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ABSTRACT

BACKGROUND AND OBJECTIVES: According to the re-
definition, acute pain is a somatic experience, with individual 
perception of physical or existential threat, comprising affective, 
cognitive and behavioral components. In critically ill patients, 
pain is a frequent and poorly controlled symptom, causing worse 
outcomes. The objective of this study was to explore the topic 
of acute pain in critically ill adult patients, focusing on some 
aspects of pathophysiology, in addition to updates regarding 
diagnosis, multimodal therapy and discussion of its control as a 
marker of good care practice. 
CONTENTS: A search strategy was performed with the descriptors 
previously defined in the Pubmed and Cochrane portals, in the pe-
riod from 2011 to 2021, without a language restriction filter. Acute 
pain represents a physiological response to a nociceptive stimulus, 
with high relevance due to its ability to activate complex pathways 
(inflammatory, hormonal and immune), with systemic repercus-
sions. Pain assessment is often performed using recognized scales, 
but with limited validation in patients with traumatic brain injury, 
burns and patients with severe delirium and/or dementia. Studies 
considering these patients point to the use of new technologies in an 
attempt to target this diagnosis, such as bedside pupillometry and 
the use of platforms capable of integrating multiparametric measu-
rements. Regarding therapy, the concept of analgosedation, aiming 
at prioritizing analgesia in critically ill patients, presents an approach 
capable of improving clinical outcomes. In addition, there is a pre-
ference for multimodal therapy as a good medical practice through 
the association of different drugs with different mechanisms of no-
ciceptive blockade as a strategy to achieve pain control and facilitate 
the reduction of opioid consumption.
CONCLUSION: Due to its systemic effects and prevalence, 
acute pain is still a relevant problem in intensive care units. New 
diagnostic methods are being marketed with the aim of targeting 
this evaluation in complex patients. The approach to acute pain 
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sent more consistent clinical responses, in addition to reducing 
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RESUMO

JUSTIFICATIVA E OBJETIVOS: Conforme redefinição, a dor 
aguda é uma experiência somática, com percepção individual de 
ameaça física ou existencial, compreendendo componentes afeti-
vos, cognitivos e comportamentais. Em pacientes críticos, a dor 
representa um sintoma frequente e mal controlado, ocasionando 
piores desfechos. O objetivo deste estudo foi explorar a temática 
da dor aguda nos pacientes críticos adultos, com enfoque em 
alguns aspectos de fisiopatologia, além de atualizações em relação 
a diagnóstico, terapêutica multimodal e discussão de seu controle 
como um marcador de boa prática assistencial. 
CONTEÚDO: Foi realizada estratégia de busca com os descri-
tores previamente definidos nos portais Pubmed e Cochrane, no 
período de 2011 a 2021, sem filtro de restrição para idioma. A 
dor aguda representa uma resposta fisiológica a um estímulo no-
ciceptivo, tendo alta relevância por sua capacidade de ativar vias 
complexas (inflamatórias, hormonais e imunes), com repercussões 
sistêmicas. A avaliação da dor é frequentemente realizada através 
de escalas reconhecidas, porém com validação limitada em pacien-
tes com trauma cranioencefálico, queimados e portadores de de-
lirium e/ou demência acentuados. Os estudos considerando esses 
pacientes apontam para o uso de novas tecnologias na tentativa de 
objetivar esse diagnóstico, como a pupilometria à beira leito e o 
uso de plataformas capazes de integrar medidas multiparamétricas. 
Em relação à terapêutica, o conceito de analgossedação, objetivan-
do priorização de analgesia nos pacientes críticos, apresenta abor-
dagem capaz de melhorar desfechos clínicos. Além disso, há prefe-
rência da terapêutica multimodal como boa prática médica através 
da associação de diferentes fármacos com diversos mecanismos de 
bloqueio nociceptivo como estratégia para alcançar controle álgico 
e facilitar a redução do consumo de opioides. 
CONCLUSÃO: Por seus efeitos sistêmicos e sua prevalência, a 
dor aguda ainda é problemática relevante nas unidades de terapia 
intensiva. Novos métodos diagnósticos estão sendo comerciali-
zados com a proposta de objetivar essa avaliação em pacientes 
complexos. A abordagem da dor aguda deve priorizar o emprego 
de técnicas multimodais, que apresentam respostas clínicas mais 
consistentes, além de redução no consumo de opioides. A exis-
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tência de equipes multidisciplinares especializadas no controle da 
dor no ambiente hospitalar é capaz de auxiliar em casos difíceis e 
ajudar nas auditorias de qualidade.
Descritores: Analgesia, Cuidados críticos, Dor aguda, Manejo 
da dor, Qualidade da assistência à saúde. 

