].

There was no statistical difference between treatments at

any time point, with the exception of 1 week where there

was a significantly greater, but not clinically important,

improvement in the XprESS arm. Postoperative

Records identified through 
database searching

N = 390

Additional records identified through 
other sources

N = 3 

Records after duplicates removed
N = 232

Records screened
N = 232

Records excluded
N = 159

Full-text articles assessed for 
eligibility
N = 73

Full-text articles excluded, with 
reasons

N = 47 Non-Entellus devices
N = 5 Not balloon technology

N = 6 No safety or performance data
N = 2 Off-label balloon use

N = 2 Preliminary reports of selected 
studies) 

Articles (studies) included in qualitative 
synthesis

N = 11 (9 studies)

Studies included in quantitative 
synthesis (meta-analysis)

N = 6 

Unpublished studies
N = 2 

Fig. 1 The company’s

PRISMA diagram
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debridement was not required in 92.0% (46/50) of patients

in the balloon dilation arm, compared with 26.2% (11/42)

of FESS patients. There was a mean of 0.1 ± 0.6 (SD)

postoperative debridements in the balloon arm, compared

with 1.2 ± 1.0 in the FESS arm (p\ 0.0001). FESS was

associated with a statistically significant increased recovery

time (return to normal activities, 1.6 ± 11 vs.

4.8 ± 6.2 days, p = 0.002) and duration of prescription

pain medication (0.9 ± 1.4 vs. 2.8 ± 2.7 days, p\ 0.001)

compared with balloon dilation. No significant differences

were reported in post-discharge nausea, duration of over-

the-counter pain medication, technical success, ostial

patency, complications or revision surgery [12–14].

The observational studies provided supplementary longi-

tudinal data that were largely consistent with the results

reported in the REMODEL trial. A published meta-analysis

reported that there was no statistical difference in SNOT-20

outcomes between studies (REMODEL FESS, REMODEL

balloon dilation or pooled observational studies), measured at

6, 12 and 24 months. There were significant reductions

(p\ 0.0001) from baseline compared with 12 months in the

standalone balloon studies in:work/schoolmisseddue tonasal

problems (5.0 ± 9.5 days); homebound due to nasal prob-

lems (6.3 ± 11.3 days); number of physician/nurse visits due

to nasal problems (4.5 ± 11.5 visits); number of infections of

nose/sinuses (3.9 ± 4.5 episodes); and number of antibiotic

courses (2.9 ± 3.1). Revision rates at 12 months were 1.7%

for the FESS armof theREMODEL trial, 1.4% for the balloon

dilation arm of the REMODEL trial and 3.2% for the pooled

analysis (p = 0.628). However, this analysis was based on a

small number of events (for example, a single patient in each

of the REMODEL arms) [13].

The company reported that one serious procedure-re-

lated adverse event was reported in the selected studies;

this was in a patient enrolled to the BREATHE study who

received treatment with the FinESS system [15]. The

patient suffered from subcutaneous emphysema (facial

swelling) after resuming continuous positive airway pres-

sure following the procedure, and recovered within a week.

No other adverse events were reported in any of the studies.

The company concluded that the evidence shows that

balloon dilation improves health outcomes and is as ben-

eficial as FESS for a range of clinical endpoints. Further,

they concluded that the evidence is directly relevant to the

scope of the MTEP evaluation and that the results of the

studies presented should apply to clinical practice where

included patients meet the criteria for FESS after failing

maximal medical management for CS.

4.1.2 Critique of Clinical Effectiveness Evidence

The EAC critiqued the company’s literature search, evi-

dence selection and quality assessment of included studies.

The company’s searches were limited in scope, but repli-

cated as far as possible, yielding a similar number of

studies. A de novo literature search was undertaken by the

EAC, which aimed to be more sensitive and included a

wider range of databases than that conducted by the com-

pany. This search aimed to identify evidence on the

XprESS MSDS or the FinESS system for treatment of

patients with CS or recurrent acute rhinosinusitis, and was

carried out on a number of databases including Medline,

EMBASE, the Cochrane library and the grey literature

(strategies are described in the EAC assessment report) [2].

It comprised two concepts (rhinosinusitis and balloon

catheter dilation) and identified 545 unique records. The

records were assessed by two reviewers and no relevant

studies were identified as missed by the company within

their evidence submission to NICE. One study included by

the company, Eloy et al. [19], was excluded by the EAC

given that it investigated the use of standalone XprESS

balloon dilation in patients (n = 5) who had previously

undergone a failed frontal sinusotomy. Revision surgery

was not listed in the population or subgroup domains of the

scope [19]. This study was not included in the meta-anal-

ysis and thus its exclusion does not alter the results

reported by the company [13]. The studies deemed eligible

for inclusion by the EAC are summarised in Table 1.

