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Abstract: This review aimed to study the role of analgesia and sedation after coronary
artery bypass graft (CABG) surgery, regarding pain management, assisted respiration, overall
postoperative health care, and hospitalization. Data were collected from Pubmed, Scopus,

2 <,

and Cochrane databases. The following terms were used for the search: “analgesia”, “seda-

EEIT3

tion”, “coronary artery bypass grafting”, CABG”, and “opioids”. Articles between the years
1988 and 2018 were evaluated. Several opioid and non-opioid analgesics used to relieve
surgical pain are regarded as critical risk factors for developing pulmonary and cardiovas-
cular complications in all kinds of thoracic surgery, especially CABG procedures. Effective
pain management in post-CABG patients is largely dependent on effective pain assessment,
type of sedatives and analgesics administered, and evaluation of their effects on pain relief.
A significant challenge is to determine adequate amounts of administered analgesics and
sedatives for postoperative CABG patients, because patients often order more sedatives and
analgesics than needed. The pain management process is deemed successful when patients
feel comfortable after surgery, with no negative side effects. However, postoperative pain
management patterns have not included many modern methods such as patient-controlled
analgesia, and postoperative pain management drugs are still limited to a restricted range of
opioid and non-opioid analgesics.
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Introduction

Postoperative analgesia is a critical risk factor for developing pulmonary and
cardiovascular complications in all kinds of thoracic surgery, especially coronary
artery bypass graft (CABG) procedures. Patients with elevated pain levels fail to
expand their lungs properly, which is called atelectasis. This may lead to cardiac
ischemia and arrhythmia. To maintain patient general health status, well-being,
relaxation, and pain management, different sedatives and analgesics are used in
the intensive care unit (ICU) as a common strategy.' > Either analgesia or sedation
is necessary to facilitate natural sleeping and assisted ventilation, and modulate
mental reactions against stress (tachycardia and hypertension).*> These drugs have
side effects that may cause different problems, in turn. previous post operation
studies, evaluations, experiences or report are useful in controling the pain after
operation. When a patient's real postoperative pain relief is better than anticipated,
the patient is expected to be satisfied.*® Pain is a critical concern of postoperative
CABG patients, which may result in pain being overestimated compared with the
actual experience.'®!" Therefore, moderate postoperative sedative and analgesic
administration may lead to patient satisfaction in those who had expected more
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pain. This may decrease the analgesic need for postopera-
CABG patients 12,13
According to previous studies,

and avoid overtreatment.
6-8,10-14

tive
intrathecal analge-
sia had no effect on mortality, myocardial ischemia (MI),
dysrhythmias, or endotracheal intubation time. However, it
was shown to only “modestly” decrease opioid systematic
administration and pain sensation, while it also increased
the potential for pruritus. The results also suggest that
there is no neuraxial effect on postoperative CABG mor-
tality and MI. This may further correspond to improve-
ment upon weaning from mechanical ventilation and
earlier tracheal extubation, mitigating respiratory compli-
cations, arrhythmias, and pain sensation.'> However, post-
operative CABG patients may gain the same clinical
benefits with other methods, including fast-track anesthe-
sia protocols, beta-blockers, antiarrhythmic medication,
and non-opioid analgesic agents. The findings also suggest
consistent improved postoperative pain management with
no notable effect on patients’ mortality and morbidity.'

This review aimed to study the role of analgesia and
sedation following CABG, regarding pain management,
assisted respiration, overall postoperative health care, and
hospitalization.

