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Abstract
Purpose of Review The assessment and management of perioperative pain in an intensive care setting is complex and challeng-
ing, requiring several patient-specific considerations. Administering analgesia is difficult due to interacting effects of pre-existing
conditions, interventions, and deviation from standard levels of expressiveness of pain. A significant part of this complexity also
arises from the reduced capacity of critically ill patients to fully communicate the severity and nature of their pain. We provide an
overview of pharmacological approaches and regional techniques, which can be employed alongside the management of anxiety
and sleep, to alleviate pain in the critically ill patients in the perioperative period. These interventions require additional
assessments unique to critical care, yet achieving pain relief for improving clinical outcomes and patient satisfaction remains a
constant.
Recent Findings The latest research has found that the development of standardized mechanisms and protocols to optimize the
diagnosis, assessment, and management of pain in the critically ill can provide the best outcomes. The numerical rating scale,
critical care pain observation criteria, and behavior pain scale has shown higher reliability to accurately assess pain in the
critically ill. Most importantly, preemptive analgesia and the emphasis on early pain control—in the perioperative setting,
ICU, and post-discharge—are crucial in minimizing chronic post-discharge pain. Finally, the multimodal approach is still found
to be the most effective. This includes pharmacological treatments, regional nerve block, and epidural techniques, as well as
alternative methods that are cheap, safe, and easily available. All these together have shown to help control pain, provide
psychological support, and prevent long-term co-morbidities in the critically ill.
Summary Largely, pain in the critically ill patient is still a very complex issue that requires appropriate diagnosis, assessment, and
management of the pain itself and treating all the underlying co-morbidities as well. Many different factors makes it challenging,
especially the difficulty in communicating with an ICU patient. However, by looking at the patient as a whole, treating pain early
with the multimodal approach, there seems to be some promising results in improving outcomes. It has shown that the improved
outcomes in critically ill patients in the perioperative period seen with optimized pain management and ICU can shorten hospital
stays, decreased inpatient costs, and limit the use of limited resources.
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Introduction

Pain is one of the most common symptoms experienced by
critically ill patients in the post-surgical intensive care units. It
is estimated that about 80% of patients have moderate to se-
vere pain and 71% of intensive care unit (ICU) survivors recall
experiencing pain post-discharge from the ICU [1]. Despite
the significance of controlling pain in the critically ill, pain is
often overlooked [2•], and given less priority than other life-
threatening aspects of the clinical conditions. For example,
Puntillo et al. points out that less than 25% of patients receive
preemptive analgesia before painful procedures [3]. This dem-
onstrates that not enough emphasis is placed on the impor-
tance of preemptive analgesia and preventing central sensiti-
zation. Therefore, in the last decade, Barr et al. demonstrates
the importance of appropriate diagnosis and management of
pain as a key factor in improving post-surgical ICU patient
outcomes and post-discharge pain [2•]. This body of literature
has promoted the development of standardizationmechanisms
and protocols to optimize the diagnosis, assessment and man-
agement of pain in the critically ill [4].

Uncontrolled pain in the critically ill patient is expressed
and experienced in a multitude of ways and can lead to com-
plications. It can be directly associated with the primary pa-
thology, painful procedures, or the psychological distress that
comes with being critically ill and undergoing surgery.
Uncontrolled painful stimuli have been demonstrated to lead
to acute stress responses including endocrine secretion and
psychological stress [5, 6]. It also increases the incidence of
nosocomial infections, the need for mechanical ventilation,
and the ICU length of stay [7]. The psychological implications
of uncontrolled pain are also significant within the intensive
care unit in perioperative period. Individuals who retain mem-
ories of frightening pain experiences are at increased risk of
developing post-traumatic stress disorder, which affects 34–
38% of discharged patients from the ICU [8]. Using protocols
to titrate sedation in mechanically ventilated patients and
monitoring sedation level can help decrease the emotional
stresses of recall of painful procedures and mechanical venti-
lation [9].

