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      Pain Management in the Surgical 
Correction of Chest Wall 
Deformities                     

     Elizabeth     M.  C.     Ashley     

    Abstract  

  The thoracoscopic placement of Nuss pectus bars for the correction of 
pectus excavatum is a painful procedure., which poses a challenge for the 
thoracic anaesthetist. Adequate pain management can expedite post-oper-
ative recovery and reduce complications. It may also prevent the develop-
ment of chronic post- operative pain. Previously thoracic epidural analgesia 
has been favoured by centres in North America and Europe, but there is 
tendency to move away from this in favour of a multimodal approach to 
analagesia, including regional blockade, opiate infusions and patient-con-
trolled analagesia, with non-steroidal anti- infl ammatory drugs, paracetamol 
and other novel analgesics given in addition for their synergistic and opi-
ate sparing effects  
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     Surgical Procedures 

 Surgery for the correction of chest wall deformi-
ties, the commonest of which is pectus excava-
tum, is becoming more frequently performed, as 
minimally invasive surgical techniques are devel-
oped. This poses a challenge for the thoracic 

anaesthetist to provide appropriate perioperative 
pain relief for thoracic surgery for benign disease 
and what in many cases is an ostensibly cosmetic 
procedure. 

 Pectus correction was originally carried out by 
the Ravitch procedure. This was major thoracic 
surgery, involving removal of costal-cartilages 
and elevation of the sternum using small steel 
bars. This has now been super-ceded by the Nuss 
procedure. The Nuss procedure involves the tho-
racoscopic placement of a concave pectus bar, 
from the right side of the chest which is placed 

        E.  M.  C.   Ashley ,  BSc, MBChB, FRCA, FFICM      
  Department of Anesthesia and Cardiothoracic 
Intensive Care ,  The Heart Hospital UCLH , 
  London ,  UK   
 e-mail: elizabethashley@doctors.org.uk  

  11

mailto:elizabethashley@doctors.org.uk


80

beneath the intercostal muscles and then fl ipped 
into a convex position to elevate the sternum, 
within the chest. The procedure involves two 
small (approximately 2 cm) lateral incisions in 
the chest wall for each pectus bar. One or two 
bars are used during each corrective procedure 
[ 1 ]. Severity of pain is related to the severity of 
the pectus (greater Haller Index) and the amount 
of elevation that is required. Two bars are para-
doxically often less painful than one. 

 The bars are removed after approximately 2 
years. This involves a second anaesthetic and fur-
ther perioperative pain management. 

 Other procedures for chest wall surgery 
include local plastic reconstructive surgery, plas-
tic fl aps and silicone implants. 

 The patient population is predominantly 
young males with body image issues or perceived 
shortness of breath on exertion due to restrictive 
lung function. They are generally a highly- 
motivated group, who actively seek out the sur-
gery and surgeons and are therefore motivated 
and prepared for a degree of post-operative pain. 

 However, the surgery is extremely painful and 
inadequate pain management can exacerbate 
post-operative complications, cause bar displace-
ment, limit early mobilisation, limit enhanced- 
recovery and prolong hospital stay. 

 There is also an incidence of chronic post- 
operative pain and the patient should be aware of 
this before undergoing the procedure.  

    Intra-operative Pain Management 

 The pain management options include thoracic 
epidural anaesthesia or an opiate based tech-
nique. Regional blocks also play a role. 

 A survey and review of pain management fol-
lowing Nuss procedure was carried out over 108 
Paediatric Hospitals in North America, Europe, 
Asia and Australasia, and was published in 2014. 
Fifty-fi ve institutions carrying out the NUSS pro-
cedure responded and were performing the oper-
ations on patients aged between 14 and 17 years 
of age. Ninety-one percent of institutions used 
thoracic epidural anaesthesia and otherwise intra-
venous patient-controlled analgesia was used. 

