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Definition

Generally, chronic pain post-surgery is the pain that occurs 
either continuously or intermittently in the location of 
surgery, lasts beyond the normal rehabilitation period of 
a tissue for about three months after surgery and different 
from that suffered pre-operatively (1,2); However, some 
authors identify 12 months as the minimum duration of 
pain to be considered chronic. Some authors define chronic 
pain with no fixed duration but any pain that extends 
beyond the expected period of healing (1). 

To define chronic post sternotomy pain, the pain must 
develop post-operatively at the median sternotomy location; 
it must be of at least 2 months after surgery and other 
causes of pain (including the possibility that the pain is from 
a pre-existing condition) are excluded (3). 

Importance and incidence of chronic post 
sternotomy pain

A significant number of patients who undergo median 

sternotomy for heart surgery (estimated to be over 2 million  
annually); suffer from persistent pain defined as chronic 
post-sternotomy pain (4). In the immediate period after 
surgery; severe uncontrolled pain negatively affects 
patient recovery after cardiac surgery. Untreated pain 
may lead to adverse hemodynamic consequences such as 
tachycardia, arrhythmias and hypertension; can lead to 
pulmonary complications such as atelectasis, pneumonia 
and coagulation disorders such as hypercoagulability and 
platelet activation, it also can lead to sleep, mode and 
behavioral changes, all of these consequences of pain can 
result in increased intensive care unit or hospital length 
of stay ,hospital readmission, prolonged recovery and 
negatively affect quality of life on those affected (5,6). 

In literature, there is a wide variation of the incidence 
of chronic post-sternotomy pain, this variation can be 
attributed to variations in definitions, different patient 
characteristics and retrospective nature of these studies. 
Chronic pain after coronary artery bypass surgery, was 
estimated to occur in 25–50% of patients and the incidence 
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of severe pain is 5–10% of them (5,7-12).
Studies reported a 20.6% brachial damage during 

cardiac surgery that can result in chronic pain post  
sternotomy (1,8,13,14).

In a study conducted by Meyerson et al., ninety patients 
(28%) of 318 patients had chronic post-sternotomy pain 
one year after operation. Forty-one (13%) patients reported 
moderate degree of pain and 14 patients (4%) reported the 
pain as severe (5).

In another study, Gjeilo et al. included both bypass 
surgery and valve surgery patients, 521 patients were 
questioned 6 and 12 months post operatively. Pain was 
measured using the Brief Pain questionnaire and health 
related Quality of Life, Persistent pain was reported by 
11% of patients at 6 and 12 months after surgery. About 
half of these patients reported to have chronic pain at both 
assessments, while an equal number of patients reported 
pain at either 6 or 12 months (15). Prevalence of chronic 
pain decreased with age; older patients are less likely to 
report pain (55% in those aged under 60 years compared 
with 34% in patients over 70 years). Patients with pre-
operative angina and those with body mass index >25 at the 
time of surgery were more likely to report chronic pain (1).

Causes and mechanisms of chronic post 
sternotomy pain

After ruling out myocardial ischemia or sternal wound 
infection as possible causes for chest pain; the etiology of 
post-sternotomy pain can be theoretically attributed to two 
main causes, first nerve injury and second musculoskeletal 
factors (1).

Nerve injury factors

Defalque and Bromley (16) attributed chronic post 
sternotomy pain to the development of scar-entrapped 
neuromas at the sternotomy site caused by sternal wires 
and intercostal neuralgia, due to damage of the intercostals 
nerves during internal mammary artery (IMA) harvesting. 
Brachial plexus injury from over retraction of sternal plates, 
the later could also cause upper extremity pain, chest pain 
in dermatome T1, and painful sternum (12,13,16-20).

Nerve injury originates mostly from direct surgical 
injury of the peripheral nerves, or as a consequence of 
active inflammation resulting in neuropathic pain which 
is characterized by loss of sensation, hypersensitivity of 
the affected body area with allodynia and spontaneous, 

sometimes paroxysmal pain (21).
Damage to the anterior rami of the intercostal nerves 

can results from trauma during harvest of the IMA, sternal 
retraction, electrocautery, drainage tubes insertion and 
sternal wires application. IMA harvesting per se has been 
reported to predispose to post sternotomy pain in many 
studies (22-24); however, this predisposition to increased 
postoperative pain after IMA harvest has not been detected 
in the most recent larger studies (5,15), moreover; 
intraoperative nerve conduction study although confirmed 
intercostal nerves damage during thoracic surgery 
procedures but intercostal nerve injury was not indicative 
of long-term pain (24). Also valve surgery patients are likely 
report chronic post sternotomy pain as those undergoing 
IMA harvesting; suggesting trauma during internal 
artery dissection is not the only mechanism for this post 
sternotomy pain (5).