INTRODUCTION

In critically ill patients admitted to intensive care units (ICU), 
pain is a frequent symptom, becoming relevant in daily clinical 
practice since the decade of 19911. In 1995, the American Pain 
Society established the symptom as the 5th vital sign and, since 
then, the need for pain assessment and its better management 
became a quality measure for medical practice2. In addition, 
despite the current perception of magnitude, pain is still poorly 
controlled in most ICUs worldwide3.
By the conceptual redefinition, the acute painful sensation must be 
interpreted as an individual somatic experience with a perception 
of threat to physical or existential integrity capable of involving af-
fective, cognitive and behavioral components4. In this context, the 
updated consensus on acute pain management suggests systematic 
assessment and reassessment, with treatment focused on customi-
zation and use of optimized multimodal therapy5. 
The present study’s objective was to explore the topic of acute 
pain in critically ill adult patients, addressing some aspects of 
pathophysiology, but focusing on updates regarding diagnosis, 
multimodal therapy and discussion of its control as a marker of 
good care practice.

CONTENTS

A search strategy was carried out in the Pubmed and Cochra-
ne portals with the following descriptors: “acute pain”, “inten-
sive care”, “pain management”, “opioids” and “quality of care”. 
The references of the included articles were also searched when 
considered relevant. Articles from 2011 to 2021 were selected, 
focusing on observational research and clinical trials on the sub-
ject, with older articles being accepted if related to the subject 
of pathophysiology or key publications on the described subject 
(example: pain assessment with scales). Consensus and reviews 
on the topic of “acute pain” were also included when published 
from 2018 onward. No language restriction filters were used. 

DISCUSSION

Acute pain represents a physiological response to a nociceptive sti-
mulus and is perceived in the peripheral endings and interpreted 
in the central nervous system. In addition to neural pathways, pain 
activates inflammatory pathways and the immune system. The cen-
tral connections with the hypothalamus promote activation of the 
hypothalamic-pituitary-adrenal axis, causing hormonal secretion of 
cortisol, antidiuretic hormone, angiotensin II, and glucagon, whi-
ch promote the metabolic response to stress, with hyperglycemia, 
water, and sodium retention, as well as increased protein and lipid 
intake. It is not surprising, therefore, to imagine the systemic con-
sequences of the acute pain response, given the activation of such 
complex and intrinsically associated pathways6 (Figure 1). 

Figure 1. Pathophysiology of pain
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The exact prevalence of pain in ICUs is difficult to assess, given 
the variability of studies, however, a systematic review indica-
ted that approximately 50% of critically ill patients report pain 
and more than 35% experience severe pain at some point during 
their hospital stay7. The ICU is clearly an environment of mul-
tiple potentials for pain and, although advances have occurred 
in the last years, its approach is still a challenge, especially in 
patients that are female, on mechanical ventilation, chronically 
critical, young people with low resilience, psychiatric disorders 
(depression, anxiety, bulimia and alcohol abuse) and previous 
users of benzodiazepines8,9. 
In addition, the literature shows growing evidence associating 
poor pain control to worse clinical outcomes10. Poorly controlled 
pain in the ICU is already known to be associated with longer 
mechanical ventilation time, hospitalization, and delirium11-13. In 
a systematic review from 2015, critically ill patients evaluated for 
pain had outcomes related to ICU length of stay, complications, 
adverse events, duration of mechanical ventilation and mortality 
analyzed14. Despite methodological differences, the study con-
firms that systematic pain assessment seems to have a favorable 
impact in the short term. In the long term, it is known that 
patients may also develop chronic pain and post-traumatic stress 
syndrome15. If pain is responsible for these worse outcomes, on 
the other hand, its adequate control with epidural analgesia, for 
example, can reduce cardiovascular events, pulmonary throm-
boembolism and promote faster recovery of organic functions in 
selected critically ill patients16.