The concepts of analgesia and

sedation

Analgesics are medications that inhibit pain sensations,
whereas sedatives promote relaxation, control anxiety, and
decrease the level of consciousness. However, analgesics
and sedatives are often confused, because many analgesics
(such as opiates) have some sedative effects as well, and an
optimum level of sedatives may interrupt pain sensation or
postpone pain signs. Analgesics and sedatives have distinct
clinical uses based on the patient’s problem, and may be
wrongly prescribed in some cases. In general, analgesics
are prescribed for patients who have pain and sedatives for
those with anxiety and agitation. Sedative administration
for pain relief may lead to overdose and a deeply comatose
state (general anesthesia), and may even fail to inhibit pain
sensation at the subconscious level. At the other extreme,
anxiety and agitation treatment with analgesics may need
higher doses because of their limited sedative effects. Pain,
anxiety, dyspnea, and other forms of distress are common
events in critically ill patients, who should be treated with
analgesics and sedatives to improve their comfort, pain
tolerance, and stress relief. Several pharmaceutical and
non-pharmaceutical measures can be used to improve

comfort and relaxation in these patients.'® Most ICU
patients need analgesics and sedatives to control their
pain, delirium, and delusional memories, and for therapeu-
tic interventions.'’

Initial evaluation and management

The evaluation of predisposing and precipitating factors for
various forms of distress is a critical initial stage in ICU and
post-CABG pain management. Chronic pain or arthritis,
acute illness or injury, history of alcohol or substance
abuse, and psychiatric illness can influence pain manage-
ment and medication. Postoperative factors, ICU interven-
tions, and drug medication can also influence post-CABG
pain management. When deciding on a post-CABG pain
management plan, it is critical to diagnose and control these
influencing factors. It is also important to continue the
patient’s chronic pain medication after hospitalization; an
issue which often is neglected in post-CABG patients.
Antidepressants, anxiolytics, and antipsychotics are
among the medical options for post-CABG patients.
Overtreatment with analgesics and sedatives may cause
a severe body resistance response and chronic symptoms
leading to comorbid issues. For instance, sedative overme-
dication in post-CABG patients, with delirium, anxiety, and
depression, may occur due to neglect of pre-CABG or intra-
CABG conditions and symptoms. Early recognition and
treatment of these factors may be crucial in analgesic and
sedative management and post-CABG hospitalization.'®

Method

Data were collected from the PubMed, Scopus, and
Cochrane databases. The following terms were used for
the search: ‘“analgesia”, “sedation”, “coronary artery
bypass grafting”, CABG”, and “opioids”. Articles from
the years 1988-2018 were evaluated. Some of the most
reputable and well-known scientific medical resources
were reviewed. After a retrospective analysis, 59 clinical
studies, comprising the most reliable clinical case studies
and historical studies supporting an association between
postoperative CABG and analgesic pain management and
sedative treatment, were collected.

Literature review

Postoperative pain management is essential since pain is
an inevitable problem involving almost all patients who
undergo surgery. Numerous studies have shown that
regardless of the treatment results, many patients still

suffer from postoperative pain.'’
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In a study on patients undergoing CABG, Lahtinen
et al assessed patients for 4 days postoperatively, and
found that 49% of patients had severe pain at rest, 78%
had severe pain while coughing, and 62% had pain during
movement.*

In another study, on 705 patients undergoing cardiac
surgery, pain associated with activities was measured daily
until the sixth day after surgery. The most pain was seen
during coughing, after movements, and during deep
breathing. Even though pain scores were high in the post-
operative period, patients stated mean pain scores of 4.33
while coughing and 3.09 upon deep breathing on day 6.’

Sattari et al*

studied the patient pain management
process after heart surgery. This paper aimed to investi-
gate postoperative pain control and analgesic use after
heart surgery. Their sample included 120 postoperative
cardiac surgery patients, with an average age of 59 years,
including 81 males (67.5%) and 39 females (32.5%),
selected using a randomized method. Among them,
69.2% had coronary artery disease and 16.7% had heart-
valve problems. CABG was the major surgical event
(70.5%) and valve repair surgery was conducted in
23%. Average ICU medication time was 4.78+2.7 days,
whereas the duration of intubations was 17.38+£36.46
hours. A visual analog scale (VAS) was provided for
patients to score their pain levels in four different situa-
tions. Preoperative pain relief (including sedatives) was
administered to 42% of patients, for whom morphine and
promethazine were the main preoperative analgesia med-
ications. Morphine (injection), petidine (injection), and
NSAIDs (oral or rectal) were the preferred postoperative
analgesics. The results showed that the level of reported
pain was moderate in most cases, but 80% of postopera-
tive patients reported satisfaction with their pain man-
agement. The findings also revealed that closer pain
management control is needed for patients after heart
surgery. The introduction of newer pain management
techniques, medications, and dosages could reduce the
pain and increase patient calmness and comfort.

