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Introduction

Opioids are used for pain management both during 
hospitalization and outpatient treatment. Their use in 
hospitalized patients includes patients on mechanical 
ventilation and postoperative patients. One large study 
based on 1.14 million hospital admissions reported that 
nearly 51% of hospital admissions include orders for  
opioids (1). These drugs suppress the production of 
endogenous neurotransmitters by decreasing cAMP levels, 
thereby reducing pain signals (2,3). For patients that have 

been taking opioids for a long period of time, drug tolerance 
and physical dependence can develop and leave the patient 
at risk for developing opioid withdrawal syndrome (4).

Opioid withdrawal has been described as withdrawal 
symptoms developing after reducing or terminating opioids 
prescribed by a physician for either outpatient or inpatient 
use. Symptoms of withdrawal include but are not limited 
to rhinorrhea, increased lacrimation, myalgia, diarrhea, 
nausea, vomiting, pupillary dilation, insomnia, tachycardia, 
hypertension, sweating, tachypnea, anxiety, irritability, 
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and hyperreflexia (2). Outpatient prescriptions of opioids 
increased in the early 2000s. According to the Centers for 
Disease Control and Prevention, the opioid dispensing rate 
in the United States increased in 2006 and peaked in 2012. 
At that time 81.3 prescriptions were dispensed per 100 
people (4). Although the dispensing rate fell to its lowest 
rate of 46.7 prescriptions per 100 people in 2019, opiate 
addiction is still a serious medical concern.

While considerable effort  has been devoted to 
outpatient opiate prescription and subsequent addiction 
and withdrawal symptoms in adults, opiate use during 
critical care hospitalizations has been neglected. This 
review focuses on the frequency and characteristics of the 
iatrogenic opiate withdrawal syndrome (IOWS) in critically 
ill hospitalized adults. This syndrome, for this review, is 
defined as an opioid withdrawal syndrome developed by 
critically ill inpatient after the abrupt reduction or cessation 
in opioid administration initially prescribed during 
hospitalization. This narrative review has the following 
key questions. (I) How is this syndrome defined, based on 
initial studies in pediatric and neonatal ICUs? (II) What 
are the characteristics of these patients in adult ICUs? (III) 
How frequently does it occur in adults? (IV) What are the 
factors that seem to predict its development? (V) What is 
the mechanism underlying this syndrome? (VI) What tools 
are available to identify this syndrome? (VII) How should it 
be treated? We present the following article in accordance 
with the Narrative Review reporting checklist (available at 
https://jtd.amegroups.com/article/view/10.21037/jtd-22-
157/rc).

Methods

The initial literature search used the PubMed MeSH terms 
“Analgesics”, “Opioids”, and “Iatrogenic Disease”. This 
search yielded 70 articles which were reviewed. After review, 
13 papers were included. Reference lists on these articles 
were then reviewed, and citation lists were reviewed when 
available. Excluded papers were not considered relevant 
to understanding IOWS in critically ill patients. Many 
excluded papers focused on opiate addiction and withdrawal 
symptoms in outpatients, were not full papers in peer 
reviewed journals, or were not in English. Papers involving 
pediatric populations were included for some comparisons. 
Additional searches also used the PubMed MeSH term 
“Opioids” to identify review articles on the background 
neurobiology of opioid use and opioid use disorders. 
Google and Google Scholar were also used for article 

searches. Table S1 provides more detail on the literature 
searches. Table S2 provides an example of the results with a 
search.

Neurobiology of opiate addiction

Opiate withdrawal symptoms probably occur through 
several different pathways. By binding to Mu Opiate 
Receptors on inhibitory interneurons, opiates decrease 
GABA-mediated inhibitory effects on dopamine-releasing 
neurons. This allows large amounts of dopamine to be 
released in the nucleus accumbens, a major pleasure center 
of the brain (5,6). Over time, exposure to opioids increases 
the threshold for these dopaminergic neurons, requiring 
increased amounts of opioid stimulus to release dopamine. 
Higher thresholds for dopamine release mean that a lack 
of high opioid stimulus causes withdrawal symptoms (5). 
Other proposed pathways include stress-induced withdrawal 
symptoms, drug craving from increased cortisol and other 
HPA-related molecules, and genetic predispositions (5,6). 
Critically ill patients exposed to high doses of opiates 
for extended periods of time are at risk for developing 
withdrawal symptoms, but the timeframe and the dose 
response relationships for the development of withdrawal 
symptoms are uncertain in these ICU patients. The 
complex pathogenesis of this syndrome in ICU patients is 
reviewed in the later section on mechanisms.