Furthermore, Woolf et al. explains that the management of
this uncontrolled pain actually begins in the perioperative set-
ting. For example, the notion of preemptive analgesia and
preventing central sensitization is becoming an important
method to decrease chronic post-surgical pain [10]. By con-
trolling and managing pain early on in the perioperative set-
ting and into the ICU, better clinical outcomes and overall
patient satisfaction have been reported. A recent analysis of
published data from four separate studies demonstrated, for

example, that pre-emptive analgesia to control pain in patients
undergoing lung transplantation was associated with de-
creased duration of mechanical ventilation, length of stay in
the intensive care unit, and improvements in other respiratory
parameters such as progression with using the incentive spi-
rometer [11]. In a recent prospective study involving patients
in the ICU post-cardiac surgery, a specialized pain manage-
ment protocol was developed to adequately train staff mem-
bers on appropriate pain management and to assess pain. For
example, the study explains the implementation of a new pain
assessment tool in which nurses can use a standardized meth-
od to assess pain and delivery the appropriate analgesic ther-
apy accordingly. Although this particular study did not dem-
onstrate a difference in length of stay in the ICU on duration of
mechanical ventilation, a reduction in the frequency of intrac-
table pain was demonstrated [12].

The cumulative evidence suggesting the urgent importance
of early and adequate pain diagnosis, assessment, and man-
agement has led the American College of Critical Care
Medicine (ACCM) to recently publish revised clinical practice
guidelines for the sustained use of sedatives and analgesics in
the critically ill adults [2•]. This review highlights the most
recent advances in the management of pain in patients with
surgical and medical critical illness, focusing on pharmaco-
logical approaches, regional anesthetic techniques, and alter-
native therapies.

Pathophysiology of Pain in ICU

The physiological pathways that result in the sensation of pain
are well researched and understood. The patient senses painful
stimuli via the afferent pain pathway. This includes the release
of inflammatory mediators resulting from tissue injury, lead-
ing to subsequent nociceptor stimulation and pain impulse
transmission via the spinothalamic tract to the reticular acti-
vating system (RAS), thalamus, and somatosensory cortex,
where the localization and meaning of pain occur. Under nor-
mal circumstances, the sensation of pain would cause the pa-
tient to take steps to prevent further noxious stimuli [13•, 14].

The pain pathway is often altered in critically ill patients in
that the verbal or purposeful responses may be inhibited in this
vulnerable group of patients. Critical illness, muscle relaxants,
and sedation are among the many reasons ICU patients are
unable to adequately communicate further noxious stimuli. As
a result, pain assessments also become difficult, which lead to
frequently inadequate analgesia and the increased risk of de-
velopment of chronic pain [10].
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In addition, critical illness, surgical insult, or tissue injury
initiate release of local inflammatory mediators including bra-
dykinin, substance P, prostaglandins, potassium, histamine,
and serotonin. These mediators may subsequently produce a
heightened sensitivity to stimuli in the area of injury
(hyperalgesia) or a perception of pain to normally non-
noxious stimuli (allodynia). This can ultimately lead to central
sensitization and chronic post-surgical pain. Thus, the critical-
ly ill patients can experience pain similar to chronic pain pa-
tients [10, 13•, 15]. Therefore, this notion preemptive analge-
sia and vigilantly controlling acute pain early on in the criti-
cally ill and perioperative setting become essential in the pre-
vention of chronic pain into the ICU and post-discharge.

Causes of Pain in ICU

Critically ill patients may experience pain from the underlying
illness or injury, from surgery, or from other non-surgical inter-
ventions. Pain may also result from a variety of noxious stimuli
present in the ICU setting including invasive monitoring (i.e.,
arterial lines, central venous catheters), therapeutic devices (i.e.,
positive pressure ventilation, hemofiltration, nasogastric feeding
tube), routine physical therapy (i.e., passive limb movement,
endotracheal suction), or routine nursing care (i.e., turning).

Among critically ill post-surgical patients, it is often the
type of surgery that may contribute to increased pain in the
ICU. For example, thoracotomies, large abdominal surgeries,
and nephrectomies, among other surgeries involving large in-
cisions, are likely to increase pain. In addition to the nature of
surgery, the degree of critical illness may make systemic ther-
apies, such as opioids or epidurals less appropriate due to
hemodynamic instability, compounding postoperative pain.

Certain medications used in surgically critically ill patients
may also contribute to pain. For example, corticosteroids and
non-depolarizing muscle relaxants may cause polyneuropathies
or myopathies, which may in turn contribute to pain [16, 17•].
For example, patients that require emergent intubation in the
ICU with succinylcholine (RSI induction) can lead to severe
myalgias and worsen their initial state of pain. Subsequent in-
vasive procedures, transport, patient turning, new medications,
and all the things involved in the ICU stay can further exacer-
bate and worsen their pain.