In Elgebaly and Sabry's study, it was shown that dex-
medetomidine is a safer and equally effective agent, com-
pared to propofol, for sedation in patients admitted to the
ICU after cardiovascular surgery.”

Herr et al compared dexmedetomidine-based sedation
CABG patients.
Dexmedetomidine achieved safer and more effective sedation

with  propofol-based sedation in

for post-CABG patients, and significantly reduced the use of
analgesics and beta-blockers.**

In another study, the early removal of chest drains on
the first day after surgery was compared to removal on the
third day. Patients had less pain when the chest drain was
removed earlier.”’

Kress et al showed that daily sedative administration

could improve postoperative health care.”®

Pain treatment after coronary

surgery
Various analgesics and sedatives used for the treatment of
pain after coronary surgery are summarized in Table 1.

Opioids

The analgesic effects of opioids are well recognized.
Different opioid analgesics vary with regard to their affi-
nity to opioid receptors, and therefore also have a variety
of pharmacodynamic properties. Clinically, and especially
in cardiac surgery, the most popular opioid analgesic has
traditionally been morphine. Because oxycodone does not
liberate histamine, it may be more cardiovascularly stable
than morphine. The analgesic potency of oxycodone
appears to be similar to that of morphine.”’

However, clinically, they have some side effects that
restrict their usefulness, particularly in high doses. The
adverse effects include respiratory sedation, depression,
nausea and vomiting, gastrointestinal atony, and pruritus.
Opioid-induced tolerance and hyperalgesia may also limit
their feasibility and dosing in clinical practice.”® Despite
the well-known adverse effects of opioids, they remain the
main analgesics used after cardiac surgery.

Gabapentin

Gabapentin is a 3-alkylated
aminobutyric acid (GABA).
mechanism of action is through the reduction of neuro-

analog of gamma-
Its probable analgesic

transmitter release via a calcium-dependent mechanism
or N-methyl-D-aspartate (NMDA)-mediated decrease of
the glutamate-releasing mechanism. Gabapentin is parti-
cularly useful in movement-related dynamic pain, prob-
ably through its ability to inhibit central sensitization.
Moreover, gabapentin is able to decrease opioid side
effects, with few side effects of its own.?” Gabapentin
was compared with placebo in a study on CABG
patients. Morphine consumption was remarkably low
in both groups. Pain scores at rest during the total 24-
hour study period and during coughing were lower in
the gabapentin group. Nausea was decreased in gaba-
pentin patients.>® Gabapentin can also be used as
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Table | Analgesics and sedatives for pain treatment after coronary surgery

Analgesics Mechanism of action Adverse effects

and sedatives

Opioids Different opioid analgesics vary Respiratory sedation, depression, nausea and vomiting,
in their affinity to opioid receptors, and therefore they have gastrointestinal atony, and pruritus; opioid-induced toler-
a variety of pharmacodynamic properties ance and hyperalgesia

Gabapentin Gabapentin reduces neurotransmitter release via a calcium-
dependent mechanism or NMDA-mediated decrease in the
glutamate-releasing mechanism

Paracetamol Acts via inhibiting prostaglandin synthesis, by increasing des- Increased risk of gastrointestinal bleeding and a small
cending serotonergic impulses that are antinococeptive, or via | increase in systolic blood pressure
indirectly activating cannabinoid CBI receptors

NSAIDs Cyclooxygenase inhibitors Gastrointestinal tract effects, blood pressure elevation, and

development of congestive heart failure

Ketamine Works as a non-competitive antagonist of NMDA receptors Psychotomimetic adverse effects

Magnesium Analgesic effects related to the calcium channel antagonist Hypotension
effect and blocking the NMDA channel

Propofol Hypotension

Dexmedetomidine | Stimulates a2-adrenoreceptors in the central nervous system | Hypotension and bradycardia

Abbreviations: NSAIDs, nonsteroidal anti-inflammatory drugs; NMDA, N-methyl-d-aspartate.

a beneficial adjunct to opioid analgesia after cardiac
surgery.