Iatrogenic opioid withdrawal syndrome in 
pediatric patients

The initial studies on IOWS focused on pediatric or 
neonate patients. Pediatric and neonate patients present 
with IOWS symptoms which include inconsolable crying, 
irritability, grimacing, tremors, poor feeding, vomiting, 
diarrhea, fever, sweating, yawning, nasal congestion, 
and increased muscle tone (7). Critically ill pediatric 
and neonate patients are at a higher risk of IOWS based 
on cumulative opioid dose, for example, a dose of over  
2.5 mg/kg of fentanyl for pediatric patients. Other risk 
factors include prolonged exposure to opioids for at least 
five days, the type of opioid used, the use of synthetic 
opioids, and critical illness requiring extracorporeal 
membrane oxygenation (7).

In critically ill pediatric patients, withdrawal is assessed 
using two tools. The Withdrawal Assessment Tool-
Version 1 (WAT-1) was derived from the Opioid and 
Benzodiazepine Withdrawal Score tool, and the Sophia 

https://jtd.amegroups.com/article/view/10.21037/jtd-22-157/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-157/rc
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Observation Withdrawal Symptoms Scale (SOS) was 
developed from the Sophia Benzodiazepine and Opioid 
Withdrawal Checklist (7). Both were created to robustly 
assess a patient’s severity of withdrawal symptoms; the 
WAT-1 assesses eleven symptoms, and the SOS assesses 
fifteen. The WAT-1 was found to be 87% and 88% 
sensitive and specific in children, respectively, but was 
unable to differentiate benzodiazepine from opioid 
withdrawal (7). The SOS had a similar deficiency, being 
designed for opioids and benzodiazepine withdrawal. The 
SOS had a sensitivity and specificity of 83% and 93%,  
respectively (7). The lack of distinction between opioid 
withdrawal and benzodiazepine withdrawal reflects the fact 
that many critically ill pediatric patients studied received 
both opioids and benzodiazepines to assist with mechanical 
ventilation.

Iatrogenic opioid withdrawal syndrome in adults

In contrast to the pediatric literature, there are only a few 
studies in adults on IOWS. A 2018 analysis of available 
data concluded that “no adult study has properly examined 
withdrawal nor developed a screening tool” (8). The 
following clinical studies report the frequency of IOWS, 
the characteristics of patients with this syndrome, the drugs 
associated with this syndrome, and treatment approaches 
(Table 1).

Taesotikul et al. prospectively studied 55 patients with 
a mean age of 60.4±15.5 years admitted to an ICU in 
Thailand who required mechanical ventilation and opioid 
infusion for at least 24 h (9). Each patient underwent at 
least 1 observation period for opioid withdrawal. These 
included 6 time points of monitoring at baseline, 1, 3, 6, 24, 
and 72 h after an opioid rate reduction or discontinuation. 
All patients had received a continuous infusion of fentanyl 
for a median duration of 3.8 days and a median cumulative 
dose of 19.6 mcg/kg/day. Most patients (80%) were not on 
concomitant sedative drugs. Thirteen out of the 55 study 
patients (23.6%) developed IOWS. The diagnosis was based 
on Diagnostic and Statistical Manual of Mental Disorders 5  
(DSM-5) criteria, and the most common withdrawal 
symptoms were mydriasis (9/13), agitation (5/13), insomnia 
(5/13), and muscle pain (5/13). Patients in the withdrawal 
group had a daily weaning rate of fentanyl greater than  
50 mcg/h and an increased BMI (26.4 vs. 22.1 kg/m2). 
There was no difference in the number of ventilator-free 
days or ICU free-days between the patients on fentanyl who 
had withdrawal and the patients on fentanyl who did not.

Hyun et al. analyzed the frequency of opioid withdrawal 
syndrome in 126 patients treated with remifentanil (n=58), 
fentanyl (n=47), or morphine (n=21) during mechanical 
ventilation (10). These patients had a mean age of  
68.3±14.1 years. The diagnosis was based on the presence 
of at least 3 central nervous system or autonomic nervous 
system symptoms. This syndrome was more frequent in 
patients on remifentanil (18, 31.0%) and fentanyl (17, 
36.2%) than on morphine (2, 9.5%). The most common 
symptom identified in these patients was an increase (defined 
by >20% of the mean in the preceding 4 h) in respiratory 
rate or heart rate. Multivariable analysis indicated the use of 
morphine and longer duration of infusions were associated 
with less frequent withdrawal syndromes. This latter 
association may reflect the possibility that longer infusions 
were associated with tapering of the drug dose.