The EAC conducted a detailed critical appraisal of the

internal and external validity of the pivotal REMODEL

study, which was a non-inferiority RCT comparing balloon

dilation with the XprESS or FinESS system with FESS in

patients with CS in the USA. This study exhibited rela-

tively high methodological quality, with appropriate ran-

domisation and concealment of allocation and reporting of

a relevant and adequately powered pre-specified primary

outcome (SNOT-20 score) with suitable statistical analysis.

This reduced the risk of both selection and reporting bias.

As blinding was not feasible and a subjective primary

outcome was selected, there was a moderate to high risk of

performance bias. However, the important factor affecting

the internal validity of the trial was the high dropout rate

exhibited in the FESS arm following randomisation and

immediately prior to surgery, and the subsequent need for

post hoc modified intention-to-treat (ITT) analysis, which

has been associated with bias [26]. An additional limitation

was the reduced number of patients analysed at later fol-

low-up (for instance n = 25 at 24 months), which

increased uncertainty in the outcomes at these time points.

The EAC identified some limitations in the external

validity of the REMODEL trial in its application to the NHS:

• A reduction in debridement was reported with XprESS

compared with FESS. Experts advised that debridement

is not common practice in the NHS, hence this benefit

would likely not be realised in practice.
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Table 1 Key details of the studies deemed eligible for inclusion by the External Assessment Centre (EAC)

Publication

and study

Population sinuses affected Follow-up

timeframe

(sample size)

Intervention (I) and

comparator (C)

Outcomes Summary usefulnessa EAC

comment

Cutler et al.

[14]

REMODEL

Adult patients with CS or

RARS

Maxillary and/or anterior

ethmoid sinuses.

Baseline (92)

6 months (n 91)

I: standalone

XprESS or

FinESS balloon

dilation

Data not

disaggregated but

reported by

company to be

proportionately

equal

C: FESS

Changes in

SNOT-20

(primary)

Debridement

frequency

Technical

success

Nasal bleeding

Recovery time

Analgesic use

Ostia patency

Activity

impairment,

work

impairment,

productivity

loss

Patient

satisfaction

Revision rate

Safety (adverse

events)

Key study

REMODEL RCT was the only

comparative study and is

therefore considered the key

source of evidence

Patient recruitment was

increased in the paper by

Chandra et al. [13] meaning

results from individual

published papers differ. This

paper also reported a meta-

analysis

Bikhazi

et al. [12]

REMODEL

12 months

(89)

Chandra

et al. [13]

REMODEL

Baseline (133)

6 months (133)

12 months (119)

18 months (66)

24 months (15)

Gould et al.

[22]

XprESS

multi-sinus

study

Adult patients with CS or

RARS

All patients had maxillary

sinus disease as minimum.

Some patients with frontal,

sphenoid, and/or ethmoid

disease

12 months (82) I: standalone

XprESS balloon

dilation

C: none (baseline)

Changes in

SNOT-20

(primary)

Rhinosinusitis

symptom

inventory

(RSI) score

Medication use

Productivity/

reinfection

Revision rate

Subject

satisfaction

Safety (adverse

events)

Useful study

This was the only study that

investigated the use of

standalone XprESS MSDS in

multiple sinuses (including the

frontal and sphenoid sinuses)

Brodner

et al. [21]

XprESS

registry

Adult patients with CS

Primarily patients treated for

frontal sinus disease. Smaller

numbers of patients treated

for sphenoid and maxillary

disease

Baseline (175)

12 months (44)

I: standalone

XprESS balloon

dilation

Hybrid surgery

using XprESS

MSDS

C: none (baseline)

Changes in

SNOT-20

(primary)

Patency

Medication use

Work

productivity

Reinfection rate

Revision rate

Serious adverse

effects

Very limited use

Not possible to disaggregate

patients receiving standalone or

hybrid treatment. Excluded

from meta-analysis [13]
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Table 1 continued

Publication

and study

Population sinuses affected Follow-up

timeframe

(sample size)

Intervention (I) and

comparator (C)

Outcomes Summary usefulnessa EAC

comment

Gould et al.

[20]

XprESS

Maxillary

Pilot Study

Adult patients with CS or

RARS

Maxillary sinus (all)

Anterior ethmoid sinus (some)

6 months (21) I: standalone

XprESS balloon

dilation

C: none (baseline)

Changes in

SNOT-20

(primary)

Technical

success

Medication use

Recovery time

Revision rate

Serious adverse

effects

Limited use

Small case series published in

white paper (not peer

reviewed)

Levine et al.

