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1 Executive Summary
Equality Statement
Promoting equality and addressing health inequalities are at the heart of NHS
England’s values. Throughout the development of the policies and processes cited in
this document, we have:


Given due regard to the need to eliminate discrimination, harassment and
victimisation, to advance equality of opportunity, and to foster good relations
between people who share a relevant protected characteristic (as cited under
the Equality Act 2010) and those who do not share it; and



Given regard to the need to reduce inequalities between patients in access to,
and outcomes from healthcare services and to ensure services are provided
in an integrated way where this might reduce health inequalities

Plain Language Summary
Pectus deformity
Pectus deformity is a term used to describe a group of conditions associated with the
malformation of the chest wall. In most cases, a pectus deformity will be present at
birth, however, it will usually only become obvious and visible during early
adolescence, when growth is rapid. Diagnosis is made by physical examination.

There are two main types of pectus deformity:


Pectus excavatum, in which the breastbone is sunken inwards and the chest
looks hollow. Sometimes this is called “funnel chest”. This is the most
common type of deformity, and



Pectus carinatum, in which the breastbone is raised and the chest is pushed
out. Sometimes this is called “pigeon chest”.

Both conditions are more likely to affect males than females (Krasopoulos et al 2010,
Goresky et al 2004, Kelly et al 2004) and both may be inherited, often being present
in several members of the same family and associated with other congenital
diseases including scoliosis of the spine, Marfan’s syndrome and Ehlers-Danlos
syndrome (Goretsky et al 2004).
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The impact of a pectus deformity can vary substantially, ranging from mild and
symptomless to severe and impacting on both lung (pulmonary) and heart (cardiac)
function. Psychologically, the deformity usually has little impact, but in some cases it
can cause psychological distress leading to concerns about appearance, withdrawal
and social isolation.

About current treatments
There are a range of surgical and non-surgical treatments available to manage the
condition and individuals with a pectus deformity may be referred to a thoracic
surgical clinic for advice. Treatment options are determined by assessment of the
type of pectus deformity, degree of deformity, simple versus mixed deformity, and
determination of whether the deformity is isolated or part of a syndrome.

In most cases, while surgery can correct the chest wall deformity, surgical
intervention does not take place. This is because the majority of people experience
only mild physical or psychological symptoms associated with having a pectus
deformity. In these cases, non-surgical options include posture, exercise
programmes, bracing and psychological support.

Where surgical intervention does take place, there are two types of procedure
available:


The Nuss procedure, which is a minimally invasive intervention generally only
used to treat cases of pectus excavatum. It involves placing one or two steel
bars under the breastbone with the aim of raising it and correcting the
abnormal shape. Each bar, bent into a curve to fit the patient’s chest, is
inserted through small openings in the chest. The bar (or bars) is/are usually
removed within a few years of placement; and



The Ravitch procedure, which can be used to treat both pectus excavatum
and pectus carinatum. In this technique the rib cartilages are cut away on
each side and the sternum is flattened so that it will lie flat. One or more
permanent bars or struts are inserted to ensure the sternum keeps its new
shape.
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This policy proposition examines the continued place of surgical intervention in the
management of pectus deformity.

What we have decided
NHS England has carefully reviewed the evidence for the surgical correction of
pectus deformities. We have concluded that there is not enough evidence to
routinely commission the intervention.
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2 Introduction
This document describes the evidence that has been considered by NHS England in
formulating a proposal not to routinely commission surgical correction for pectus
deformities.

For the purpose of consultation NHS England invites views on the evidence and
other information that has been taken into account as described in this policy
proposition.

A final decision as to whether surgical correction will be routinely commissioned as
treatment for pectus deformity will be made by NHS England following a
recommendation from the Clinical Priorities Advisory Group.

3 Proposed Intervention and Clinical Indication
Clinical indication
Pectus abnormalities cover a range of deformities affecting the anterior chest wall,
specifically the sternum and adjacent rib cartilages. Pectus excavatum (PE) and
pectus carinatum (PC) are the most common of these. PE, or ‘funnel chest’,
appears as a depression of the sternum; it may be asymmetrical, with the right side
deeper than the left (de Oliveira Carvalho, 2014). It can be present at birth or may
develop during childhood and adolescence. PC, also known as ‘pigeon chest’, is
caused by the sternum pushing out so the middle of the chest is more pronounced
(Goretsky et al 2004). It usually manifests at the time of a growth spurt in the early
teenage years (Fokin et al 2009). If not corrected, the deformity is permanent.

Both deformities may be inherited, often being present in several members of the
same family and associated with other congenital diseases including scoliosis of the
spine, Marfan’s syndrome and Ehlers-Danlos syndrome (Goretsky et al 2004).

Pectus deformities vary from mild and asymptomatic to a more severe form which
can alter measures of pulmonary and cardiac function. Diagnosis is by physical

7

examination (Lain et al 2017). Psychologically, the deformity usually has little
impact, but in some cases it can cause significant psychological distress leading to
concerns about appearance, withdrawal and social isolation (Steinman et al 2011).