Managing pain in the critically ill is complicated by many
psychological factors. Fear and anxiety are commonly reported
occurrences in this group [13•, 18] with up to 43% of all patients
in ICU reporting anxiety during their admission [19•]. The com-
monness of anxiety may be attributed to several different factors,
such as uncertainty surrounding the underlying illness, clinical
interventions, and noxious environmental triggers [20•]. Pain that
is not sufficiently controlled can also contribute to a generalized
sympathetic response, which may precipitate sleep and appetite
disruption, elevating anxiety states [20•]

Assessment of Pain

Assessment of pain in the surgical ICU patient may be chal-
lenging due to sedation, delirium, mechanical ventilation, ino-
tropic therapy, and muscle relaxation. It is estimated that less
than 40% of nursing staff routinely assess pain in non-verbal
ICU patients [14]. Routine assessment of pain in intensive
care is crucial as it is an easy and low-cost intervention which
improves outcomes including reduction in need of ventilator
support and the length of ICU stay [21, 22].

According to ACCM, self-reporting pain scales are the
gold standard in pain assessment in critically ill patients.
Numerical rating scale (NRS) in vertical format is the most
discriminative and feasible self-reporting scale in critically ill
patients [23]. Unfortunately, the majority of patients are un-
able to self-report pain, and therefore, a behavioral pain scale
is required to assess pain appropriately [24]. The role of vital
signs in the measurement of pain is very limited as they poorly
correlate with severity of pain [25].

Multiple behavioral pain scales are commonly used.
However, only a few of them are validated and those include
Critical Care Pain Observational Tool (CPOT) and Behavioral
Pain Scale (BPS).

CPOT is based on four domains: facial expression, move-
ments, muscle tension, and compliance with ventilator. Meta
analysis of CPOT demonstrated higher reliability and validity
compared to the other pain scales in non-verbal critically ill
patients [24]. BPS focuses on three domains: facial expres-
sion, movement of upper limbs, and compliance with ventila-
tor. BPS has been shown to be valid and reliable pain scale.
However, it has high inter-rater variability [24].

Treatment

The management of pain is particularly challenging in criti-
cally ill surgical patients due to multiple factors. Most of these
patients are semi-conscious, non-communicative, or both
[26]. Pain is often underestimated and inadequately treated
as a result. Conversely, pain levels based upon physiological
parameters may be overestimated; however, patients should
be presumed to have pain and many different treatment mo-
dalities should be offered and providedwhenever the patient is
unable to help in their pain assessment [27].

Pharmacological Treatment

The ideal analgesic should have a rapid onset, rapid offset,
lack of accumulation, with no side effects or toxicity.
Currently, no single agent with all these characteristics exists
[16]. Therefore, pain levels, response to medication, and side
effects should be monitored frequently. It is largely agreed that
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a pain rating of 3 or less out of 10, or 2 or less out of 5, is a
desirable analgesic goal [27, 28]. These are, however, patient-
specific and would depend upon the clinical situation.

Regardless, pain in critically ill patients should be recog-
nized and treated early. According to the World Health
Organization (WHO)Analgesic Ladder, the three-stepmethod
to treating pain is to first utilize non-opioids, then mild opi-
oids, and if refractory to all, strong opioids. However, opioids
are often the first-line treatment for non-neuropathic pain in
the ICU setting. All common intravenous opioids, including
fentanyl, hydromorphone, and morphine, are considered
equally effective. However, pharmacokinetics and pharmaco-
dynamics properties based on healthy volunteers may not ap-
ply to critically ill patients. Meperidine should be avoided, as
it may cause neurotoxicity (62).

The most prominent adverse effect of many opioid-based
medications, such as morphine and fentanyl, is respiratory
depression, but numerous other effects must also be consid-
ered, such as opioid-induced immunosuppression.
Pathological mechanisms of immunosuppression include di-
rect opioid effect on the immune system or an indirect effect
on catecholamine and glucocorticosteroid secretion. Acute ex-
posure to morphine inhibits lymphocytes T, B, NK, and mac-
rophagemigration [29, 30]. Immunosuppression due to chron-
ic exposure to opioids is possibly less relevant due tolerance to
opioid-induced immunosuppression. In contrast, tramadol has
immunostimulant properties and possibly should be the drug
of choice for immunocompromised patients [31].

Opioid-naïve patients who have receivedmoderate to high-
dose opioid analgesia for more than one week are prone to
acute opioid withdrawal [16]. This can manifest in symptoms
of drug craving, nausea, abdominal pains, and muscle aches,
whereas signs may include fever, hypertension, tachycardia,
vomiting, diarrhea, lacrimation, sweating, tremor, delirium,
and seizures. These signs may be nonspecific in the critically
ill non-verbal patient, and clinicians should have a low index
of suspicion for withdrawal phenomena.