Arroyo-Novoa et al. prospectively studied 55 patients in 
a trauma intensive care unit who were expected to receive 
opioids and/or benzodiazepines for 5 or more days (11). 
These investigators used a check list based on the DSM-
5, the International Classification Diseases, 10th edition 
classification of mental and behavior disorders, and previous 
research on this syndrome. Patients with probable opioid 
withdrawal needed to have 3 or more symptoms that 
developed following the reduction or cessation of the opioid 
or benzodiazepine drug. The median age of these patients 
was 37, 88% were male, and 90% required mechanical 
ventilation. The median opioid dose per day was 109 mg 
in morphine equivalents, and the median benzodiazepine 
dose per day was 72 mg in lorazepam equivalents. 
Probable opioid withdrawal occurred in 22 patients (44%), 
questionable opioid withdrawal occurred in 10 patients 
(20%), and no withdrawal occurred in 18 patients (36%). 
Patients with probable opioid withdrawal had more frequent 
agitation, restlessness, diarrhea, fever, high blood pressure, 
lacrimation, tachypnea, and hyperactive delirium. These 
patients required mechanical ventilation for a longer period 
and had longer lengths of stay in the ICU and hospital. 
The investigators used 6 models to analyze the potential 
predictors of the development of probable withdrawal 
syndrome. In the model which included 9 parameters (age, 
benzodiazepine dose, opioid dose, days on benzodiazepines, 
days on opioids, previous drug use, duration of mechanical 
ventilation, Richmond Agitation Sedation Scale Score, 
and the presence of delirium), opioid cumulative dose, 
days on opioids, previous drug use, duration of mechanical 
ventilation, Richmond Agitation Sedation Scale score, and 
the presence of delirium all predicted the development 
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Table 1 Clinical studies on iatrogenic opioid withdrawal syndrome in adults

Author, year, 
location

Study type, number 
of patients
ICU type

Number of 
patients with 
IOWS

Opioids, other 
drugs

Criteria Treatment Predictive factors

Taesotikul, 2021, 
Thailand (9)

Prospective/55/ICU 13 (23.6%) Fentanyl 
monotherapy 
(84.9%), midazolam 
(11.7%), propofol 
(3.5%), Dex (1.2%)

DSM-5 Self-limited, 
Haloperidol, Dex, 
Restart fentanyl

Weaning rate  
>50 µg/h, increased 
BMI >26.4 kg/m2, 
increased IOWS

Hyun, 2020, 
Korea (10)

Retrospective/126/
medical ICU

37 (29.4%) Remifentanil, 
fentanyl, morphine

Pediatric tools, 
DSM-5

NR* Morphine and 
prolonged infusion 
reduced IOWS

Arroyo-Novoa, 
2020, Puerto 
Rico (11)

Prospective/50/
trauma ICU

22 (44%) Fentanyl, morphine, 
midazolam, 
lorazepam

DSM-5, ICD-
10, previous 
studies

NR Multiple models*

Zerrouki**, 2019, 
Canada (12)

Prospective/29/ICU 20.7% NR DSM-5 NR Median-3 days to 
onset

Brown, 2000, 
US (13)

Retrospective/27 on 
MV/burn ICU

11 Fentanyl, morphine, 
lorazepam, 
midazolam

Check list No treatment 
needed

IOWS related to the 
rate of weaning

Cammarano, 
1998, US (14)

Retrospective/28/
SICU

9 (32.1%) Fentanyl, morphine
midazolam, 
lorazepam, 
diazepam

Check list IOWS related to mean 
daily dose of fentanyl 
& lorazepam, NMB, 
propofol, duration of 
lorazepam, duration  
of MV

Wang, 2017, 
Canada (15)

Prospective/54/
trauma ICU

9 (16.7%) DSM-5 NR No definite relations 
to dose or duration of 
opioids

Capilnean, 2019, 
Canada (16)

Prospective/52/
Trauma ICU

8 (15.4%) NR DSM-5 NR WAT-1 less sensitive 
and specific than 
DSM-5

*, Model 6-Duration of mechanical ventilation, opioid cumulative dose, previous drug use RASS score, and delirium predicted IOWS; **, 
abstract only. BMI, body mass index; Dex, dexmedetomidine; DSM-5, Diagnostic and Statistics Manuel 5th edition; ICD, International 
Statistical Classification of Disease and Related Health Problems; ICU, intensive care unit; IOWS, iatrogenic opioid withdrawal syndrome; 
MV, mechanical ventilation; NMB, neuromuscular blocking drug; NR, not reported; SICU, surgical intensive care unit; WAT-1, Withdrawal 
Assessment Tool-1.

of probable withdrawal syndrome. However, days on 
opioids was negative predictor for the development of this 
syndrome.