There are a number of non-surgical management options to support people
diagnosed with a pectus deformity, including posture and exercise programmes,
bracing and psychological support.

Proposed intervention
There are two types of surgical procedure available for the correction of pectus
deformity:


Nuss procedure, which is a minimally invasive procedure generally only used
to treat cases of PE; and



Ravitch procedure, which is an open surgical procedure that can be used to
treat both cases of PE and PC.

The Nuss procedure involves placing one or two steel bars under the breastbone
with the aim of raising it and correcting the abnormal shape. Each bar, bent into a
curve to fit the patient’s chest, is inserted through small openings in the chest. The
bar (or bars) is usually removed within a few years of placement.

In the modified Ravitch procedure, the rib cartilages are cut away on each side and
the sternum is flattened so that it will lie flat. One or more permanent bars or struts
are inserted to ensure the sternum keeps its shape.

Treatment choice is determined by assessment of the type of pectus deformity,
degree of deformity, simple versus mixed deformity, and determination of whether
the deformity is isolated or part of a syndrome. The severity of the deformity can be
assessed radiologically using the Haller index, defined as the lateral external
distance divided by the distance between the external deepest point of the chest
and external spinous process.

4 Definitions
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Bracing – the use of a back brace to stop the deformity getting worse. It is used in
children, often until they stop growing.
Ehlers-Danlos syndrome – is a group of inherited disorders that affect the
connective tissues, primarily skin, joints and blood vessel walls.
Marfan’s syndrome - is a genetic disorder that affects the body’s connective tissue.
Nuss – is a minimally invasive procedure to repair pectus excavatum.
Pectus Carinatum – is where the sternum is raised so the chest appears pushed
out.
Pectus Excavatum – is where the sternum is depressed and the chest looks hollow.
Ravitch – is an open surgical procedure for the treatment of pectus excavatum and
pectus carinatum.

Scoliosis - is a condition in which the spine can be curved or twisted.

5 Aims and Objectives
This policy proposition considered: surgical correction of pectus deformity.

The objectives were to: establish, via an evidence review, whether:


Surgical correction improves cardiorespiratory reserve, functional and
physical outcomes;



Surgical intervention significantly improves the psychological well-being and
quality of life for individuals with pectus deformities;



There is a relationship between the degree of the pectus deformity (as
quantified by the Haller index or other objective assessment) and the level of
psychological distress experienced;
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There are subgroups in which surgery produces a greater improvement in
mental wellbeing than others;



Surgical volume impacts on the outcome of surgery (infection and revision
rates);



There is evidence with regard to quality, safety, and adverse events
associated with surgical correction; and



There is an evidence base for eligibility criteria and thresholds for surgery.

6 Epidemiology and Needs Assessment
Birth incidence of pectus deformity is estimated to be between 1 in 400 and 1 in
1000, of which 87% will be PE, 5% PC and the remainder a combination of the two
or other very rare chest deformities (Lomholt et al 2016, Krasopoulos et al 2010,
Goresky et al 2004). Both PE and PC are more likely to present in males, with a
male to female ratio of between 3:1 and 9:1 (Krasopoulos et al 2010, Goresky et al
2004, Kelly et al 2004).

NHS activity data indicates that 250 surgical procedures to correct pectus deformity
were carried out in England during 2017/18.

7 Evidence Base
NHS England has concluded that there is not sufficient evidence to support a
proposal for the routine commissioning of surgical treatment for pectus deformity

Psychological, Social and Behavioural Outcomes
Twenty six published studies were identified evaluating the effectiveness of
corrective pectus surgery relating to improve psychological, social and behavioural
outcomes. There were a number of serious weaknesses identified in the evidence
that was found. The studies were not well-controlled. Four of the studies used a
before-and-after design with no patient control group, which made it impossible to
discern whether any changes observed are because of the intervention or because
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of another factor, such as the passage of time or some other change in participants’
circumstances. Having unoperated patients with higher pre-operative body
satisfaction as controls is clearly inappropriate because the reported differences are
likely to reflect disease severity rather than the effect of surgery. The use of healthy
controls provides no information on the difference that surgery may make to those
with pectus deformity.

Although the studies all reported statistically significant results, they provide little
information on the functional significance to patients of the differences that they
found. A change may be large enough to be statistically significant, i.e., to make
chance an unlikely explanation, but too small to be of real value to the patient. In
many cases, patients' and parents' scores did not indicate the existence of major
psychosocial or other difficulties before surgery, limiting the improvement that
surgery could provide.

Outcome measures varied between studies and were often opaque. The
terminology used in the technical reporting of psychometric questionnaires is often
not suitable for direct translation into clinical commissioning policy. The studies did
not make clear what each outcome measure meant and what functional effect a
change might have in a patient’s life. It was difficult to assess the relevance and
importance of the differences reported. The studies lacked any objective measures
of effect on social integration, such as school attendance or participation in sport.