Sixteen percent of the paediatric hospitals said 
they were stopping epidurals, preferring opiate 
PCAs [ 2 ]. A meta-analysis comparing epidural 
analgesia and Intravenous patient-controlled 
analgesia was also published in 2014. Only three 
randomised-controlled trials and three retrospec-
tive studies met inclusion criteria. Epidural anal-
gesia produced slightly lower pain scores 
immediately post-operatively and in the fi rst 
12–48 h post-surgery, compared with PCA, but 
this did not translate into signifi cantly different 
secondary outcomes such as reduced length of 
hospital stay and reduced hospital costs [ 3 ].  

    Opiates 

 A standard anaesthetic technique involves a small 
dose of a short-acting opiate on induction of 
anaesthesia, such as fentanyl, followed by a 
longer- acting opiate such as morphine during the 
procedure. Immediate post-operative pain can be 
managed in the recovery room using protocolised 
incremental doses of intravenous fentanyl or 
morphine administered by recovery nurses, with 
assiduous respiratory monitoring, and sedation 
scoring, until the patient is comfortable.  

    Patient-Controlled Opiate 
Analgesia 

 Patient controlled opiate anaesthesia (PCA) with 
fentanyl or morphine is used in the post-operative 
period. Many studies report using PCA in addition 
to epidural analgesia. This requires careful moni-
toring of cardiovascular and neurological observa-
tions. Opiates should not be given via two different 
routes, i.e. by intravenous PCA and  epidural infu-
sion, to avoid opiate side effects. In younger chil-
dren nurse controlled analgesia (NCA) can be 
used. This involves regular pain assessments by 
the nursing-staff, with a nurse- administered opiate 
bolus based on the patient’s weight. A standard 
adult PCA protocol includes a bolus dose (e.g. 
1 mg of morphine or 20 ug of fentanyl) and a 
5 minute lockout period, with or without a low 
dose background infusion. This enables the patient 
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to titrate opiate consumption according to his or 
her individual requirements and expectations of 
post-operative pain. More severe pectus is associ-
ated with higher PCA morphine consumption. 
There was an increase in 6 % morphine usage with 
every 1 cm increase in pectus depth [ 4 ].  

    Non-steroidal Anti-infl ammatory 
Drugs 

 Intra-operative opiate analgesia can be supple-
mented by drugs with different mechanisms of 
action, which act synergistically and have an opi-
ate-sparing effect. Conventional non-steroidal 
anti-infl ammatory drugs (Cox-1 inhibitors) that 
can be administered intravenously include diclof-
enac and ketorolac. They inhibit the cyclo- 
oxygenase system and prostaglandin synthesis and 
therefore usual contraindications apply such as 
asthma, renal dysfunction, peptic ulceration and 
bleeding. In 2005 The European Medicines 
Agency (EMA) review on cox-2 specifi c inhibi-
tors such as rofecoxib and paracoxib identifi ed an 
increased risk of thrombotic events such as myo-
cardial infarction and stroke. This has led to an 
increased reluctance to use cox-2 inhibitors intra- 
operatively. However the pectus population are 
young and fi t and so advantages outweigh the risks 
in these patients. Indeed cox-2 inhibitors may have 
advantages in patients at risk of increased bleeding 
and gastric ulceration (PROSPECT Website).  

    Paracetamol 

 Paracetamol is also a useful adjunct to an opiate- 
based technique. The mechanism of action of 
paracetamol has not been entirely elucidated but 
there is evidence that it also works on cox-2 
receptors, predominantly in the central nervous 
system. Intravenous paracetamol is highly effec-
tive as it has 100 % bio-availability avoiding fi rst 
pass metabolism in the liver in comparison with 
oral or rectal preparations. It can be given in con-
junction with NSAIDs. One gram of intravenous 
paracetamol is said to have similar analgesic effi -
cacy to 10 mg of Intra-muscular morphine [ 5 ].  

    Other Novel Agents 

 Other more novel analgesics can be used intra- 
operatively or in the recovery room in patients 
with refractory pain.  