Pain assessment in the intensive care unit – from known sca-
les to new technologies 
The use of pain scales in the ICU comes from a heterogeneous 
implementation process, with validation and training of sca-
les in different patient profiles. Because the sensorial expe-
rience of pain is absolutely personal, the health professional’s 
own perception is usually flawed, tending to underestimate 
pain, while the caregivers and/or family members of these pa-
tients tend to overestimate it17. A multicenter, prospective, 
and observational study reported that more than 50% of the 
analyzed ICUs had pain measurement instruments and anal-
gesia protocols, but the application of both was less than 30% 
of the cohorts18. 
Although no scale alone is sensitive enough to correctly assess 
pain, the recommendation is that patients able to verbally re-
port their pain must be assessed by the verbal numeric rating 
scale (vNRS zero – 10)19. The biggest challenge lies in critically 
ill patients with difficulties in self-expression. In the literatu-
re, it is already known that isolated fluctuations of vital signs 
are poor predictors of pain assessment and must be seen as an 
adverse event associated with severe pain20. In these cases, the 
Behavior Pain Scale21 and the Critical-Care Pain Observational 
Tool (CPOT)22 are both validated, having robust psychometric 
properties and similar reproducibility in published studies, both 
for clinical, surgical and polytraumatized patients. 
It is important to consider that pain assessment in patients with 
traumatic brain injury, burns, patients with acute delirium and/
or dementia is still a challenge. The studies considering this 

profile of patients, especially those comatose or deeply sedated, 
point to the use of the bispectral index and the use of pupillome-
try as an attempt to objectify this assessment23. In a study with 
100 immediate postoperatory (PO) patients, a high correlation 
(0.88 p<0.001) was found between pain intensity measured by 
pain vNRS and the pupillary reflex measured with a bedside pu-
pillometer as a guide for the titration of intravenous morphine24.
Recently, the use of a new analgesia monitoring (Analgesia No-
ciception Index) was published, using electrocardiogram elec-
trodes integrated with a computer model of data interpretation, 
including subcortical functions, bronchial receptor reflexes, the 
vagus nerve nucleus and the sinoatrial node stimuli25. Studies 
have been published in an attempt to validate this new modality 
in order to reduce opioid consumption in the PO26. Using simi-
lar technology, a monitor that integrates cardiac variability data 
with temperature, plethysmography, and skin conductance res-
ponse on a multiparametric platform (Nociception Level Index), 
via a device placed on a chiropractor,  was developed.
Through advanced artificial intelligence algorithms, nociception 
is presented on a scale of zero to 100, ranging from no pain to 
severe pain. Its validation has also been performed in periope-
rative patients27 with more severe profiles. Still using artificial 
intelligence, a recent publication described the development of 
algorithms specialized in facial expression image analysis, con-
figuring a potential tool in detection and analysis of pain and 
its intensity28 at bedside in patients incapable of expressing their 
pain.