Paracetamol

Paracetamol is probably the most commonly used analge-
sic. It may act by preventing prostaglandin synthesis, via
increasing descending serotonergic impulses, which are
antinococeptive, or by secondarily activating cannabinoid
CBI receptors. Paracetamol seems to have negligent per-
ipheral activity and it has been found that its nociceptive
effect is mostly central, with almost no anti-inflammatory
action in peripheral tissues.>' Paracetamol is considered as
a safe analgesic; however, it carries a risk of hepatotoxi-
city and impaired thrombocyte function at higher doses.>'
The American Society of Anesthesiologists recommends
paracetamol as a component of multimodal perioperative
analgesia, and it is used routinely as an analgesic adjunct
after cardiac surgery.>?

NSAIDs

NSAIDs are commonly used after non-cardiac surgery and
are accepted as part of the routine postoperative analgesic
administration. The advantages of joining NSAIDs with
pain therapy include better pain relief; decreased need for
opioids, with their adverse effects; and increased patient

satisfaction. There have been some reports on NSAID
therapy after heart surgery. In one study, indomethacin
provided better pain relief than placebo after CABG sur-
gery. Decreased opioid consumption and lower pain scores
were seen at rest, but not during coughing.’® Fayaz et al
described a decrease in cumulative postoperative morphine
consumption, and marginally but statistically significantly
lower postoperative pain scores in the diclofenac group.*
Several other NSAIDs have shown good pain relief and
opioid-sparing effects after cardiac surgery;*>~° however,
negative results have also found. In the study by Harney
et al, the NSAID nimesulide was ineffective. There was
a slight opioid-sparing effect but no changes in pain scores
were seen.”’

Ketamine

Ketamine has been used as a general anesthetic for many
years, and is also used in subanesthetic doses use as an
analgesic adjunct to postoperative opioid-based pain ther-
apy. It works as a non-competitive antagonist of NMDA
receptors, and has been shown to inhibit opioid-induced
analgesic tolerance and hyperalgesia.>®-°

There have been only a few studies on ketamine in

cardiac surgery. In the study by Nesher et al on 58 patients
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undergoing cardiac surgery, the ketamine group showed
lower pain scores and had lower morphine consumption.*’
In addition, ketamine may have other useful properties in
cardiac surgery. It has been demonstrated to decrease
delirium after cardiopulmonary bypass at to have antide-
pressive and anti-inflammatory effects.*’

Magnesium

Magnesium sulfate has been demonstrated to have analge-
sic effects related to its calcium channel antagonist effect
and by blocking the NMDA channel.*' In a study in
CABG patients, magnesium sulfate was administered for
3 days. Codeine or diclofenac was administered to two
control groups for 3 days. The magnesium group had
lower pain scores and lower morphine consumption than
controls during the first 2 days after surgery.* In a study
on magnesium sulfate in CABG surgery, morphine con-
sumption was significantly lower in both the magnesium
sulfate group and placebo group. Pain scores were also
lower in the magnesium group than in the placebo group.*

Propofol

Propofol is a common sedative used in the ICU for short-
term (24-hour) sedation of postoperatively ventilated
patients. This drug is administered in combination with
opioids for pain management to benefit from the analgesic
effect at the same time. By the time, sedative overdose or
irregular ventilation duration had no room in research into
ICU medical/operative improvements. However, there has
been increasing research into finding ways to improve and
revise ICU sedation protocols.** Clinically significant
hypotension is a potential side effect of propofol in post-
operative patients with unstable vital symptoms, due to its
moderate vasodilatory effects.*>* It may produce some
respiratory depression, which may be amplified by
opioids.*”** Because of these side effects, propofol use
is limited to pre-weaning purposes to minimize the risk of
respiratory depression. Nevertheless, extremely stressful
climates could impair the effectiveness of sedation. In
addition, propofol use must be suspended during neurolo-
gical function assessment.