The methods of harvesting (pedicled versus skeletonized) 
is a matter of controversy in literature as regards to 
reducing post sternotomy pain. Skeletonizing IMA graft 
has been proposed as one way to reduce postoperative 
pain, in addition to other benefits of skeletonization such 
as improving graft blood flow and reducing the incidence 
of sternal infection. In a randomized, double-blind within 
patient comparison of skeletonized versus pedicled IMA, 
Boodhwani et al. found that postoperative pain was 
similar at discharge and at 4 weeks after surgery, but was 
significantly less in the skeletonized group compared with 
the pedicled group 3 months after surgery, In addition, 
sensory deficits to pinprick sensation were reduced at  
4 weeks and 3 months (17% vs. 50%, P=0.002) after surgery 
in the skeletonized side of the sternum (25). In contrast to 
this study, skeletonizing IMA did not reduce chronic post-
sternotomy pain in a retrospective questionnaire-based 
study of 380 patients at 31 months after surgery (26); post 
sternotomy pain was present in 100/221 (45%) of patients 
in the skeletonized and 63/125 (50%) in the pedicled IMA 
groups, with no significant difference between the two 
groups. This finding may suggest that ischemic injury, not 
direct mechanical injury to the intercostal nerves is the 
mechanism of underlying post sternotomy pain (26).

Musculoskeletal factors

Musculoskeletal factors that might be the cause of chronic 
post-sternotomy pain include sternal fracture, incomplete 
healing of the sternum and sternal instability, sternocostal 
chondritis, rib or costal fracture, broken and or migration 
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of the steel sternal wire towards the skin, and sternal 
pseudoarthrosis (27,28).

Other contributing factors

Two other factors that may play a role in development 
of post sternotomy pain, one is the rare occurrence of 
hypersensitivity reaction against the metal wire and the 
other factor is the psychological factor; central sensitization 
to pain with an exaggerated response to moderate 
peripheral pain stimuli. With time, the original peripheral 
stimuli may disappear, but the central sensation remains, 
leaving the central pain independent of peripheral stimuli. 
The result is an exaggerated response to minor pain stimuli 
(hyperalgesia), as well as pain in response to normally non-
nociceptive stimuli (allodynia) (5,28,29).

Risk factors of chronic post sternotomy pain

In their study Laura van Gulik and colleague found that 
non-elective surgery, re-sternotomy shortly after the 
original surgery, severe pain on the third postoperative 
day, and female gender are independent predictors for the 
development of chronic thoracic pain (4). Allergy to the 
wire used for sternum closure, younger age, and the use of 
the IMA can be also considered risk factors (20,30). It has 
been suggested that the severity of acute postoperative pain 
and greater need for analgesics during the first few days 
after surgery may predict future chronic pain. That reflects 
the importance of management of the acute postoperative 
pain for the purpose of disrupting the possible peripheral 
and central neural processes responsible for the transition 
to a chronic pain (31).

Excessive sternal retraction can result in a trauma to 
muscles, bones, tendons and ligaments beside its effects 
on the brachial plexus. A local inflammatory component 
will usually follow the surgery, in addition to a general 
inflammatory response due to cardiopulmonary bypass (21).

Preoperative anxiety, depression and catastrophizing 
(tendency to exaggerate the threat value of pain and to feel 
helpless in the context of pain), are associated with higher 
rates of chronic post sternotomy pain (32).

Management of chronic post sternotomy pain

It is essential to rule out important causes of chronic 
anterior wall pain such as myocardial ischemia, and 

mediastinitis in every cardiac surgery patient presenting 
with chest pain. 

The management of chronic post sternotomy pain 
requires a multidisciplinary approach that starts first with 
preventive measures that involves intensive perioperative 
psychological, medical, physical therapy, and second 
utilizing pharmacological and non-pharmacological 
measures aimed at preventing and treating the factors 
that increase the risk of chronic post stereotomy pain and 
associated negative consequences (33).

The surgical therapy includes sternal wire removal; 
which may be an effective treatment for pain in a subgroup 
of patients. If the pain persists after wire removal, referral 
to a chronic pain management specialist is recommended. 