On the other hand, treatment of choice for patients with
neuropathic pain in ICU is usually a combination of
gabapentin or carbamazepine with opioids. Gabapentin and
pregabalin are analogues of gamma-aminobutyric acid
(GABA), and they bind to alpha-2 delta subunits of voltage-
gated calcium channels. Gabapentin significantly reduces pain
scores and opioid consumption in neuropathic pain related to
Guillain-Barre syndrome [32].

Non-steroidal anti-inflammatory drugs (NSAIDs) inhibit cy-
clooxygenase and subsequently production of prostaglandins.
Multiple meta-analyses showed that NSAIDs reduce post-
surgical pain from severe and moderate to mild in 50–60% of
patients. However, their use in ICU is limited due to risk of
bleeding, renal failure, and congestive cardiac failure [22].

Lidocaine, used as an intravenous infusion, is an approved
treatment for neuropathic pain. Lidocaine infusion started

prior to surgery and continued for 4 to 24 h postoperatively
has been found to be effective in reducing postoperative pain
and opioid consumption, and to reduce in-hospital stay [33,
34]. Lidocaine infusion could potentially be used in critically
ill patients prior to any painful stimulus. However, studies are
lacking and this requires further evaluation. Additionally, li-
docaine plasma level above 5 mcg/mL is toxic. Therefore, if
used, this should be monitored in ICU patients. Also, liver
dysfunction can inhibit lidocaine metabolism.

Ketamine is a N-methyl-D-aspartate (NMDA) receptor an-
tagonist. Its use has been studied in the peri-operative period.
In patients who underwent spinal surgery, ketamine infusion
significantly reduced pain scores and opioid consumption
compared to a controlled group [35, 36]. Neuropsychiatric
complications of ketamine were rarely reported and present
in less than 5% of patients in sub-anesthetic doses.

Acetaminophen, or paracetamol, is a central inhibitor of
cyclooxygenase and is an important adjunct to treat mild to
moderate post-surgical pain. It is also an effective anti-pyretic
agent that can be used in the short-term treatment of fever in
critically ill patients. As it is metabolized in the liver, it should
be used with caution in patients with liver dysfunction or those
with low body weight. This medication can be delivered in
multiple routes such as oral, rectal, or IVadministration in the
perioperative setting.

Regional Techniques and Peripheral Nerve
Blocks

Regional anesthetic techniques are valuable methods in de-
creasing pain in postoperative critically ill patients.
Peripheral nerve blocks not only improve peri-operative pain
following extremity surgery and trauma but also reduce opioid
consumption. Regional anesthesia as part of multimodal anal-
gesia can improve overall outcome after major orthopedic
surgery [37], including reducing the length of ICU stay.
Beneficial effects can be maintained with continuous infusion
peripheral nerve block [38].

Epidural infusion decreases the risk of myocardial infarc-
tion, respiratory complications, and gastrointestinal and renal
dysfunction in patients following abdominal aortic aneurysm
repairs [39]. Benefits of epidural infusion are considered to be
higher for high-risk surgical patients [40]. Thoracic epidurals
are recommended as standard practice for rib fractures [41],
which is a common primary medical diagnosis or associated
diagnosis in critically ill patients.

There is overwhelming evidence that thoracic epidurals
provide improved pain and respiratory outcomes in critically
ill, post-surgical patients. An alternative regional anesthetic
technique is paravertebral blocks, which demonstrated similar
pain reductions but with a lower incidence of complications
compared to epidural techniques [42]. Recent evidence
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suggests that the combination of paravertebral blocks and
subcostal transversus abdominis plane block may improve
outcomes after minimally invasive esophagectomy. In 17 pa-
tients undergoing this surgery, the group receiving this com-
bined regional anesthetic technique had less opioid consump-
tion, less immediate postoperative pain, and shorter stay in the
ICU [43].

Complementary Treatments for Pain
in Critically Ill Patients

Alternative treatment modalities are also important supple-
ments to pharmacological treatment of pain, especially with
the multimodal approach to managing pain. They are cheap,
safe, and easily available and can be routinely used in pain
management in the ICU. However, evidence for their efficacy
is generally limited.

Lack of sleep may impair cellular immunity and adversely
affect tissue repair, whilst decreasing pain thresholds and in-
crease stress levels [44, 45]. Therefore, it is important to min-
imize stimuli that could disturb normal diurnal sleep patterns
including noise, unpleasant ambient temperature, artificial
lighting, frequent monitoring, or invasive procedures.
Equally as important is the prompt treatment of anxiety and
delirium [45]. Other commonly used techniques include a
calming voice, relaxation techniques, deep breathing, music,
distraction, and family presence. Music, deep breathing, and
ice therapy showed inconsistent results in decreasing pain
scores in the ICU [46•, 47].