    Ketamine 

 Ketamine is an N methyl D aspartate (NMDA) 
receptor antagonist which has profound anaes-
thetic and analgesic properties, in small doses 
administered either intra-venously or intra- 
muscularly. It is opiate-sparing, reducing opiate 
side-effects such as respiratory depression. It 
may also prevent spinal-sensitisation or ‘wind-
 up’ which is attributed to the development of 
chronic post-operative pain syndromes. Intra- 
muscular administration has some advantages in 
that the effects of the ketamine are more pro-
longed. It can also be given as an infusion in the 
post-operative period.  

    Clonidine 

 Clonidine is an alpha-2 adrenergic agonist and 
imidazoline receptor antagonist. It was origi-
nally used to treat hypertension, but has several 
off- licence uses which include sedation and the 
treatment of pain. It can be used in conjunction 
with opiates intra-operatively and in the recov-
ery room and can also be given as an infusion. 
It works by an entirely different mechanism 
from opiates and therefore has a synergistic 
effect.  

    Gabapentin or Pre-gabalin 

 Gabapentin or Pre-gabalin were originally devel-
oped as anti-epileptic medications, but are now 
used in the treatment of neuropathic pain. They 
have similar structures to the neurotransmitter 
GABA and bind to voltage-dependent calcium 
channels, but their mechanism of action is 
unclear. There is limited evidence from other 
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areas of surgery that pre-operative gabapentin 
may confer advantages in the management of 
post-operative pain. They reduce opiate usages 
and decrease opiate side effects. They may also 
have a theoretical role in the prevention of the 
development of chronic post-operative pain [ 6 ]. 
There is currently no published evidence for their 
use in Nuss surgery.  

    Wound Infi ltration with Local 
Anaesthetic 

 Local wound infi ltration by the surgeon at the 
time of surgery is a useful, simple and safe 
adjunct in the management of post-operative 
pain. Longer-acting local anaesthetics such as 
bupivacaine or ropivacaine should be used and 
the inclusion of adrenaline can prolong the dura-
tion of action further.  

    Paravertebral Nerve Blocks 
and Intercostal Nerve Blocks 

 Paravertebral blocks have been suggested as an 
alternative to thoracic epidural analgesia and a 
small study comparing bilateral paravertebral 
blocks with thoracic epidurals was published in 
2014. Paravertebral blocks are technically easier to 
perform and have less serious complications than 
central neuraxial blockade. They can be performed 
as a ‘one-shot’ technique, by the anaesthetist prior 
to surgery or indwelling paravertebral catheters 
placed for use with infusions of local anaesthetic 
in the post-operative period. The major risk with 
bilateral paravertebral blockade is bilateral pneu-
mothoraces. Ultrasound- guidance for block place-
ment may reduce this risk. A retrospective study 
comparing 10 thoracic epidurals with 10 bilateral 
para-vertebral blocks in 20 adolescent males 
undergoing the Nuss procedure, showed no differ-
ence in post-operative opiate consumption or pain 
scores between the two groups [ 7 ]. 

 Two meta-analyses and systemic reviews 
comparing epidural analagesia with paravertebral 
blockade in thoracotomy patients, concluded that 
analgesic effi cacy was similar. However the side 

effect profi le, including urinary retention, nausea 
and vomiting and pulmonary complications were 
lower in the paravertebral group [ 8 ,  9 ]. 

 Similarly bilateral intercostal blocks per-
formed prior to surgery by the anaesthetist or 
during surgery by the surgeon may be an alterna-
tive to central neuraxial blockade [ 10 ]. A recent 
double-blind randomized controlled trial com-
paring single-shot intercostal blocks performed 
with levobupivicaine or saline in 60 patients, 
showed decreased morphine consumption at sur-
gery and for the fi rst 6 h post-operatively, with 
less nausea and vomiting and less urinary reten-
tion in the levobupiviaine group [ 11 ].  