Pain in the intensive care unit and the (excessive) use of 
opioids
Opioids are the most commonly used drugs for pain manage-
ment in critically ill patients, despite the current knowledge of 
their adverse effects, such as tolerance, dependence, and with-
drawal syndrome. Tolerance seems to be an even greater problem 
in burn patients, patients with prolonged mechanical ventilation 
and pediatric patients29. Its use has acquired such significant di-
mensions that it has become a public health issue in the US. 
In 2017, analyzing the impact of this situation in the country’s 
ICUs, the number of deaths due to opioid abuse has reportedly 
increased substantially in recent years within ICU30. 
Opioids still have formal indication for moderate to severe pain 
control5, and the choice of drug and dose should be titrated ac-
cording to the patient’s profile. Besides inducing metabolic ileus 
and hypotension, the use of opioids can be related to delirium 
and immunosuppression29,31. In critically ill patients, particular 
attention should be paid to those with altered body distribution 
volume, polypharmacy, and renal and hepatic alterations. 
The prolonged use of opioids causes persistent stimulation of 
neuroreceptors, promoting desensitization and signaling of 
pro-nociceptive pathways29, resulting in dose escalation due to 
tolerance. In addition, the use of opioids in association with 
inflammatory states, infections and stress promotes neuroin-
flammation by activating glial receptors in the central nervous 
system32, a factor related to the induction of hyperalgesia. Accor-
ding to the literature, these events seem even worse in critically 
ill patients when compared to other patients. 
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Due to this current evidence, there is an academic effort in the 
strategic use of analgesic measures that spare opioids. When ne-
cessary and indispensable, opioids should be used in the lowest 
possible doses and in a short period of time, with daily adjust-
ments, and in association with the use of other analgesic drugs. 
Remifentanil, for example, should be avoided because of its po-
tent induction of hyperalgesia. In critically ill patients with a 
history of opioid abuse and tolerance, rotation of opioids may 
be necessary to subvert desensitization of active receptors or me-
tabolites (the use of methadone, for example). In patients with 
hyperalgesia, the use of opioids can cause worsening of pain, re-
quiring the use of multimodal therapy, with activation of other 
nociceptive receptors for pain control29.  

Acute pain approach and multimodal therapy 
The concept of analgosedation emerged in recent years, aiming 
at analgesia instead of sedation in acute critically ill patients, 
allowing minimal or no sedation, including during mechanical 
ventilation, with better outcomes, such as shorter ICU stay33. 
This process also promoted rationalization in the negative effects 
of sedatives, especially benzodiazepines.
The current broader concept of good practice is patient-centered 
care34,35, allowing comfort with adequate analgesia, minimum 

sedation, and maximum humanization (besides open visitation 
policies and mobilization protocols). The logic is to customize 
the level of comfort (total pain)36, trying to evaluate the pain 
component not in an isolated and numerical manner, but en-
compassing the psychosocial and affective components of pa-
tients through qualitative and functionality analysis.
Multimodal analgesia, which is characterized by pain control 
through the association of different drugs with several nocicepti-
ve blocking mechanisms, should be valued for being highly effi-
cient in the treatment of pain when compared to the use of only 
one high-dose analgesic, besides facilitating the opioid sparing 
strategy, even in trauma patients37,38. Multimodal therapy inclu-
des the combined use of common analgesics (dipyrone and para-
cetamol) and controlled doses of nonsteroidal anti-inflammatory 
drugs (NSAIDs), besides the adjuvant use of other drugs, such as 
alpha-adrenergic agonists (dexmedetomidine), as well as ketami-
ne and lidocaine, in combinations tailored to the patient’s profile 
and analgesic needs39,40 (Table 1).
Dexmedetomidine is a highly selective central alpha2-agonist 
agent with a short half-life that promotes sedative effects without 
central nervous system depression and has analgesic potential 
via modulation of the posterior horn of the spinal cord, and is 
currently a drug with a good titration profile in critically ill pa-

Table 1. Pharmacological options for acute pain management. 

Main drugs/mechanisms of action Indications/advantages Adverse effects/considerations

Opioids29

G-protein-coupled opioid receptor ago-
nists, promoting K-channel opening and 
inhibition of voltage-dependent calcium 
channels

Important role in severe acute pain Respiratory depression, pruritus, metabolic ileus, 
urinary retention

Use should be rationalized due to adverse effects 
and especially to dependence and OIH

Non-steroidal anti-inflammatory drugs40

Cyclooxygenase inhibitors

Good pain control, reducing inflammation 

 
Low, time-limited doses (< 48 h) are well 
tolerated in most patients

Bleeding, renal dysfunction and acute coronary 
syndrome

Multiple regimens and doses used in studies, most 
data against use is controversial

Gabapentinoids40,56

Calcium channel agonist – voltage-depen-
dent

Anticonvulsants with effect on neuropathic 
pain or progression to chronic pain

Sedation, visual disturbances and vertigo
Special care in the elderly and renal patients

Multiple regimens in studies involving postopera-
tive and acute pain, with controversial data