Dexmedetomidine

Dexmedetomidine is a highly specific a2-adrenoreceptor
sedative agonist, approved by the US Food and Drug
Administration in 1999 as an ICU sedative agent. This
drug directly stimulates a2-adrenoreceptors in the central
nervous system, and specifically in the locus coeruleus.*’

Dexmedetomidine administration mitigates sympathetic
nerve activity and leads to binding of norepinephrine
release. It can reduce blood pressure, similarly to cloni-
dine, owing to its sympatholytic effects. However, this
effect is significantly stronger for dexmedetomidine.>%!
Dexmedetomidine is more selective for a2-receptors ver-
sus al-receptors, than clonidine.>” Clonidine and dexme-
detomidine can both reduce opioid use.”*>° In contrast to
propofol, intravenous dexmedetomidine wused as
a sedative showed no negative effects during weaning
from the ventilator and extubation because it does not
cause respiratory depression and does not decrease arter-
ial oxygen saturation.’’ The sedative/hypnotic state
induced by dexmedetomidine is like a natural sleeping
sensation. Although this drug is highly sedative, the
patient does not lose awareness, so that he or she can
answer still questions, undergo neurological tests, and
react to the environment in a relaxed and comfortable
state.”®®! This stimulated awakened state may disappear
immediately after the drug effect is abolished and the
patient returns to a sedative-induced sleep-like state.
There have been several studies on dexmedetomidine's
unique sedative characteristics to assess its clinical

administration.

Local anesthetics

Local anesthetics are adjuvant analgesics which block
sodium channels, inhibiting unexpected impulses by
impaired nerves. These drugs have much higher analgesic
effects when administered by local injection compared to
systemic use. Local anesthetics can be administered clini-
cally to manage acute or chronic pain, by several
approaches. However, while non-opioids and opioids are
administered for nociceptive pain, local anesthetics are
good candidates for postoperative pain management.
Treatment agents for neuropathic pain include systemic
analgesics such as opioids, topical lidocaine, gabapentin,
pregabalin, and some antidepressants.” Several other drugs
may also be administered for postoperative pain
management.

The nervous system is dramatically affected by damage
due to trauma or surgery. The impact on both the periph-
eral and central nervous systems is a critical decision-
making factor in analgesic and sedative administration.
Although preoperative stress management has been
shown to be useful in postoperative pain management,

the effects are still conflicting. ¢
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Discussion

Postoperative pain management is a critical concern due to
the highly stressful and painful nature of surgery, espe-
cially coronary artery surgery and predominantly CABG,
where patient comfort and calmness play significant roles
in the CABG procedure, regarding the patient's immune
response to the new graft and the vital role of cardiac
activity for all organs in the body.** Consequently, post-
operative CABG pain management is crucial for physi-
cians, clinicians, and patients, because they are all fighting
for the CABG patient’s life after surgery. With regard to
costs and complications, it is not usually possible to repeat
the surgery if it fails to stabilize the patient's overall health
and biometrics.®® Considering the crucial importance and
vital role of postoperative pain management, there have
been only a few studies in this area, thus emphasizing the
immediate need for more qualitative studies exploring
specific postoperative events such as pain and stress.
CABG patients have been found to experience the most

62-65 and

severe postoperative pain 1 hour after extubation,
therefore the highest doses of analgesics are prescribed
and administered during this time to avoid pain. The pain
level gradually decreases and reaches to its lowest level
1 hour after the patient released from the ICU and trans-
ferred to the ward.