There were many important data the authors did not report, such as whether
participants had undergone other treatment before or after surgery, the extent to
which activities of daily living were prevented by their deformity and how often the
procedure had adverse effects.

Cardiorespiratory reserve, functional and physical outcomes
Relevant research studies highlighted by the evidence review of surgical
intervention to correct pectus deformity are largely either limited to case series and
reports or studies that were not well controlled. The meta-analysis did not attempt to
address statistical heterogeneity between studies or take into account surgical skill
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variations amongst individual surgeons, between centres and over time. The
absence of a standardised measure/scale to weigh clinical benefits (physical,
psychological and quality of life) against the significant morbidity caused by the
procedures presents a challenge to any conclusion regarding benefits of
intervention.

Johnson et al, 2014 found no linkage between ages of operative treatment with
outcomes. There was no clear difference in outcomes between the Nuss and
Ravitch populations across all age groups, but slightly better outcomes in the Nuss
paediatric group as compared to all other groups. Nasr et al, 2010 found no
difference in patient satisfaction between both techniques among studies looking at
this outcome. A meta-analysis of 2476 cases (1555 Nuss, 921 open surgery) from
23 international studies (Chen et al, 2012) reported significant overall improvement
in lung function 3 years after surgery, measured as separate net changes in forced
expiratory volume over 1 second (FEV1), forced vital capacity (FVC), vital capacity
(VC), and total lung capacity (TLC). The improvement was reported to be better with
the Nuss procedure compared to open surgery. The preoperative pulmonary
function tests lay at the lower end of the normal range and again there is no report
of the functional status at the pre or post-operative stages. This together with the
absence of a non-intervention or healthy comparator arm in any of the studies,
means that these findings cannot be used to draw an inference on the clinical
effectiveness of pectus procedures on lung function. Cardiovascular function after
surgery was reported to be improved by greater than one-half standard deviation.
However, no supporting analysis was included in the publication. Other large case
series (Kelly et al, 2013. Žganjer et al, 2011) report positive improvement of chest
wall in varying degrees as well as improvement in pulmonary function. Most studies
report 80-90% good to excellent anatomic surgical outcomes. Given the limitations
in the study design, the overall evidence in this category needs to be viewed with
caution.

There were no studies that directly compared the impact of surgeon volume and
outcomes of surgery. In a retrospective review of all primary Nuss procedure repairs
of pectus excavatum performed in a one large US centre over 21 years,
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complications decreased markedly over 21 years since surgery was first offered in
the centre. Bar displacement rate requiring surgical repositioning decreased from
12% in the first decade to 1% in the second decade (Kelly et al, 2010). This
provides a limited view of the impact of surgical experience and patient volume on
outcomes.

The literature review did not find any randomised control trials or high quality metaanalysis that could further update the comparative efficacy of different types of
surgery or provide a comparison with a no-intervention group. The best available
evidence comes from a systematic review of 39 studies involving 807 adult and
2716 paediatric cases (Johnson et al, 2014) which focused on comparison of the
Ravitch, Nuss, and other surgical treatments for pectus excavatum across age
groups. The analysis showed that complication rates varied across studies,
however, Nuss and Ravitch procedures were generally safe for paediatric and adult
patients with no perioperative mortality reported. Re-operation rates in adults were
highest for implant procedures at 18.8% followed by Nuss 5.3% and Ravitch 3.3%
but there was no significant difference in re-operation rates in children. Nasr et al,
2010 found that there was no significant difference in overall complication rates
between both techniques in the nine studies included in the meta-analysis. Looking
at specific complications, postoperative pneumothorax and haemothorax, the rate of
reoperation because of bar migration or persistent deformity was significantly higher
in the Nuss group. Most case series identified major and minor complications
related with the surgery ranging from allergy to nickel (Nuss bars), pneumothorax,
haemothorax and pericardial tears in perioperative period to bar displacement and
asymmetrical corrections that required re-operations.

No evidence was found about the relationship between the degree of the pectus
deformity and change in psychological outcomes, about sub-groups in which
surgery produces a greater improvement in mental wellbeing and whether the
incorporation of psychosocial therapies into surgical management affects outcome

Conclusion
The evidence that was found is not sufficient to conclude that the physical
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psychological, social and behavioural benefits of surgical treatment of pectus
deformities are sufficient to justify its use.

8 Documents That Have Informed This Policy Proposition
The documents that have informed this policy proposition are:


NHS England 2015. Evidence Review: Surgical correction for Pectus
deformity (all ages) Public consultation document. NHS England;



NHS England 2018. Evidence Review: Surgical correction for Pectus
deformity (all ages) Public consultation document. NHS England;



NICE 2009. Placement of pectus bar for pectus excavatum (also known as
MIRPE or the Nuss procedure). https://www.nice.org.uk/Guidance/ipg310

9 Date of Review
This document will lapse upon publication by NHS England of a clinical
commissioning policy for the proposed intervention that confirms whether it is
routinely or non-routinely commissioned.
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