[18]

RELIEF

study

Adult patients with CS or

RARS

Maxillary and anterior ethmoid

disease

Baseline (69)

12 months (64)

I: standalone

FinESS balloon

dilation

C: none (baseline)

Changes in

SNOT-20

(primary)

Technical

success

Tolerance

Debridements

RSI

Medication use

Work

productivity

Reinfection rate

Revision rate

Serious adverse

effects

Limited use

XprESS MSDS not used.

Patients excluded if they had

any other sinuses affected

Cutler et al.

[15]

BREATHE

study

Adult patients with CS

Maxillary sinus

Baseline (71)

12 months (67)

I: standalone

FinESS balloon

dilation

C: none (baseline)

Changes in

SNOT-20

Technical

success

Recovery time

Revision rate

Work

Limitation

Questionnaire

(WLQ)

Work

Productivity

and Activity

Impairment

(WPAI)

Subject

satisfaction

Serious adverse

effects

Limited use

Patients were excluded if they

had disease of the frontal,

posterior ethmoid, or sphenoid

sinusesStankiewicz

et al. [16]

BREATHE

study

1 week; 3, 6,

12 months (56)

Stankiewicz

et al. [17]

BREATHE

study

27 ± 3.6 months

(59)
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• It was unclear whether the definition of ‘maximal

medical treatment’ in the trial was equivalent to that

used within NHS practice, where it is possible that

medical treatment may be pursued for longer.

• A lack of data available on patients with nasal polyps

compared with those without reduces the generalisabil-

ity of the REMODEL study. It has been reported that

two-thirds of patients undergoing FESS within the NHS

have nasal polyps [27].

• Possible differences in efficacy and safety of the XprESS

MSDS and the FinESS systemmay exist (with about half

of the interventions used in the REMODEL trial being

FinESS). Following advice from the company, these

interventions were assumed to be equivalent. However,

therewas onlyweak indirect evidence from the published

literature to support this assumption [13].

The REMODEL trial was considered, on balance, to

likely comprise a subgroup of the full spectrum of patients

treated within the NHS. The EAC considered that, in

general, longitudinal data from the observational studies

supported the results of the REMODEL trial, with the same

caveats as described in the bullet points above.

The EAC agreed with the company’s reporting of

results, on the whole. The changes in SNOT-20 score

reported by Chandra et al. [13] are reported in Table 2.

Overall, the data showed that in a selected patient popu-

lation, the use of balloon dilation is associated with non-

inferior QoL improvements compared with FESS, and that

this effect is immediate and continues for at least 2 years.

The evidence also showed that balloon dilation is associ-

ated with improved patient recovery times and reduced

requirement for analgesia.

Regarding safety, a search of the US Food and Drug

Administration (FDA) Manufacturer and User Facility

Device Experience (MAUDE) database was conducted by

the EAC to identify device-related adverse events. Twelve

reports were identified, two of which had been specifically

referenced by the company in their evidence submission to

NICE. The majority of the MAUDE reports described

cerebral spinal fluid leaks with no long-term adverse health

effects. There was also one case of death unrelated to the

use of the device and one device malfunction of the

XprESS LoProfile Multi-Sinus Dilation System.

4.1.3 Conclusions from Clinical Effectiveness Evidence

The EAC considered that the company provided evidence

that the XprESS MSDS or FinESS system provides non-

Table 1 continued

Publication

and study

Population sinuses affected Follow-up

timeframe

(sample size)

Intervention (I) and

comparator (C)

Outcomes Summary usefulnessa EAC

comment

Entellus

Medical

[23]

Adults with CS

Maxillary and ethmoid sinuses

Baseline (155)

12 months (137)

I: standalone

FinESS balloon

dilation

C: none (baseline)

Change in

SNOT-20

Technical

success

Work

productivity

Reinfection rate

RSI score

Revision rate

Serious adverse

effects

Very limited use

Unpublished abstract

Data used in meta-analysis

Soler et al.