Lidocaine47

Multimodal mechanism; main effect in 
blocking sodium channels

Multimodal analgesic effect, with action 
on OIH, in low dose (± bolus) continuous 
infusion 

Continuous infusion should be avoided for >24h
Avoid in extremes of weight (< 40kg or > 120kg)
Do not use intravenous dose concomitant with use 
or action time of other local anesthetics
Risk of central nervous system and cardiovascular 
toxicity, especially in the presence of hepatic and 
renal dysfunction

Dexmedetomidine41

Central alpha-2-agonist

Good control of delirium/sedative effect, 
without respiratory depression

Analgesic effect in perioperative studies 
and aid in OIH

Hypotension and bradycardia, especially associa-
ted with dose and frail patients 

Ketamine43

Blockade of N-methyl-D-aspartate recep-
tors

Analgesic effect and in control of OIH
Low dose continuous infusion (± bolus) 
can be used as adjunct in 
perioperative, burn and mechanic 
ventilation patients

Dissociative symptoms, hallucinations

Cardiovascular effects and increased intracranial 
pressure

OIH = opioid-induced hyperalgesia
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tients41. Especially in surgical patients, several publications point 
to pain control during adjuvancy, with good tolerability (atten-
tion to hypotension and bradycardia, in particular, is required). 
In laparoscopic surgeries, the use of the drug reduces the intense 
PO pain, the need for analgesia and the time of use of rescue 
analgesia42. The literature also contains references of the adjuvant 
use of dexmedetomidine in the modality of patient-controlled 
analgesia (PCA) and as an adjunct drug in regional blockades, 
providing good pain control in ERAS41 (Enhanced Recovery af-
ter Surgery) patients with opioid-free approach.
Ketamine is a drug that induces sedation and analgesia mediated 
by inhibition of N-methyl-D-aspartate (NMDA) receptors and 
activation of µ-type opioid receptors. It can cause tachycardia 
and hypertension, with minimal central depressant effect, but 
attention is required to its dissociative effects described in the 
literature43. The latest pain management consensus (2018) re-
commends the use of ketamine as an adjunct drug to the use of 
opioids for the management of PO pain in critically ill patients5. 
In addition, publications on the adjuvant use of sub-anesthetic 
doses (~0.1mg/kg/h) in the management of mechanical ventila-
tion44 and its use in the control of opioid-induced hyperalgesia43 
have been increasing. In a recent systematic review in the surgical 
setting, the use of ketamine was well tolerated and significantly 
reduced the consumption of opioids and other analgesics in ge-
neral PO patients, including in orthopedic procedures45.  
Lidocaine is an antiarrhythmic drug with an anesthetic effect 
of multimodal mechanism, and is currently used in intrave-
nous administration for PO pain control, in addition to its use 
in oncologic, OIH or neuropathic pain patients. In therapeutic 
concentrations, it promotes sodium channel blockade, suppres-
sion of action potentials in injured neuronal fibers, and an an-
ti-inflammatory effect; however, at higher doses, it can promote 
blockade in a wide range of receptors, which can lead to high 
cardiovascular risk and neurotoxicity. The correlation between 
adequate plasma levels and signs and symptoms of toxicity does 
not seem to be linear46. 
As described in a recent international consensus on efficacy and 
safety in the use of PO analgesia, one should use up to 1.5 mg/
kg/h in continuous infusion for no more than 24 h, under mo-
nitoring and reevaluation, not concomitant to the use of regional 
blockades47. The most recent systematic review, including several 
types of open and laparoscopic surgeries (4525 patients in 68 
studies), concluded, due to the heterogeneity of the studies, that 
there was no significant effect on the use of lidocaine to reduce 
opioid consumption and pain scores in the use over 24 h48.  
In the last decades, there has been a great advance in interven-
tional techniques for pain management. The current blockades, 
which are ultrasound-guided, seem safe, even in critically ill pa-
tients with coagulopathy49. There are benefits in analgesia, re-
duction of opioid consumption and chronic postoperative pain 
through adrenergic, inflammatory, and immune modulation, 
even in patients with higher morbidity and oncologic surgery 
patients, profiles that are very present in modern ICUs50,51. In 
orthopedic hip and knee surgeries, the role of neuroaxis anesthe-
sia in relation to general anesthesia in reducing worse outcomes, 
including mortality, is well established52. 