Zerrouki et al. prospectively studied 29 patients (median 
age 65 years) who required mechanical ventilation and 
opioid administration for at least 72 h (12). Six patients 
(20.7%) developed withdrawal syndrome within a median 
of 3 days from opioid weaning. These patients had a wide 
spectrum of withdrawal symptoms which were similar to 
the symptoms reported in the study by Arroyo-Novoa (11).

Wang et al. prospectively studied 54 patients admitted 

to a level 1 trauma center in Canada (15). These patients 
required mechanical ventilation and narcotic infusions for at 
least 72 h. The mean age was 50 years. Opioid withdrawal 
syndrome was identified using the criteria in the DSM-
5 criteria for opioid withdrawal. Nine patients (16.7%) 
developed opioid withdrawal syndrome which occurred 1 
to 11 days after reduction or cessation of opioid infusions. 
When compared to the patients who did not develop opioid 
withdrawal syndrome, there were no differences in the 
cumulative opioid dose prior to weaning, the duration of 
opioid infusion, the duration of mechanical ventilation, or 
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the weaning of rate. One hundred percent of the patients 
in the opioid withdrawal syndrome group had received 
benzodiazepines.

Cammarano et al. reviewed the medical records of 
28 patients who required mechanical ventilation and 
intensive care unit hospitalization for >7 days (14). Nine 
patients (32.1%) developed acute withdrawal syndrome; 
the mean age was 39.9±4.6 years in the patients who 
developed withdrawal. All of these patients had received 
neuromuscular blockers and propofol. The signs and 
symptoms associated with withdrawal were determined 
from medical record review. The median duration of 
propofol infusion, the amount of lorazepam, and the length 
of mechanical ventilation were all greater in patients who 
developed opioid withdrawal. The patient characteristics 
in this study seems to differ from other studies since they 
required long periods of mechanical ventilation (40 days), 
long periods of propofol infusion (20 days), and relatively 
high doses of lorazepam.

Brown et al. retrospectively reviewed the medical 
records of 11 patients in a burn unit who developed opioid 
withdrawal syndrome (13). The mean age was 37; the 
mean percent burn area was 39.7%±4.9%. All patients 
required mechanical ventilation and received opioids 
and benzodiazepines. The signs and symptoms of opioid 
withdrawal were collected from the medical record. In this 
study the rate of weaning of benzodiazepines and opioids 
during the drug withdrawal phase appeared to influence the 
development of this syndrome. The patients in this study 
differed from the patients in other studies since they were 
burn patients who probably required different types of care 
during their intensive care unit management.

Capilnean et al. prospectively studied 52 ICU patients 
who required mechanical ventilation and received 
continuous intravenous infusions or intermittent doses of 
opioids for at least 72 h (16). They used DSM-5 criteria 
to identify patients with opioid withdrawal. The median 
age was 51.5 years, 73% were men, and 83% were white. 
The median ICU length of stay was 18 days. Eight patients 
(15.4%) developed opioid withdrawal syndrome. These 
investigators compared to the Withdrawal Assessment 
Tool-1 with the DSM-5 criteria. These results are discussed 
below.

These eight studies indicate that IOWS occurs in 15% to 
40% of patients in intensive care unit who required opioid 
infusions (Table 1) (9-16). These reports included patients 
in medical ICUs, trauma ICUs, surgical ICUs, and burn 
ICUs; many patients had received an opioid with a sedative 

agent. Most of the studies used DSM-5 criteria to identify 
these patients. Factors which predicted the development 
of this syndrome varied from study to study. Important 
considerations include the weaning rate for the opioid, the 
duration of opioid infusion, and the concomitant infusion 
of benzodiazepines. Treatment approaches included 
the reinstitution of the opioid infusion with a slower 
reduction in the rate and the use of an alpha-2 agonist, such 
dexmedetomidine or clonidine. Many patients appeared to 
recover without specific treatment.