[24]

Paediatric patients with CS (2

to 21 years)

6 months (50) I: standalone

XprESS balloon

dilation

C: None (baseline)

Change in

SNOT-22

Technical

success

RSI

Change in SN-5

(sinus and

nasal QoL

survey)

Very limited use

Unpublished abstract

Only evidence reported in

children, unknown

generalisability

CS chronic sinusitis, RARS recurrent acute rhinosinusitis, SNOT-20 Sino-nasal outcome test-20, SNOT-22 Sino-nasal outcome test-22, FESS

functional endoscopic sinus surgery, RSI rhinosinusitis symptom inventory, XprESS MSDS XprESS multi-sinus dilation system, WLQ Work

Limitation Questionnaire, WPA, Work Productivity and Activity Impairment
a EAC’s interpretation of usefulness to decision problem, based on study type, quality of study, and applicability to scope
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inferior patient benefits compared with FESS in selected

patients with refractory CS of RARS of the maxillary sinus,

with or without anterior ethmoid disease. This comparative

evidence was supported by more extensive observational

data that showed comparable longitudinal results in a

broader population of patients [13]. However, as this

patient population represents a subgroup of those treated

within the NHS, there is currently uncertainty as to whether

the procedure would be as effective in all patients indicated

for surgery within the NHS, and in particular there is

uncertainty as to the efficacy of the procedure in patients

with nasal polyps. Additionally, evidence on the effec-

tiveness of treatment other than the maxillary and anterior

ethmoid sinuses was limited to a single uncontrolled

observational study [22]. To reduce this uncertainty, fur-

ther prospective research is required. Nevertheless, the

EAC considered that, these reservations aside, the com-

pany had substantiated their claims of clinical effectiveness

as specified in the scope within the selected patient

population.

4.2 Economic Evidence

4.2.1 Company’s Economic Submission

The company searched for economic evidence from studies

of patients with CS. Six studies were included, four of

which compared balloon therapy (either as hybrid surgery

with FESS or standalone) with FESS [28–31]. The

remaining two studies were systematic reviews of cost

studies [32, 33]. As none of the included studies considered

XprESS, the company concluded that no relevant high-

quality evaluation or cost-effectiveness studies comparing

XprESS to either FESS or other balloon dilations systems

were available.

The company submitted its own de novo cost model,

which compared XprESS primarily to FESS and secondly to

an alternative balloon system (Acclarent) over a 5-year time

horizon. A fully executable model was submitted in

Microsoft Excel�. The company described the model as

following a cohort of average-risk patients attending for CS

surgery in multiple sinuses. Costs incurred in the first year

were modelled via a decision tree, whilst longer term costs

were modelled via a two-state Markov model (Fig. 2).

Within the decision tree element of the model, patients

undergo sinus surgery, following which they have either a

general practitioner (GP) follow-up (within the first

3 months) or sustained recovery (no GP visit). All patients,

regardless of their GP visit status, are at risk of readmission

to hospital. Furthermore, all patients, regardless of their

readmission status, are at risk of revision surgery. The risk of

revision surgery is not dependent on previous readmission to

hospital or GP visits. Likewise, the risk of readmission to

hospital is not dependent on prior GP visits. Within the

Markov model element of the model there are two health

states: surgery revision and surgery success. An annual risk

of revision surgery is applied to patients and those patients

having revision surgery have a cost applied. Patients are not

able to have multiple revision surgeries. Within the longer

term element of the model, patients also have a background

risk of GP visits for the medical management of acute

exacerbations. This risk is independent of their revision

status.

To populate its economic analysis, the company utilised

data from two key sources: the REMODEL study [13] and

a national audit [27], in addition to advice from UK clinical

experts. The inputs for surgical health states under general

and local anaesthetic, GP follow-up, readmission and

revision, and surgery success were referenced to relevant

clinical studies and expert opinion. Values for unit costs

were obtained from national datasets. The national audit

comprises data on surgery for nasal polyposis and CS in 87

hospitals in England and Wales during a 6-month period in

2000 [27]. Patients (n = 3128) undergoing surgery were

prospectively enrolled within the audit and the inclusion

criteria were broad, meaning that a wide spectrum of

patients was included. Outcomes were reported for patients

with and without polyps separately, with the company

Table 2 Changes in mean

SNOT-20 scores compared with

baseline in REMODEL and

observational studies [13]

Time period

6 months 12 months 24 months

REMODEL FESS arm* -1.60 (59) -1.60 (58) -1.45 (10)

REMODEL balloon dilation arm* -1.56 (72) -1.59 (69) -1.65 (15)

Pooled single armed studies* -1.36 (255) -1.49 (241) -1.86 (59)

p value (F test)** 0.199 0.682 0.482

Number of patients in each cohort in parentheses. Note that patient numbers from the REMODEL trial is

from larger cohort as described by Chandra et al. [13]

SNOT-20 Sino-nasal outcome test-20, FESS functional endoscopic sinus surgery

* All values significantly different from baseline (p\ 0.0001)

** Comparison of mean change between studies
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making use of the without-polyp data within its model. All

model input parameters are shown in Table 3.