Pharmacological treatment

Acute postoperative pain management
High doses of intravenous opioids are usually used for 
anesthesia during surgery, and parenteral opioids are used 
in the early post-operative period for pain relief (34). 
There is a large list of added pain control medications to 
Opioid postoperatively in order to potentiate the analgesic 
effects and decrease the dose and side effects of opioid 
such as paracetamol, Ketamine and NON-steroidal anti-
inflammatory (35-37).

Chronic pain management
A wide range of analgesics have been used in the treatment 
of chronic pain, opioid, non-opioid analgesics (simple and 
topical), non-steroidal anti-inflammatory drugs (NSAIDs), 
other anti-neuropathic drugs.
Opioids
Opioids have been used increasingly in chronic pain 
management. Wide range of opioids are being used 
including weak opioids such as codeine and tramadol 
and strong opioids such as morphine, diamorphine, 
hydromorphone, oxycodone, fentanyl, buprenorphine and 
methadone, there is no strong evidence that one opioid 
is better than another, but for an individual patient, one 
opioid can have a better effect versus adverse effect profile 
than others (38).
NSAID
NSAID has a modest beneficial  effect in patients 
with chronic pain. No difference has been observed 
between different NSAIDs or between non-selective 
and cyclooxygenase  (COX)-2 se lect ive  NSAIDs. 
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Gastrointestinal, renal and cardiac and neurologic adverse 
effects are well established risks of long term regular 
NSAID treatment (39,40).
Anti-epilepsy drugs
Gabapentin has moderate beneficial effect in chronic 
pain relief; compared with diclofenac on chronic post 
sternotomy pain, gabapentin is superior than diclofenac. 
The relief of symptoms with gabapentin persists longer than  
diclofenac (41). Gabapentin is safe and effective in pain 
control with mild adverse effects commonly dizziness, 
somnolence, peripheral edema, and gait disturbance (42).

Pregabalin is another anticonvulsant with chemical 
similarity to gabapentin, Pregabalin has been proved to 
reduce excitatory neurotransmitter release and preventing 
hyperalgesia and central sensitization. Many studies proved 
its usefulness in controlling acute as well as chronic post 
sternotomy pain, in addition (43).

Carbamazepine is another anticonvulsant that may be 
considered for the treatment of neuropathic pain (39).

There is little evidence that other anti-epilepsy drugs 
such as sodium valproate, Lamotrigine and phenytoin are 
effective in treatment for patients with chronic pain (39,44).

Non-pharmacological approach for managing this pain

Technical measures
At the time of surgery, different measures can be utilized 
in order to minimize the pain that may originate from 
peripheral nerve damage or tension on brachial plexus. 
Examples of these measures are: meticulous median 
sternotomy that is performed correctly in the mid line, 
caudal placement of the retractor prevent over retraction 
and pressure on the brachial plexus, IMA harvesting using 
asymmetrical traction retractors also prevent traction to the 
brachial network and lastly robust sternal closure (13).

Psychological intervention
Psychotherapy has an established role in the effective 
multidisciplinary treatment of chronic pain; however, it has 
rarely been central in the management of postsurgical pain, 
despite consistent findings that psychological factors such as 
pain catastrophizing, depression, anxiety, and posttraumatic 
symptoms are predictive of chronic post sternotomy pain. 
In persistent post sternotomy pain, it is becoming crucial 
to involve psychological services in the management of this 
pain (45).

Preoperative patient education may play an important 
role in the prevention of post sternotomy pain as patients 

undergoing cardiac surgery might not be aware of the risk 
of chronic pain and its potential detrimental effects on their 
well-being.

Massage therapy
Massage therapy was found to be successful in relief chronic 
pain after median sternotomy. Massage therapy can be 
performed by patient’s companion trained by a nurse or 
message therapist. This could beside alleviate the pain also 
promote the patient’s family participation in the process of 
care (46).

Osteopathic manipulative treatment
Osteopathic manipulative treatment is another form of 
therapy that can be tried to reduce chronic pain after 
sternotomy, Osteopathic manipulative treatment is defined 
as: “The therapeutic application of manually guided forces 
by osteopathic physician, to improve physiologic function 
and/or support homeostasis that has been altered by 
somatic dysfunction”. It was successful in alleviating post 
sternotomy pain without clear mechanisms. Osteopathic 
manipulative treatment may improve mechanical stress in 
the mediastinum and reduce the nociceptive afferent signals 
that develop following a surgical intervention, or could 
reduce the production of inflammatory cytokines (47).