    Thoracic Epidural Analgesia 

 Thoracic epidural analgesia has been considered 
to be the gold-standard in pain management in sur-
gery for the correction of chest-wall deformities. 
Thoracic epidurals must be placed with the patients 
awake or only mildly sedated to minimise the risk 
of neurological complications. This is a challenge 
in the paediatric or adolescent population and 
requires a co-operative patient and a skilled opera-
tor. Epidural analgesia has major side-effects and 
sequelae including intra- operative and post-opera-
tive hypotension, urinary retention, delayed mobil-
isation, inadequate analgesia, missed segments 
and patchy block. Epidural haematoma or abscess 
and spinal cord ischemia are major life-changing 
sequalae that require prompt detection and imme-
diate neurosurgical imaging and intervention. This 
is not always rapidly available in cardiothoracic 
centres. Epidurals require assiduous nursing care 
and observations and have to be nursed on high- 
dependency units in many hospitals. This has cost 
and man-power implications. 

 There is also controversy about thrombopro-
phylaxis with an epidural catheter in situ. 
Timing of low-molecular heparin administra-
tion must be co-ordinated with epidural place-
ment and catheter removal. Heparin should not 
be given until 6 h post catheter insertion. 
Catheter removal must take place at trough lev-
els of low molecular weight heparin and the 
subsequent dose should not be given until 6 h 
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after catheter removal, to minimise the risk of 
epidural haematoma [ 12 ]. 

 NAP3 (National Audi Project 3) carried out 
by the Royal College of Anaesthetists in the UK 
and published in January 2009 showed a major 
complication rate of 4.2 in 10,0000 central neur-
axial blocks including spinals, epidurals and 
combine spinal-epidural techniques. This was a 
large study carried out over a 12 month period in 
the UK which included 70,0000 procedures. 
These broke down into 46 % spinals and 41 % 
epidurals. Forty-fi ve percent of the epidurals 
were performed in obstetrics and 44 % for peri-
operative analgesia. There were 30 permanent 
injuries of which 60 % were in patients with epi-
durals. Eighty percent of the permanent epidural 
injuries were in the peri-operative group. 
Although complications rates were low, they 
occurred predominantly with peri-operative epi-
durals and the prognosis for vertebral canal hae-
matoma or spinal cord ischaemia is extremely 
poor [ 13 ]. This may have discouraged the use of 
epidural analgesia in major surgery in the 
UK. The lack of convincing evidence that epi-
dural anaesthesia decreases morbidity and 
improves patient outcome has also lead to anaes-
thetists re-evaluating whether the risks of epi-
dural catheter placement, justify the benefi ts of 
the procedure [ 14 ]. 

 Further to this, the National Pneumonectomy 
Study was published in the Journal of 
Cardiothoracic Surgery in 2009. This looked at 
312 pneumonectomies for lung cancer over a 12 
month period performed in 28 thoracic surgical 
centres in the UK. Major complications included 
signifi cant arrhythmias requiring treatment 
(19.9 %), unexpected ICU admissions (9.3 %), 
30 day mortality (5.4 %), further surgery (4.8 %) 
and increased inotrope usage (3.5 %). Sixty-one 
percent of the patients had a thoracic epidural and 
31 % a paravertebral block. Risk factors for major 
complications included epidural analgesia, pre- 
operative ASA status, age and pre-operative lung 
function (DLCO, Diffusion capacity of the lung 
for carbon monoxide). This may be explained by 
increased hypotension and increased pulmonary 
complications with epidurals as opposed to a uni-
lateral paravertebral block [ 15 ]. 

 However, despite the published studies and 
audits, epidural analgesia remains the mainstay of 
perioperative pain management for pectus surgery 
in European and North American centres. A large 
multi-centre survey published in the Scandinavian 
literature in 2014 reported 91 % of institutions used 
epidurals for primary pain management [ 2 ]. Other 
studies have shown epidurals to provide superior 
analgesia to PCA Opiates in the immediate post-
operative period, with moderately lower pain 
scores up to 48 h post- operatively [ 3 ]. A ran-
domised study of epidural versus patient controlled 
analgesia was published in 2012 and included 110 
patients. Epidurals were failed to be placed or did 
not work in 22 % of patients and epidural insertion 
signifi cantly prolonged operative time. It also dem-
onstrated marginally improved pain scores in the 
epidural group, but also greater demands on hospi-
tal staff with more calls to anaesthesia. There was 
no difference in hospital stay between the two 
groups [ 16 ]. The assumption that epidural analge-
sia is the truly the best pain management strategy 
for Nuss surgery is therefore being questioned. 
Patients who do not have epidurals have a shorter 
operating room time, less urinary retention and 
catheterisation, a shorter transition to oral medica-
tion and shorter hospitalisation [ 17 ]. 