These studies have used different criteria for classifying 
a patient as having IOWS. For example, Wang et al. used 
3 criteria outlined in the DSM-5, such as dysphoric mood, 
nausea or vomiting, diaphoresis, or rhinorrhea; Hyun et al. 
used more neurological criteria, such as an increased pupil 
size, a Glasgow Coma Scale score increase, or increased 
respiratory or pulse rates (10,15). This indicates that at 
present there is no uniform assessment tool for adult  
IOWS (7). Although both these criteria tools seem 
adequate, the lack of a uniform assessment tool, especially 
when compared to current pediatric tools,  l imits 
comparisons between studies and should be addressed. 
Tables 2,3 summarize the diagnostic tools which been used 
to identify opioid withdrawal syndromes (7,16-19).

Mechanisms

The model for opioid addiction in outpatients involves 3 
stages (5,20-22). The first stage includes opiate-induced 
pleasure and reward sensations in the brain. This stage can 
also involve intoxication. The second stage includes opioid 
tolerance which requires increasing doses to experience 
pleasure sensation and withdrawal symptoms occur when 
the drug cannot be obtained. The third stage involves 
chronic relapses and drug use which may be associated 
with environmental or emotional factors or psychiatric 
factors. All 3 stages are associated with changes in neural 
cells and neural networks, especially ventral tegmental area, 
the nucleus accumbens, and the locus coeruleus. Opioid 
use disorders usually involve the episodic use of opioids 
by various routes in patients who may also use other drugs 
and have underlying psychiatric comorbidity. In contrast, 
opioid use in ICU patients has clear therapeutic goals, but 
it often includes the use of additional sedative medications 
in patients who have complex acute syndromes with 
complicated care strategies which can cause pain, anxiety, 
and fear. The same neural circuits are involved, but the 
CNS drug levels are likely much higher, and the timeframe 
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Table 2 Comparison of opioid withdrawal assessment tools for pediatric patients

Assessment tool 
Withdrawal Assessment 

Tool-1 (7,16) 

Opioid and 
Benzodiazepine 

Withdrawal Score tool (7) 

Sophia Benzodiazepine and 
Opioid Withdrawal  

Checklist (7)

Sophia Observation 
Withdrawal Symptoms 

Scale (7)

Intended patient 
population 

Critically ill pediatric 
patients, primarily in the 
PICU

Critically ill pediatric 
patients

Critically ill pediatric 
patients admitted to the 
ICU

Critically ill pediatric 
patients admitted to the 
ICU

Tool description Eleven item tool, often 
performed by the patient’s 
nurse, that reviews the 
patient’s medical record 
from the last twelve 
hours of admission then 
observes the patient 
for two minutes. During 
direct observation the 
patient’s responsiveness 
is compared under 
different stimuli. This tool 
is performed twice a day. 
A positive response for 
a symptom is assigned 
one point, and a negative 
response no points. The 
sum of points at the end 
of the assessment is 
scored between a 0–12. 
Assessment takes an 
average of seven minutes 
to complete

Twenty-one item 
checklist adapted from 
a prior 1995 Children’s 
Hospital flowsheet 
created by the same 
authors. It assesses the 
frequency and severity 
of withdrawal symptoms 
among CICU patients 
receiving opioid and/or 
benzodiazepine therapy. 
In its founding study it 
was used for patients 
that received at least five 
days of drug therapy, 
and was performed by 
the patient’s nurse every 
four hours until two days 
after discontinuation of 
drug therapy

A twenty-four-item 
tool centered around 
signs and symptoms 
associated with the CNS, 
GI, and ANS. Assessment 
completed by nurses 
monitoring the patient 
within twenty-four hours 
of tapering or terminating 
opioid use

An abbreviated version of 
the SBOWC that focuses 
on signs and symptoms 
deemed most relevant 
by physicians and nurses 
consulted for the Ista 
et al. study in 2008. 
Assessment takes an 
average of two minutes 
to complete. Lists only 
fifteen-items

Symptoms recorded

Restlessness/agitation No Yes Yes Yes

Yawning Yes Yes Yes No

Tremor Yes Yes Yes Yes

Anxiety No No Yes Yes

Pupil size No Yes Yes No

Fever Yes No Yes Yes

Sleep/changes No Yes Yes Yes

Startle to touch Yes Yes No No

Time to gain calm Yes Yes No No

Inconsolable crying No Yes Yes Yes

Grimacing No No Yes Yes

Hallucinations No Yes Yes Yes

Seizure No No No Yes

Tachycardia No No Yes Yes

Table 2 (continued)



Journal of Thoracic Disease, Vol 14, No 6 June 2022 2303

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2022;14(6):2297-2308 | https://dx.doi.org/10.21037/jtd-22-157