Base-case results from the company’s model estimate that

XprESSgenerates cost savings of £1302 per patient compared

with FESS. This was based on costs of £2679 per patient

treated with XprESS and £3981 per patient undergoing FESS.

Univariate sensitivity analysis identified procedure time with

XprESS and the cost of XprESS to be the key drivers of the

analysis. Scenario analyses demonstrated cost savings over a

range of time horizons and model assumptions. Breakeven

analysis showed that XprESS was cost saving provided that

the procedure time with XprESS was less than 80 min or the

procedure time with FESS greater than 41 min.

The results of its de novo economic modelling led the

company to conclude that XprESS produces cost savings

arising from a reduction in time in theatre and faster

recovery, as well as reduced healthcare utilisation and

fewer surgical revisions.

Fig. 2 Economic model

schematic
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Table 3 Model input parameters used in company’s model

Variable Value Source

Readmission within 90 days of surgery:

FESS

4.10% National audit [27]

Readmission within 90 days of surgery:

XprESS MSDS

2.30% National audit data combined with relative risk of nasal bleed from

REMODEL [13, 27]

Revision surgery up to 12 months: FESS 4.1% National audit [27]

Revision surgery up to 12 months: XprESS

MSDS

3.6% National audit data combined with relative risk of revision surgery from

REMODEL [13, 27]

Revision surgery between 12 months and

5 years: FESS

2.9% National audit data [27]

Revision surgery between 12 months and

5 years: XprESS MSDS

2.5% National audit data combined with relative risk of revision surgery from

REMODEL [13, 27]

Percentage requiring GP visits within

3 months of surgery: FESS

42% National audit data [27]

Percentage requiring GP visits within

3 months of surgery: XprESS MSDS

24% National audit with relative risk for nasal bleed applied from REMODEL

[13, 27]

Rate of GP visits in first 3 months 1.861 National audit data [27]

Monthly rate of GP visits in 3 months to

5 years following surgery: FESS

0.12 National audit data [27]

Month rate of GP visits in 3 months to

5 years following surgery: XprESS

MSDS

0.1 National audit data with percentage difference in CS event from

REMODEL applied [13, 27]

Proportion under local anaesthetic: FESS 0% in base case; 2%

in scenario analysis

Expert advice

Proportion under local anaesthetic:

XprESS MSDS

0% in base case; 60%

in scenario analysis

Expert advice

Cost of procedure under general

anaesthetic: FESS

£2594 Comprises the following: procedure duration; cost of theatre, nurse and

surgeon; gowns and trays; length of hospital stay and cost of hospital

stay

Cost of procedure under general

anaesthetic: XprESS MSDS

£984 Comprises the following: procedure duration; cost of theatre, nurse and

surgeon; gowns and trays; length of hospital stay and cost of hospital

stay

Pain medication: FESS 2.8 days REMODEL [13]

Pain medication: XprESS MSDS 1 day REMODEL [13]

Cost of pain medication £0.13 British national formulary (BNF): 400 mg ibuprofen 3 times per day [35]

Cost of GP visit £94.43 Comprises:

Unit cost of 11.2 min GP visit = £45 (PSSRU) [36]

Unit cost of prescription = £23.30 (PSSRU) [36]

Steroid nasal spray = £11.01 (BNF) [35]

Course of macrolide = £15.12 (BNF) [35]

Cost of readmission £601 NHS ref costs (2011/12): Non-elective inpatient (short stay) minor nose

procedure (CZ12Y) [37]

Cost of revision surgery Equal to original

surgery

Assumption

Cost of procedure: FESS (local

anaesthetic)

£1636 Used ratio (0.631) from hernia surgery, reported by Zilvetti [38].

Cost of procedure: XprESS (local

anaesthetic)

£620 Used ratio (0.631) from hernia surgery, reported by Zilvetti [38]

Cost of XprESS £900 Entellus Medical

Cost of FESS consumables £300 Entellus Medical

FESS functional endoscopic sinus surgery, XprESS MSDS XprESS multi-sinus dilation system, GP general practitioner, BNF British national

formulary, PSSRU personal social services research unit, NHS National Health Service
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4.2.2 Critique of Economic Evidence

The EAC re-ran the company’s searches as far as was

possible based on the reporting provided. All six studies

included by the company were excluded by the EAC

given that XprESS was not an intervention in any of the

included studies [28–33]. Rather, these studies considered

alternative balloon therapies often in conjunction with

FESS. The EAC’s search for clinical evidence did not

specify study design; therefore, the results were sifted for

any economic studies relating to XprESS. No studies were

identified.