 Thoracic Epidural Analgesia is certainly a 
good option in centres with experienced epidural-
ists, nursing staff and facilities that can success-
fully monitor and manage epidural infusions and 
complications on the wards, with the availability 
of 24 h neuro-imaging and neurosurgery to man-
age catastrophic complications. If this is not avail-
able there should be some reluctance to place 
epidural catheters in young fi t patients, who do 
not have cancer and are undergoing surgery pri-
marily for aesthetic and psychological reasons.  

    Lumbar Spinal Opiates 

 Lumbar spinal opiates are another potential 
method of pain relief for Nuss surgery. Spinal 
diamorphine or preservative-free morphine is 
used extensively in enhanced recovery protocols 
for other types of surgery including major gynae-
cology, colorectal and orthopaedic surgery. 
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A large meta-analysis of intrathecal morphine in 
cardiac, thoracic, abdominal and spinal surgery 
showed opioid requirements were decreased 
intra-operatively and up to 48 h post-operatively 
[ 18 ]. There is no data for the use of spinal mor-
phine or diamorphine in pectus surgery.  

    Hypnosis 

 They have been reports that post-operative self- 
hypnosis can improve pain scores, decrease opi-
ate usage and decrease hospital stay [ 19 ]. 

 A multi-modal approach to post-operative 
analgesia using a combination of neuraxial 
blockade or peripheral nerve block and pharma-
cological agents is probably the most successful 
strategy. This reduces the total dose of a single 
agent (i.e. opiate sparing), therefore minimising 
side-effects. Different classes of analgesics work 
by different mechanisms on different receptors 
and therefore have a synergistic effect when used 
in combination.  

    Step-Down Analgesia 

 When the epidural or PCA is discontinued, multi- 
modal regular analgesia should be prescribed. A 
combination of a non-steroidal anti-infl ammatory 
drug, paracetamol and an oral opiate such as oro-
morph, is appropriate. The patient should be sup-
plied with a similar combination of medication 
on discharge from hospital. The strong opiate can 
be replaced by a weak opiate such as codeine or 
tramadol.  

    Post-operative Care 

 Of equal importance to the post-operative analge-
sic technique is the ward environment, standards 
of observation, monitoring, and nursing care. 
Patients with epidural infusions need cardiovas-
cular, neurological and respiratory observations 
to detect rising epidural block, respiratory 
 compromise, hypotension and neurological com-
plications. This requires nursing staff to be 

trained in the management of epidurals. This 
level of care can only be provided in a high 
dependency or intensive care environment in 
many institutions. 

 Patients with opiate patient controlled analgesia 
also need regular respiratory observations (respira-
tory rate and depth) and assessment of level of 
sedation. This should be achievable in a surgical 
ward environment. The analgesic technique there-
fore has implications for the acuity of post-opera-
tive care and high-dependency bed utilisation.  

    Chronic Pain Management 

 There is no published data on the incidence of 
chronic pain after the Nuss procedure. However 
we know that 67 % of patients develop chronic 
pain after thoracotomy, which persists in 25 % of 
cases [ 20 ]. Risk factors for the development of 
chronic pain included longer and more compli-
cated surgical procedures and severe post- 
operative pain [ 21 ]. This provides further impetus 
to achieve excellent pain control in the peri- 
operative period. This patient group also needs 
access to anaesthetists trained in chronic pain 
management and a multi-disciplinary chronic 
pain service, in the event of the development of 
post-operative chronic pain syndromes.     
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