Table 2 (continued)

Assessment tool 
Withdrawal Assessment 

Tool-1 (7,16) 

Opioid and 
Benzodiazepine 

Withdrawal Score tool (7) 

Sophia Benzodiazepine and 
Opioid Withdrawal  

Checklist (7)

Sophia Observation 
Withdrawal Symptoms 

Scale (7)

Hypertension No No Yes No

Tachypnea No Yes Yes Yes

Lacrimation/rhinorrhea No Yes No No

Sneezing Yes Yes Yes No

Frequent suction No Yes No No

N/V/D Yes Yes Yes Yes

Feeding retention No No Yes No

Sweating Yes Yes Yes Yes

Piloerection No No No No

Hot/cold flushes No No No No

Mottling No No Yes No

Bone/joint/muscle aches No No No No

Uncoordinated 
movement

Yes Yes Yes Yes

Muscle tone Yes Yes Yes Yes

Effectiveness with 
intended patient 
population

With a WAT score of 3 or 
more it is 87% sensitive 
and 88% specific. Higher 
scores (i.e., 4 and up) was 
found to correlate with 
longer opioid treatment 
prior to tapering, a longer 
opioid weaning period, 
longer mechanical 
ventilation, and longer 
PICU stays

Inter-rater reliability 
of >80% among 
nurses completing the 
assessment. However, 
only half of the 4-hourly 
assessments expected 
were completed

Effectiveness with adult 
critically ill patients with 
IOWS

With adult critically 
ill patients that need 
mechanical ventilation and 
regular narcotics for over 
seventy-two hours the 
sensitivity and specificity 
of WAT-1 when assessing 
IOWS was 50% and 
65.9% respectively

Not applied to critically 
ill adults at time of 
writing

Not applied to critically ill 
adults at time of writing

Not applied to critically 
ill adults at time of 
writing

ANS, autonomic nervous system; CICU, cardiac intensive care unit; CNS, central nervous system; GI, gastrointestinal; ICU, intensive 
care unit; N/V/D, nausea/vomiting/diarrhea; PICU, pediatric intensive care unit; SBOWC, Sophia Benzodiazepine and Opioid Withdrawal 
Checklist; WAT, withdrawal assessment tool.
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Table 3 Comparison of opioid withdrawal assessment tools for adult patients

Assessment tool 
Subjective Opiate Withdrawal 

Scale (1987) (7,17)
Diagnostic and Statistical Manual of 
Mental Disorders fifth edition (7,19) 

COWS (1999) (7,18)

Intended patient population Adult patients in with high 
opioid physical dependence in 
an outpatient environment

No specific patient population or 
setting listed

Adult patients in with high opioid 
physical dependence in an outpatient 
environment

Tool Description A sixteen-item tool covering 
signs and symptoms the 
patient reports occurred in the 
last  
24 h. Graded on a five-point 
scale, 0 being “not at all” and 
4 being “extremely”. Severity 
can range from 0 to 64

Not a tool but a list of diagnostic 
criteria for opioid withdrawal

An eleven-item tool covering signs 
and symptoms associated with pulse 
rate, gastrointestinal system, CNS, 
and musculoskeletal system. Can 
be completed in two minutes by 
evaluator (i.e., nurse or physician) 
during outpatient patient visits. Is 
scaled based on severity between 
mild, moderate, moderately severe, 
and severe. Score ranges from 0–36

Symptoms recorded

Restlessness/agitation Yes No Yes

Yawning Yes Yes Yes

Tremor Yes No Yes

Anxiety Yes No Yes

Pupil size No Yes Yes

Fever No Yes No

Sleep changes No Yes No

Startle to touch No No No

Time to gain calm No No No

Inconsolable crying No No No

Grimacing No No No

Hallucinations No No No

Seizure No No No

Tachycardia No No Yes

Hypertension No No No

Tachypnea No No No

Lacrimation/rhinorrhea Yes Yes Yes

Sneezing No No No

Frequent suction No No No

N/V/D Yes Yes Yes

Feeding retention No No No

Sweating Yes Yes Yes

Piloerection Yes Yes Yes

Hot/cold flushes Yes No Yes

Table 3 (continued)
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Table 3 (continued)

Assessment tool 
Subjective Opiate Withdrawal 

Scale (1987) (7,17)
Diagnostic and Statistical Manual of 
Mental Disorders fifth edition (7,19) 

COWS (1999) (7,18)