The World Federation of Societies of Anaesthesiologists
(WFSA) analgesic ladder is the main guideline for admin-
istering analgesics, including “strong opioids for moderate
to severe pain, NSAIDs or acetaminophen with weak
opioids for moderate pain score and NSAIDs or acetamino-
phen for mild pain score”.®® This method is controversial,
because analgesics are administered only as required by the
patient, not at specific time intervals.®® This concern is more
critical when it comes to strong opioids, compared with
NSAIDs and acetaminophens. Misconceptions and miseva-
luation may inhibit clinicians in their provision of comfor-
table pain relief to patients. Another concern is possible
addiction to strong opioids and other chemical analgesics,
as well as the development of physical tolerance and side
effects, which makes physicians and clinicians more pru-
dent in their use of postoperative analgesics, especially for
therapeutic use.®” For this reason, and to avoid the compli-
cations of narcotic prescription, potential abuse, and legal
implications, postoperative analgesics should be limited
and controlled to a certain level, and even patients will
withhold adequate pain relief.°® Nevertheless, to minimize
individual dependence and tolerance concerns when using

opioids for postoperative CABG pain management, there
are some specific principles that should be observed by
clinicians. This process is particularly significant because
the under-recognition of severe pain may have physiologi-
cal consequences, which are elevated by the stressful reac-
tion to surgery. The resulting endocrine, metabolic, and
inflammatory events may eventually result in organ dys-
function, morbidity, hospitalization, and mortality. Pain
after surgery may inhibit patients' movement, thus increas-
ing their vulnerability to deep venous thrombosis, as well as
pulmonary atelectasis, muscle wasting, hypoxemia, and
urinary retention.®® Uncontrolled postoperative pain may
activate the peripheral nervous system and central neuro-
plastic changes, leading to the development and continua-
tion of a chronic pain status in postoperative CABG
patients.®’

Patients have different responses to postoperative
pain, so that opioids and other analgesics may have
variable impacts on their pain, based on their individual
physical and neurological characteristics.'*®*7% For this
reason, the dosage of morphine and other opioids should
be assessed and prescribed specifically for each patient,
to provide optimal pain management. Consequently, the
pain assessment process is a very important postopera-
tive procedure, to the extent that some scholars call it
the “fifth vital sign”.®® Regarding the critical importance
of postoperative CABG pain management, and concerns
over analgesic dependency, addiction, and tolerance, it is
vital to examine and use analgesics with lower pro-
nounced dependency or tolerance to enable more effec-
tive pain relief, and patient opioid and non-opioid
analgesics need frequent assessment. In addition, there
is no globally accessible and adequate oral opioid for-
mulation (especially in developing and non-developed
countries). However, regarding the nature of postopera-
tive CABG pain, which reduces the reliability of opioid
oral medication, the problem is less significant in this
case than in the management of chronic pain for patients
with cancer. Several methods have been developed for
postoperative pain management based on the nature of
post-surgical pain and regarding the unreliability of post-
operative oral medication absorbance, which are drama-
tically different from chronic pain management methods.
The critical concern of postoperative CABG pain man-
agement is to control and limit opioid use, through
intraoperative magnesium sulfate administration,*® sub-
anesthetic doses of ketamine,”” and lowering the
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patient’s preoperative anxiety levels’* using non-medical

approaches such as music therapy.”> One helpful concept

among CABG patients is that they believe pain to be an

integral part of the postoperative experience, which

helps them to report satisfaction with regard to their

post-surgery pain management program.

75

Conclusion
Effective pain management in post-CABG patients is largely

dependent on effective pain assessment, the types of seda-

tives and analgesics administered, and the evaluation of their

effects on pain relief. The significant challenge is to deter-

mine adequate amounts of administered analgesics and seda-

tives for postoperative CABG patients, because patients

often order more sedatives and analgesics than required.

The pain management process is successful when patients

feel comfortable after surgery with no negative side effects.

In summary, postoperative pain management patterns have

not included many modern methods such as patient-

controlled analgesia, and postoperative pain management

drugs are still limited to a restricted range of opioid and non-

opioid analgesics. A wide range of pain experience is still

expected in postoperative CABG patients, and one way to

resolve this problem would be to administer analgesics at

shorter intervals to reflect their pharmacokinetics.*>

How to apply this knowledge to

clinical practice
The critical concern in postoperative CABG pain manage-

ment is to control and limit opioid use. This could be

achieved by intraoperative magnesium sulfate administra-

tion, subanesthetic doses of ketamine, and lowering

patients' preoperative anxiety levels using non-medical

approaches such as music therapy.
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