The EAC judged that it was appropriate for the company

to develop its own de novo cost model given the lack of

published evidence. The Acclarent device, the secondary

comparator in the company’s model, was deemed not

applicable given that the device is no longer available

within the NHS. No data pertaining to any other balloon

systems used within the NHS were available, and hence the

comparison with FESS was deemed to be the only com-

parison of interest to the decision problem.

The EAC replicated the company’s calculations in order

to confirm their accuracy and corrected a negligible error in

the discounting applied in the scenario where patients

under local anaesthetic were considered. The EAC sought

advice from clinical experts around the model structure and

assumptions made, and judged these to be reasonable on

the whole. However, some specific points were high-

lighted. First, conflicting expert advice was received based

upon the plausibility of post-surgery nasal bleeding as a

predictor of GP visits post-surgery. Based on this con-

flicting opinion, the EAC judged it reasonable to build

these assumptions into the model structure and explore

their cost implications, ideally using several scenarios.

Second, the company modelled a difference in risk of

revision surgery over the time horizon of the model

between XprESS and FESS. This difference was deemed

by the EAC to be insufficiently supported by the evidence

for inclusion in the model’s base case. Third, the EAC

included costs associated with training surgeons on use of

the device in the model.

All model inputs were validated by the EAC using

expert advice and the literature. The EAC made changes

to a number of model inputs, as shown in Table 4.

Notably, the EAC assumed that the risk of revision

surgery was the same in years 2–5 in both arms of the

model. Further, the EAC reworked the bottom-up cost-

ing for the procedure cost both with XprESS and FESS

based upon expert advice and published data. The cost

estimated by the EAC for the FESS procedure was

lower than that estimated by the company (£657 rather

than £2594). This difference occurred primarily due to a

large reduction in the duration of FESS used by the

EAC (42.5 vs. 90 min). The EAC’s time estimate was

based on expert advice concerning patients undergoing

FESS who would be eligible for treatment with XprESS

and supported by published evidence from a health

technology assessment report and the national audit

[27, 34]. The procedure cost associated with XprESS

used by the EAC was also lower than that used by the

company (Table 4).

Following these updates, the results estimated by the

EAC changed direction, with XprESS costing £330 per

patient more than FESS. This was largely driven by the

change in FESS procedure time. The company’s uni-

variate sensitivity analysis was re-run, involving each

input parameter to be varied by ±20%. The direction of

the results of the model did not change during this anal-

ysis. Threshold analysis showed that if FESS takes longer

than 66 min (or around 24 min longer than XprESS),

XprESS is cost saving. Threshold analysis of the unit cost

of theatre time demonstrated that where this costs over

£2040 per hour, XprESS becomes cost saving (compared

with around £800 per hour used in the base case). The cost

of the XprESS device was also a key driver of the

analysis.

4.2.3 Additional Work Undertaken by EAC Relating

to Economic Evidence

The EAC undertook a series of scenario analyses utilising

different data sources. First, the EAC considered a scenario

whereby XprESS is not used in a theatre setting, but rather

in an office setting under local anaesthetic. Experts advised

that the device is used in this manner in some NHS

patients. However, based upon the EAC’s inputs XprESS

remained cost incurring even where all XprESS procedures

were carried out in this setting.

Second, one expert advised that patients undergoing

FESS required an additional hospital appointment com-

pared with those undergoing surgery with XprESS for

debridement. This practice was supported by the clinical

evidence; however, these US studies may not generalise to

the NHS [13]. Under a scenario whereby all FESS patients

required an additional follow-up appointment for debride-

ment and over 85% of XprESS patients had the procedure

in an office setting under local anaesthesia, XprESS gen-

erated cost savings.

Finally, based on information provided by experts and

the company at the first MTAC meeting, the EAC con-

sidered a scenario in which the duration of FESS was

60 min, the company offer XprESS at a reduced cost of

£820 and 80% of treatments with XprESS are conducted

under local anaesthetic in an outpatient setting. Under this

scenario, XprESS generated cost savings of £152 per

patient.
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Table 4 External Assessment Centre (EAC) input parameters

Variable Company

input

EAC

input

Agrees with

company’s base

case

Source and rationale

Cost of procedure: FESS

(general anaesthetic)

£2594 £657 8 The procedure cost was derived through bottom-up costing based

upon expert advice and published evidence

Cost of procedure: XprESS

MSDS (general anaesthetic)

£984 £428 8 The procedure cost was derived through bottom-up costing based

upon expert advice and published evidence

Cost of procedure: FESS (local

anaesthetic)