Sternal wires removal

Closure of median sternotomy with stainless steel wires 
is the standard practice in cardiac surgery, wires closure 
technique is easy, fast, safe, reproducible and cheap. 
Stainless steel sutures are the most reliable and widely used 
material for closing the median sternotomy. Stainless steel 
sutures are non-absorbable suture that have an iron base 
and other elements such as chromium and nickel. The 
stainless-steel is characterized by tensile strength that help 
to keep sternal plates in position until healing is completed. 
It is resistant to corrosion and has minimal tissues reactivity 
(18,48).

Sensitivity to stainless steel sternal suture wires is very 
rare with few case reports on the literature, and allergy to 
the wires should be suspected in any patient who presents 
late with a chronic pain without identified causes or non-
healing yet stable over granulating sternotomy wound (49). 

The common practice to leave the wire in place as 
premature removal may precipitate sternal dehiscence or 
malunion resulting in chronic discomfort and functional 
disability.
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Indications of sternal wires removal

(I)	 To gain reentry either for redo surgery or in acute 
postoperative situation;

(II)	 Deep sternal wound infection and localized infection 
related to the sternal wires;

(III)	 In skinny patients and those who lose weight, sternal 
wires can be palpable or even seen or rarely can 
erode through the skin, in those patients wire removal 
may be indicated to alleviate their discomfort  
(Figure 1);

(IV)	 Sternal wire removal is indicated as a measure to 
treat post sternotomy chronic pain.

Sternal wires can provoke damage of the anterior rami of 
the intercostal nerves during insertion at the sternal margin 
of the intercostal spaces Defalque and Bromley suggest 
that results in a neuralgia associated with scar-entrapped 
neuromas (16). 

Wire factors for development of chronic pain includes 
eversion of the twisted portion of the sternal wires, friction 
between the wires and tissues and wire fracture with the 
resultant broken parts or dehiscence can be also a source of 
post sternotomy pain. Rarely allergic reaction to the wire 
can be the source of chronic pain. Once other causes of 
anterior chest pain such as sternal instability, mediastinitis, 
and cardiac causes such as ischemia are excluded, sternal 

wire removal is usually recommended.
In their study Zanavaros et al. studied 165 patients who 

received sternal wire removal, the majority of the patients 
(92%) had relief from pain, while only 9 patients (8%) 
reported no change or worsening of the pain after wire 
removal (50).

In another study that included Ninety-five patients 
who received sternal wire removal for persistent anterior 
chest wall pain after median sternotomy, Nørgaard et al. 
found that wire removal results in a complete or partial 
relief of symptoms in 86% of patients ,while 11% reported 
no change in symptoms, and 3% reported worsening of 
symptoms after wire removal. They also found that wire 
removal usually occurs more frequently in patients with 
allergies, patients receiving valve-related procedures, and 
patients that had been reoperated for surgical complications 
within the first month after the primary operation (51).

Rashidi et al. retrospectively studied 206 patients who 
underwent sternal wire removal for chronic pain in their 
institution, they reported complete relief of pain occurred 
in 83% of those patients, and 10% had some improvement 
of their symptoms and 7% no improvement of the pain (52).

Technique of sternal wire removal

Wire removal for chronic post sternotomy pain is usually 
a minimal risk procedure that can be done under local 
anesthesia supplemented with sedation or light general 
anesthesia and usually performed as a same day procedure. 
Wire removal can be performed through small intermittent 
incision over the wires to be removed or complete incision 
of the previous sternotomy scar. Wire removal should be 
done with extreme caution as a small but serious risk of 
injury of mediastinal structures adherent to the sternum 
specially the right ventricle by the sharp end of the wire in 
its way out. Wire removal is safely done by coiling around 
the wire holder tip as this method was found to be safer 
than direct pulling in experimental study (53).

Conclusions

Chronic post sternotomy pain is an important issue post 
cardiac surgery that can negatively affect the quality of life, 
patient satisfaction and productivity. Different explanations 
have been proposed but still we need to understand the 
nature of that pain. Different pharmacological and non-
pharmacological measures are being used to alleviate post 
sternotomy pain, including sternal wires removal, the latter 

Figure 1 Sternal wires in skinny patients.

Prominent wire end

Twisted wire ends

Median sternotomy scar
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is a minor procedure that can help the majority of those 
patients. Multidiscipline approach is required to manage 
those patients with post sternotomy pain.
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