Especially in complex thoracic and abdominal surgery patients, 
the use of regional blocks combined with epidural anesthesia are 
emphasized in the literature for better PO pain control5,50. Fur-
thermore, there is the emergence of fascial planes blockades, with 
good evidence in acute pain management and less adverse effects 
(urinary retention and hypotension), especially in thoraco-abdo-
minal approaches53,54, favoring satisfaction, early rehabilitation, 
and shorter hospital stay. Despite current advances, there is still 
a large field of ongoing research on the topic, especially in tech-
niques of application and management of infusions directly into 
more complex wounds, use of anesthetics with longer half-life 
(16 h x 72 h), and use of intravenous drugs and adjunct perineu-
ral to increase analgesic effects55.
The use of opioids in PCA systems seems to be effective for pain 
control and improvement of patient satisfaction57. Modern pumps 
allow the drug release by the patients themselves in doses program-
med by the healthcare team and with administration limits per 
dose and time intervals, in order to avoid build-ups and toxicity. 
Besides the use of opioids, the current systems allow the infusion 
of other analgesics (such as NSAIDs, anesthetics, and dexmedeto-
midine) in epidural, subcutaneous, and transdermal use58. 
Other methods of non-invasive and easy management pain con-
trol have been published, such as sublingual tablets, patches, and 
transdermal systems (fentanyl, lidocaine and, more recently, dex-
medetomidine), but evidence is still scarce regarding their use 
and effectiveness in acute pain55,58,59. 
There is also a recommendation to expand the use of non-phar-
macological therapies and psychotherapeutic follow-up in pain 
management, especially in cancer patients, such as music therapy, 
acupuncture, and cryotherapy5. The entire multiprofessional team 
must be familiar with these therapies, and each therapeutic pro-
posal must be individually adapted to each patient. It is essential 
that reassessments be done frequently and therapies readjusted at 
any time, aiming at a balance between comfort and adverse effects. 
It is also worth noting that the increasing use of specialized pain 
services within the critically ill care environment seems to impro-
ve satisfaction and quality of care60, especially in patients of more 
difficult management, such as those with chronic acute pain, acute 
pain difficult to manage after extensive trauma, patients with to-
lerance/dependence to opioids and in subpopulations of higher 
risk (elderly, sedated, severe). These (multidisciplinary) teams also 
assist in registries, protocol management, continued education on 
treatments, adverse effects encountered, and data auditing.

About the future
Translational study for promising pain control therapies in the 
ICU may represent a future breakthrough61. Among the most 
promising drugs, nicotinic acetylcholine receptor agonists seem 
to reduce glial activation, modulating the inflammatory immune 
response and promoting a central effect on pain and hyperalgesia 
mechanisms62. 
There are still issues to be explored, for example: which factors 
associated with gender, age, ethnicity, and behaviors affect pain 
perception and the pharmacogenomics of the various drugs in 
this context, what is the best objective measure of pain in pa-
tients who cannot communicate63, how serum biomarkers of 
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pain could assist in this process64, what are the best combinations 
and doses of analgesic drugs adjunct to opioids, and which other 
negative outcomes acute pain can cause in target organs. 
Furthermore, there is a lack of randomized clinical trials on this 
subject, largely due to ethical issues. New studies may help in the 
further understanding of pain intensity assessment, efficiency of 
sedatives and analgesics, adverse events and complications asso-
ciated with analgesics, negative outcomes, and even the associa-
tion between pain and inflammation through the serum dosage 
of circulating neuropeptides and biochemical markers.

CONCLUSION
 
Because of its systemic effects and prevalence, acute pain is still a 
relevant problem in the ICU. New diagnostic methods are being 
marketed with the proposal to objectify this evaluation in complex 
patients. The approach to acute pain must prioritize multimodal 
techniques, which present more consistent clinical responses, in 
addition to reducing opioid consumption. The existence of mul-
tidisciplinary teams specialized in pain control in the hospital envi-
ronment is able to assist in difficult cases and help in quality audits.
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