£1636 £456 8 The procedure cost was derived through bottom-up costing based

upon expert advice and published evidence

Cost of procedure: XprESS

MSDS (local anaesthetic)

£620 £466 8 The procedure cost was derived through bottom-up costing based

upon expert advice and published evidence

Cost of XprESS £900 £900 4 Derived from company’s submission

Cost of training on XprESS

MSDS

£0 £5.50 8 The cost was derived through bottom-up costing based upon expert

advice and published evidence

Cost of FESS £300 £300 4 Derived from company’s submission

Proportion under local

anaesthetic: FESS

0% 2% 8 The proportion of surgery under local anaesthetic was derived from

expert advice and in line with the company’s scenario analysis

Proportion under local

anaesthetic: XprESS MSDS

0% 10% 8 The proportion of surgery under local anaesthetic was assumed

based on expert advice

Pain medication: FESS 2.8 days 2.8 days 4 The duration of pain medication was taken from REMODEL [13]

Pain medication: XprESS

MSDS

1.0 day 1.0 day 4 The duration of pain medication was taken from REMODEL [13]

Cost of pain medication £0.13 £0.13 4 The cost of pain medication was taken and verified from the

company’s model

Requiring GP visits within

3 months of surgery: FESS

42% 42% 4 National audit data were used to derive the proportion of patients

requiring GP visits within 90 days of surgery in the absence of

more recent data or data more specific to patients eligible for

balloon therapy [13]

Requiring GP visits within

3 months of surgery: XprESS

MSDS

24% 24% 4 The relative risk of nasal bleeding at discharge from hospital from

REMODEL (0.57) was applied to the FESS data from the national

audit based on expert opinion [13, 27]

Number of GP visits in first

90 days for those visiting GP

1.861 1.861 4 National audit data were used to derive the proportion of patients

requiring GP visits within 90 days of surgery in the absence of

more recent data or data more specific to patients eligible for

balloon therapy [13]

GP visits in 5 years following

surgery: FESS

0.12 per

month

0.12 per

month

4 National audit data were used to derive the rate of GP visits in the

5 years post-surgery in the absence of more recent data or data

more specific to patients eligible for balloon therapy [27]

GP visits in 5 years following

surgery: XprESS MSDS

0.10 per

month

0.10 per

month

4 The percentage difference in CS events from REMODEL (-13.5%)

was applied to the FESS data from the national audit [13, 27]. The

experts indicated that this may be an appropriate indicator

Cost of GP visit £94.43 £46 8 The mean of: blocked nose: £48.91; infection: £38.97 to £39.64;

blocked nose and infection: £50 as reported in Table 4.8

Readmission within 90 days of

surgery: FESS

4.1% 4.1% 4 National audit data were used to derive the risk of readmission with

90 days of surgery in the absence of more recent data or data more

specific to patients eligible for balloon therapy [27]

Readmission within 90 days of

surgery: XprESS MSDS

2.3% 2.3% 4 The relative risk of nasal bleeding at discharge from hospital from

REMODEL (0.57) was applied to the FESS data from the national

audit based on expert opinion [13, 27]

Cost of readmission £601 £902 8 Weighted average of CA24A minor nose procedure as a day case or

non-elective short stay [39]

Revision surgery up to

12 months: FESS

4.1% 1.7% 8 The rate of revision surgery in the 12 months post-surgery was

derived directly from REMODEL [13]

Revision surgery up to

12 months: XprESS MSDS

3.6% 1.4% 8 The rate of revision surgery in the 12 months post-surgery was

derived directly from REMODEL [13]
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5 NICE Guidance

5.1 Provisional Recommendations

The evidence submitted by the company and the EAC’s

critique of this evidence was presented to MTAC, who

provided draft recommendations relating to XprESS fol-

lowing their meeting in May 2016. These were as follows:

• Evidence supports the use of the XprESS multi-sinus

dilation system for treating chronic sinusitis after

medical treatment has failed. Treatment with XprESS

leads to a rapid and sustained improvement in chronic

symptoms, fewer acute episodes and improved QoL

which is comparable to functional endoscopic sinus

surgery (FESS).

• XprESS should only be used in patients with non-

complex chronic sinusitis who do not have nasal

polyps. In these patients, XprESS works as well as

functional endoscopic sinus surgery, is associated with

faster recovery times, and can more often be done

under local anaesthetic.

• Cost modelling indicates that savings are achievable as

compared with FESS when XprESS treatment is

performed under local anaesthetic in an office setting.

If 80% of treatments are performed in this way, the

estimated saving per patient is £152 with XprESS as

compared with a 60-min FESS procedure and assuming

a cost for XprESS of £820.