The increased susceptibility to pain and anxiety in the
short-term can contribute to more serious chronic psychiatric
disorders. Notably, critically ill patients are at an increased risk
for developing depression and post-traumatic stress disorder
[48, 49]. One study found that one in four patients experience
PTSD 1 year after discharge from ICU [50] and given that
anxiety has been reported to be significantly associated with
the risk for PTSD [51], controlling anxiety could help prevent
long-term psychiatric complications. Pain and agitation are
significant sources of distress in critically ill patients [52,
53], and the memory of distress due to a feeling of incapaci-
tation has been shown to predict long-term symptoms of
PTSD [50] in intensive care. Therefore, effective minimiza-
tion of pain and anxiety could reduce the likelihood of long-
term psychological co-morbidities.

Some level of psychological support has been shown to
have a beneficial effect on health-related outcomes. For exam-
ple, a strong social support is associated with fewer symptoms
of PTSD and may foster better general mental stability among
ICU patients [54]. Stable mental states are critical for the gen-
eration of useful coping strategies and can alleviate mental
health disturbances. For example, it has been found that a
pessimistic mindset is a predictor of PTSD symptoms,

depression, and anxiety in critically ill patients [50].
Therefore, to encourage a feeling of positivity and improve
psychological well-being, social support from family and
caregivers should be encouraged where possible [51]. Other
interventions such as guided imagery can also be a source of
emotional support for patients [55].

The overall ICU experience can also be a predictor of
PTSD symptoms at 1 year, and as this includes patients’mem-
ory of pain [50], careful control of pain during hospitalization
could also prevent the development of future chronic psychi-
atric issues. Music therapy has been shown to reduce anxiety,
which in turn can diminish the perception of pain [20•, 46•]
and could be beneficial to long-term psychological outcomes.

Another adverse outcome in critically ill patients in perioper-
ative period is the occurrence of delirium. Delirium affects up to
87% of patients after admission to intensive care [56]. Hospital-
acquired delirium is associatedwith an increased length of stay in
intensive care and also heightens the risk of death during admis-
sion [57•]. Improving sleep using [58] and keeping interventions
to a minimum during patients’ normal hours of sleep [59] could
help lower levels of anxiety. Effective pain management, breath-
ing techniques, and improvingmobility can also help prevent the
onset of delirium [59].

Conclusion

Pain is a unique and vital aspect of the entire patient experi-
ence through the perioperative and intensive care unit setting.
Multiple factors such as the patient themselves, pre-existing
conditions including psychiatric history, the surgery or proce-
dure being performed, and the recovery experience can all
impact the type of pain one endures during recovery in the
post-surgical ICU. Therefore, it is extremely vital to recognize
this and accurately diagnose, assess, and manage pain of the
critically ill in a timely manner. It is the medical teams’ duty to
recognize the importance of controlling pain and optimizing
all conditions when possible to prevent central sensitization
and chronic post-surgical pain, especially in the intensive care
unit.

The diagnosis of pain in this particular patient group, how-
ever, presents multiple challenges for the clinician. Pain in
ICU is difficult to assess and treat due to a variety of factors,
but is largely due to the inability of the critically ill patient to
adequately communicate and express their level of pain.
Consequently, clinicians should have a low index of suspicion
in assuming that the patient is in pain. Opioids are largely the
mainstay of therapy for analgesia in critically ill patients,
alongside other agents including ketamine, paracetamol, and
where appropriate, NSAIDs. There is also a role for regional
anesthesia techniques such as peripheral nerve blocks and
epidurals as analgesic adjuncts in critically ill patients.
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Additionally, control of anxiety, stress, and sleep deprivation
may lessen pain perception and lower analgesic requirements.

The improved outcomes in critically ill patients in periop-
erative period seen with optimized painmanagement may also
have beneficial economic impacts on healthcare utilization. A
recent retrospective cohort analysis examined the cost of ICU
care and found that mechanical ventilation is associated with
significantly higher daily costs for patients throughout their
entire intensive care unit stay. The study suggested that inter-
ventions that reduced ICU length of stay and duration of me-
chanical ventilation could lead to substantial reductions in
total inpatient cost [17•]. The importance of pre-emptive an-
algesic interventions such as thoracic epidurals and
paravertebral techniques cannot be overstated, and the com-
prehensive assessment and management of pain is of key sig-
nificance in this vulnerable group of patients.
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