Mottling No No No

Bone/joint/muscle aches Yes Yes Yes

Uncoordinated movement Yes No No

Muscle tone No No No

Effectiveness with intended 
patient population

Intended to assess 
effectiveness of outpatient 
opiate withdrawal therapies 
used through the progression 
of treatment

Effectiveness with adult 
critically ill patients with 
IOWS

Not applied to critically ill 
hospitalized adult patients

Not applied to critically ill 
hospitalized adult patients

Not applied to critically ill hospitalized 
adult patients

COWS, Clinical Opiate Withdrawal Scale; CNS, central nervous system; N/V/D, nausea/vomiting/diarrhea; IOWS, iatrogenic opioid 
withdrawal syndrome.

for developing these adverse effects is quite compressed. 
Studies on opioid withdrawal and ICU patients are quite 
difficult. Figure 1 summarizes basic information on opioid 
withdrawal in adults (5,23,24).

Korak-Leiter et al. prospectively studied 29 patients who 
required postoperative ventilator support and management 
with a combination of narcotic and sedative (25). Fourteen 
patients received sufentanil and midazolam, and 15 patients 
received sufentanil and propofol. In both groups, the 
patients had an increase in withdrawal related symptoms at 
the beginning of narcotic weaning. Somatic sensory evoked 
potentials recovered more quickly in patients on sufentanil 
and propofol. The plasma beta-endorphin levels increased to 
higher levels in patients on sufentanil and midazolam. These 
investigators concluded that long-term administration of 
an opioid with a benzodiazepine result in tolerance to the 
opioid and the requirement for higher levels of infusion 
which in turn delayed recovery of endogenous opioid 
synthesis and this was associated with a longer duration of 
withdrawal syndrome. They suggested an alpha-2 agonist 
should be used whenever patients start to have withdrawal 
symptoms. This study uses relatively straightforward 
methods to characterize the intensity of withdrawal 
symptoms and signs, objective neurologic information using 
evoked potentials, and measurement of endogenous opioid 
compounds. Measurement of endogenous opioid to may 
provide a simple way to classify patients and predict the 
development of a withdrawal syndrome.

Possibilities for an adult assessment tool

For adult patients, opioid withdrawal can be assessed by 
using self-reported symptoms, by observing symptoms, such 
as increased lacrimation and rhinorrhea, or by measuring 
physiological parameters, such as blood pressure or level 
of opioids in urine analysis. However, there are also scales 
developed for assessing the severity of withdrawal or to 
differentiate between opioid toxicity and acute opioid 
withdrawal in outpatients (Tables 2,3). In the past, the 
Himmelsbach scale, The Opioid Withdrawal Scale, and 
the Subjective Opiate Withdrawal Scale were used (18). 
At this time, the most commonly used assessment tool 
is the Clinical Opiate Withdrawal Scale (COWS). It can 
be completed in two minutes, assesses the severity of 
withdrawal signs or symptoms based on a score of 5 “mild” 
and 36 “severe” (18). This tool was designed for adult 
patients able to verbally communicate their symptoms in 
an outpatient setting, but might be used in other settings, 
depending on the clinical status of the patient. Its use in 
ICU patients seems doubtful.