5.2 Consultation Response

During the consultation NICE received 25 consultation

comments from eight consultees. The NICE guidance was

updated to address a number of these comments. The

recommendations were updated to provide clarification on

the patient population in which the device should be used

to align it with the company’s instruction for use and the

evidence. This involved changes to its recommended use in

patients with nasal polyps and the use of more appropriate

terminology when describing patients with uncomplicated

sinusitis in whom the device is recommended. These

changes were augmented with additional explanatory text

in the current management section to clarify the termi-

nology used and the recommended population for use.

NICE was facilitated in this by clinical experts with

experience of using the technology.

Additionally changes were made to the evidence section

concerning the reporting of the study population, and

method of analysis used in the REMODEL trial.

6 Key Challenges and Learning Points

The key challenges faced by both the EAC and the com-

pany were the generalisability of the clinical data and the

lack of comparative data pertaining to resource use in

patients undergoing surgery with XprESS or FESS.

All of the included clinical studies were set in the USA

rather than the NHS in England. Specifically, the com-

parative data from the REMODEL trial included a rela-

tively highly selected group of patients who may not reflect

those undergoing sinus surgeries within the NHS [12–14].

Three key issues relating to the population were identified.

First, patients with frontal or sphenoid sinus disease, gross

sinonasal polyposis or who had previously undergone sinus

surgery were excluded, hence the comparative efficacy of

balloon dilation and FESS in these patients in unknown.

Second, within the NHS, patients undergoing surgery have

exhausted medical management options. Whilst patients

Table 4 continued

Variable Company

input

EAC

input

Agrees with

company’s base

case

Source and rationale

Revision surgery between

12 months and 5 years: FESS

2.9% 1% 8 The annual rate of revision surgery beyond 12 months was crudely

estimated at 1% per year from recent UK data [5]. The same rate

is used for both arms based upon expert opinion

Revision surgery between

12 months and 5 years:

XprESS MSDS

2.5% 1% 8 The annual rate of revision surgery beyond 12 months was crudely

estimated at 1% per year from recent UK data [5]. The same rate

is used for both arms based upon expert opinion

Cost of revision surgery: FESS £2594 £998 8 Assumed that the cost for revision surgery is equal to initial surgery

weighted for local/general anaesthesia based on expert opinion.

The cost of equipment of £300 is also added

Cost of revision surgery:

XprESS

£984 £432 8 Assumed that the cost for revision surgery is equal to initial surgery

weighted for local/general anaesthesia based on expert opinion.

The cost of equipment of £900 is also added

FESS functional endoscopic sinus surgery, XprESS MSDS XprESS multi-sinus dilation system, GP general practitioner
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included within the REMODEL study were described as

refractory to medical treatment, issues such as earlier

access to surgical treatment within the USA may mean that

trial patients were less maximally treated than those in the

NHS. Third, the presence or absence of nasal polyps is an

important aspect of the classification of CS and determi-

nant of treatment according to European Position Paper on

Rhinosinusitis and Nasal Polyps (EPOS) guidelines [3],

with patients with nasal polyposis typically receiving more

aggressive surgical management and benefitting more from

this [27]. The REMODEL trial excluded patients with

gross polyposis but otherwise did not report subgroup

analysis on whether there were differences in response to

treatment in patients with mild to moderate polyposis.

The EAC attempted to compare the trial population to

those in the national audit [27] and also sought expert

advice on its applicability to the NHS. On balance, it was

concluded that the population enrolled in the REMODEL

trial was likely to comprise a subgroup of the full spectrum

of patients treated in the NHS, and therefore not be fully

representative.

An additional challenge faced was the lack of compar-

ative data reporting resource use with FESS and XprESS,

specifically relating to duration of surgery and length of

stay following surgery, which were key parameters within

the economic analysis. As such, these parameters were

populated either using expert opinion or data from non-

comparative sources that did not fully represent the popu-

lation included within the scope of the decision problem.

Expert opinion indicated great variation in parameters,

particularly the key driver of the analysis—the duration of

FESS. The final guidance captured this uncertainty and its

implication on the potential cost savings arising from the

use of XprESS.

7 Conclusion

The MTEP evaluation process was followed for the

development of medical technologies guidance on XprESS.

This included a submission of clinical and economic evi-

dence by the company, critical appraisal of this evidence

by the EAC, additional work to address remaining uncer-

tainties, drafting of recommendations by MTAC, and a

subsequent public consultation. Following this process,

MTAC judged that the evidence demonstrated sufficient

potential benefits of XprESS to patients and the NHS to

allow positive recommendations to be made for the device.
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