Since WAT-1 is a popular tool used by researchers to 
assess the severity of withdrawal symptoms for critically 
ill pediatric patients, there has been an attempt to use it 
in critically ill adult patients. Capilnean et al. conducted 
a prospective observational open cohort study of fifty-
two critically ill adults on mechanical ventilation (16). 
They assessed withdrawal symptoms using the DSM-5 to 
establish the diagnosis and the WAT-1 for comparison. In 
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Figure 1 Opioid interaction with the ventral segmental area and the locus ceruleus. (A) Opioid effects on the ventral tegmental area and 
dopamine release. The ventral integumental area releases dopamine to major centers in the central nervous system, including the nucleus 
accumbens and the prefrontal cortex. GABA inhibits this release, and opioids reduce GABA inhibition. Chronic exposure creates tolerance 
with changes in receptor function and number, increases in cyclic AMP levels, and other adaptive downstream responses. Reductions in 
opioid levels creates withdrawal with hyperactive cAMP pathways causing symptoms. (B) Opioid effects on the locus coeruleus. Stress 
increases norepinephrine release from the locus coeruleus. Opioids inhibit this release and limited adverse effects. Reductions in opioid levels 
allow increased norepinephrine release and stimulation of the prefrontal cortex and autonomic nervous system. In summary, opioids have 
important effects on cellular membranes, cells, neural networks, and adaptive and maladaptive changes or plasticity. These drugs have direct 
effects and can create tolerance; withdrawal develops when drug levels decrease. Other important neurochemicals include gamma- amino 
butyric acid, glutamate, and endogenous endorphins (5,23,24). GABA, gamma-amino butyric acid; cAMP, cyclic adenosine monophosphate; 
CNS, central nervous system; NE, norepinephrine.
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contrast to its use in pediatric patients, when applied to 
critically ill adult patients, the WAT-1 was 50% sensitive 
and 65.9% specific, resulting in a positive likelihood ratio 
1.47 and a negative likelihood ratio of 0.758. Agreement 
between these 2 tools had kappa value of 0.102 (P=0.390). 
Interrater reliability of the DSM-5 was 90.1%, and the 
interrater reliability of the WAT-1 was 89.1%. Therefore, 
the WAT-1 appears to be inadequate for use in adult 
patients in part because it relies on nurses’ interpreting 
nonverbal responses. For example, the WAT-1 includes 
“time to gain calm” and “startle to touch” among their 
factors. The SOS also includes factors, such as “inconsolable 
crying” and “grimacing”. While these factors are designed 
to assess central nervous system activity, they primarily 
occur in pediatric and neonate patients. Therefore, the 
results can be skewed by the lack of these responses in 
adults without substitution of other symptoms which reflect 
central nervous system activity during withdrawal. 

Treatment and possible consequences of opioid 
withdrawal

The diagnosis of IOWS in critically ill adults with 
complicated medical care in ICUs represents a difficult 
problem. These patients often require opioid and sedative 
infusions. Other medical problems can lead to changes in 
the central nervous system and autonomic nervous system 
which might be confused with iatrogenic opioid withdrawal. 
Possible explanations for the development of these 
symptoms include direct drug toxicity, the development 
of pain and anxiety, the development of delirium, and the 
withdrawal syndrome. The development of IOWS can 
significantly complicate the care of these patients, prolong 
mechanical ventilation, and prolong length of stay in the 
hospital. In addition, it is possible that patients with this 
syndrome are more likely to leave the hospital on opioids 
and require chronic opioid medications (26). The approach 
to management should include both prevention with 
limitation of the amounts of infused opioids to the extent 
possible and avoiding combinations with sedatives when 
possible. Slow reductions in the rate of the infusion may 
reduce the frequency of this syndrome. When it develops, 
using drugs, such as clonidine and dexmedetomidine, appear 
to have sound pharmacologic rationale.

Conclusions

Iatrogenic opioid withdrawal syndromes have been well-

documented in pediatric patients, but studies on IOWS 
in critically ill adults have been limited. The two main 
diagnostic tools for children, the WAT-1 and the SOS, 
do not work well in adults. Studies on IOWS in adults 
have used different diagnostic criteria. This syndrome 
needs more recognition and research in critically ill adults 
to develop a better diagnostic tool and, hopefully, better 
treatment guidelines.
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Supplementary

Table S1 Search strategy table: Iatrogenic opioid withdrawal syndrome in adults in intensive care units: a narrative review

Items Specification

Date of Search (specified to date, month and year) Initial search—8-3-2021, update—11-5-2021, update—1-14-2022

Databases and other sources searched PubMed, Google scholar

Search terms used (including MeSH and free text search 
terms and filters)

MeSH terms: analgesics, opioids, iatrogenic disease

Timeframe 1990 to search date

Inclusion and exclusion criteria (study type, language 
restrictions etc.)

Inclusion: all articles recovered with these two MeSH terms; restrictions: 
English language; exclusion: case reports, editorials 

Selection process (who conducted the selection, whether 
it was conducted independently, how consensus was 
obtained, etc.)

All authors did independent searches. Based on study topic consensus was 
easily reached

Any additional considerations, if applicable References lists from selected articles and review articles were also reviewed; 
Google and Google Scholar were also searched to recover articles missed in 
primary searches

Table S2 PubMed literature search example

Search MeSH terms Filters Results (number of articles)

First "Analgesics, Opioid"[Mesh] AND "Iatrogenic 
Disease"[Mesh]

English 74

Second "Analgesics, Opioid"[Mesh] AND "Iatrogenic 
Disease"[Mesh]

Clinical Trial, Observational Study, 
Review, English

22

Third "Analgesics, Opioid"[Mesh] AND "Iatrogenic 
Disease"[Mesh]

Clinical Trial, Observational Study, 
English

11


